Research Article 
[bookmark: _GoBack]The Effect of Addition EM4 Solution on Vermicomposting Fish Waste to Increase CNPK Regosol Soil

Vivin Setiani1*, Tanti Utami Dewi2, Ayu Nindyapuspa3, Dinda Maya Kristina4, Yesica Novrita Devi 5

1,2,3,4Study Programe of Waste Treatment Engineering, Shipbuilding Institute of Polytechnic Surabaya, Street on Teknik Kimia, Kampus ITS Sukolilo, Surabaya
5Study Programe of Business Management, Shipbuilding Institute of Polytechnic Surabaya, Street on Teknik Kimia, Kampus ITS Sukolilo, Surabaya

* Corresponding Author, email: vivinsetiani@ppns.ac.id    
besar [image: D:\S2\Jurnal Presipitasi\59584.jpg]
[bookmark: _heading=h.gjdgxs]
Abstract 
The Environmental Service Surabaya noted that waste generation at TPA Benowo reached 1,600 tons/day. 60% of waste generation at TPA Benowo was dominated by organic waste. One of organic waste was fish waste, vegetable waste, and some waste from household business activities such as sawdust. One of method composting to reduce organic waste is vermicomposting. Lumbricus rubellus is a type of worm that eats leaf litter, so it is suitable to be used decompose organic waste. The adding of EM4 solution can make more fast of composting process. The compost could be applied in regosol soil to improve soil CNPK quality. The purpose of this study was to analyze the effect of EM4 variations on the quality of compost based on SNI 19-7030-2004 and the effect of adding the compost to regosol soil. The research result showed that the quality of compost complies with SNI 19-7030-2004. The statistical analysis showed that EM4 has a significantly effect on compost quality and regosol soil improvement.
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1. Introduction
Based on data from Central Statistic Agency 2023, the population in Surabaya City increased by 17,133 people. This condition hurts the environment because if the population increases, the waste generated also increases. Based on data from Environmental Service Surabaya, TPA Benoowo accommodate 1,600 tons of waste every day was 60% of waste generation at TPA Benowo is dominated by organic waste (Kunhadi et al., 2018). This condition can make a negative impact on the environment and human health (Vasilyev., 2016). Some of the organic waste that is frequently encountered is fish waste, vegetable waste, and sawdust from household activities. Composting is an alternative to reduce waste generation. The composting process needs C-Organic content to supply energy and nitrogen content to construct the body tissues of microorganisms during the decomposition process (Yommy et al., 2019)
Sawdust can be used as compost material because has high C-Organic content (Jar, 2021). Based on the research, sawdust has high C-Organic content which is 50.58%. However, the nitrogen content in this material is low (0.39%), so it is necessary to add materials that have high nitrogen content, such as fish waste (Maghfirah, 2021). Fish waste has 2.77% nitrogen and 10.87% C-organic. To improve the quality of compost, vegetable waste can be added because this material has various decomposing bacteria that can help improve the quality of the compost (Sitompul, 2017). Vegetable waste has C-Organic at 3.09% and 0.62% nitrogen content. One composting method that is suitable for decomposing organic waste is vermicomposting because environmentally friendly, economically profitable, and contains various nutrients such as P, K, Ca, Cu, Mg, Fe, and Zn which can improve soil quality (Vunkovic et al., 2021). The type of worm that is suitable for a vermicomposting process is Lumbricus rubellus because this worm can decompose organic matter 4 times body weight per day in 24 hours. To speed up the vermicomposting process, it is necessary to add Effective Microorganism 4 (EM4). This material has several types of microorganisms such as lactic acid bacteria, photosynthetic, fungi, and actinomycetes bacteria which function to prevent pathogens and increase soil nutrients (Hidalgo et al., 2022). Vermicomposting has phospor, nitrogen, potassium, and 13,88% humus. This content has a function to fertilize soil (Kumar et al., 2022).
Regosol soil is one of type soil that has low nutrients and productivity. This soil has coarse-textured, gray in color, and easy to erode (Getahun et al., 2017). Regosol soil contains phospor 48.90 ppm, potassium 43.19 mg/100g, C-Organic 0.48%, and nitrogen 0.06%. Regosol soil has low C-Organic and nitrogen. This soil has high phospor and potassium. This nutrient is harmful to plants. Therefore, in this study, vermicomposting was carried out using Lumbricus rubellus worms with fish waste, vegetable waste, sawdust, and added Effective Microorganism 4 (EM4). Then the results of vermicomposting compost were added to the regosol soil to improve the CNPK quality. The purpose of this study was to determine the physical and chemical quality of compost based on SNI 19-7030-2004 and to determine the quality of regosol soil after adding vermicomposting compost. The reference for land valuation criteria is based on the Soil Research Center in 2009.

2. Methods
2.1 Composting Process
2.1.1 Calculate The Compost Material
Fish waste, vegetable waste, and sawdust were analyzed C-Organic and Nitrogen. This step was to obtain the value of the C/N ratio to be used. The C/N ratio was the ratio between C-Organic and nitrogen content. In this study, C-Organic was analyzed by gravimetric method. Then nitrogen was analyzed by the Kjedahl method. Compost materials was 45% food waste (FW),  35% sawdust (S) and 20% vegetable waste (VW). 
 . There was a formula to calculate C/N ratio (Tchobanoglous., dkk 2002) :
				                                  (1)
				                                                       (2)
				  40
The value of the C/N ratio corresponds to the range at the beginning of the vermicomposting process, which was 23-70 (Siswanto et al, 2021). There was Table 1 of the composition of compost material to be used. 
Table 1. Compost Material 
	Variation EM4 (ml)
	45% FW + 35% S + 20% VW 
(Lumbricus rubellus worm 100 gr/kg compost material)

	0
	C1

	10
	C2

	15
	C3



2.1.2 Design Reaktor
A suitable reactor to use during the vermicomposting process was a Continuous flow bin because this reactor supported by a good supply of oxygen (Manyuchi et al., 2013). The first step before building the reactor was to calculate the density of the waste by weight of waste according to the variation material used. The reference to obtain the density of waste is based on SNI 19-3964-1994. The density of waste obtained was 373 kg/m3 and the total weight of compost material is 12.08 kg. Then calculate the volume of compost material by using the formula : 
		                     (3)
The volume of compost material in the reactor was  32386 cm3. The dimension of reactor at 45 cm x 50 cm x 15 cm. Reactor design can be seen in Figure 1.
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Figure 1 Design of Reactor

2.1.3 Pre-Composting Process
The procedure to do the Pre-Composting process was to chop the organic waste into sizes 2-3 cm, then add a variation of EM4. After that stir the material compost evenly distributed and put it in the reactor for 2 weeks while observing the pH, temperature, and water content. This process was important because it can help decompose the compost material so this material can easily be digested by worms, and can suppress the growth of pathogens, so as not to harm earthworms during the vermicomposting process (Grasserova et al., 2020).
2.1.4 Acclimatization Process
Acclimatization was carried out by take in Lumbricus rubellus worms into the reactor which already contains bedding and feeding for 2x24 hours. The process aims to adapt the worm to the new environment (Setiani et al., 2021). 
2.1.5 Vermicomposting Process
The vermicomposting process was carried out by adding 100 grams of Lumbricus rubellus worms per kg of compost material (Setiani et al., 2021). The recommended height of the compost pile was 10 cm (Nurhidayati et al., 2016). Vermicomposting was carried out for 2 weeks. Temperature, pH, and moisture content are monitored daily.
2.1.6 Monitoring Compost Process
Compost monitoring aims to determine the rate of decomposition of organic matter. The following was Table 2. Compost Monitoring Method.
Table 2. Compost Monitoring Method
	Parameters
	Measurement Method
	Measurement Equipment
	Measurement Period
	Standard

	Temperature compost
	In situ
	Soil analyzer tester
	Everyday
	SNI 19-7030-2004

	Moisture compost
	In situ
	Soil moisture tester
	Everyday
	SNI 19-7030-2004

	pH compost 
	In situ
	Soil analyzer tester
	Everyday
	SNI 19-7030-2004

	pH soil
	In situ
	Soil analyzer tester
	Everyday
	Soil Research Center in 2009

	C-Organic compost
	gravimetric
	Oven at 300 C
	End of composting
	SNI 7763:2018

	C-Organic soil
	spectrophotometry
	Spectrophotometric optimization at a wavelength of 561 nm
	End of incubation
	Soil Research Center in 2009

	Nitrogen compost 
	kjeldahl
	Hidrolysis with sulfuric acid
	End of composting
	SNI 7763:2018

	Nitrogen soil
	spectrophotometry
	Oksidasi asam sulfat
	End of incubation
	Soil Research Center in 2009

	Rasio C/N compost
	Calculate
	Comparison of C-Organic content with Nitrogen
	End of composting
	SNI 7763:2018

	Phospor compost
	spectrophotometry
	Spectrophotometric optimization at a wavelength of 400 nm
	End of composting
	SNI 7763:2018

	Phospor soil
	spectrophotometry
	Extraction with NaHCO3
	End of incubation
	Soil Research Center in 2009

	Kalium compost
	AAS
	Spectrophotometric optimization at a wavelength of 400 nm
	End of composting
	SNI 7763:2018

	Kalium soil
	AAS
	Optimasi dengan flamephotometri intensitas sinar emisi
	End of incubation
	Soil Research Center in 2009



2.2 Soil Incubation Process
Incubation process was carried out in a closed plastic container. Compost was added to the reactor containing regosol soil, then incubated for 2 weeks. Gusnindar's research, (2013) proved that incubation for 2 weeks can increase soil CNPK content. The following was Table 3 dosage of compost that would be added to the regosol soil
Tabel 3. Kompos Dosage
	Variation
	Result compost vermicomposting C3 
(45% FW + 35% S + 20% VW + Lumbricus rubellus worm 100 gr/kg)

	T0
	0 gr compost/500 gr regosol soil

	T1
	2.5 gr compost/500 gr regosol soil

	T2
	5 gr gr compost/500 gr regosol soil



2.3 Analyze Data
Statistical analysis has function to determine the effect of EM4 variations on the physical and chemical parameters of the compost. This study using One Way MANOVA analysis because it has one independent variable, and more than two dependent variables. Normality and homogeneity tests are one of the requirements before the MANOVA test. The following is the formula used for normality, homogeneity, and MANOVA test (Usmadi, 2020) :
1. Normality Test
The normality test carried out by compiling data from the smallest, followed by the cumulative frequency (F) of each score. The formula used is :
 							              (4)
Note :
ρ	: 									(5)
2. Homogenity Test
Homogeneity test using Levene test method. Levene's test is used to test the similarity of the variances of several populations. The formula used is :	
									(6)
					
3. MANOVA Test
The MANOVA test use the following formula :
					(7)

3. Result and Discussion
3.1 Physical Parameters
3.1.1 Temperature 
Temperature increase during the composting process indicatie that there was decomposition activity of organic matter by microorganisms. 
	[image: ]
	FW : Fish Waste
S     : Sawdust
VW : Vegetable Waste
EM4 : Effective Microorganisme 4


Figure 2. Temperature of Compost
The Figure 2 showed that C3 more a higher temperature than C2 and C1 because activity of microorganisms. In these conditions, organic matter decomposes into carbon dioxide (CO2), water vapor (H2O), humus, and energy. The more microorganisms that break down organic matter. So, the compost temperature increased (Yommy et al, 2021). Temperature can change because of differences in composting phases. The mesophilic phase is at a temperature of 25-40oC, then the thermophilic phase at 45-70oC, and the last maturation phase at a temperature of 27oC (Jain et al., 2019). The temperature compost in this study complies with SNI 19-7030-2004 who has temperature like soil (<30oC).
3.1.2 Moisture Content
	[image: ]
	FW : Fish Waste
S     : Sawdust
VW : Vegetable Waste
EM4 : Effective Microorganisme 4


Figure  3. Moisture Content of Compost 

Figure 3 showed that there were no changes in moisture content at C1, C2, and C3 due to the sawdust absorbing the moisture content in the compost. Sawdust was known to easily absorb water. However, the moisture content at C1 was the lowest due to environmental temperature conditions. High temperatures can cause evaporation in the reactor, leading to a reduction in moisture content (Yommy et al, 2021). The moisture content in this study met the SNI 19-7030-2004 standard, which requires moisture content to be below 50%.

3.2 Chemical Parameter
3.2.1 pH
pH is one of the parameters that must be monitored every day. If the pH value is too high, it can cause ammonia gas which has a negative impact on the environment. 
	[image: ]
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S     : Sawdust
VW : Vegetable Waste
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Figure 3.   pH of Compost
Figure 3 describe that the pH increased on day 2, then became neutral on day 8. The pattern of the pH chart in Figure 3 wass the same as the research by Setiani et al., (2021) that the pH increased over time and becomes neutral. This condition was caused by the activity of microorganisms in EM4. This material has the function to decompose organic acids, breaking down proteins, and releasing ammonia so that the pH was stable and neutral. It should be noted that ammonia was alkaline so this content can help increase the pH of the compost (Iresha et al., 2022). On days 14 until 28, the pH stabilizes because the worms produce lime (CaCO3). This material has a function to maintain a neutral pH (Maystreko et al., 2023). The pH in this study accordance with the SNI 19-7030-2004.

3.2.2 C-Organic
[image: ]
Figure 4. C-Organic of Compost
The Figure 4 explained that C2 has the lowest C-Organic content because of the activity of microorganisms that break down C-Organic content into carbon dioxide (CO2). The results of the decomposition process were mixed with water and evaporated in the air, so this content can decreases (Ghahdarijani et al., 2022). The addition of EM4 can help reduce C-Organic content because this content has been utilized by microorganisms to supply energy during the decomposition process of organic matter. This statement was supported by research (Yommy et al, 2019) that microorganisms consume 2/3 of C-Organic as an energy source, then 1/3 was used to form cells and bacteria. The C-Organic content in this study complies with SNI 19-7030-2004.
3.2.3 Nitrogen
[image: ]
Figure 5. Nitrogen of Compost 
The  Figure 5, the highest of nitrogen content was in C3 because the activity of microorganisms in EM4 has functions to decompose proteins into amino acids through the ammonification process. During this process, amino acids form ammonium (NH4) and ammonia (NH3). Then ammonia was converted into nitrate (NO3) and nitrite (NO2) to form nitrogen (Vilela et al., 2020). In this study, worm activity can also affect nitrogen content because during the excretion process worms produce nitrobacteria bacteria which function to convert ammonia to nitrate so that it can increase nitrogen content. Nitrobacter bacteria can increase because of worm mucus. Then the lowest nitrogen content was in C1 because the volatilization process. This process can cause nitrogen content to evaporate in the air (Van Stelt et al., 2017). Nitrogen content in this study according to SNI 19-7030-2004.
3.2.4  C/N Ratio
[image: ]
Figure 6. The Value of C/N Ratio
The C/N ratio decreases because carbon content decreases continuously. These elements were used by microorganisms as a source of energy during the decomposition process. The chemical reaction that occurs was (Nivethadevi et al., 2021) : 
	Organic matter +  microorganisms CO2+H2O+nutrient+compost+energy             (1)



In Figure 6 it was known that the lowest C/N ratio was at C3 because during the decomposition process, the activity of microorganisms occurs evaporation process of carbon dioxide (CO2) which can decrease the C-Organic content and increase the nitrogen content. Therefore the value of the C/N ratio decreases (Yommy et al, 2019. The C/N ratio in this study complied with SNI 19-7030-2004 standards.
3.2.5 Phospor
[image: ]
Figure 7. Phospor Content Test of Compost
Phosphor content was available because the ripening phase and material C-Organic and nitrogen compost were available. We must know that the addition of EM4 can help break down phosphor content in the compost material. Solvent microorganisms in EM4 such as Pseudomonas, Bacillus, and Brevibacterum which contain phosphor will die and then be mixed with the compost material. So that the phosphor content can increase (Beny et al, 2017). Lumbricus rubellus worms also have a role to provide phosphor content. Organic materials consumed by worms, then will be digested in the worm's stomach. During this process, the worms will decompose phosphor with phosphatase enzyme. These enzymes help break down organic phosphor into inorganic phosphor so that it is available to plants (Hanc et al, 2013). C3 was the lowest phosphor content because of C-Organic and nitrogen content. C-Organic was used by microorganisms as an energy source so this content decreases. This process affects the nitrogen content because microorganisms lack the energy to bind nitrogen content. It should be noted that nitrogen was a constituent of microorganism tissue (Anam, 2022). If the nitrogen content decreases, the activity of microorganisms to break down phosphor also decreases (Maghfirah, 2021).
3.2.6 Potassium 
[image: ]
Figure 8. Potassium of Compost 
The highest potassium content of compost at C1 because of the activity bacteria in worm eggs and EM4. Some of the type bacteria are Acynomycetes, and Bacillus mucilaginous which help break down potassium. So, that it was available in dissolved form and easily absorbed by plants. The lowest potassium element is C2 because this element is used by microorganisms during the decomposition process so that the potassium content decreases, besides that the vegetable waste used is not specific. So, the potassium content in the compost varies (Nur, 2016). Potassium in this study was complies with SNI 19-7030-2004 standards.
3.3 The Effect of Variation EM4 to The Characteristic Compost 
There was a Table 4 the result normality test, homogeneity test, and MANOVA test to determine the effect of EM4 variations on vermicomposting compost content
Tabel 4. The result normality test, homogeneity test, and MANOVA test Compost
	Normality test

	Dependent Variable
	Method
	P-Value
	Information
	Normality

	C-Organic content
	Levene
	0.054
	P-Value > 0,05
	Normal Data

	Nitrogen content
	Levene
	0.331
	P-Value > 0,05
	Normal Data

	Ratio C/N
	Levene
	0.690
	P-Value > 0,05
	Normal Data

	Phospor Content
	Levene
	0.848
	P-Value > 0,05
	Normal Data

	Pottasium Content
	Levene
	0.276
	P-Value > 0,05
	Normal Data

	pH 
	Levene
	0.054
	P-Value > 0,05
	Normal Data

	Temperature
	Levene
	0.396
	P-Value > 0,05
	Normal Data

	Moisture content
	Levene
	0.789
	P-Value > 0,05
	Normal Data

	Homogenity test

	Dependent Variable
	Method
	P-Value
	Information
	Homogenity

	C-Organic content
	Kolmogrov 
	0.200
	P-Value > 0,05
	Homogeneous Data 

	Nitrogen content
	Kolmogrov 
	0.161
	P-Value > 0,05
	Homogeneous Data 

	Ratio C/N
	Kolmogrov 
	0.200
	P-Value > 0,05
	Homogeneous Data 

	Phospor Content
	Kolmogrov 
	0.729
	P-Value > 0,05
	Homogeneous Data 

	Pottasium Content
	Kolmogrov 
	0.200
	P-Value > 0,05
	Homogeneous Data 

	pH 
	Kolmogrov 
	0.200
	P-Value > 0,05
	Homogeneous Data 

	Temperature
	Kolmogrov 
	0.200
	P-Value > 0,05
	Homogeneous Data 

	Moisture content
	Kolmogrov 
	0.200
	P-Value > 0,05
	Homogeneous Data 

	
MANOVA test

	Dependent Variable
	F
	Sig.
	Hyphotesis
	Information

	C-Organic content
	74.234
	0.000
	H1 accepted
	Take effect

	Nitrogen content
	58.323
	0.000
	H1 accepted
	Take effect

	Ratio C/N
	75.294
	0.000
	H1 accepted
	Take effect

	Phospor Content
	32.377
	0.003
	H1 accepted
	Take effect

	Pottasium Content
	56.480
	0.001
	H1 accepted
	Take effect

	pH 
	84.472
	0.000
	H1 accepted
	Take effect

	Temperature
	88.378
	0.000
	H1 accepted
	Take effect

	Moisture content
	96.600
	0.000
	H1 accepted
	Take effect


The results of the normality test in Table 4 showed that all data is distributed normally, so all data in this research are representative. According to Sukestiyarno, (2017) If the normality test was not representative the regression analysis gives results that are not in accordance with the actual data. So the research results did not describe the truth of the original data. In Table 4 it was also known that the data was homogeneous. Homogeneous data means that the research sample data has the same distribution of data values. 
The results of the statistical analysis in Table 4 prove that the Variation EM4 has a significant effect on the vermicomposting compost (P-value <0.05). The more adding EM4, so the activity of microorganisms increases to decompose organic matter. This condition can be marked by increasing the temperature of the compost in the reactor. Variations of EM4 have a significant effect on the C-Organic content due to biochemical reactions formed by the activity of gaseous microorganisms which can cause the C-Organic content to decrease because it was also carried into the atmosphere (Ali et al., 2019). Variations of EM4 have a significant effect on nitrogen content because the more EM4 the faster the decomposition process. This process produces nitrogen content in ammonium (NH4+) and nitrate (NO3-) compounds (Hidayat et al., 2023). Variations in EM4 have a significant effect on the phospor content because, in the EM4 solution, there are solvent bacteria that function to provide phospor in the compost. Microorganisms in EM4 produced phosphatase enzymes to decompose phosphor compounds into inorganic phosphor to make them available to plants (Nazilah et al., 2020). 
EM4 variation has a significant effect on potassium content. Based on research by Achsah et al (2013) organic matter containing high potassium cannot be used directly, the addition of EM4 can help decompose potassium so that this content can be available in compost. Variation of EM4 has a significant effect on the C/N ratio because the greater the amount of EM4 added, the lower the resulting C/N ratio. This was due to the large number of microorganisms that decompose the compost material (Ali et al., 2019). Then finally, variations in EM4 can have a significant effect on pH because the activity of microorganisms in EM4 functions to degrade organic acids so that the pH becomes neutral (Yommy et al, 2021).
3.4 The Effect of Adding Compost Vermicomposting To Regosol Soil 
The following was Table 5. Research Result of Vermicomposting Addition to Regosol soil quality
Tabel 5. Soil Incubation Result
	Organic Matter 
	Standard Soil Research Center 2009
	Soil initial nutrition
	Soil nutriens after add compost

	
	
	
	T0
	T1
	T2

	
	
	
	0 gr compost /500 gr regosol land
	2,5 gr compost /500 gr regosol land
	5 gr compost /500 gr regosol land

	C-Organic (%)
	< 1
	1– 2
	2,01 –
3
	3,01 
–
5
	>5
	0,48
	0,46
	0,93
	1,07

	Information
	VL
	L
	M
	H
	VH
	VL
	VL
	L
	L

	Nitrogen 
(%)
	< 0,1
	0,1
–
0,2
	0,21 – 
0,5
	0,51
– 
0,75
	>0,75
	0,06
	0,03
	0,04
	0,12

	Information
	VL
	L
	M
	H
	VH
	VL
	VL
	VL
	L

	Phospor 
(ppm)
	< 4
	5–7
	8
–
10
	11
–
15
	>15
	48,90
	59,74
	132,56
	160,87

	Information
	VL
	L
	M
	H
	VH
	VH

	Potassium (mg/100g)
	< 10
	10 -20
	21
 – 40
	41 
– 
60
	>60
	43,19
	38,14
	40,80
	52,83

	Information
	VL
	L
	M
	H
	VH
	H
	M
	M
	H

	pH
	<4,5
	4,5
 – 
5,5
	5,6 – 6,5
	6,6 – 7,5
	7,6 – 8,5
	> 8,5
	6,79
	7
	7,1
	7,3

	Information
	VA
	Ac.
	QA
	N
	SA
	A
	N

	Information:
VL  : Vey Low                      VA   : Very Acid                    A : Alkaline
L     : Low                              Ac.  : Acid 
M   : Medium                      QA  : Quite Acid
H    : High                            N      : Neutral
VH : Very High                  SA    : Sightly Alkaline



 The Table 5 described that T0, T1, and T2 treatments were able to increase the soil pH content. Based on research by Angelova et al (2013), vermicomposting compost was more efficient to increase soil than conventional compost. Vermicomposting compost has a significant effect on the pH content of regosol soil because, during the soil decomposition process, a mineralization process occurs which releases several alkalines. This process can build cations. So, the pH can increase (Chithra et al., 2020). In Table 5, the highest C-Organic content is at T2, which was 1.07%. Based on the Soil Research Center 2009 about the criteria soil quality. The C-Organic content was still relatively low because the nutrients in the compost very low. The addition of compost can significantly affect (Tabel 6) the C-Organic quality of regosol soil because the vermicomposting compost contains a humus of 13.88%. The C-Organic content in humus was 40% -80% so C-Organic can increase with the amount of vermicomposting compost added (Bergstrand et al, 2022).
The lowest nitrogen content was in the T0 (0.03%), and the highest in T2 (0.12%). When compared with the soil quality criteria based on the Soil Research Center 2009, T0 and T1 were classified as very low, while T2 was classified as low. The addition of vermicomposting compost into regosol soil has a significant effect (Tabel 6) on soil nitrogen. During the incubation process, the mineralization process of organic matter occurs to produce nitrogen content in NH4+ and NO3- compounds. In Table 5 there was a decrease in the nitrogen content in T0 because nitrogen dissolves easily resulting in evaporation during incubation which can reduce the nitrogen content (Fitria, 2018). The results of incubation regosol soil produced the highest phosphor content at T2 (160.87 ppm), and the lowest at T0 (48.90 ppm). When compared with the Soil Research Center 2009 about the criteria soil quality, this content was classified as very high. The application of vermicomposting compost has a significant effect on the phosphor content in the regosol soil (Table 6). Research by Angelova et al, (2013) proved that there was an increase in phosphor content due to the mineralization process carried out by microorganisms in vermicomposting compost. Potassium content in the soil increased. The lowest potassium content was in the treatment (38.14 mg/100g), while the highest content was in T2 (40.80 mg/100g). 
The Tabel 6 explained that vermicomposting compost can significantly affect the potassium content in the regosol soil because the activity of microorganisms in the compost utilizes the potassium content as a catalyst. Potassium contained in compost will be stored in the cells of microorganisms, over time it will be degraded so that potassium content can be available in the soil (Idawati, 2017). The following is Table 6. The results of normality, homogeneity, and MANOVA tests to determine the effect of adding vermicomposting compost to regosol soil. 
Table 6. The result normality test, homogeneity test, and MANOVA test Regosol Soil
	STATISTICAL TEST

	Normality Test

	Dependent Variable
	Methode
	P-Value
	Information
	Normality

	C-Organic
	Kolmogrov
	0.200
	P-Value > 0,05
	Data Normal

	Nitrogen 
	
	0.200
	P-Value > 0,05
	Data Normal

	Phospor
	
	0.200
	P-Value > 0,05
	Data Normal

	Potassium 
	
	0.093
	P-Value > 0,05
	Data Normal

	 pH 
	
	0.200
	P-Value > 0,05
	Data Normal

	
	
	
	
	

	Homogenity Test

	Dependent Variable
	Methode
	P-Value
	Information
	Homogeneity

	C-Organic
	Levene
	0.588
	P-Value > 0,05
	Homogenous Data

	Nitrogen 
	Levene
	0.293
	P-Value > 0,05
	Homogenous Data

	Phospor
	Levene
	0.497
	P-Value > 0,05
	Homogenous Data

	Potassium 
	Levene
	1
	P-Value > 0,05
	Homogenous Data

	 pH 
	Levene
	1
	P-Value > 0,05
	Homogenous Data

	MANOVA Test

	Dependent Variable
	F
	Sig.
	Hipotesis
	Information

	C-Organic
	317.820
	0.000
	H1 accepted
	Take effect

	Nitrogen 
	86.138
	0.000
	H1 accepted
	Take effect

	Phospor
	80.980
	0.000
	H1 accepted
	Take effect

	Potassium 
	195.488
	0.000
	H1 accepted
	Take effect

	 pH 
	49.672
	0.000
	H1 accepted
	Take effect



4. Conclusions
The best of compost quality was C3 at 45% fish waste, 35% sawdust, and 20% vegetable waste which have accordance with the compost specifications based on SNI 19-7030-2004. In addition, it has a moisture content at 50%, temperature at 27oC, pH 7, 0.6% (phosphor), 0.57% (potassium), 18.52% (C-Organic), 1.72% (Nitrogen), and C/N ratio (14.6). This study proves that variations in EM4 have a significant effect on the pH, C-organic, nitrogen, phospor and potassium of compost based on SNI 19-7030-2004. In another hand, the addition of vermicomposting compost to regosol soil can have a significant effect on temperature, moisture content, pH, C-organic, nitrogen, phospor and potassium of regosol soil. This research was pH, C-organic, nitrogen, phospor and potassium of the soil did not accordance based on Soil Research Institute 2009 standards.  Therefore, the further research was the adding of goat manure in the compost materials. This purpose to increase C-Organic and Nitrogen content in the compost.
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