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Abstract
The aim of this research is to analyze potency and generate organic fertilizer with noneconomic seaweed as material which 
is bioecologically environment-friendly to stimulate Gracilaria verrucosa production. By utilizing inexpensive and bio-
ecologically beneficial material, it is expected to increase the growth, production, and repair the quality of Gracilaria ver-
rucosa. The specific target of this research is to analyze the effectivity of an-organic fertilizers (urea) with seaweed-based 
liquid organic fertilizer. The hormone growth of generated urea and seaweed liquid fertilizers is analyzed, including auxin, 
gibberellin, cytokinin, as well as nutrient (macro and micro). Moreover, the fertilizer is tested on Gracilaria verrucosa. Sev-
eral noneconomic seaweeds (Codium sp., Ulva sp., Padina sp., Amphiroa sp.) are found in waters area of Sulawesi Tengah. 
Based on laboratory testing result, it shows that organic fertilizer which has good potency by looking at N, P, and K contents 
is organic fertilizer Ulva sp., with content of N (0.45 mg/L), P (7.67 mg/L), and K (11.06 mg/L). The result of the research 
shows that there are apparent differences between the tested treatment (p < 0.05) on Gracilaria sp., growth, and the highest 
testing on giving liquid fertilizer Ulva sp. (71.0 g) with dose 400 mL/15 L water. The result of Gracilaria verrucosa quality 
by using liquid fertilizer Ulva sp. is 40.89%, urea fertilizer 38.62%, and without fertilizer 32.57%. The hormone content of 
Ulva sp. growth is IAA (0.3961 ppm), gibberellin (36.9595 ppm), and kinetin (3.3718 ppm), and urea fertilizer contains IAA 
(0.4063 ppm), gibberellin (30.2047 ppm), and kinetin (0.0717 ppm).

Keywords  Agar value · Fertilizer · Growth hormone · Production · Ulva sp.

Mathematics Subject Classification  62J12 · 62G99

Introduction

Gracilaria seaweed is famous because of its economic ben-
efit in agar production, human food, pet food, medicine, 
biofuel, and fertilizer (Buchholz et al. 2012). Seaweed has 
been applied widely as fertilizer (seaweed fertilizer) for hor-
ticulture and legume plants because it has many mineral con-
tents which cannot be found in other fertilizers. Besides, it 
contains important minerals which are needed by plants, and 
seaweed also contains growth stimulating a hormone that 
stimulates growth proven by plants growth and the amount 
of crop (Fornes et al. 2002; Sivasankari et al. 2006; Padhi 
and Swaim 2006; Prithiviraj 2009).

Generally, seaweed contains essential minerals (iron, 
iodine, aluminum, manganese, calcium, dissolved nitrogen, 
phosphorus, sulfur, chlorine, silicon, rubidium, strontium, 
barium, titanium, cobalt, boron, copper, potassium, and 
other elements). Nasmia (2014) reports that the result of 
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mineral content analysis in Caulerpa racemosa seaweed 
contains ammonia 0.03 ppm, nitrate 0.1 ppm, magnesium 
0.40–0.52%, and calcium 0.09–0.19%. Meanwhile, Villares 
et al. (2007) explain that Ulva lactuca contains higher N, K, 
Mg, and Fe elements and contains microelement such as Cu, 
Mn, Zn, B, Al, Ni, Cr, Cd, and Pb.

Seaweed liquid fertilizer fermentation generates organic 
anion which may bind metals such as Al, Fe, and Ca. There-
fore, ions will be free from the metals binding and then 
phosphate provided in the soil. Giving organic fertilizer may 
repair the soil structure and make the soil granule become 
big and able to retain water so that aeration inside the soil 
may be fluent and increase root development (Foth 1994). 
Furthermore, as added by Mukherjee and Patel (2020) sea-
weed can increase plant growth, seedling growth, and both 
root hair and secondary root development and can increase 
nutrient incorporation, fruit regulation, and pest and disease 
resistance and improve stress management (dryness, salinity, 
and temperature).

There is no information yet about seaweed fertilizer usage 
for water plants. Nevertheless, polyculture of two kinds of 
seaweed in which Gracilaria sp. with Caulerpa sp. con-
ducted in Takalar, South Sulawesi, shows the increasing in 
higher Gracilaria sp. production than monoculture Graci-
laria sp. that is conducted at the same time (Syamsuddin 
et al. 2016). Caulerpa racemosa existence is assumed which 
may increase G. verrucosa growth, since it contains mineral 
compounds and bioactive compound which is flavonoid that 
can dissolve in water (Harborne 1987; Syamsuddin et al. 
2016). Robinson (1995) reports that flavonoid in plants 
functions to help increasing growth, photosynthesis, and 
having activities as anti-bacteria and anti-virus. In addition, 
Montano and dan Topas (1990) explain that noneconomic 
Caulerpa racemosa seaweed extract contains plants growth 
stimulator substance such as auxin and gibberellin. Based on 
that matter, in this research an experiment of noneconomic 
seaweed potency as environment-friendly organic fertilizer 
in cultivation media in order to stimulate Gracilaria ver-
rucosa growth is conducted. Growth controller substance 
(growth hormone) provided at Ulva sp. is analyzed, and 
the effectiveness between giving seaweed organic fertilizer 
(Ulva sp.) and giving an-organic fertilizer (urea) on Graci-
laria sp. seaweed production is compared. The experiments 
were performed for 50 days.

Materials and methods

Time and location

This research was conducted from May to June 2018. Sea-
weed sampling is conducted in Central Sulawesi seawaters. 

Fertilizer is made in Laboratory of Fisheries, Faculty of Ani-
mal Husbandry and Fisheries, University of Tadulako, and 
the testing of growth hormone (auxin, gibberellin, cytokinin) 
in Laboratory of Agriculture, Agriculture Science Bogor. 
The implementation of giving organic fertilizer with sea-
weed material is conducted in Kampal Fish Seed Center 
(BBI), Installation of Mamboro Palu, Central Sulawesi, 
Indonesia.

Research stages

a.	 Stage of making fertilizer

In this stage, fertilizer is made in accordance with the pro-
cedure by considering the efficiency and effectivity of the 
produced fertilizer and then analyzing the chemical compo-
sition of the important elements contained in liquid seaweed 
fertilizer.

b.	 Stage of analyzing the testing of hormone growth con-
tent and seaweed agar quality.

In this stage, the analysis of growth hormone content of Ulva 
sp. seaweed (auxin, gibberellin, cytokinin) and Gracilaria 
verrucosa seaweed agar quality is conducted.

c.	 Stage of fertilizer effectivity testing conducted by com-
pares the organic fertilizer with Ulva sp. seaweed and 
an-organic fertilizer applications on Gracilaria verru-
cosa seaweed production. Then, the testing of seaweed 
quality (agar) produced from cultivation with organic 
seaweed fertilizer Ulva sp. and an-organic fertilizer 
application (urea) is performed.

Observed variables

a.	 Absolute growth

The simplest method of reporting growth is the absolute 
increase in weight or absolute growth (Hopkins 1992):

where Wt is the weight at time, t is the final weight and Wi 
is the initial weight.

b.	 Analysis of growth controller substance from Ulva sp. 
fertilizer

Measurement of growth controller substance (growth 
hormone) from Ulva sp. seaweed fertilizer is analyzed in 
Laboratory of Faculty of Agriculture Technology, Bogor 
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Agricultural University, in accordance with Indonesian 
National Standard (SNI).

c.	 Analysis of agar content

Seaweed, which the agar content in the form of rendemen 
is examined, is analyzed with extract agar weight formula 
divided by dry seaweed weight and multiple by one hun-
dred (SNI 1998). Seaweed sample which is analyzed is wet 
seaweed; then, it is dried and simultaneously taken on each 
treatment of its root and branch.

d.	 Measurement of water quality as cultivation media

Measurement of waters quality component in physics and 
chemistry is conducted every week simultaneously with 
weighing as the supporting data on Gracilaria verrucosa 
growth.

Data analysis

The data obtained during this research are analyzed using 
analysis of variance (Anova). If there is any influence of 
treatment on the tested organism, then it is continued by 
least significance difference (LSD). The data are analyzed 
by using minitab 16 and Microsoft Office Excel 2010. 
Meanwhile, the laboratory testing result of seaweed nutri-
ent content, agar value, growth hormone, and water quality 
is descriptively analyzed.

Results and discussion

Result

Screening noneconomic seaweed

Noneconomic seaweed types which are found in several 
locations of Central Sulawesi waters are:

1.	 Seaweed found in central seawaters, Donggala Regency, 
consists of Liagora sp.; Dictyopteris sp.; Halimeda sp.; 
Padina sp.; and Codium sp.;

2.	 Seaweed found in Kabonga Besar waters, Donggala 
Regency, is Padina sp. and Ulva sp.;

3.	 Seaweed found in Morowali Regency waters is Amphi-
roa sp.

4.	 Seaweed found in Togean waters, Tojo Una-Una 
Regency, is Sargassum sp. and Caulerpa sp.

Several of those types are found in considerable and suf-
ficient numbers; thus, it satisfies to conduct nutrient content 
analysis (> 1 kg wet), as presented in Table 1.

Absolute growth of Gracilaria verrucosa seaweed

Ulva sp. seaweed shows higher nutrient content than other 
seaweed types. Consequently, this seaweed is chosen as 
organic fertilizer material for Gracilaria verrucosa cul-
tivation, and as a comparison, an-organic commercial 
fertilizer is used. The result of the research with differ-
ent fertilizer applications (liquid fertilizer Ulva sp. and 
urea fertilizer) and without fertilizer given shows different 
absolute growth on Gracilaria verrucosa seaweed, as it 
can be seen in Fig. 1.

The result of analysis of variance (Anova) on absolute 
weight growth of Gracilaria verrucosa seaweed on various 
treatment in conservation media shows significant result 
(p < 0.05). Based on continuous test result, treatment A 
(seaweed liquid fertilizer) is not significantly different 
from treatment B (urea fertilizer), but it has significant 
difference with treatment without fertilizer given.

Content of hormone/growth regulator substance (ZPT)

The result of analysis on hormone or growth regulator 
substance content (auxin IAA, gibberellin, and cytokinin) 

Table 1   Nutrient contents of several noneconomic seaweed types 
found in several locations in Central Sulawesi waters

Seaweed N (mg/L) P (mg/L) K (mg/L) Fe (mg/L) Mg (mg/L)

Codium 
sp.

0.49 2.53 7.902 0.788 2.753

Ulva sp. 0.45 7.67 11.063 1.192 3.195
Padina sp. 0.16 2.30 0.577 0.577 2.779
Amphiroa 

sp.
0.55 1.73 0.75 0.75 2.801

Fig. 1   The average of absolute growth of Gracilaria verrucosa 
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on liquid fertilizer of Ulva sp. seaweed and urea fertilizer 
is presented in Table 2.

Content of Gracilaria verrucosa agar

Agar content produced from Gracilaria verrucosa which 
is cultivated with fertilizer application and without ferti-
lizer is shown in Fig. 2.

Discussion

Screening noneconomic seaweed

Central Sulawesi is the only province in Sulawesi Island 
which has three waters at once and not with other prov-
inces in Sulawesi Island. The waters are Tomini Bay, Tolo 
Bay, and Makassar Strait/Sulawesi Sea (Directorate General 
of Maritime Affairs and Fisheries 2018). The result shows 
that Central Sulawesi coast has several kinds of seaweed. 
Moreover, according to the screening result and analysis of 
nutrient content in several seaweed types such as Codium 
sp., Ulva sp., Padina sp., and Amphiroa sp., it shows that 
the seaweeds may have potency to be used as organic ferti-
lizer material. It is concluded by the result of mineral con-
tent analysis (Table 1) that all taken seaweeds have nutri-
ent elements such as N, P, K, Fe, and Mg, in which those 
nutrients are very needed by plants including Gracilaria 
verrucosa. The content amount of macronutrient element 
of N, P, and K on sea plants is a potential resource to be 
organic fertilizer. It is supported by Zia (1990) cited in Zahid 

(1999) that organic fertilizer from seaweed is very useful 
for growth and plant production increasing since it contains 
organic and an-organic materials which may boost nutri-
tion absorption as well as help assimilation process between 
carbohydrate and protein of the plant. Furthermore, Nas-
mia et al. (2017) also state that extract of Sargassum sp. 
seaweed may stimulate growth and extend time of micro-
algae cells density increase since it contains nutrient ele-
ment N (35,59 mg/L), P (3,81 mg/L), K (3,22 mg/L), Ca 
(2,02 mg/L), Fe (2,17 mg/L), S (6,67 mg/L), Cu (0,19 mg/L), 
and Zn (19,62 mg/L). Those nutrient elements function as 
energy and cell development sources as well as an important 
component to form protein.

Among several kinds of seaweed which are analyzed, 
Ulva sp. seaweed has better mineral content than other kinds 
of seaweed (Codium sp., Padina sp., Amphiroa sp.). The 
minerals within seaweed are diverse; it is supported by envi-
ronment condition which has many minerals such as Ca, Mg, 
Na, K, and other minerals (Utomo and Asmawit 2012). In 
addition, Basmal (2009) expresses that seaweed not only can 
be used as functional food, but it may potentially become 
organic fertilizer because it contains trace metal which 
is quite diverse (Fe, B, Ca, Cu, Cl, K, Mg, and Mn). The 
organic material may be processed into alternative fertilizer 
so that may give advantage to repair land fertility, production 
increase, and natural resources conservation (Kaderi 2004).

Fertilizer is a material which contains a number of nutri-
ent needed for seaweed to grow and survive. The utiliza-
tion of seaweed liquid waste as organic fertilizer or addition 
material for fertilizer is expected to minimize waste in envi-
ronment. It is supported by Dhargalkar and Periera (2005) 
that fertilizer made from seaweed extract may be degraded 
naturally, not contaminate, not poisonous, and safe for 
human and animal. Furthermore, Hamed et al. (2017) sug-
gested the use of seaweed extracts for sustainable agriculture 
because seaweed contains micronutrients and macronutri-
ents, which can help improve the nutrient status of the plants 
including several important nutrients such as N, P, K, Ca, S, 
Mg, Zn, Mn, and Fe.

Absolute growth of Gracilaria verrucosa seaweed

Based on the result of the research, fertilizer application (liq-
uid fertilizer Ulva sp. seaweed, urea fertilizer, and without 
fertilizer) gives significant influence (p < 0.005) on absolute 

Table 2   Analysis result of 
growth regulation substance 
(ZPT) on liquid fertilizer Ulva 
sp. and urea fertilizer

Fertilizer type Auxin IAA (ppm) Gibberellin (ppm) Cytokinin 
(kinetin) 
(ppm)

Liquid fertilizer Ulva sp. 0.3961 36.9595 3.3718
Urea fertilizer 0.4063 30.2047 0.0717

40.89 38.62
32.57
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Fig. 2   Agar content of Gracilaria verrucosa 
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growth of Gracilaria verrucosa (Fig. 1). The average of 
absolute growth Gracilaria verrucosa on various treatments 
with liquid fertilizer Ulva sp. is 71.0 g, urea fertilizer 52.4 g, 
and without fertilizer 37.9 g. This result shows that the high-
est Gracilaria verrucosa growth is on the treatment with 
seaweed liquid fertilizer and the lowest growth is in without 
fertilizer treatment. It shows that seaweed liquid fertilizer 
usage is more effective than urea fertilizer and without fer-
tilizer. The analysis result shows seaweed liquid fertilizer 
from Ulva sp. contains higher nutrient element number 
(N:0.45 mg/L, P:7.67 mg/L, K:11.063 mg/L, Fe:1.192 mg/L, 
Mg:3.195 mg/L) than other seaweeds (Codium sp., Padina 
sp., Amphiroa sp.). Yustin et al. (2005) research result shows 
that potassium and chloride value of seaweed liquid fertilizer 
is greater than artificial fertilizer, respectively, 0.87–2.88% 
for potassium, and 1.37–2.41% for chloride.

Rosyida (2014) expresses in their research that Gracilaria 
verrucosa production may increase due to nutrient giving 
which contains macro- and micronutrients in which N, P, 
and Fe. Those nutrients will boost cells metabolism activity 
by entering into the cell bit by bit and then develop vacuole 
within the cells. Vacuole has an important role in live since 
plant live defense mechanism depends on vacuole capability 
to keep particular dissolved substance concentration within 
plants. Vacuole volume increases by the entering of nutrient 
into the cell and causes weight of tested plant increases as 
well (Lobban and Horrison 1994). In addition, Crouch and 
Van Staden (1993) also state that the magnitude response of 
plant growth increase by the usage of seaweed fertilizer is 
caused by growth regulator hormone which absorbs nutri-
ents into plants.

Seaweed needs nutrients element either macro- or micro-
nutrient elements. Gracilaria verrucosa seaweed needs 
nutrient in which widely used is nitrate and phosphate. Both 
of the elements are used as fertilizer, and both are obtained 
from Ulva sp. seaweed, while urea fertilizer only obtains 
nitrogen. Nitrogen availability in waters may cause plants to 
be fertile; however besides N element, seaweed also needs 
phosphate (P) to grow. In line with Lingga and Marsono 
(2007), phosphate is a very important element to stimulate 
thallus growth, accelerate, and strengthen juvenile plants to 
become full-grown plants, and causes high rate of growth. 
Angkasa et al. (2011) use fertilizer which contains nitrogen 
in amount of 10 kg/ha on the first 4 weeks of planting and 
use fertilizer which contains phosphate in amount of 5 kg/ha 
on 2 until 3 weeks later, which turns out to increase Graci-
laria sp. growth. Moreover, Taha et al. (2011) express that 
the use of seaweed extract gives better result on cucumber 
plant growth rather than with control (without fertilizer).

Algae growth process may also occur because of active 
roles from phytohormone substance, in which it is an organic 
substance needed in small amount, but this small amount 
may determine the occurrence of physiological process. 

Phytohormone is in the form of substances which help 
growth process, often called as growth stimulator substance 
or growth hormone. The result analysis of growth regulator 
substance (auxin, gibberellin, cytokinin) which is tested on 
liquid fertilizer Ulva sp. contains greater growth hormone 
than urea fertilizer. These growth hormones may increase 
growth and nutrient absorption and strengthen vegeta-
tive growth (Jensen 2004). The sufficiency of nutrient and 
growth hormone will make seaweed growth greater. It is in 
line with Yokoya and Handro (1996) statement that growth 
regulator substance can regulate growth, morphogenesis 
process, and red algae micropropagation.

Enhancing growth regulator substance IAA will stimulate 
callus formation which will form filament and act in plants 
physiological development process, such as cells extension 
and callus formation. Thus, it causes seaweed growth to 
increase. Briggs and Funge-Smith (1993) also state that rate 
of growth and photosynthesis, protein content, gel power, 
and melting point from Gracilaria raise along with nutrient 
enhancement into culture media either simultaneously and 
continuously or even gradually.

Other influence factor of seaweed growth is water qual-
ity. The result of water quality parameter measurement 
during research shows that normal estimation for Graci-
laria verrucosa growth is: salinity 34–35 ppt, temperature 
29.4–31.8 °C, and pH 7.3–8.2. It is in line with Trono and 
Fortes (1988) opinion that seaweed may grow better on par-
ticular salinity estimation depending on its tolerance and 
adaptation facing the environment. Gracilaria sp. may grow 
on high salinity estimation and withstanding up to 50 ppm. 
According to Aslan (1995), pH estimation which appropri-
ates for seaweed cultivation tends to have base character-
istic. Appropriate pH for seaweed cultivation is approxi-
mately between 7.0 and 8.5. Base water is productive base 
and encourages organic material change process to become 
minerals in water and can be assimilated by phytoplankton 
(Susilowati et al. 2012).

The content of hormone/growth regulator substance (ZPT)

The analysis result of content of hormone or growth regula-
tor substance in liquid organic fertilizer Ulva sp. and urea 
fertilizer is shown in Table 2. Hormone content in Ulva sp. 
has higher value, generally, than urea fertilizer. Liquid fer-
tilizer Ulva sp. has auxin IAA hormone to the value of IAA 
0.3961 ppm, gibberellin 36.9595 ppm, and cytokinin (kine-
tin) 3.3718 ppm, and urea fertilizer has auxin IAA hormone 
to the value of 0.34063 ppm, gibberellin 30.2047 ppm, and 
cytokinin (kinetin) 0.0717 ppm.

The result of this research shows that seaweed has good 
potency to be organic fertilizer and environment-friendly 
because it has higher hormone content than urea fertilizer, 
and seaweed also contains macro- and microelements which 
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are much needed in plants growth. It is in line with what is 
expressed by Sedayu et al. (2014) that produced seaweed 
liquid fertilizer with semi-anaerobic composting that con-
taining growth regulator hormone in which auxin, gibberel-
lin, and cytokinin is higher than commercial liquid fertilizer. 
Giving organic fertilizer may repair land characteristics such 
as physical, chemical, and biological characteristics and also 
able to reduce excessive an-organic fertilizer use (Amilia 
2011). Dhargalkar and Periera (2005) also express that fer-
tilizer is made from seaweed and can be naturally degraded, 
not poisonous, not contaminate, and safe for human and 
animal.

Growth regulator substance (ZPT) content on fertilizer 
either liquid seaweed or urea fertilizer has different func-
tions. Auxin compound has function in plants physiological 
process, such as growth, cells splitting, and protein synthesis 
(Gardner et al. 1991). Auxin stimulates protein in plasma 
membrane of plants cell to pump ion H+ to cells wall which 
activate enzyme. After plants’ cells extension process, cells 
will continue to grow by re-synthesizing material of cells 
wall and cytoplasm. Hormone contents in seaweed growth 
are diverse. It is affected by several factors such as season 
factor and seaweed growth phase (Mooney and Van Staden 
1984).

Gibberellin which is produced naturally by plants has 
function as growth regulator substance (growth hormone). 
Besides in plants, gibberellin is also found in seaweed, moss, 
and ferns (Basmal 2009). From testing result of hormone 
content (ZPT), it shows that fertilizer Ulva sp. (Table 2) has 
gibberellin content (36.9595 ppm) higher than in urea fer-
tilizer (30.2047 ppm). It shows that Ulva sp. seaweed has 
good potency to be organic fertilizer.

Gibberellin is a hormone compound which stimulates 
tube network development and stimulates cells splitting 
on cambium vessels so that it supports diameter expansion 
on branch/thallus. Gibberellin also has an important role 
in seeds sprouting in plants. Seeds which need particular 
environment condition to sprout, such as low temperature, 
will immediately sprout after sprayed by gibberellin (Basmal 
2009).

Quality of agar Gracilaria verrucosa content

The obtained agar Gracilaria verrucosa content in 
this research with three treatments is without fertilizer 
(32.57%), urea fertilizer (38.62%), and with liquid ferti-
lizer Ulva sp. (40.89%) (Fig. 2). The high value of Graci-
laria agar content shows that giving liquid fertilizer Ulva 
sp. may give good and effective contribution in providing 
nutrient and growth hormone. As supported by Mackie 
and Preston (1974), nutrient absorption process which 
goes well is really needed to form polysaccharide such 
as agarose and agaropectin saved in cells wall as the 

main material of agar. Agar is formed by two mixtures 
of polysaccharide in which agarose and agaropectin are 
the main component which determine gel and viscosity 
agar. Phycocolloid quality in the form of produced agar 
from Gracilaria sp. is affected by species, environment 
factor, season variation, and extraction method (Rao and 
Khaladaran 2003). Gioelea et al. (2017) also express that 
the main factor which influences agar result and quality is 
algae species, physiological factor, location, season, and 
environment condition. The number and quality of car-
rageenan derived from seaweed cultivation are varied, not 
only based on strain, but also plants age, light, nutrient, 
temperature, and salinity (Hurtado 2001; Mendoza et al. 
2006).

Meanwhile, the low agar content in without fertilizer 
treatment is suspected because of nutrient less availabil-
ity in preservation media so that the absorption process 
in diffusion does not go very well. The assumption is in 
line with statement by Heddi (1986) that agar formation 
process in seaweed cells wall occurs with cells develop-
ment by absorbing many nutrients and through photosyn-
thesis process changed to various polysaccharides includ-
ing agar. Meanwhile, physiological effect from growing 
seaweed includes biochemistry and biophysical processes 
that change simple molecules CO2, H2O, to become sugar, 
amino acid, and polysaccharide. Those results of the pro-
cess will increase agar content of seaweed (Wattimena 
1988). Different agar contents on cultivated seaweed are 
hypothesized due to physiological process and ecological 
adaptation which varied on nutrient availability. Hence, it 
affects nutrient absorption process.

Conclusion

Based on the result of the research, it can be concluded 
there are significant differences between tested treatments 
(p < 0.05). The highest growth of Gracilaria verrucosa 
is on the use of liquid fertilizer with material Ulva sp. 
(71.0 g) with dose 400 mL/15 L water. The result of qual-
ity Gracilaria verrucosa agar by using liquid fertilizer 
Ulva sp. is 40.89%, urea fertilizer 38.62%, and without 
fertilizer 32.57%. Hormone content of Ulva sp. growth 
is IAA (0.3961 ppm), gibberellin (36.9595 ppm), and 
kinetin (3.3718 ppm), and urea fertilizer contains IAA 
(0.4063 ppm), gibberellin (30.2047 ppm), and kinetin 
(0.0717 ppm).

Acknowledgements  We would greatly appreciate the Rector and Dean 
of the Faculty of Animal Husbandry and Fisheries, Tadulako Univer-
sity, for the financial support on the DIPA (Budget Implementation 
List) which has funded this activity (Budget year 2018, with a Dean 
Decree Number: 6206.A/UN28.1.31/KP/2018). Thanks to the Head 



1643International Journal of Environmental Science and Technology (2021) 18:1637–1644	

1 3

of Department of Maritime Affairs and Fisheries and Hatchery staff in 
Central Sulawesi Province for the assistance and the facility. We thank 
all staffs of Fisheries Laboratory at Aquaculture Department, Faculty 
of Animal Husbandry and Fisheries, Tadulako University, and also 
staffs of agriculture laboratory at IPB University. The author thanks the 
Chancellor, Dean of the Faculty of Animal Husbandry and Fisheries 
and Chair of the Tadulako University Research and Service Institute 
for assistance in both finance and facilities as well as all Analysts of 
the Fisheries and Biotechnology Laboratory of the University of Tadu-
lako, Analysts of the Agricultural Agriculture Laboratory of Bogor and 
Aquaculture Teaching Staff at the Faculty of Animal Husbandry and 
Tadulako University Fisheries, Palu.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creat​iveco​mmons​.org/licen​ses/by/4.0/.

References

Amilia Y (2011) Penggunaan pupuk organik cair untuk mengurangi 
dosis penggunaan pupuk organik anorganik pada padi sawah 
(Oryza sativa 1). Skripsi Departemen Agronomi dan Horti-
kultura, Fakultas Pertanian Institut Pertanian Bogor, Bogor, p 
47

Angkasa WI, Purwoto H, Anggadiredja JT (2011) Teknik budidaya 
rumput laut bahan pembuat agar-agar di dalam tambak. BPPT, 
Jakarta. Tersedia dari. http://www.iptek​.net.id

Aslan ML (1995) Budidaya rumput laut. Penerbit Kanisius, Jogyakarta
Basmal J (2009) Potensi pemanfaatan rumput laut sebagai bahan 

pupuk organik. Squalen 4(1):1–8
Briggs MRP, Funge-Smith SJ (1993) Macroalga in aquaculture: an 

overview and their possible roles in shrimp culture. Paper pre-
sented at the conference on marine biotechnology in the Asia 
Pacific Region, Bangkok, Thailand

Buchholz CM, Krause G, Buck BH (2012) Seaweed and man. In: 
Wiencke C, Bischof K (eds) Seaweed biology. Springer, Berlin, 
pp 471–493

Crouch IJ, Van Staden J (1993) Evidence for the presence of plant 
growth regulators in commercial seaweed products. Plant 
Growth Regul 13:21–29

Dhargalkar VK, Periera N (2005) Seaweed: promising plant of the 
millennium. Sci Cult 71:60–66

Directorate General of Maritime Affairs and Fisheries (2018) Poten-
tial business and investment opportunities for marine and fisher-
ies in Central Sulawesi Province

Fornes F, Sanchez PM, Guadiola JL (2002) Effect of seaweed extract 
on the productivity of ‘de Nules’ Clementine mdanarin navelina 
orange. Bot Mar 45:486–489

Foth HD (1994) Dasar ilmu tanah. Terjemahan: Adisoemarto. 
Erlangga. Jakarta

Gardner FP, Pearce RB, Mitchell RL (1991) Fisiologi tanaman budi-
daya. Cetakan pertama. Penerjemah Susilo H. Universitas Indo-
nesiaPress, Jakarta

Gioelea C, Marilenaa S, Valbona A, Nunziacarlaa S, Andreaa S, 
Antonioa M (2017) Gracilaria gracilis, source of agar: a short 
review. Curr Org Chem 21:380–386

Hamed SM, El-Rhman AAA, Abdel-Raouf N, Ibraheem IB (2017) 
Role of marine macroalgae in plant protection & improvement 
for sustainable agriculture technology. Beni-Suef Univ J Basic 
Appl Sci 7(1):104–110

Harborne JB (1987) Metode Kimia. Penuntun Cara Modern Men-
ganalisis Tumbuhan. Terbitan kedua. Penerbit ITB. Bandung

Heddi (1986) Hormon Tumbuhan. Fakultas Pertanian, Universitas 
Brawijaya, Malang. Penerbit Rajawali Jakarta

Hopkins KD (1992) Reporting fish growth: a review of the basics1. 
J World Aquac Soc 23(3):173–179

Hurtado AQ (2001) Carrageenan properties and proximate composition 
of three morphotypes of Kappaphycus alvarezi Doty (Gigartinalis 
Rhodophyta) grown at two depths. Bot Mar 38:215–219

Jensen E (2004) Seaweed-fact or fancy: from the organic broad 
caster, Published by Moses the Midwest organic dan sustain-
able education, from the Broad Caster, vol 12, no 3, pp 164–170

Kaderi H (2004) Teknik Pengolahan Pupuk Pelet dari Gulma seba-
gai Pupuk Majemuk dan Pengaruhnya Terhadap tanaman Padi. 
Buletin Teknik Pertanian 9(2)

Lingga P, Marsono (2007) Petunjuk Penggunaan Pupuk. Penebar 
Swadaya, Jakarta, Hal 8-38

Lobban CS, Horrison PJ (1994) Seaweed ecology and physiology. 
Cambridge University Press, Cambridge, p 366

Mackie W, Preston RD (1974) Cell wall on intercellular region poly-
saccharides. In: Stewart WDP (ed) Algae physiology and bio-
chemistry. Black Well Scientific Publication Oxford, London

Mendoza WG, Fortes ETG, Villanueva RD, Romero RD, Montano 
MNE (2006) Tissue age as a factor affecting carrageenan quan-
tity and quality in farmed Kappaphycus striatum (Schimtz) doty 
ex silva. Bot Mar 49(1):57–64

Montano NE, dan Topas LM (1990). Plant growth hormonal activi-
ties of aqueous extracts from Phillipines seaweeds, SICEN Leaf-
let 2. Marine Science Institute, University of Phillipines

Mooney PA, Van Staden J (1984) Seasonal changes and in the level 
of endogeneous Cytokinin in Sargassum heterophylum (Phaeo-
phyceae). Bot Mar 27:437–442

Mukherjee A, Patel JS (2020) Seaweed extract: biostimulator of 
plant defense and plant productivity. Int J Environ Sci Technol 
17:553–558

Nasmia (2014) Pencegahan Penyakit Ice-Ice pada Gracilaria ver-
rucosa Secara Ramah Lingkungan Menggunakan Caulerpa 
racemosa. Disertasi. Program Studi Ilmu Pertanian Universitas 
Hasanuddin. Makassar

Nasmia, Natsir S, Rosyida E, Rusaini, Yala ZR (2017) Toxicity 
of liquid extract of seaweed Sargassum sp. on the growth of 
Mmcroalgae Skeletonema costatum. AACL Bioflux. Vol 10, 
Issue 2

Padhi SB, Swaim PK (2006) Effective role of microorganism and sea-
weed as biofertilizer in organic farming for a sustainable environ-
ment. http://wgbis​.ces.iisc.met.in/energ​y/lake2​006/progr​amme/
progr​amme/proce​eding​s/fullp​aper_pdfs/Saila​bala%20Pad​hi

Prithiviraj B (2009) Seaweed extracts as biostimulants of plant growth 
dan development. Plant Growth Regul 28:386–399

Rao AC, Khaladaran P (2003) Improvement of yield and qual-
ity of agar from G. Edulis (Gmelin) Silva. Seaweed Res Utiln 
25(1&2):131–138

Robinson T (1995) Kandungan organic tumbuhan tinggi. Bandung. ITB
Rosyida E (2014) Pengkayaan nutrien dan teknologi budidaya pascap-

anen untuk meningkatkan kualitas Gracilaria verrucosa. Diser-
tasi. Sekolah Pascasarjana Institut Pertanian Bogor.Bogor

Sedayu BB, Erawan IMS, Assadad L (2014) Pupuk cair dari rumput 
laut Eucheuma cottonii, Sargassum sp. dan Gracilaria sp. Meng-
gunakan proses pengomposan. JPB Perikanan 9(1):61–68

http://creativecommons.org/licenses/by/4.0/
http://www.iptek.net.id
http://wgbis.ces.iisc.met.in/energy/lake2006/programme/programme/proceedings/fullpaper_pdfs/Sailabala%20Padhi
http://wgbis.ces.iisc.met.in/energy/lake2006/programme/programme/proceedings/fullpaper_pdfs/Sailabala%20Padhi


1644	 International Journal of Environmental Science and Technology (2021) 18:1637–1644

1 3

Sivasankari S, Venkatesalu V, Anantharaj M, Chdanrasekaran M 
(2006) Bioresour Technol 97:1745–1751

SNI (1998) Rumput laut kering. Direktorat Jenderal Perikanan dan 
Kelautan. Jakarta. 7 Hal

Susilowati T, Rejeki S, Dewi NE, Zulfitriani (2012) Pengaruh kedala-
man terhadap pertumbuhan rumput laut (Euchema cottoni) yang 
dibudidayakan dengan metode longline di pantai Mlonggo, Kabu-
paten Jepara. Jurnal Saintek Vol 8, No. 1

Syamsuddin R, Nasmia, Rantentondok A, Zainuddin E (2016) Caul-
erpa racemosa (Chlorophyta, Caulerpaceae) extract increases 
growth and biomass production of Gracilaria verrucosa (Rhodo-
phyta, Gracilariaceae). AACL Bioflux. Volume 9, Issue 5

Taha ZS, Smira TA, Sanaa MSR (2011) Effect of bread yeast applica-
tion and seaweed extract on cucumber (Cucumis sativus L.) plant 
growth yield and Fruit Quality. Mesop J Agric 39:26–34

Trono GC, Fortes (1988) Manual on seaweed culture. Pond culture 
of Caulerpa and pond culture of Gracilaria. ASEAN/SF/1988/
Manual No. 3

Utomo PP, Asmawit (2012) Pupuk Organik dari rumput laut pesisir 
Kalimantan Barat dan aplikasinya pada tanaman uji di tanah alu-
vial. Biopropal industri. Vol 3, No. 2

Villares R, Carral E, Lorenzana F, Mosquera EL (2007) Drift-seaweed 
evaluation for fertilizer use in Galiza (Northwest Spain): tissue 
elemental characterization and site-sampling differences. J Sustain 
Agric 31(1):45–60

Wattimena GA (1988) Zat pengatur tumbuh tanaman. Pusat antara 
universitas. Kerjasama IPB dengan lembagai informasi. Bogor

Yokoya NS, Handro W (1996) Effect of auxins and cytokinins on tis-
sue culture of Grateloupia dichotoma (Gigartinales, Rhodophyta). 
Hydrobiologia 326(327):393–400

Yustin D, Angelia DR, Hala Y, Taba P (2005) Analisis potensi limbah 
cair hasil pengolahan rumput laut sebagai pupuk buatan. Marina 
Chemica Acta 6(1)

Zahid PB (1999) Preparation of organik fertilizer from seaweed and 
its effect on the growth of some vegetable and ornamental plants. 
Pak J Biol Sci 2(4):1274–1277


	The utilization of seaweed-based liquid organic fertilizer to stimulate Gracilaria verrucosa growth and quality
	Abstract
	Introduction
	Materials and methods
	Time and location
	Research stages
	Observed variables
	Data analysis

	Results and discussion
	Result
	Screening noneconomic seaweed
	Absolute growth of Gracilaria verrucosa seaweed
	Content of hormonegrowth regulator substance (ZPT)
	Content of Gracilaria verrucosa agar

	Discussion
	Screening noneconomic seaweed
	Absolute growth of Gracilaria verrucosa seaweed
	The content of hormonegrowth regulator substance (ZPT)
	Quality of agar Gracilaria verrucosa content


	Conclusion
	Acknowledgements 
	References




