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INTRODUCTION

Abstract

One way to decompose pond waste sediment is by using the liquid
nutrient culture media (NB) called Pumakkal as a starter formula.
However, bioremediation in shrimp ponds has received less attention,
despite being massively promoted by the government. East Lampung
has produced 11.6 million m? of liquid and 4.077 m?® of sediment waste
in shrimp ponds. They are rich in organic matter, but possibly poison
the pond if uncurbed. This study investigated in what manner Pumakkal
decomposed shrimp pond waste under three parameters: macronutrient
and micronutrient contents, and pH. The experiment was conducted
using a completely randomised design (CRD) with 15 factorial
arrangements. The sample was 65 kg of shrimp pond waste and 65
litres of liquid waste, which were analysed with five treatments: three
of liquid waste media (LW), sediment waste (SW), and mixed liquid
and sediment waste (MLS). The results showed that the treatment of the
CE 15-isolate in MLS significantly improved the fertiliser quality
(p<0.05). Pumakkal CE worked the finest in MLS, producing the
fertiliser with the best macronutrients: Nitrogen (N) 1,3%, Phosphorus
(P)2,3%, and Potassium (K) 2,3%; C-organic 23%, C/N ratio 29;
micronutrient: Fe:155 ppm, Cu: 51 ppm, Zn: 72 ppm, Mn; 51 ppm, B;
25 ppm, and Mo: 8 ppm, and pH 5-6. The mixture of liquid and pond
sediment waste produces the best fertiliser suitable for plant fertiliser
users. The study concludes that Pumakkal is effective in decomposing
harmful waste sediment to support the bioremediation program.
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In recent decades, studies in bioremediation have spread over the globe, including Indonesia.
However, this issue should have received more attention despite being massively promoted by the
government, particularly shrimp ponds' bioremediation. The current and previous studies are mostly on
growth regulators in agriculture (Pérez-Alvarez et al., 2022). Prior studies, such as Bacillus Probiotics
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and Bioremediation (Kamilya & Devi, 2022) have connectivity in that the study in terms of prebiotic
bacteria, water quality, and aquaculture. Henceforth, the current study promoted "pumakkal," a
trademark (Sutanto, 2021) with essential bioremediation called “Waste Organic Pollutants” (Sutanto,
2016). A report issued various variables such as evaluation of bioremediation with aquaculture
sediments (Mandario et al., 2019), as well as on water remediation in shrimp pond (Shinde et al., 2022),
and Probiotics and Bioremediation (Kamilya & Devi, 2022). Several variables of bioremediation are
studied with attributes of water-exchanged shrimp ponds (Joseph et al., 2021) and active
microbiological processes in bioremediation of earthen shrimp ponds (Colette et al., 2023). In short,
these studies support the current study by providing scientific contributions to global remediation
studies.

In the last five years, total shrimp production in Indonesia has increased by 15.7%. Lampung
Province is listed as the largest shrimp-producing area in Indonesia. The national shrimp production
reached 348,100 tons, of which 45% was produced from the 2,175-hectare shrimp-producing area in
Lampung, producing a volume of 11.6 million m? of liquid waste and 4,077 m3 of sediment waste every
harvest time (Yuka et al., 2020, 2021). Pond wastewater contains organic matter such as BOD, DO,
COD, TSS, phosphate, and high ammonia; 22-57% of the nitrogen that is put into the pond will be
wasted with the liquid waste and pollute the pond (Fatimah & Sari, 2018; Marliani, Siagian, 2022);
Pond sediment solid waste has a high nutrient content, such as N total 0,67%, P>Os 4,78%, K-O 1%, C-
organic 17,87%, pH 6,25, and water content 15,60% (Suwoyo et al., 2017). Meanwhile, the fishery
sector in Purworejo Village, Pasir Sakti District, East Lampung Regency is dominated by 80% of the
shrimp and fish pond industry. Vaname Shrimp (Lifopenaeus vannamei) cultivation has a high
productivity, resulting in high waste. The amount of sediment waste generated in shrimp ponds with a
density of 1,250 fish/m? is 21,9 tons, and a density of 1000 fish/m?> by 20,3 tons (Mulyani &
Kartasapoetra, 2002; Novizan, 2002). The problem with shrimp ponds is the accumulation of leftover
feed, shrimp excreta, and microorganisms, which reduces water quality and eventually disrupts the life
processes of vannamei shrimps. Long-term liquid waste and sediment accumulation will reduce
productivity, pond quality, and coastal ecosystems.

Liquid waste and shrimp pond sediments have not been utilised so far. They are high in organic
matter content, so potentially be used as a fertiliser through a bioremediation process, in which
microbes decompose the organic matter. Bioremediation is an effort to improve the environment by
involving the presence of organisms in nature. The process of waste treatment will be more accessible
by utilising the activities of microorganisms to break down the substances in the waste materials into
simpler ones (Ghosh et al., 2021). Bioremediation requires living agents in the form of plants, animals,
and microorganisms, including bacteria and fungi, to to decompose toxic compounds. Consortia
Bacillus sp. and Pseudomonas sp., as well as Saccharomyces sp., Nitrosomonas sp., and Nitrosobacter
sp., can reduce the concentration of organic matter in shrimp pond sediments up to 60% (Devaraja et al.,
2002). These bacteria were also found in Pineapple Liquid Waste (Sutanto, 2011), indicating that there
were 15 isolates of indigenous bacteria with different specifications for degrading organic matter, such
as carbohydrates, proteins, starch, and fats. Indigenous bacterial isolates, known as Pumakkal, can
decompose organic matter through bioremediation, raise pH, and produce CO; and H,O, which are safe
for the aquatic environment (Sutanto, 2011). Organic matters in the shrimp pond contain nutrients and
high organic matter, decomposed by Pumakkal bacteria into simpler compounds and become organic
fertiliser (Suwoyo et al., 2017). For its effectiveness, it is necessary to assemble five bacterial formulas
(consortia). According to their hydrolytic abilities based on groups, quantities, and particular
specifications, there are consortia A (CA) consists of 3 isolates, consortia B (CB) 6 isolates, consortia
C (CC) 9 isolates, consortia D (CD) 12 isolates, and consortia E (CE) 15 bacterial isolates.

The 15 bacterial isolates used were Bacillus licheniformis, Bacillus cereus, Bacillus cereus,
Bacillus subtilis, Bacillus cereus, Bacillus subtilis, Acinetobacter baumannii, Acinetobacter baumannii,
Klebsiella oxitoca, subtilis, Bacillus cereus, Pseudomonas pesudomallei, Actinobacillus iwoffii,
Actinobacillus iwoffii, and Bacillus that are firm to degrade protein, starch, and fat. Five formulas of
Pumakkal will degrade shrimp pond sediments into fertilisers and be measured by macronutrient and
micronutrient parameters. Macronutrient parameters were Nitrogen (N), Phosphorus (P), Potassium (K),
C-organic, and C/N. Micronutrient parameters were Fe, Cu, Zn, Mn, B, Mo, and pH 5-6; refer to
Indonesian Ministry of Agriculture Regulation Number: 261/KPTS/SR.310/M/4/2019 concerning
minimum technical requirements for organic fertilisers, biological fertilisers, and soil amendments
(Indonesian Ministry of Agriculture, 2019). The research benefit is to utilise shrimp pond waste (liquid
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and sediment waste) as organic fertilisers using five Pumakkal bio-remediator formulas and fulfilling
the Minister of Agriculture criteria.

The current study aims to investigate how Pumakkal (with 15 isolates) decomposed shrimp
pond waste under three parameters: macronutrient and micronutrient compounds, and pH. The
experiment used a completely randomised design (CRD) with a 5 x 3 factorial arrangement. The
factorial employs 3 x 5 Factorial Bidirectional Variance Analysis, Variable X1 = Media Variation
(X1.1= Liquid Waste; X1.2= Sediment Waste; X1.3= Mixture SPL Waste and Sediment), X2= Formula
Pumakal (X2.1 = CO; X2.2= CA; X2.3= CB; X2.4= CC; X2.5= CD; X2.6= CE) and Variable Y=
fertiliser quality: macronutrients: Nitrogen (N), Phosphorus (P), Potassium (K); C-organic and C/N
ratio; micronutrients: Ferrum (Fe), Cuprum (Cu), Zinc (Zn), Manganese (Mn), Boron (B), and
Molybdate (Mo), and Degree of acidity (pH). The study intends to solve the problem of shrimp ponds,
which is the accumulation of leftover feed, excreta, and microorganisms that can reduce water quality
and eventually disrupt the life processes of Vannamei shrimp. Moreover, long-term liquid waste and
sediment accumulation will reduce productivity, pond quality, and coastal ecosystems. Therefore, this
research aims to solve the problems as a novelty of the current study.

The study employed a quantitative approach under factorial experimental design with five
treatments (CO, CA, CB, CC, CD, and CE). The Pumakkal isolate starter formulas were combined with
the shrimp pond waste from Pasir Sakti Lampung for the rearing period of 120 days. In details, 65 kg of
shrimp pond waste and 65 litres of liquid waste from Pasir Sakti Lampung was used, five formulas of
treatment experiments (CO, CA, CB, CC, CD, and CE) were applied, and three treatments of liquid
waste media (LW), sediment waste (SW), and mixed liquid and sediment waste (MLS) for in vitro and
pilot plan scales. Liquid nutrient culture media (NB) manufactured by Pumakkal were used as the
isolate starter formula.

The study involved shrimp pond waste from Pasir Sakti, Lampung. The samples were taken by
purposive random sampling. The aim was to produce organic fertiliser by bioremediating the shrimp
pond waste.

There were two research stages, in vitro and a pilot plan, according to the procedures of
(Sutanto, 2012) and Mekala et al., (2023). The ability of the Pumakkal formula to decompose liquid
waste and shrimp pond sediments waste to produce fertiliser is according to the standard of the
Indonesian Ministry of Agriculture. This study was performed in line with the principles of the
Declaration of Helsinki. Approval was granted by the University's Ethics Committee (December 22,
2022/No: 123/11.3.AU/F/UMM/2022).

Preparation of the Pumakkal starter formula was conducted by using liquid nutrient
media/Nutrient Broth (NB) according to the procedure of Abna et al. (2017) and Tantray et al. (2023).
There are 5 Pumakkal formulas, each was 750 ml NB. The compositions of the five formulas (a)
Consortia A (CA) with 3 isolates, bacterial isolates 2, 3, and 5 with the type of bacteria Bacillus cereus,
Bacillus cereus, and Bacillus cereus to degrade fat, (b) Consortia B (CB) with 6 bacterial isolates,
bacterial isolates 4, 5, 6, 7, 12, and 14 with the type of bacteria Bacillus subtilis, Bacillus cereus,
Bacillus subtilis, Acinetobacter, Pseudomonas pesudomallei, and Actinobacillus iwoffii to degrade
starch, (c) Consortia C (CC) with 9 bacterial isolates 1, 2, 3, 8, 10, 11, 12, 14, and 15 with the types of
bacteria Bacillus licheniformis, Bacillus cereus, Bacillus cereus, Acinetobacter baumannii, Bacillus
subtilis, Bacillus cereus, Pseudomonas pesudomallei, Actinobacillus iwoffii, and Bacillus are firm to
degrade protein, (d) Consortia D (CD) with 12 bacterial isolates, bacterial isolates 1, 2, 3, 7, 8, 9, 10, 11,
12, 13, 14, and 15 with the type of bacteria Bacillus licheniformis, Bacillus cereus, Bacillus cereus,
Acinetobacter baummanii, Acinetobacter baummanii, Klebsiella oxitoca, Bacillus subtilis, Bacillus
cereus, Pseudomonas pesudomallei, Actinobacillus iwoffii, Actinobacillus iwoffii, and Bacillus are firm
to degrade protein and starch, and (e) Consortia E (CE) consisted of 15 bacterial isolates, bacterial
isolates 1,2, 3,4,5,6,7,8,9,10, 11, 12, 13, 14, and 15, with the type of bacteria Bacillus licheniformis
, Bacillus cereus, Bacillus cereus, Bacillus subtilis, and Bacillus are firm to degrade protein, starch, and
fat. The five Pumakkal formulas were used to degrade three media: liquid waste, sediment, and
liquid/sediment mixture of shrimp ponds, each volume was 300 ml. Fermentations were conducted for
30 days, and the analyses of the parameters of macronutrients were the contents of Nitrogen (N),
Phosphorus (P), Potassium (K), organic carbon (C-organic), C/N ratio, and micronutrients: Fe, Cu, Zn,
Mn, B, Mo, and pH. The analysis was conducted at the Chemistry Laboratory of the Universitas
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Muhammadiyah Malang, Malang. The data were analysed quantitatively using the ANOVA test and
qualitatively to test the quality of fertiliser by comparing them to the Indonesian Ministry of Agriculture
Regulation Number: 261/KPTS/SR.310/M/4/2019 (Indonesian Ministry of Agriculture, 2019). Testing
the effectiveness of the Pumakkal formula was followed by a pilot plan test, in which a volume of liquid
waste, sediment, and a mixture of 1 litre was used. There was also controlled aeration, agitation for 30
days, treatment, and observation according to the steps mentioned previously.

The data analysis was conducted in the Chemistry Laboratory of Universitas Muhammadiyah
Malang, Indonesia. The expert laboratory technicians analysed the contents of the organic fertilisers
produced from the shrimp pond waste. Data analysis techniques with 3 x 5 Factorial Bidirectional
Variance Analysis, Variable X1 = Media Variation (X1.1= Liquid Waste; X1.2= Sediment Waste;
X1.3= Mixture SPL Waste and Sediment), X2= Formula Pumakal (X2.1 = CO; X2.2= CA; X2.3= CB;
X2.4= CC; X2.5= CD; X2.6= CE) and Variable Y= fertiliser quality: macronutrients: Nitrogen (N),
Phosphorus (P), Potassium (K); C-organic and C/N ratio; micronutrients: Ferrum (Fe), Cuprum (Cu),
Zinc (Zn), Manganese (Mn), Boron (B), and Molybdate (Mo), and Degree of acidity (pH).

RESULTS AND DISCUSSION

The current study investigates the way Pumakkal (with 15 isolates) decomposed shrimp pond
waste under three parameters: macronutrient and micronutrient compounds, and pH. The experiment
used a completely randomised design (CRD) with a 5 x 3 factorial arrangement, and the results are
recapped in Table 1.

Table 1. Recap of Pumakkal Formula Test Data Analysis on Shrimp Pond Waste to produce Liquid,
Solid, and Mixed Fertilisers

Pumakkal Formula (CO, CA, CB, CC, CD and CE); Waste Shrimp (Liquid Waste (LW)), Sedimen Waste (SW) and Mix Liquid Sedimen (MLS)

(OCFSZT;L) Consortia A (3 Isolate) Consortia B (6 Isolate) Consortia C (9 Isolate) Consortia D (12 Isolate) Consortia E (15 Isolate)
LW SW MLS LW SW MLS MLS SW MLS
O CO  CO A A Ca LWCBSWCB 7 LWCCSWCCMLS CCLWCD o o)’ LW CESW CEMLS CE
Macronutrieat , .~ (s, 09ab 06a 08 lab lla Ila 09 la lla 12ab 1la Lla LIb 1la 12b I1.3ab
Nitrogen (N) %
Ph°‘°p'§/f)’ms ® 042 072 09ab 06a 155 13b 03a 156 13b 06a 17b 1.5ab 03a 18 1.6ab 052 23b  2ab

P"tassj/“m([() 02a 0.6b 0.8ab 05a 1.6b 13ab 03a 1.5b 14ab 05a 1.8 1.5ab 04a 1.9b l.6ab 0.5a 2.3b 2.lab
0

C-Organic %  7a 11b  10ab 12a 16a  14ab  13a  18b 17b Ila  18b 18b 12a 20b  20b 14a  23b  2lab

C/N ratio - 1la 10b - 202 I15b - 172 17a 22a 206 - 28 27b -  29a  26b
é‘:;:g?;e‘)’ i;;; 80a 85b 8b 92a 97b 100ab 100a 150b 150b 95a 100b 105ab 96a 98b 99ab 102a 150b 155ab
C“pr';‘pmm(cu) 20a  25b  26ab 23a 30b 30b 28a 29  32b 33ab 40a  45b 29ab 40a 40a 32a 4lb  6lab
Zink (Zn) ppm 23a  25a 25a  35a  30b 35a 33a  40b 44ab 56a  45b 50ab  60a 55ab 55ab  67a  55b  50ab
Man]g)';‘;r‘;Mn) 20a  25b 26ab 30a 30a 32ab 452 50b 50b 47a 58  60ab S55a  60b  GOb  60a  78b  72ab
Boron (B) ppm  4a 5b Sb 9a 9a 10b 10a 1lb 12ab 13a  15b 16ab 12a 18b 20ab 14a 20b  25ab
Moml’)‘]’ﬁ;(MO) la 3 3 12a 5b 6ab 152 Sb  8ab 21a 8 8 23a 7b 8ab 25a 10b  8ab
a?iz%tr;ipoé) 41 3 42 52 4b  sa 5a Sa 4b  5a  sa 4b 5a 52 6b 552 5b  6ab

Macronutrient Nitrogen (N)

The percentages of nitrogen (N) after 30 days of fermentation using the Pumakkal formula CO,
CA, CB, CC, CD, and CE with liquid media waste (LW), sediment waste (SW), and mixed of liquid
and sediment wastes (MLS) of shrimp ponds are presented in Figure 1. ANOVA test results showed a
significantly different (p<0.05) result. The Pumakkal CE formula with 15 isolates and a mixture of
liquid waste and shrimp pond sediment waste showed the highest result of 1,3%. The percentage of
nitrogen meets RI Minister of Agriculture Number: 261/KPTS/SR.310/M/4/2019; (N+P+K=2-6%)).
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Figure 1. The average percentages of Nitrogen (N) using five Pumakkal formulas (CA, CB, CC, CD,

and CE) and three media of liquid waste, sediment waste, and a mixture of shrimp-pond liquid waste
and sediment.

Comparison of the ability of the Pumakkal Formula from CO to CE showed an increase in the
percentage of nitrogen, where CE and mixed media showed the highest nitrogen content (p<0.05), as a
result of using the Pumakkal fermenter in protein-rich shrimp pond waste (Hastuti et al., 2011; Paena et
al., 2020). This high percentage is due to the decomposition of organic matter by bacteria Bacillus
licheniformis, Bacillus cereus, Acinetobacter baumannii, Bacillus subtilis, Pseudomonas pseudomallei,
and Bacillus firmus (Amara et al., 2012) as nitrifying bacteria convert ammonia to nitrate at the end of
the fermentation process. In addition, microorganisms contribute to several single-cell proteins obtained
during the fermentation. After the decomposition process is completed, nitrogen will be released as one
of the components contained in the compost. Due to a breakdown, various types of nutrients, especially
N, will be bound in the bodies of microorganisms and will return after their demise (Mulyani &
Kartasapoetra, 2002).

Nitrogen formation reaction (Chen et al., 2021; Hastuti, 2011; Novizan, 2002):
Protein Organic Ingredients Aminization Reaction Aming Acids

Amino ACld Ammonia Ammonification Reaction I\IH3 and Ammonium NH4+.

In addition, ammonia nitrification reaction is assisted by bacteria Nitrosomonas and
Nitrococcus nitrate. Aerobic conditions were supplemented by a sufficient abundance of bacteria that
help the process of breaking down ammonia into nitrites and nitrates, known as nitrifying bacteria,
which will produce an aquatic environment that is conducive and relatively safe from contaminants
(Hastuti, 2011). The oxygen layer on the surface of the pond floor is often conveyed to prevent most of
the toxic metabolites from getting into the pond water because they are oxidised into non-toxic forms
through biological activity when passing through the aerobic layer. Nitrite will be oxidised into nitrate,
ferrous to ferric, and hydrogen sulfide (H»S) to sulfate. In general, the five processes of the nitrogen
biogeochemical cycle consist of ammonification, nitrification, nitrogen assimilation, denitrification, and
nitrogen fixation. Ammonification is the process of forming ammonia from organic matter. Ammonia
can also be directly assimilated into amino acids by diatom groups, cellular algae, and higher plants.
Nitrification is an oxidation reaction that forms nitrites or nitrates from ammonia. This process can take
place both biologically and chemically.

Phytoplankton, algae, and bacteria conduct nitrogen assimilation by utilising nitrogen to form
amino acids in protoplasm. Ammonium and nitrite compounds are essential parts of the nitrogen cycle
in nature. Moreover, denitrification is the reduction reaction of nitrate to nitrite, nitric oxide, and
nitrogen gas. In contrast, nitrogen fixation is the fixation of nitrogen gas into ammonia and organic
nitrogen (Dong et al., 2002). This process occurs in ponds of the coastal area, involving a symbiosis
with algae and bacteria (Effendi, 2003; Pramushinta, 2018). In the biogeochemical cycle, there is
oxidation and reduction of an inorganic nitrogen compound into another inorganic nitrogen compound.
The concentrations of ammonium and nitrite compounds in sediments and waters are also affected by
nitrification and denitrification processes. (Syahputra et al., 2011) said that there are three dissimilative
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nitrate reduction processes in bacteria: denitrification, reduction of nitrate to ammonium, and
dissimilative ammonium oxidation (anaerobic ammonia oxidation, anammox). Bacterial denitrification
processes use nitrate compounds as the final electron acceptor to obtain energy in low-oxygen or
anaerobic conditions (Dodd et al., 1997; Richardson, 2000; Richardson et al., 2001). Nitrite acts as an
electron acceptor in the process of becoming nitrogen gas. Metabolism processes form compounds
between hydroxyl amines and hydrazine (Hastuti, 2011; Richardson et al., 2001). Nitrogen is an
element needed by plants in vegetative growth and protein formation. The lack of nitrogen will cause
stunted plants, yellow and fallen leaves, and limited root growth.

Total Nitrogen (TN) consists of Total Ammonia Nitrogen (TAN), Nitrite (NO,), and Nitrate
(NO3). Nitrogen is generally divided into inorganic (NH3, NHa, NO,, and NOs) and organic (proteins,
amino acids, and urea). Nitrogen sources in WWTPs are generally uneaten feed and shrimp excreta,
which are transformed by phytoplankton and microorganisms during assimilation, fixation, nitrification,
ammonification, and denitrification processes. Enzymes that work to break down proteins are Proteases,
such as poly-peptidases, oligo-peptidases, and di-peptidases. An enzyme breaks down proteins into
simpler peptides or amino acids. The amino acids then undergo a transamination, deamination,
decarboxylation, or dehydrogenation to be simpler substances (Yuniati et al., 2015). The percentage of
nitrogen from the fermentation of the CE Pumakkal formula (with 15 isolates) in the mixed media of
liquid waste and sediment produces organic fertiliser suitable for plant fertiliser in agriculture.

The percentages of phosphorus (P) after 30 days of fermentation using the Pumakkal formula
CO, CA, CB, CC, CD, and CE with liquid media waste (LW), sediment waste (SW), and mixed liquid
waste and sediment waste (MLS) are presented in Figure 2. ANOVA test results were significantly
different (p<0.05). The Pumakkal CE formula with 15 isolates and sediment media and a mixture of
shrimp ponds had the highest percentages of phosphorus, 2,3% and 2% respectively. The percentage of
phosphorus meets the requirement stated in the regulation in Indonesian Ministry of Agriculture
Number: 261/KPTS/SR.310/M/4/2019; (N+P+K=2-6%).

1,5 -
2
g1
a
P
0,5 -
0 -
CO {control) CA (3 izolates) CB (6 izolates) CC (¥ izolates) CD (12 izolates) CE (15 izolates)
Formula type
OLiguid Waszte (LS) W Sediment Wazte (SW) EMix Liguid Sediment (MLS)

Figure 2. The average percentages of phosphorus (P) using five Pumakkal formulas (CA, CB, CC, CD,
and CE) and three media of liquid waste (LW), sediment waste (SW), and a mixture of liquid waste and
sediment waste (MLS) of shrimp ponds.

Comparison of the ability of the Pumakkal Formula from CO to CE showed an increase in
phosphorus percentages, where the highest of it was CE in mixed media (p<0,05). This result is due to
the decomposition of organic matter, exceptionally high protein, by bacteria Bacillus licheniformis,
Bacillus cereus, Acinetobacter baumanii, Bacillus subtilis, Pseudomonas pseudomallei, and Bacillus
firmus. Bacillus, Pseudomonas, Aerobacter, and Xanthomonas are bacteria that play a role in the
breakdown of phosphorus and dissolve phosphate so that plants can utilise it. Important microorganisms
involved in S oxidation are a group of bacteria belonging to the genera of Acidithiobacillus,
Thiobacillus, and heterotrophic bacteria, including Cytobacillus firmus, Enterobacter cloacae,
Enterobacter ludwigii, Klebsiella oxytoca, Phytobacter diazotrophicus, and Pseudomonas stutzeri
(Biinemann et al., 2018; Shinde et al., 2022; Williams & Kelly, 2013). The shrimp farming wastewater
contains total organic matter (BOT), total suspended solids (TSS), total N, and PO4 as the sources of
bacterial nutrition, and potential for organic matter in large shrimp pond waste (Fahrur et al., 2016).
The retentions of N and P in vannamei shrimp culture are 22,27% and 9,79%, respectively, so that
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nutrients are released into the aquatic environment, where each pond reaches 77,73% Nitrogen and
90.21% Phosphorus. Phosphorus input in vannamei shrimp ponds is 58,3%, consisting of 7,73% feed,
4.05% fertiliser, probiotic media <1%, whilst the source of phosphorus in the pond is caused by 51%
feed input, 26% erosion, and water flow by 10% (Funge-Smith & Briggs, 1998; Hendarajat et al.,
2007). This happens because phosphorus is insoluble, forms a complex with calcium under aerobic
conditions, and precipitates in sediments so that algae are unable to utilise it (Sudrajat & Bintoro, 2016).
Orthophosphate can also be utilised directly by phytoplankton, while polyphosphate undergoes
hydrolysis to form orthophosphate, which is influenced by pH and temperature. The polyphosphate
changes into orthophosphate occur rapidly at high temperatures and low pH. The change of
polyphosphate to orthophosphate in wastewater-containing bacteria occurs faster than in clean water.
The process of decomposing shrimp pond waste using the Pumakkal formula is due to the performance
of bacteria to produce appropriate enzymes. The enzyme that works to decompose fat is lipase, which
can hydrolyse long-chain triglycerides into diglycerides, monoglycerides, glycerol, and fatty acids.
Microorganisms producing lipase enzymes are widely used in waste treatment to decompose fats into
harmless compounds, as the lipase enzymes produced are able to decompose fat (Arfiati, Pratiwi, et al.,
2021). The high percentage of phosphorus in the sediment and mixed waste of shrimp-ponds came from
fat and protein, and it meets the criteria of the Ministry of Agriculture. Thus, fermented fertiliser using
Pumakkal is suitable for agricultural use since plants use phosphorus to accelerate root growth, flower
formation, fruit ripening, and grain production (Takahashi & Katoh, 2022).

The percentages of Potassium (K) after 30 days of fermentation using the Pumakkal formula
CO, CA, CB, CC, CD, and CE with liquid media (LW), sediment waste (SW), and mixed (MLS) are
presented in Figure 3. Pumakkal CE formula with 15 isolates in sediment waste and a mixture of liquid
waste and sediment waste media for shrimp ponds produced the highest percentages of kalium at 2,3%
and 2% (p>0,05) respectively. The percentage of potassium meets the levels stated in the regulation of
the Indonesian Ministry of Agriculture Number: 261/KPTS/SR.310/M/4/2019; (N+P+K=2-6%).

-
-y

: J N N g
N Y Y R

CO (control) CA(3isolates) CB(6isolates) CC (9isolates) CD (12 isolates) CE (15 isolates)

J—I
B 2 i

=i

OLiguid Waste (LS)  WSediment Waste (SW)  BAfix Liguid Sediment (MLS)
Figure 3. The average percentages of Potassium (K) using five Pumakkal formulas (CA, CB, CC, CD,
and CE) in three media of liquid waste (LW), sediment waste (SW), and a mixture of liquid waste and
sediment waste (MLS) of shrimp-ponds.

The increase of potassium levels was due to the decomposition process carried out by
decomposer microorganisms originating from Pumakkal. Those microorganisms increase several
nutrients, especially nitrogen, phosphorus, and potassium. These nutrients can return through the
weathering of the living things remaining when the microorganisms die (Sundari et al., 2014b). The
decomposition of organic matter consists of primary and secondary decomposition. The primary
decomposer is the mesofauna, which decomposes organic matter, such as Colembolla and Acarina,
which crumble organic matter/litter into smaller sizes. Earthworms eat the remains of the crumbs, which
are then excreted as faeces after going through digestion in their bodies. Secondary decomposers are
microorganisms that decompose organic matter, such as Trichoderma reesei, T. harzianum, T. koningii,
Phanerochaeta crysosporium, Cellulomonas, Pseudomonas, Thermospora, Aspergillus niger, A.
terreus, Penicillium, and Streptomyces. The existence of soil fauna activity enables microorganisms to
utilise organic matter so that the mineralisation process runs faster and provides better nutrients for
plants (Fan et al., 2022). Potassium in the compost mostly comes from organic matter.
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Organic materials can increase the cation exchange capacity. This is related to the negative
charges originating from the -COOH and OH groups, which dissociate into COO- and H* and O + H".
This negative charge causes humus to potentially adsorb cations such as Ca, Mg, and K, which are
bound to moderate strength, to easily exchange or undergo a cation exchange process (Syafruddin et al.,
2012). The macronutrient Kalium (K) catalyses proteins, cell division, and carbohydrates and activates
enzymes (Kaya et al., 2014). A potassium deficiency will decrease photosynthesis effectiveness while
increasing plant respiration. The functions of micronutrients include influencing oxidation and
reduction processes, regulating acid levels, acting as a catalyst (stimulant), influencing osmotic value,
assisting growth, and affecting the absorption of other nutrients (Sudarmi & Wartini, 2018). The high
potassium content is due to the element Kalium (K), a catalyst for microbes or microorganisms to speed
up fermentation. In addition, bioactivators in the manufacture of liquid fertiliser also affect the high
potassium levels in the produced fertiliser. If the fermentation process is sustained and is accompanied
by suitable supporting raw materials, the potassium content will increase. Potassium in the compound of
Potassium Dioxide (K,O) in the substrate material, used by microorganisms as a catalyst, thus affects
the presence of bacteria and their activities in the fermentation process (Andriawan et al., 2022). Kalium
is bound and stored in the cells by bacteria and fungi. Potassium will be available if it is re-degraded
(Rahmawati et al., 2021). The highest percentage of potassium was found in the formula Pumakkal CE
15-isolate in pond sediment media at the level of 2,3%, which meets the criteria of the Minister of
Agriculture as a feasible organic fertiliser.

The percentages of organic C after 30 days of fermentation using the formula Pumakkal CO,
CA, CB, CC, CD, and CE with liquid waste (LW), sediment waste (SW), and mixed liquid waste and
sediment waste (MLS) are presented in Figure 4. Pumakkal CE formula with 15 isolates in sediment
waste and a mixture of shrimp ponds produces the highest percentage of organic C at the levels of 23%
and 21% (p< 0,05), respectively. These numbers meet the criteria of the Indonesian Ministry of
Agriculture Number: 261/KPTS/SR.310/M/4/2019 (minimum 10% liquid and 15% solid fertiliser).
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Figure 4. The average percentages of organic C using five Pumakkal formulas (CA, CB, CC, CD, and
CE) and three media of liquid waste (LW), sediment waste (SW), and mixed liquid and sediment waste
(MLS) of shrimp ponds.

The high levels of organic C are due to the use of Pumakkal as a starter for decomposer
microorganisms, among others, Bacillus cereus and Bacillus subtilis, which can break down organic
compounds such as carbohydrates and proteins into simpler compounds during the fermentation process
so that plants can utilise. These microorganisms use carbon to decompose organic matter during
fermentation (Sutanto, 2017; Yulipriyanto, 2010). The reaction process is as follows:

Organic ingredients + O, Agtebic Migobes H, 3 + CO, + Nutrient + humus + E

It is followed by an anaerobic process that takes place gradually. In the first stage, several
facultative bacteria will decompose organic matter into fatty acids. Secondly, the other microbial groups
will convert fatty acids into ammonia, methane, carbon dioxide, and hydrogen. The heat generated in
the anaerobic process is lower than the aerobic one. The following is a reaction that occurs under
anaerobic conditions:
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Organic ingredients A“aeé"b“ Microbes CH, + Nutrients + Humus

The total organic C in liquid organic fertiliser is influenced by the method of materials
decomposition, the quality of the organic matter, and the activity of microorganisms involved in the
process. Carbon is a source of energy used by microorganisms to fix nitrogen. The organic C content
decreased under the treatment of the Pumakkal CC and CD liquid waste formulas because carbon was
consumed by microbes as food and an energy source in the decomposition process of organic matter.
Microbes obtain/take energy to decompose organic matter from calories produced in biochemical
reactions. Since the conversion of carbohydrates to CO, and H,O occurs continuously, the carbon
content in organic fertilisers decreases gradually. Then, the organic C levels increased in the middle or
at the end of the fermentation process, most likely due to lower activity of microorganisms, or their
demise (Pramushinta, 2018). The organic C content is an essential factor in determining the quality of
soil minerals. The higher the total organic C content, the better the soil mineral quality. Soil organic
matter is important in improving soil physical properties, increasing soil biological activity, and
increasing plant nutrient availability. Organic matter is a vital ingredient in creating soil fertility in
terms of soil physics, chemistry, and biology. The factors affecting the organic matter decomposition
can be divided into three groups: 1) the nature of the plant type, age, and chemical composition; 2) soil,
including aeration, temperature, humidity, acidity, and fertility; and 3) climatic factors, especially
humidity and temperature. The threshold of organic C fertiliser is 10% liquid fertiliser and 15% solid
fertiliser, so the active carbon content contained in all treatments in this study meets the required
standards and is suitable for organic fertilisers.

C/N test results using the Pumakkal formula CO, CA, CB, CC, CD, and CE in sediment waste
(SW) and mixed liquid and sediment wastes (MLS) are presented in Figure 5. Among other treatments,
the Pumakkal CE formula with the 15 best isolates in sediment media, and CD 9 isolates in mixed
media of shrimp-ponds gave the highest C/N ratio, at the levels of 29% and 27% (p>0.05) respectively.
This Carbon and Nitrogen ratio meets the RI Minister of Agriculture Number
261/KPTS/SR.310/M/4/2019 (minimum 25%).
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Figure 5. Average organic C/N using five Pumakkal formulas (CA, CB, CC, CD, and CE), two
sedimentary waste media (SW), and a mixture of liquid waste and sediment waste (MLS) for shrimp
ponds.

Composting (aerobic process) is the decomposition of organic waste/sediment waste into
compost by microorganisms. Composting is influenced by C/N ratio, which should be around 20-40,
microorganisms, moisture content (50-55%), temperature (30-55°C), pH (5,5-8), aeration, and particle
size. The C/N ratio of 25-35 is required (Purnomo et al., 2017) to compost sheep faeces with a low C/N
ratio. Additional media is needed to increase the C/N ratio of the compost so that the composting
process runs well and produces good compost. The indicators of compost quality include the Nitrogen
(N) content, Phosphorus (P»0s), and Potassium (K,O). The compost quality standards are based on SNI
19-7030-2004, which should contain a minimum of 0,40% Nitrogen (N), 0,1% Phosphorus (P,0s), and
0,20% Potassium. As a biological process, optimal composting needs to consider influential
environmental factors that affect the rate of composting, including material size, C/N ratio, humidity
and aeration, temperature, degree of acidity, and the microorganisms involved. The smaller size of the
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raw material used resulted in a better and faster composting process. However, the minute raw material
will cause the decrease of air voids, so that the pile becomes more compressed than it should be, and the
supply of oxygen to the pile will decrease, too. This condition will cause the deficient work of
microorganisms in the waste compost.

The C/N ratio is the most important factor in the composting process, since the process depends
on the activities of microorganisms that require carbon as an energy source and cell building, and
nitrogen for cell formation. The value of the C/N ratio depends on the type of waste. A good
composting process will produce an ideal C/N ratio of 20—40, with 30 as the best one. The C/N ratio has
an inverse relationship to microorganism activity. If the C/N ratio is high, the activity of the
microorganism will decrease. In addition, several life cycles of microorganisms are needed to complete
the degradation of the compost material. Thus, the composting time will be longer, and the quality of
compost produced will be lower. If the C/N ratio is too low (less than 30), excess nitrogen (N), which is
not used by microorganisms, cannot be assimilated and will be lost through volatilisation as ammonia or
denitrification (Purnomo et al., 2017). Decomposing shrimp ponds involve Pumakkal microbes, and
they use carbon and nitrogen to grow, so the C/N ratio is the ratio of carbon mass to nitrogen in a
substance. Fresh organic matter has a higher C/N ratio than the C/N ratio after the composting process.
This means that composting is an effort to reduce the C/N ratio of organic matter to a lower C/N ratio
that can be absorbed by plants, which is at least 25.

The C/N ratio contained in liquid fertiliser also indicates the liquid fertiliser's maturity level.
Hence, from this study's results, it is revealed that liquid organic fertiliser is immature since it has not
been decomposed completely. When the C/N ratio is too high, where the carbon amount is greater than
the nitrogen, the metabolism becomes inadequate. It means there is carbon in the substrate that is not
fully converted, so maximum methane yields will not be achieved. On the other hand, a surplus of
nitrogen can lead to the formation of excessive amounts of ammonia (NH3), which, even in low
concentrations, will inhibit bacterial growth (Pramushinta, 2018). In addition, the low content of the
C/N ratio of liquid organic fertiliser is also caused by the content and activity of microorganisms. A
longer fermentation process results in a lower C/N ratio, since the C content in the raw material used
has been greatly reduced, utilised by microorganisms as food or energy source. Along with that, the
nitrogen content increased due to the decomposition process of liquid fertiliser ingredients by
microorganisms. The process produced ammonia and nitrogen, so the C/N ratio decreased (Trivana &
Pradhana, 2017).

The C/N ratio of organic matter is the most important factor in producing liquid fertiliser, as
microorganisms need carbon to provide energy (Yudi et al., 2023) and nitrogen to maintain and form
their body cells (Yudi et al., 2023). A high C/N ratio will cause the fermentation process to run slowly
due to the low nitrogen content. Conversely, if the C/N ratio is too low, it will cause ammonia to form,
causing nitrogen to be lost in the air (Yudi et al., 2023). Hence, the C/N ratio can be used as an indicator
of the fermentation process. The fermented fertiliser can be used if the total ratio between carbon and
nitrogen is between 20% to 30%. The difference in C and N contents will determine the continuity
process of the liquid fertiliser fermentation, and affect the quality of the liquid fertiliser produced
(Pancapalaga, 2011). The anaerobic bacterial organic waste decomposition also produces CO,, NHa,
NO3, SO4, and H2P042'.

There is a close relationship between the ratio of carbon and nitrogen to the decomposition rate
of organic matter. Plasma cell formation requires 1 part for every 10 parts of Carbon (Moriarty, 1997).
A good range of C/N ratio for aquaculture is 10 to 15 (Tucker & Hargreaves, 2004). Nitrogen
fluctuations in ponds are influenced by the bulk content of undecomposed organic matter in ponds.
Some nutrients settle at the bottom of the pond and form organic sediments. Those that dissolve in
water will be converted into inorganic nutrients used by seaweed and plankton, and some of the N
evaporates into the air. Meanwhile, an estimated 60-80% of the total carbon content will be released as
CO; under aerobic conditions. The types of organic matter will affect its quality and quantity. Organic
materials with a low C-N ratio (<25) will cause the decomposition process to speed up. In contrast,
organic matter with a high C-N ratio (> 25) can cause immobilisation, humus formation, organic matter
accumulation, and sulfur content augmentation. Moreover, the increasing levels of lignin and
polyphenols will inhibit the decomposition process of organic matter (Kismi et al., 2014). The ratio of
carbon and nitrogen while Pumakkal CD and CE fermenters were utilised in producing fertilisers were
27 and 29, which are suitable for agriculture, according to the requirements of the Ministry of
Agriculture.
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Percentages of Fe, Cu, Zn, Mn, B, and Mo were calculated using the formula Pumakkal CO,
CA, CB, CC, CD, and CE in liquid media (LW). Figures 6, 7, and 8 show Pumakkal CE formula with
15 isolates in shrimp pond mixed media as the best in micronutrients yielded (p>0.05) with the contents
of Fe:155 (standard 90-900), Cu: 51 (standard 25-500), Zn: 72 (standard: 25-5000, Mn; 51 (standard 25-
5000, B; 25 (standard: 12-250), and Mo: 8 (standard: 2-10) (p.0.05) comply with the regulation.
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Figure 6. Fe, Cu, Zn, Mn, B, and Mo using five Pumakkal formulas (CA, CB, CC, CD, and CE) for
shrimp pond wastewater.
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Figure 7. Fe, Cu, Zn, Mn, B, and Mo using five Pumakkal formulas (CA, CB, CC, CD, and CE) for
shrimp pond liquid sediment media.
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Figure 8. Fe, Cu, Zn, Mn, B, and Mo using five Pumakkal formulas (CA, CB, CC, CD, and CE) for
mixed media for shrimp ponds.

Micronutrients are obtained from the decomposition of shrimp pond waste by Pumakkal
microbes: bacteria Bacillus licheniformis, Bacillus cereus, Acinetobacter baumanii, Bacillus subtilis,
Pseudomonas pseudomallei, and Bacillus firmus. Meanwhile, other bacteria, including Bacillus,
Pseudomonas, Aerobacter, and Xanthomonas, play a role in the revamp of phosphorus. Genera like
Pseudomonas sp. and Bacillus sp. have the greatest ability to dissolve insoluble phosphate and change it
into a soluble form in the soil (Tangguda et al., 2015). Bacteria species with this ability are P. striata, P.
rathonis, B. polymyxa, and B. Megaterium. Saputra et al., (2023) found that Bacillus sp. can reduce
lipid levels by as much as 25% due to membrane-bound oxygenase enzymes. The enzymes are
produced by bacteria to increase direct contact between the oil and bacteria so that bacteria can utilise
the oil as a carbon source. J-types of bacteria from the Bacillus genus, which are capable of degrading
lipids, are B. polymixa, B. licheniformis, B. stearothermophilus, B. brevis, and B. coagulans. In
addition, there are also Alcaligenes sp. and Coryne bacterium sp. that function as bioremediation agents
(Tangguda & Prasetia, 2019). These microorganisms produce enzymes, which can change the structure
of toxic pollutants to be less complex so that they become non-toxic and non-dangerous compounds
(Priadie, 2012). Nitrification consists of two reactions, nitritation and nitration. The first one is changing
the ammonia into nitrite, which is carried out by the bacteria Nitrosomonas sp., and the second one is
changing the nitrite into nitrate, carried out by the bacteria Nitrobacter sp. (Tangguda & Prasetia, 2019).

Nitrifying bacteria in shrimp pond solid waste illustrate that nitrification can occur properly.
The Pumakkal CE formula with the 15 isolates in the mixed media of shrimp-ponds produced the best
micronutrients as follow: Fe=155 (90-900 standard), Cu= 51 (25-500 standard), Zn= 72 (25-5000
standard, Mn= 51 (25-5000 standard), B= 25 (standard: 12-250), and Mo= 8 (standard: 2-10) comply
with Indonesian Ministry of Agriculture decree Number: 261/KPTS/SR.310/M/4/2019. Comparing the
capabilities of the Pumakkal Formula from CO to CE, there was an increase in micronutrients, the type
of sedimentary media and mixtures were significantly different (p>0.05), and the sediment media
contained high micronutrients.

The results of the degree of acidity (pH) test using the Pumakkal formula CO, CA, CB, CC,
CD, and CE in liquid media (LW), sediment (SW), and mixed (MLS) in Figure 9 show that CE (15
isolates) in the mixed media (MLS) had the significantly (p> 0,05) highest pH, which were around 5-6,
met the standard of Minister of Agriculture 4-9.
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Figure 9. Ranges of pH using five Pumakkal formulas (CA, CB, CC, CD, and CE) and three media of
liquid waste (LW), sediment waste (SW), and a mixture of liquid waste and sediment (MLS) for shrimp
ponds.

The pH change to neutral was caused by an acid-base reaction that formed between Pumakkal
bio-activators during the fermentation process, with the following reaction:

H*+ OH- —> H0.

Pumakkal bio-activators contain bacteria Acinetobacter baumanni and Pseudomonas
pseudomallei, which can decompose organic acids in waste (Sutanto, 2017). There is a significant
influence of pH on fertilisers in determining the plants' uptake of nutrient ions. Generally, plants will
easily absorb nutrients at a pH of 6-7 because most of the nutrients will dissolve in water at that pH
condition. Fertiliser application may cause acidic conditions in the soil, where aluminium (Al) will be
found, bind phosphorus so that plants cannot absorb it, and finally poison the plants.

In contrast, in alkaline conditions, elements such as Na (Sodium) and Mo (Molybdenum) can
poison the plants. The microorganisms, such as fungi and bacteria, which decompose organic matter,
will develop well at a pH of 5.5 — 7 (Sundari et al., 2014a). After harvesting and drying, the ponds will
be filled up with shrimp droppings, leftover shrimp feed, and decaying shrimp as debris on the floor of
the pond. The residue will dry and can be used for shrimp biosolids. These biosolids are considered
waste and are usually disposed of in landfills. These biosolids or shrimp pond residues are valuable
sources of N, P, K, and other useful plant nutrients. The highest content in these biosolids is nitrogen
(Dufault et al., 2013). The environmental impact of shrimp pond activities is closely related to
managing wastewater and settling pond sludge. The pond sludge has the potential to be reused as
organic fertiliser in the presence of high levels of nutrients and organic matter (Rahaman et al., 2013).
Shrimp pond solid residue alone cannot be used as a complete fertiliser and must be applied with
commercial fertilisers instead. Pond solid residue has a very high amount of organic matter, and soil
minerals with low organic matter, which are expected to increase fertility, and then contribute to
successive crops planted (Dufault et al., 2013). Pumakkal, as bio-activators, can decompose shrimp
pond sediments into compost that meets the required criteria of C, N, C/N, P. Ca, K, and pH content.

The suitable pH level ranges from 6-7, and the optimum pH level for decomposing bacteria
ranges from 5,5-7,5. In the hydrolysis and acidogenesis phases, the optimum number is at pH 5,5-6,5
and in the methanogenesis phase is at pH 6,5-8,2 (Sari et al., 2016). The activity of acidic bacteria
increases pH due to NH*" binding to OH" to form NHsOH, which is essential for plants (Sutanto, 2017).
The enzymes that decompose carbohydrates include starch-breaking enzymes such as amylase,
invertase, lactase, and cellulase. There are also pectin-breaking enzymes, including polygalacturonase
and methyl pectin esterase (Arfiati, Lailiyah, et al., 2021). The amount of feed given daily affects the
amount of sediment that settles and triggers a decrease in the sediment’s pH due to the decomposition
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process. At the beginning of the process, for all treatments, the pH value decreased and then increased
moderately.

The pH value drops at the beginning of decomposing organic matter due to the activity of
bacteria producing organic acids such as lactic, acetic, and pyruvic acid. The formation of lactic acid
results from the decomposition of organic matter by the bacteria Lactobacillus sp. The emergence of
other microorganisms from the decomposed material causes its pH to rise again after a few days (Rhys
et al., 2016). The pH value, which increases again, is possibly caused by the biological activity of
microorganisms in breaking down organic nitrogen (Fitria et al., 2008). Through enzymes,
microorganisms utilise organic pollutants, converting them into simple compounds to help produce
energy and nutrients (Abatenh et al., 2017; Singh et al., 2014). Bacteria will decompose complex
organic compounds into simpler ones with enzymes. Organic compounds will be oxidised to CO,, H,O
and new biomass. The Pumakkal bioremediation formula of CE (15 isolates) can decompose the
shrimp-pond wastewater, sediment, and pond mixtures wastes into fertilisers, which meet the
requirements of the Minister of Agriculture in terms of macronutrients, micronutrients, and pH in so
that they are suitable for use as plant fertilisers.

CONCLUSION

Five types of consortia pumakkal Application (CA, CB, CC, CD dan CE) were used, and the
Pumakkal CE formula (15 isolates) in the mixture of shrimp pond sediments produced the highest
macronutrients: Nitrogen (N) 1,3%, Phosphorus 2,3%, and Potassium 2,3%; C-organic 23%, C/N ratio
29; and micronutrients, such as Fe:155 (90-900 standard), Cu: 51 (25-500 standard), Zn: 72 (25-5000
standard), Mn; 51 (25-5000 standard), B; 25 (standard: 12-250), and Mo: 8 (standard: 2-10) and the pH
value of 5-6 (p>0,05). These results meet the Indonesian Ministry of Agriculture standard Number:
261/KPTS/SR.310/M/4/2019 and are suitable for agriculture.

ACKNOWLEDGMENTS

Thank you to the research funders of the Ministry of Research and Technology and Higher
Education and the Chemistry Laboratory of Muhammadiyah Malang University, who assisted in the
research. This work was supported by Kemenristek Dikti; Grant numbers [DRPM Kemenristek Dikti
Nomor. 1230/SP2J/LT/LL2/2021, April 16, 2021] and [additional grant]). Authors 1, 2, 3, and 4 have
received research support from Universitas Muhammadiyah Metro.

AUTHOR CONTRIBUTIONS

All authors have contributed to this article. The first and the third author are responsible for the
whole manuscript. The fourth and fifth authors are responsible for reviewing the method and flows of
discussion. In contrast, the second and sixth authors are responsible for proofreading, crosschecking (in-
text citation and list of references), and reference improvement.

CONFLICTS OF INTEREST
The author(s) declare no conflict of interest.
REFERENCES

Abatenh, E., Gizaw, B., Tsegaye, Z., & Wassie, M. (2017). The role of microorganisms in
bioremediation-A review. Open Journal of Environmental Biology, 2(1), 38-46.
https://doi.org/10.17352/0jeb.v2il.

Amara, A. A., Matar, S. M., & Serour, E. (2012). Comparative amino acids studies on phac synthases
and proteases as well as establishing a new trend in experimental design. [[UM Engineering
Journal, 13(1), 35-47. https://doi.org/10.31436/iiumej.v13il.251.

Andriawan, F., Walida, H., Harahap, F. S., & Sepriani, Y. (2022). Analisis kualitas pupuk kascing dari
campuran kotoran ayam, bonggol pisang dan ampas tahu [Analysis of the quality of
vermicompost fertilizer from a mixture of chicken manure, banana stems and tofu dregs].
Jurnal Pertanian Agros, 24(2), 423—428.

Arfiati, D., Lailiyah, S., Pratiwi, R., Alvateha, D., Dahria Aisyah, F., & Dina, K. (2021). Upaya
penurunan bahan organik dengan berbagai merk dagang konsorsium bakteri [Efforts to reduce
organic matter with various brands of bacterial consortium]. Journal of Aquaculture Science, 6,
97-109. https://doi.org/https://doi.org/10.31093/joas.v6i11S.162.

Page | 225


https://doi.org/https:/doi.org/10.17352/ojeb.v2i1
https://doi.org/10.31436/iiumej.v13i1.251
https://doi.org/https:/doi.org/10.31093/joas.v6i1IS.162

Jurnal IImiah IImu Terapan Universitas Jambi

Arfiati, D., Pratiwi, R. K., Aisyah, F. D. D., Lailiyah, S., Alvateha, D., & Dina, K. F. (2021). Efforts to
reduce organic matter in shrimp aquaculture wastewater with various bacterial consortium
trademarks. Journal of Aquaculture Science, 6(11S), 97-109.
https://doi.org/10.31093/joas.v6il1S.162.

Biinemann, E. K., Bongiorno, G., Bai, Z., Creamer, R. E., De Deyn, G., de Goede, R., Fleskens, L.,
Geissen, V., Kuyper, T. W., Méder, P., Pulleman, M., Sukkel, W., van Groenigen, J. W., &
Brussaard, L. (2018). Soil quality — A critical review. Soil Biology and Biochemistry, 120, 105—
125. https://doi.org/10.1016/.50ilbi0.2018.01.030.

Chen, L., Deng, Z., & Zhao, C. (2021). Nitrogen-Nitrogen Bond Formation Reactions Involved in
Natural ~ Product  Biosynthesis. ACS  Chemical  Biology, 16(4), 559-570.
https://doi.org/10.1021/acschembio.1c00052.

Colette, M., Guentas, L., Patrona, L. Della, Ansquer, D., & Callac, N. (2023). Dynamic of active
microbial diversity in rhizosphere sediments of halophytes used for bioremediation of earthen
shrimp ponds. Environmental Microbiome, 18(1), 1-20. https://doi.org/10.1186/s40793-023-
00512-x.

Devaraja, T. N., Yusoff, F. M., & Shariff, M. (2002). Changes in bacterial populations and shrimp
production in ponds treated with commercial microbial products. Aquaculture, 206(3—4), 245—
256. https://doi.org/10.1016/S0044-8486(01)00721-9.

Dodd, F. E., Hasnain, S. S., Abraham, Z. H. L., Eady, R. R., & Smith, B. E. (1997). Structures of a
Blue-Copper Nitrite Reductase and its Substrate-Bound Complex. Acta Crystallographica
Section D Biological Crystallography, 53(4), 406—418.
https://doi.org/10.1107/S0907444997002667.

Dong, L. F., Nedwell, D. B., Underwood, G. J. C., Thornton, D. C. O., & Rusmana, 1. (2002). Nitrous
oxide formation in the Colne estuary, England: The central role of nitrite. Applied and
Environmental Microbiology, 68(3), 1240-1249. https://doi.org/10.1128/AEM.68.3.1240-
1249.2002.

Dufault, R. J., Korkmaz, A., & Ward, B. (2013). Potential of Biosolids from Shrimp Aquaculture as a
Fertilizer for Broccoli Production. Compost Science and Utilization, 9(2), 107-114.
https://doi.org/10.1080/1065657X.2001.10702024.

Effendi, H. (2003). Telaah Kualitas Air Bagi Pengelolaan Sumberdaya dan Lingkungan Perairan. (
Water Quality Review for Aquatic Resources and Environmental Management.)
http://repository.ipb.ac.id/handle/123456789/79927.

Fahrur, M., Undu, M. C., Syah, R., Penelitian, B., Pengembangan, D., Air, B., Makmur, P. J., Sitakka,
D., 129, N., & Selatan, S. (2016). Performa instalasi pengolah air limbah (IPAL) tambak udang
vaname superintensif [Performance of super-intensive vaname shrimp pond wastewater
treatment plant (WWTP)]. Prosiding Forum Inovasi Teknologi Akuakultur, 285-294.

Fan, Q., Fan, X., Fu, P., Li, Y., Zhao, Y., & Hua, D. (2022). Anaerobic digestion of wood vinegar
wastewater using domesticated sludge: Focusing on the relationship between organic
degradation and microbial communities (archaea, bacteria, and fungi). Bioresource Technology,
347, 126384. https://doi.org/10.1016/j.biortech.2021.126384.

Fatimah, L. N., & Sari, B. P. (2018). Probioga: Paket Teknologi Ipal Terintegrasi Biosolar Sel Berbasis
Mikroalga sebagai upaya reduksi pencemaran air akibat limbah tambak udang di Pesisir Pantai
Trisik (Probioga: Integrated Biosolar Cell-Based Ipal Technology Package Microalgae as an
effort to reduce water pollution due to shrimp pond waste on the Trisik Coast]. Jurnal Ilmiah
Penalaran Dan Penelitian Mahasiswa, 2(1), 34—41.

Fitria, Y., IBRAHIM, B., & DESNIAR, D. (2008). Pembuatan pupuk organik cair dari limbah cair
industri perikanan menggunakan asam asetat dan EM4 (Effective Microorganisme 4). (Making
liquid organic fertilizer from liquid waste from the fishing industry using acetic acid and EM4
(Effective Microorganism 4). Akuatik: Jurnal Sumberdaya Perairan, 2(1), 23-26.
https://journal.ubb.ac.id/akuatik/article/view/390

Funge-Smith, S. J., & Briggs, M. R. P. (1998). Nutrient budgets in intensive shrimp ponds: implications
for sustainability. Aquaculture, 164(1-4), 117-133.  https://doi.org/10.1016/S0044-
8486(98)00181-1.

Ghosh, S., Sharma, 1., Nath, S., & Webster, T. J. (2021). Bioremediation—the natural solution.
Microbial Ecology of Wastewater Treatment Plants, 11-40. https://doi.org/10.1016/B978-0-12-
822503-5.00018-7.

Page | 226


https://doi.org/10.31093/joas.v6i1IS.162
https://doi.org/10.1016/j.soilbio.2018.01.030
https://doi.org/10.1021/acschembio.1c00052
https://doi.org/https:/doi.org/10.1186/s40793-023-00512-x
https://doi.org/https:/doi.org/10.1186/s40793-023-00512-x
https://doi.org/10.1016/S0044-8486(01)00721-9
https://doi.org/10.1107/S0907444997002667
https://doi.org/10.1128/AEM.68.3.1240-1249.2002
https://doi.org/10.1128/AEM.68.3.1240-1249.2002
https://doi.org/10.1080/1065657X.2001.10702024
http://repository.ipb.ac.id/handle/123456789/79927
https://doi.org/10.1016/j.biortech.2021.126384
https://doi.org/10.1016/S0044-8486(98)00181-1
https://doi.org/10.1016/S0044-8486(98)00181-1
https://doi.org/10.1016/B978-0-12-822503-5.00018-7
https://doi.org/10.1016/B978-0-12-822503-5.00018-7

Jurnal Ilmiah IImu Terapan Universitas Jambi

Hastuti, Y. P. (2011). Nitrifikasi dan denitrifikasi di tambak [Nitrification and denitrification in pond].
Jurnal Akuakultur Indonesia, 10(1), 89-98.

Hastuti, Y. P., Novita, L., Widiyanto, T., & Rusmana, 1. (2011). Profile in various organic soil depth
shrimp pond, Tambak Inti Rakyat, Karawang. Jurnal Akuakultur Indonesia, 10(2), 183—-191.
https://doi.org/10.19027/JAIL.10.183-191.

Hendarajat, E. A., Mangampa, M., & Suryanto, H. (2007). Budi daya udang vannamei (Litopenacus
Vannamei) pola tradisional plus di Kabupaten Maros, Sulawesi Selatan [Vannamei shrimp
(Litopenacus Vannamei) cultivation using traditional plus patterns in Maros Regency, South
Sulawesi]. Media Akuakultur, 2(2), 67-70. https://doi.org/10.15578/MA.2.2.2007.67-70.

Indonesian Ministry Of Agriculture. (2019). Keputusan Menteri Pertanian No. 261 (Decree of
Indonesian Ministry of Agriculture No. 261) (pp. 1-18).

Joseph, V., Chellappan, G., Aparajitha, S., Ramya, R. N., Vrinda, S., Rejish Kumar, V. J., & Bright
Singh, I. S. (2021). Molecular characterization of bacteria and archaea in a bioaugmented zero-
water exchange shrimp pond. SN Applied Sciences, 3, 1-20. https://doi.org/10.1007/s42452-
021-04392-z.

Kamilya, D., & Devi, W. M. (2022). Bacillus probiotics and bioremediation: an aquaculture
perspective. In Bacilli in agrobiotechnology: Plant stress tolerance, bioremediation, and
bioprospecting (pp. 335-347). Springer.

Kaya, E., Budidaya, J., & Fakultas, P. (2014). Pengaruh pupuk organik dan pupuk npk terhadap Ph dan
K-Tersedia tanah serta Serapan-K, pertumbuhan, dan hasil padi sawah (Oryza Sativa L) [The
effect of organic fertilizer and NPK fertilizer on soil pH and K availability and K absorption,
growth and yield of lowland rice (Oryza Sativa L)]. BUANA SAINS, 14(2), 113-122.
https://doi.org/10.33366/BS.V1412.353.

Kismi, A., Qifli, M., Hairiah, K., Suprayogo, D., Tanah, J., Pertanian, F., & Brawijaya, U. (2014). Studi
nitrifikasi tanah dengan penambahan seresah asal hutan alami dan agroforestri kopi [Study of
soil nitrification with the addition of litter from natural forest and agroforestrial coftee]. Jurnal
Tanah Dan Sumberdaya Lahan, 1(2), 15-24.

Mandario, M. A. E., Alava, V. R., & Anasco, N. C. (2019). Evaluation of the bioremediation potential
of mud polychaete Marphysa sp. in aquaculture pond sediments. Environmental Science and
Pollution Research, 26, 29810-29821. https://doi.org/10.1007/s11356-019-06092-z.

Marliani, Siagian, M. (2022). Gambaran pencemaran limbah cair industri tambak udang terhadap
kualitas air laut di pesisir pantai Lombang [Description of industrial liquid waste pollution from
shrimp farming on sea water quality on the coast of Lombang Beach)]. Jurnal Pendidikan Dan
Konseling (JPDK), 4(5), 3531-3541. https://doi.org/10.31004/jpdk.v4i5.7169.

Mekala, K. P. R., Dinesan, A., Serva Peddha, M., & Dhale, M. A. (2023). Valorization of biowastes as
fermentative substrate for production of Exiguobacterium sp. GM010 pigment and toxicity
effect in rats. Food Chemistry, 407. https://doi.org/10.1016/].foodchem.2022.135131.

Moriarty, D. J. W. (1997). The role of microorganisms in aquaculture ponds. Aquaculture, 151(1-4),
333-349. https://doi.org/10.1016/S0044-8486(96)01487-1.

Mulyani, S. M., & Kartasapoetra, A. G. (2002). Pupuk dan Cara Pemupukan [Fertilizer and
Fertilization Method]. Rineka Cipta, Jakarta, 175.

Novizan, 1. (2002). Petunjuk Pemupukan yang Efektif (ed. Revisi) [Effective Fertilization Guidelines
(revised ed.]. Agro Media Pustaka. www.rumahtom.com

Paena, M., Syamsuddin, R., Tandipayuk, H., Riset, B., Budidaya, P., Payau, A., & Perikanan, P. (2020).
Estimasi beban limbah organik dari tambak udang superintensif yang terbuang di perairan
Teluk Labuange [Estimation of the burden of organic waste from super-intensive shrimp ponds
wasted in the waters of Labuange Bay]. Jurnal llmu Dan Teknologi Kelautan Tropis, 12(2),
507-516. https://doi.org/10.29244/JITKT.V1212.27738.

Pancapalaga, W. (2011). Pengaruh rasio penggunaan limbah ternak dan hijauan terhadap kualitas pupuk
cair [The effect of the ratio of livestock waste and green fodder use on the quality of liquid
fertilizer]. Jurnal Gamma, 7(1).

Pérez-Alvarez, S., Ardisana, E. F. H., Magallanes-Tapia, M. A., Bonilla, C. M. E., Garcia, C. U,
Gonzalez, M. M., Flores-Cordova, M. A., & Guerrero-Morales, S. (2022). Microorganisms used
as growth regulators in modern agriculture. in beneficial microorganisms in agriculture (pp. 37—
84). Springer.

Page | 227


https://doi.org/10.19027/JAI.10.183-191
https://doi.org/10.15578/MA.2.2.2007.67-70
https://doi.org/10.1007/s42452-021-04392-z
https://doi.org/10.1007/s42452-021-04392-z
https://doi.org/10.33366/BS.V14I2.353
https://doi.org/10.1007/s11356-019-06092-z
https://doi.org/10.31004/jpdk.v4i5.7169
https://doi.org/10.1016/j.foodchem.2022.135131
https://doi.org/10.1016/S0044-8486(96)01487-1
https://doi.org/10.29244/JITKT.V12I2.27738

Jurnal IImiah IImu Terapan Universitas Jambi

Pramushinta, 1. A. K. (2018). Pembuatan pupuk organik cair limbah kulit nanas dengan enceng gondok
pada tanaman tomat (Lycopersicon Esculentum L.) Dan tanaman cabai (Capsicum Annuum L.)
aureus [Making liquid organic fertilizer from pineapple skin waste with water hyacinth on
tomato plants (Lycopersicon Esculentum L.) and chili plants (Capsicum Annuum L.) aureus].
Journal of Pharmacy and Science, 3(2), 37-40. https://doi.org/10.53342/pharmasci.v3i2.115.

Priadie, B. (2012). Teknik bioremediasi sebagai alternatif dalam upaya pengendalian pencemaran air
[Bioremediation techniques as an alternative in water pollution control efforts]. Jurnal limu
Lingkungan, 10(1), 38-48. https://doi.org/10.14710/jil.10.1.38-48.

Purnomo, E. A., Sutrisno, E., & Sumiyati, S. (2017). Pengaruh variasi C/N rasio terhadap produksi
kompos dan kandungan Kalium (K), Pospat (P) dari batang pisang dengan kombinasi kotoran
sapi dalam sistem vermicomposting [The effect of variations in the C/N ratio on compost
production and the content of Potassium (K), Phosphate (P) from banana stems combined with
cow dung in a vermicomposting system]. Jurnal Teknik Lingkungan, 6(2), 1-15.

Rahaman, S. M. B., Sarder, L., Rahaman, M. S., Ghosh, A. K., Biswas, S. K., Siraj, S. M. S., Huq, K.
A., Hasanuzzaman, A. F. M., & Islam, S. S. (2013). Nutrient dynamics in the Sundarbans
mangrove estuarine system of Bangladesh under different weather and tidal cycles. Ecological
Processes, 2(1). https://doi.org/10.1186/2192-1709-2-29.

Rahmawati, T. L., Asriany, A., & Hasan, S. (2021). Kandungan kalium dan rasio C/N pupuk organik
cair (POC) berbahan daun-daunan dan urine kambing dengan penambahan bioaktivator ragi
tape (Saccharomyces cerevisiae) [Potassium content and C/N ratio of liquid organic fertilizer
(POC) made from leaves and goat urine with the addition of bioactivator tape yeast
(Saccharomyces  cerevisiae)].  Buletin  Nutrisi Dan  Makanan  Ternak,  14(2).
https://doi.org/10.20956/bnmt.v14i2.12553.

Rhys, R., Harahap, L. A., & Rohanah, A. (2016). Uji jenis dekomposer pada pembuatan kompos dari
limbah pelepah kelapa sawit terhadap mutu kompos yang dihasilkan [Decomposer type test in
making compost from oil palm frond waste on the quality of the compost produced]. Keteknikan
Pertanian J Rekayasa Pangan Dan Pert, 4(3), 422—-426.

Richardson, D. J. (2000). Bacterial respiration: a flexible process for a changing environment.
Microbiology (Reading, England), 146 (Pt3(3), 551-571. https://doi.org/10.1099/00221287-
146-3-551/CITE/REFWORKS.

Richardson, D. J., Berks, B. C., Russell, D. A., Spiro, S., & Taylor, C. J. (2001). Functional,
biochemical and genetic diversity of prokaryotic nitrate reductases. Cellular and Molecular Life
Sciences, 58(2), 165—178. https://doi.org/10.1007/PL0O0000845/METRICS.

Saputra, 1., Syaiful, S. A., & Musa, Y. (2023). Characteristics of bokashi organic fertilizer from etawa
goat feces. IOP Conference Series: Earth and Environmental Science, 1230(1).
https://doi.org/10.1088/1755-1315/1230/1/012192.

Sari, F., Hendrawan, D., & Indrawati, D. (2016). Pengaruh penambahan bioaktivator pada proses
dekomposisi sampah organik secara anaerob [The effect of adding bioactivators on the
anaerobic decomposition process of organic waste]. [ndonesian Journal of Urban And
Environmental Technology, 7, 57. https://doi.org/10.25105/urbanenvirotech.v7i2.715.

Shinde, R., Shahi, D. K., Mahapatra, P., Naik, S. K., Thombare, N., & Singh, A. K. (2022). Potential of
lignocellulose degrading microorganisms for agricultural residue decomposition in soil: A
review. Journal of Environmental Management, 320, 115843.
https://doi.org/10.1016/j.jenviman.2022.115843.

Singh, N., Mishra, A., & Jha, B. (2014). Ectopic over-expression of peroxisomal ascorbate peroxidase
(SbpAPX) gene confers salt stress tolerance in transgenic peanut (Arachis hypogaea). Gene,
547(1), 119-125.

Sudarmi, S., & Wartini, W. (2018). Efektivitas dosis pupuk bokasi pada fase vegetatif tanaman
sambiloto (Andrographis paniculata Ness) [Effectiveness of bokasi fertilizer dosage in the
vegetative phase of sambiloto plants (Andrographis paniculata Ness]. AGRISAINTIFIKA:
Jurnal llmu-Ilmu Pertanian, 2(1), 79. https://doi.org/10.32585/ags.v2i1.221.

Sudrajat, A., & Bintoro, A. (2016). Pengukuran Konsentrasi Ortofosfat Di Danau TONDANO.
[Measurement of orthophosphate concentration in Lake Tondano].

Sundari, ., Ma’ruf, W. F., & Dewi, E. N. (2014). Pengaruh penggunaan bioaktivator em4 dan
penambahan tepung ikan terhadap spesifikasi pupuk organik cair rumput laut Gracilaria sp.
[The utilization of EM4 bioactivator and fish flour to the specifications of liquid organic

Page | 228


https://doi.org/10.53342/pharmasci.v3i2.115
https://doi.org/10.14710/jil.10.1.38-48
https://doi.org/10.1186/2192-1709-2-29
https://doi.org/10.20956/bnmt.v14i2.12553
https://doi.org/10.1099/00221287-146-3-551/CITE/REFWORKS
https://doi.org/10.1099/00221287-146-3-551/CITE/REFWORKS
https://doi.org/10.1007/PL00000845/METRICS
https://doi.org/10.1088/1755-1315/1230/1/012192
https://doi.org/10.25105/urbanenvirotech.v7i2.715
https://doi.org/10.1016/j.jenvman.2022.115843
https://doi.org/10.32585/ags.v2i1.221

Jurnal Ilmiah IImu Terapan Universitas Jambi

Gracilaria sp. Seaweed Fertilize]. Jurnal Pengolahan Dan Bioteknologi Hasil Perikanan, 3(3),
88-94.

Sutanto, A. (2011). Degradasi bahan organik limbah cair nanas oleh bakteri indigen [Degradation of
organic matter from pineapple liquid waste by indigenous bacteria]. El-Hayah: Jurnal Biologi,
1(4). https://doi.org/10.18860/clha.v1i4.1690.

Sutanto, A. (2012). Pineapple liquid waste as nata de pina raw material. Makara Journal of Technology,
16(1), 63—67. https://doi.org/10.7454/mst.v16i1.1286.

Sutanto, A. (2016). Komposisi Bioremediator Bakteri Indigen Pereduksi Polutan Organik Limbah Cair
Nanas (LCN) (Composition of Indigenous Bacterial Bioremediators for Reducing Organic
Pollutants from Pineapple Liquid Waste (LCN)) (Patent No. IDP000044452).

Sutanto, A. (2017). Komposisi bioremediator bakteri indigen penetral ph polutan limbah cair nanas
(LCN). (Composition of indigenous bacterial bioremediator to neutralize pH of pineapple liquid
waste pollutants). ( (Patent No. IDP000044452).

Sutanto, A. (2021). Pumakkal Hijau Lestari (Patent No. IDMO000848139). https:/pdki-
indonesia.dgip.go.id/detail/e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7
852b855.

Suwoyo, H. S., Fahrur, M., Makmur, M., & Syah, R. (2017). Pemanfaatan limbah tambak udang super-
intensif sebagai pupuk organik untuk pertumbuhan biomassa kelekap dan nener bandeng
[Utilization of super-intensive shrimp pond waste as organic fertilizer for the growth of milkfish
and milkfish biomass]. Media Akuakultur, 11(2), 97-110.
http://dx.doi.org/10.15578/ma.11.2.2016.97-110.

Syafruddin, S., Nurhayati, N., & Wati, R. (2012). Pengaruh jenis pupuk terhadap pertumbuhan dan hasil
beberapa varietas jagung manis [The effect of fertilizer types on the growth and yield of several
sweet corn varieties]. Jurnal Floratek, 7(1), 107-114.
https://doi.org/10.17969/floratek.v7i1.524.

Syahputra, K., Rusmana, 1., dan Utut Widyastuti, Riset Pemuliaan dan Teknologi Budidaya Perikanan
Air Tawar Jl Raya, L., & Barat, J. (2011). Isolasi dan karakterisasi bakteri denitrifikasi sebagai
agen bioremediasi nitrogen anorganik [Isolation and characterisation of denitrifying bacteria as
inorganic nitrogen bioremediation agents]. Jurnal Riset Akuakultur, 6(2), 197-209.
https://doi.org/10.15578/JRA.6.2.2011.197-209.

Takahashi, Y., & Katoh, M. (2022). Root response and phosphorus uptake with enhancement in
available phosphorus level in soil in the presence of water-soluble organic matter deriving from
organic  material.  Journal  of  Environmental = Management, 322, 116038.
https://doi.org/10.1016/j.jenvman.2022.116038.

Tangguda, S., Arfiati, D., & Ekawati, A. W. (2015). Karakterisasi Limbah Padat Tambak Udang
Vaname (Litopenaeus vannamei) untuk Kultur Murni Chlorella sp. ( Characterization of Solid
Waste from Vaname Shrimp Ponds (Litopenaeus vannamei) for Pure Culture of Chlorella sp.).
Prosiding Seminar Nasional MIPA.

Tangguda, S., & Prasetia, I. N. D. (2019). Produksi Chlorella sp. dengan perlakuan limbah cair tambak
udang vaname (Litopenacus vannamei) steril [Production of Chlorella sp. with Steril White
Shrimp (Litopenaeus vannamei) Liquid Waste Treatment]. Saintek Perikanan : Indonesian
Journal of Fisheries Science and Technology, 14(2), 96-99.
https://doi.org/10.14710/1JFST.14.2.96-99.

Trivana, L., & Pradhana, A. Y. (2017). Optimalisasi waktu pengomposan dan kualitas pupuk kandang
dari kotoran kambing dan debu sabut kelapa dengan bioaktivator promi dan orgadec
[Optimization of Composting Time and Quality of Manure from Goat Manure and Coconut
Fiber Dust with PROMI and Orgadec]. Jurnal Sain Veteriner, 35(1), 136.
https://doi.org/10.22146/jsv.29301.

Tucker, S. S., & Hargreaves, J. A. (2004). 10 Pond water quality. Developments in Aquaculture and
Fisheries Science, 34(C), 215-278. https://doi.org/10.1016/S0167-9309(04)80012-7.

Williams, K. P., & Kelly, D. P. (2013). Proposal for a new class within the phylum Proteobacteria,
Acidithiobacillia classis nov., with the type order Acidithiobacillales, and emended description
of the class Gammaproteobacteria. International Journal of Systematic and Evolutionary
Microbiology, 63(8),2901-2906. https://doi.org/10.1099/1JS.0.049270-0/CITE/REFWORKS.

Yudi, J., Pandi, S., Nopsagiarti, T., & Okalia, D. D. (2023). Analisis C-Organik, Nitrogen, Rasio C/N
Pupuk Organik Cair Dari Beberapa Jenis Tanaman Pupuk Hijau [Analysis of C-Organic,

Page | 229


https://doi.org/10.18860/elha.v1i4.1690
https://doi.org/10.7454/mst.v16i1.1286
https://pdki-indonesia.dgip.go.id/detail/e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7852b855
https://pdki-indonesia.dgip.go.id/detail/e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7852b855
https://pdki-indonesia.dgip.go.id/detail/e3b0c44298fc1c149afbf4c8996fb92427ae41e4649b934ca495991b7852b855
http://dx.doi.org/10.15578/ma.11.2.2016.97-110
https://doi.org/10.17969/floratek.v7i1.524
https://doi.org/10.15578/JRA.6.2.2011.197-209
https://doi.org/10.1016/j.jenvman.2022.116038
https://doi.org/10.14710/IJFST.14.2.96-99
https://doi.org/10.22146/jsv.29301
https://doi.org/10.1016/S0167-9309(04)80012-7
https://doi.org/10.1099/IJS.0.049270-0/CITE/REFWORKS

Jurnal IImiah IImu Terapan Universitas Jambi

Nitrogen, C/N Ratio of Liquid Organic Fertilizer from Several Types of Green Manure Plants].
Green Swarnadwipa : Jurnal Pengembangan Ilmu Pertanian, 12(1), 146—155.

Yuka, R. A., Setyawan, A., & Supono, S. (2020). Identifikasi bakteri pendegradasi TAN (Total
Ammonia Nitrogen) dari tambak udang vaname di Lampung Timur [ldentification of TAN
(Total Ammonia Nitrogen) degrading bacteria from vaname shrimp ponds in East Lampung).

Yuka, R. A., Setyawan, A., & Supono, S. (2021). Identifikasi bakteri bioremediasi pendegradasi total
ammonia nitrogen (TAN) [Identification of bioremediation bacteria degrading total ammonia
nitrogen (TAN)]. Jurnal Kelautan: Indonesian Journal of Marine Science and Technology,
14(1), 20-29. https://doi.org/10.21107/jk.v14i1.8499.

Yulipriyanto, H. (2010). Biologi tanah dan strategi pengelolaannya. [Soil biology and management
strategies]. Graha Ilmu.

Yuniati, R., Nugroho, T. T., & Puspita, F. (2015). Uji aktivitas enzim protease dari isolat bacillus sp.
galur lokal Riau [Protease enzyme activity test of Bacillus Sp. Isolates Riau Local Strain]. JOM
FMIPA, 1(2), 116-122.

Page | 230


https://doi.org/10.21107/jk.v14i1.8499

