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Abstract

The use of organic fertilizer to prevent soil degradation has received high attention.
Vermicompost is a solid organic fertilizer excreted by the earthworm; however, the content
of nutrients is dependent on the substrate used for earthworm feeding. The present study
aimed to determine the nutrient content and urease activity of vermicompost derived from
animal wastes and their combinations. A greenhouse experiment using a completely
randomized design with three substrates: dairy cattle, chicken, and goat manure, and their
combinations, and utilizing Perionyx excavatus was undertaken, with three replications.
The vermicomposting process lasted 60 days, after which the nutrient content was
analyzed. The results showed that vermicompost from goat manure had the highest
nitrogen (N) content, urease activity, and pH, while chicken manure produced the highest
phosphorus levels. The organic carbon (C), potassium (K), calcium (Ca), magnesium (Mg),
and C/N ratio were similar across all substrates. The vermicompost from all substrates
complied to the quality standards released by the Indonesian and Thai governments,
although the carbon content and C/N ratio were below the standard. Future research
should focus on combining animal wastes with lignin-rich materials to enhance the organic
carbon content and C/N ratio to meet quality standards.
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1. Introduction

Awareness of the community on environmental deterioration and costly synthetic fertilizers
have led to the shift of conventional to sustainable agricultural practices. Likewise,
excessive and long-term use of synthetic fertilizers has brought about the degradation of
soil chemical, physical and biological properties (Fang et al., 2012; Savci, 2012; Coolon et
al.,, 2013; Tetteh, 2015). Sustainable agricultural practice is highly dependent on the
availability of organic fertilizer as a source of plant nutrients. The weaknesses of organic
fertilizers are that they are low in plant nutrient content and release nutrients slowly. A study
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by Muktamar et al. (2020) noted that available P was increased after 2-3 weeks of the
application of solid organic fertilizer.

Vermicompost is a solid organic fertilizer which is the by-product of earthworm
vermicomposting process. Vermicomposting converts substrates from different kinds of
agricultural and animal wastes into high nutrient organic fertilizers (Gajalakshmi & Abbasi;
Mohite, 2024). A range of enzymes, such as urease, phosphatase, dehydrogenase,
protease, lipase, chitinase, cellulase, and arylsulfatase, play a crucial role in the
bioconversion of organic waste materials into vermicompost (Enebe & Erasmus, 2023).
Earthworm excrete contains plant nutrients, soil microbes, and growth hormones
(Adhikary, 2012). More than 3000 earthworm species are present in the ecosystem and
Perionyx excavatus is one of the most suitable earthworms for vermicomposting (Pierre-
Louis et al., 2021).

A previous study indicated that different sources produced vermicompost of
different characteristics. The content of N, P, K, and C of vermicompost derived from cow
dung was 3,6%, 0.23%, 0.89%, respectively (Pierre-Louis et al., 2021). Vermicompost from
rice straw contained 16.67% organic-C, 1.31% N, pH 6.6, 0.81% P, 0.54% K, 2.5% Ca,
and 0.69% Mg, while that from grass had 20,7% organic-C, 1.41% N, 0.95% P, 0.53% K,
2.07% Ca and 0.75% Mg, and pH 6.2 (Ramnarain et al., 2019). Another study by Bajal et
al. (2019) showed that N, P and K contents of vermicompost derived from vegetable waste
were 1.85%, 1.32%, and 1.64%, respectively, while those from cattle manure were 1.08%,
1.08%, and 1.04%, respectively. Additionally, vermicompost prepared from goat manure
had 1.90% N, 0.90% P, and 3.05% K with a C/N ratio of 18.22 (Anandyawati et al., 2023).
Thus, the quality of the fertilizer highly depends on the sources used in the process.

The nutrient content of vermicompost is also dependent on the stage of the
vermicomposting process. A study by Aslam et al. (2019) indicated that nutrient content
increased as vermicomposting process went on. The content of N, P, and K of
vermicompost derived from paper waste increased by 33%, 31% and 70%, respectively,
at 180 days of vermicomposting as compared to that of 90 days. The objective of the
present study was to characterize the nutrient content and urease activity of vermicompost
derived from animal waste using the earthworm Perionyx excavatus.

2. Materials and Methods

2.1 Substrate collection and earthworm preparation

Three substrates used in this study included dairy cattle, goat and chicken wastes. Dairy
cattle waste was collected from the Closed Agricultural Production System (CAPS)
Research Station in Air Duku Village, Rejang Lebong Bengkulu at 1054 m above sea level,
while chicken and goat wastes were obtained from Commercial Zone of Animal Laboratory,
Faculty of Agriculture, located in Bengkulu at 15 m above sea level. The substrates were
air-dried for a day in indirect sunlight. Earthworm Perionyx excavatus were obtained from
the CAPS Research Station. The dairy cattle waste contained 0.57% N, 0.17% P, 0.26%
K, and 46.2% C. The goat waste contained 2.84% N, 0.24% P, 0.82% K, and 33.6% C.
Additionally, the chicken waste had 1.13% N, 0.78% P, 1.04% K, and 25.74% C. The
worms were pretreated using dairy cattle manure as initial habitat for adaptation from high
altitude with lower air temperature to low altitude. The pre-composting period was to avoid
the exposure of the earthworms to unfavorable conditions and to provide appropriate
conditions for earthworm life. In this study, the pre-composting period was 2 weeks when
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the worms had adapted to the new environment, which was indicated by their calm
behavior.

2.2 Experimental design and treatments

The vermicomposting study was carried out at the Greenhouse of the Department of Soil
Science, Faculty of Agriculture, the University of Bengkulu from October to December
2021. The experimental site was in the City of Bengkulu at 25 m above sea level. The
experiment used completely randomized design with 7 treatments and 3 replications. The
treatments were the different kinds of substrates: dairy cattle (T1), chicken (T2) and goat
wastes (T3), the incorporation of dairy cattle and chicken wastes at 2:1 ratio (w/w, T4) and
1:1 ratio (w/w, T5), and the incorporation of dairy cattle and goat wastes at 2:1 ratio (w/w,
T6) and 1:1 ratio (w/w, T7).

2.3 Vermicomposting process

The experiment was conducted in a plastic tray (20x40x10 cm) covered with a net to
prevent the worms getting out of the tray and to provide good oxygen circulation. Two kg
of substrate was gently incorporated with 25 g of Perionyx excavatus earthworms. Every
other day, 50 g of substrate was added to the tray. The temperature and moisture of the
media were monitored every day, i.e. temperature of approximately 25°C and moisture
content of 80% using soil thermometer and hygrometer, respectively. Likewise, pH of the
media at 1: 5 ratio (w/v) was measured every 2 weeks. After 60 days of incubation,
vermicompost was harvested by separating the vermicompost and earthworms using a
spatula. A sample of vermicompost was collected for its characterization.

2.4 Characterization of vermicompost

Total organic carbon was analyzed using the Walky and Black Method, nitrogen using
Kjeldahl Method, phosphorous detected using spectrophotometer, K, Ca and Mg using
atomic absorption spectrophotometer. Urease was also analyzed using a colorimetric
method developed by Schinner et al. (1996).

2.5 Statistical analysis

Statistical analysis was carried out using SAS OnDemand for Academic for Maclos. Data
were assigned for analysis of variance at 95% confidence level. Treatment means were
separated using Duncan Multiple Range Test (DMRT) at 5%.

3. Results and Discussion

3.1 pH and color of vermicompost

The study used cattle, chicken and goat wastes and the combination of cattle waste with
either chicken or goat wastes. The experiment results showed that the color of the
vermicompost turned darker from week 2 to the end of the vermicomposting process (week
8) as indicated by lower value seen in Table 1. At the 2" week of the vermicomposting, the
color ranged from 7.5 YR; 5/4 to 7.5 YR; 2.5/2 (brown to very dark brown) while at the 8t
week, it was 10 Y 2.5/1 to 2.5/N (greenish black to black) (Table 1). At the early process,



Muktamar et al. Curr. Appl. Sci. Technol. 2025, Vol.25 No.5, 0263036

vermicompost derived from chicken waste (T2) and its combination with dairy cattle waste
had brighter color than those from cattle and goat wastes and their combinations. The
lighter color of chicken waste dictated the color of its combinations with other animal
wastes. Likewise, at the end of the vermicomposting process, the vermicompost color from
chicken waste and its combination had brighter color (greenish brown) than those from
dairy cattle and goat waste (black). The vermicompost color turning darker as
vermicomposting process was indicated by a higher value. This result was associated with
the formation of humic substances during the process (Nogales et al., 2005). A study by
Hernandez-Rodriguez et al. (2012) also confirmed that vermicompost harvested after 16
weeks of decomposition process were darker and odorless. Our study also indicates that
each source has slightly different color which might have been due to the differences in the
initial substance of each substrate.

Table 1. The color of vermicompost during the vermicomposting process

Treatment Color
2" week 4 week 6" week 8" week
7.5YR;5/4 7.5YR;2.5/1 10Y2.5/1 2.5/N (black)
T1 (brown) (black) (greenish
black)
7.5YR;4/6 7.5YR;2.5/3 7.5YR;2.5/1 10Y2.5/1
T2 (strong brown)  (very dark (black) (greenish
brown) black)
3/N 5GY;2.5/1 10 Y 2.5/1 2.5/N (black)
T3 (very dark gray) (greenish (greenish
black) black)
7.5YR;4/6 7.5YR;3/2 7.5YR;2.5/1 10Y2.5/1
T4 (strong brown)  (dark brown) (black) (greenish
black)
7.5YR;3/4 7.5YR;2.5/3 7.5YR;2.5/1 10Y2.5/1
T5 (dark brown) (very dark (black) (greenish
brown) black)
T6 7.5YR;2.5/3 7.5YR;2.5/1 10Y2.5/1 2,5/N (black)
(very dark (black) (greenish
brown) black)
T7 7.5YR;2.5/2 7.5YR;2.5/1 10Y;2.5/1 2,5/N (black)
(very dark (black) (greenish
brown) black)

Analysis of variances shows that vermicompost from dairy cattle waste and its
combination significantly differed in pH at 2, 4, 6, and 8 weeks of the incubation, and in
content of N, P, and Ca. However, there were no differences in K, Mg, C, and C/N ratio
across all substrates (Table 2). The lowest coefficient of variation (CV) was observed in
the pH data at the end of the incubation, while the highest CV was found in the magnesium
content.

Table 3 indicates that pH for all treatments fluctuated during the vermicomposting
process, increased from week 2 to week 4 or 6, but media from the combination of dairy
cattle and chicken wastes at the ratio of 2:1 had pH that continuously decreased to week
8. At the end of the process, pH of all treatments consistently decreased. Vermicompost
from goat waste (T3) always had highest pH followed by its combination with dairy cattle
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waste (T6 and T7). At week 8, pH of vermicompost from goat waste (T3) was approximately
20% higher pH than that from dairy cattle waste (T1). Lower pH of vermicompost from the
combination of dairy cattle and other animal wastes was related to the pH of dairy cattle waste.

The increase in pH might have been related to the microbial activity as reported by
Das et al. (2012) and the decrease might have been associated with the continuously
increasing release of organic acid and the production of nitrate at the end of
vermicomposting (Ndegwa & Thompson, 2000). The pH range of this study was close to
neutral. This result was different from that reported by Ramnarain et al. (2019) where pH
vermicompost from rice straw and grass using Eisenia foetida decreased to week 4 and
then continuously increased to week 8. The difference might have been due to the different
vermicompost substrates used and the type of earthworm. But, in another study, Hance &
Vasak (2015) noted that pH during the vermicomposting of straw continuously lowered for
5 months. Yadav et al. (2010) reported that a pH increase was obtained in the first week,
then continuously decreased to the 6" week of the incubation. Our study also revealed that
the pH of vermicompost was dependent on the substrate and that the vermicompost
derived from goat waste had greatest pH (7.36) at week 8. Previous studies also confirmed
that vermicompost cattle and goat manures had different pHs, in which the pH was higher
than that derived from cattle manure (Loh et al., 2005).

Table 2. Analysis of variance for variables observed in the experiment

Variable Prob (5%)>F CV (%)
pH2 0.0455 2.45
pH4 0.0247 2.67
pH6 < 0.0001 2.28
pH8 < 0.0001 1.62

N < 0.0001 7.22
P 0.0349 12.13
K 0.170 18.60
Ca 0.0361 13.71
Mg 0.161 50.92
C 0.583 14.23
CIN 0.594 37.85

Table 3. pH during the vermicomposting process

pH of vermicompost

Treatment 2" week 4" week 6" week 8" weeks
T1 6.982ab 7.0120 6.41¢ 6.15¢
T2 6.72¢ 6.78° 6.81cd 6.56¢°d
T3 7.1223 7.162 7.592 7.362
T4 7.052b 6.83P 6.67¢° 6.31¢
T5 6.79bc 6.992b 7.00bd 6.51¢
T6 6.992b 7.07@b 7.16° 6.730d
T7 7.212 6.832° 7.15° 6.80°

T1: dairy cattle waste; T2: chicken waste; T3: goat waste; T4: dairy cattle and chicken
wastes at 2:1; T5: dairy cattle and chicken wastes at 1:1; T6: dairy cattle and chicken
wastes at 2:1; T7: dairy cattle and chicken wastes at 1:1.

Numbers followed by the same letter between rows at the same column are not significant
using DMRT 5%.
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3.2 Nutrient content of vermicompost

The sources of vermicompost did not significantly affect the organic-C content and C/N
ratio of the vermicompost (Figure 1a & b). The content of organic-C ranged from 13.44%
for vermicompost derived from the combination of dairy cattle and chicken wastes at 2:1
ratio to 16.10% for that from goat waste. Only vermicompost from the combination of dairy
cattle waste with both chicken and goat wastes at the ratio of 2:1 had organic-C lower than
15%. Also, there was no significant difference of C/N ratio among the treatments. Lowest
C/N ratio was reached by the treatment of goat waste (T3) while the highest was achieved
by dairy cattle waste (T1). C/N ratio of vermicompost from the animal waste combination
was apparently related to the that of dairy cattle. C/N ratio of the vermicompost from all
sources was lower than 12, indicating that is likely ready for soil application.
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Figure 1. Effect of animal waste sources on organic-C (a) and C/N ratio (b) of
vermicompost

The nitrogen and phosphorous contents of the vermicompost were significantly
different among sources of animal wastes and their combinations. Figure 2a presents the
nitrogen content of the vermicompost in this study. Vermicompost from goat waste (T3)
had the highest N content (2.98%) while the lowest was attained for the combination of
dairy cattle and chicken wastes at the ratio of 2:1 (T4, 1.71%). The increase in N content
between both treatments was more than 74%. There were no significant differences among
other treatments. Nonetheless, the addition of chicken and goat wastes to dairy cattle
waste did not stimulate an increase in N of the vermicompost. The higher nitrogen content
in vermicompost derived from goat waste was attributed to the initially higher nutrient level
in the substrate. In general, the nitrogen content in vermicompost derived from animal
wastes increased when compared to its initial levels.

Vermicomposting involves enzymatic and microorganism activity in the gastric of
the earthworm, which releases nutrients and CO2 and leads to the reduction of organic
carbon (Parthasarathi et al., 2016). This study showed that there were no significant
differences among the animal waste treatments and their combinations in terms of organic-
C. Using water hyacinth substrate, Manyuchi et al. (2019) also found that organic-C
decreased during the 40 days of vermicomposting. However, N content was greatest for
vermicompost derived from goat waste. Nitrogen is the result of the mineralization process
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of organic matter including the ammonification and nitrification process (Benbi & Richer,
2002). The breakdown of substrates by microorganisms releases simple compound but
only 5-10% is absorbed by the tissues of the worms and the rest is extracted as
vermicompost (Kaur, 2020). The different content in chemical composition of vermicompost
is dependent on different substrates since each substrate has different characteristics and
can differently affect the performance of worms (Manaig, 2016). This result was in
agreement with that presented by Nath et al. (2009) where goat dung produced
vermicompost with highest N compared to cattle and buffalo dungs. Another result by Raza
et al. (2019) also indicates that highest N content was vermicompost from pig manure,
followed by cow manure. In our study, the significant difference of N content in
vermicompost was not reflected in the C/N ratio. This might have been related to the
content of organic-C rather than the N content in the vermicompost. Other studies showed
that C/N ratio of vermicompost did not differ among substrates (Parthasarathi et al., 2016;
Ro et al., 2022).

Unlike the N content, the highest P in vermicompost was attained from chicken
waste (T2), followed by that from goat waste (T3). The increase in P between both
treatments was more than 50% compared to the lowest P content, which was from cattle
waste (T1) (Figure 2b). Also, the P content in vermicompost from chicken waste did not
differ from goat waste. The study also showed that the combination of dairy cattle waste
with other animal wastes offered significant increase in P content of the vermicompost. The
phosphorous content in vermicompost derived from animal waste was significantly higher
than the initial amount, with an average increase exceeding 150%. Previous studies
indicated that chicken manure had a higher content of P than goat and cattle manures
(Almeida et al.,, 2019; Situmeang et al., 2019). Consequently, the P content of
vermicompost from the former manure was higher than the latter.
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Figure 2. Nitrogen (a) and phosphorous (b) contents of vermicompost from animal wastes

The study also showed that the K content of vermicompost was comparable
among the sources of animal wastes and their combinations, as indicated in Figure 3a.
Potassium content ranged from 0.18% in vermicompost from dairy cattle waste (T1) to
1.28% in that from goat waste (T3). A similar result was observed for the Ca content of
vermicompost (Figure 3b). On average, the K content in vermicompost prepared from
animal wastes was 52% higher than the initial content. There were significant effects of
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Figure 3. The content of potassium (a) and calcium (b) of vermicompost from animal
wastes

vermicompost sources on Ca content. The percentage of Ca ranged from 0.85% attained
by the combination of dairy cattle and goat wastes at the ratio of 2:1 (T6) to 1.61% for the
combination of dairy cattle and chicken wastes at the ratio of 2:1 (T4).

Figure 4a shows the insignificant effect of animal sources and their combinations
on the Mg content of vermicompost. The magnesium content of vermicompost ranged from
0.12% to 1.81%. Vermicompost resulting from the combination of dairy cattle and chicken
wastes at the ratio of 2:1(T4) tended to have lower Mg content than the combination of
dairy cattle and goat wastes at the ratio of 1:1 (T7). The results of the study also indicated
that the greatest urea activity in vermicompost originated from goat waste (Figure 4b). The
urease activity in vermicompost from goat waste was 72% higher than those from chicken
or dairy cattle wastes. The combination of dairy cattle and other animal wastes did not
provide significant effect on the urease activity.

The increase in urease activity in vermicompost might have been associated with
the continuation of the humic substance supply, leading to stabilization and resistance to
microbial biodegradation (Pramanik et al., 2007). Even though organic-C content was not
different among the substrates, the N mineralization of chicken manure was faster than
cattle manure, as reported by Li & Li (2014), indicating a higher activity of urease in the
treatment.

The nutrient contents of the vermicompost from all animal wastes and their
combinations were not significantly different, but there were significant differences in the
N, P, Ca contents and pHs of the vermicompost. The N, P, K content, and the pH and color
of all vermicompost complied with the quality standard of solid organic fertilizer released
by Ministry of Agriculture, Republic of Indonesia (2011) as well as by Ministry of Agriculture
and Cooperatives (2005). Nonetheless, C/N ratio and organic-C content of the
vermicompost did not comply with the quality standards and were lower than standard. The
combination of the animal wastes with substrates containing higher lignin such as weeds
or agriculture wastes is suggested to increase the content of organic-C in order to meet the
quality standards.
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Figure 4. The content of Mg (a) and urease activity (b) in vermicompost from animal wastes
4. Conclusions

Vermicompost derived from goat waste exhibited the highest pH, N content, and urease
activity, while chicken manure-derived vermicompost had the most P content.
Vermicompost from various animal wastes showed similar levels of K, Ca, and Mg. The
quality of vermicompost from all animal wastes and their combinations complied with the
solid organic fertilizer standards set by the Indonesian government and Thailand, though
the organic-C content and C/N ratio were below the required levels. The nutrient content
of vermicompost produced from different ratios of substrate combinations was comparable.
The quality of vermicompost was highly dependent on the sources of substrates supplied
for Perionyx excavatus. Future research should explore using a combination of animal and
agricultural wastes or lignin-rich weeds as substrates to enhance the C content to meet
quality standards.

5. Acknowledgements

Sincerely appreciation goes to the Institute of Research and Community Service, University
of Bengkulu for providing financial support for this project through 2021 Professorship
Acceleration Research Scheme. Grant Number No 1757 /UN30.15 /PG/2021

6. Conflicts of Interest

The authors declare that they have no conflict of interest regarding the research, authorship
or publication of this article.

ORCID
Zainal Muktamar https://orcid.org/0000-0001-9871-3380
Fahrurrozi Fahrurrozi https://orcid.org/0000-0002-3254-3013


https://orcid.org/0000-0001-9871-3380

Muktamar et al. Curr. Appl. Sci. Technol. 2025, Vol.25 No.5, 0263036

References

Adhikary, S. (2012). Vermicompost, the story of organic gold: A review. Agricultural
Sciences, 3(7), 905-917.

Almeida, R. F., Queiros, I. D. S., Mikhael, J. E. R., Oliviera, R. C., & Borges, E. N. (2019).
Enriched animal manure as a source of phosphorus in sustainable agriculture.
International Journal of Recycling of Organic Waste in Agriculture, 8, 203-210.

Anandyawati, A., Murcitro, B. G., Herman, W. & Prameswari, W. (2023). Effect of
vermicompost chicken, goat and cow manure on growth response and yield of
Brassica juncea L. on Ultisols. Terra Journal of Land Restoration, 6(1), 46-50.

Aslam Z., Bashir, S., Hassan W., Bellitrk, K., Ahmad, N., Niazi, N. K., Khan, A., Khan, M.
I., Chen, Z. & Maitah, M. (2019). Unveiling the efficiency of vermicompost derived from
different biowastes on wheat (Triticum aestivum L.) plant growth and soil health.
Agronomy, 9(12), Article 791. https://doi.org/10.3390/agronomy9120791

Bajal, S., Subedi, S., & Baral, S. (2019). Utilization of agricultural wastes as substrates for
vermicomposting. IOSR Journal of Agriculture and Veterinary Science, 12(8), 79-84.

Benbi, D. K. & Richter, J. (2002). A critical review of some approaches to modelling nitrogen
mineralization. Biology and Fertility of Soils, 35(3), 168-183.

Coolon, J.D., Jones, K. L., Todd, T. C., Blair, J. M., & Herman, M. A. (2013). Long-term nitrogen
amendment alters the diversity and assemblage of soil bacterial communities in tallgrass
prairie. PLoS ONE, 8(6), article e67884. https://doi.org/10.1371/journal.pone.0067884

Das, D., Bhattacharyya, P., Gosh, B. C. & Banik, P. (2012). Effect of vermicomposting on
calcium, sulphur and some heavy metal content of different biodegradable organic
wastes under liming and microbial inoculation. Journal of Environmental Science and
Health. Part B: Pesticides, Food Contaminants, and Agricultural Wastes, 47(3), 205-
211, https://doi.org/10.1080/03601234.2012.634346

Enebe, M. C. & Erasmus, M. (2023). Mediators of mass transformation- a focus on enzyme
composition of the vermicomposting process. Environmental Challenges, 12, Article
100732. https://doi.org/10.1016/j.envc.2023.100732

Fang, Y., Xun, F., Bai, W., Zhang, W. & Li, L. (2012). Long-term nitrogen addition leads to loss
of species richness due to litter accumulation and soil acidification in a temperate steppe.
PLoS ONE, 7(10), Article e47369. https://doi.org/10.1371/journal.pone.0047369

Gajalakshmi, S. & Abbasi, S. A. (2004). Earthworms and vermicomposting. Indian Journal
of Biotechnology, 3, 486-494.

Hance, A., & Vasak, F. (2015). Processing separated digestate by vermicomposting
technology using earthworms of genus Eisenia. International Journal of Environment
Science and Technology, 12(4), 1183-1190.

Hernandez-Rodriguez, O. A., Lopez-Diaz, J. C., Arras-Vota, A. M., Quezada-Solis, J. &
Ojeda-Barrios, D. (2012). Quality of vermicompost obtained from residues of forestry
and livestock. Sustainable Agriculture Research, 1(1), 70-76.

Kaur, T. (2020). Vermicomposting: An effective option for recycling organic wastes. In S. K. Das
(Ed.). Organic Agriculture, (pp. 1-17). IntechOpen. https://doi.org/10.5772/intechopen.89775

Li, L. L. & Li, S. 2014. Nitrogen mineralization from animal manures and its relation to
organic N fractions. Journal of Integrative Agriculture, 13(9), 2040-2048.

Loh, T. C., Lee, Y. C,, Liang, J. B. & Tan, D. (2005). Vermicomposting of cattle and goat
manures by Eisenia foetida and their growth and reproduction performance.
Bioresource Technology, 96, 111-114. https://doi.org/10.1016/j.biortech.2003.03.001

10


https://doi.org/10.1371/journal.pone.0067884
https://doi.org/10.1080/03601234.2012.634346
https://doi.org/10.1371/journal.pone.0047369
https://doi.org/10.1016/j.biortech.2003.03.001

Muktamar et al. Curr. Appl. Sci. Technol. 2025, Vol.25 No.5, 0263036

Manaig, E. M. (2016). Vermicomposting efficiency and quality of vermicompost with
different bedding materials and worm food sources as substrate. Research Journal of
Agriculture and Forestry Sciences, 4(1), 1-13.

Manyuchi, M. M., Mbohwa, C., Muzenda, E., Mutusva, T. N., & Mpeta, M. (2019).
Degradation of water hyacinth (Eichhornia crassipes) to vermicompost through
application of the vermicomposting technology. Proceedings of the international
conference on industrial engineering and operations management (pp. 79-88). IEOM
Society International.

Ministry of Agriculture, Republic of Indonesia. (2011). Decree No. 70/Permintan/SR.140/2011
on organic fertilizer, biofertilizer and soil conditioner (in Indonesian).

Ministry of Agriculture and Cooperatives. (2005). Thai agricultural standard TAS 9503-
2005, compost. https://faolex.fao.org/docs/pdfitha201747.pdf

Mohite, D. D., Chavan, S.S., Jadhav, V. S., Kanase, T., Kadam, M. A., & Singh, A. S.
(2024). Vermicomposting: a holistic approach for sustainable crop production,
nutrient-rich bio fertilizer, and environmental restoration. Discover Sustainability, 5(1),
Article 60. https://doi.org/10.1007/s43621-024-00245-y

Muktamar, Z., Lifia, L. & Adiprasetyo, T. (2020). Phosphorus availability as affected by the
application of organic amendments in Ultisols. SAINS TANAH - Journal of Soil
Science and Agroclimatology, 17(1), 16-22.

Nath, G., Singh, K., & Singh, D. K. (2009). Chemical analysis of vermicomposts/ vermiwash
of different combinations of animal, agro and kitchen wastes. Australian Journal of
Basic and Applied Sciences, 3(4), 3671-3676.

Ndegwa, P. M. & Thompson, S. A. (2000). Effects of C-to-N ratio on vermicomposting of biosolids.
Bioresource Technology, 75(1), 7-12. https://doi.org/10.1016/S0960-8524(00)00038-9
Nogales, R., Cefuentes, C., & Benitez, E. (2005). Vermicomposting of winery wastes: A
laboratory study. Journal of Environmental Science and Health, Part B, 40(4), 659-

673. https://doi.org/10.1081/PFC-200061595

Parthasarathi, K., Balamurugan, M., Prashija, K. V., Jayanthi, L., & Bashi, S. A. (2016).
Potential of Perionyx excavatus (Perrier) in lignocellulosic solid waste management
and quality vermifertilizer production for soil health. International Journal of Recycling
of Organic Waste in Agriculture, 5, 65-86. https://doi.org/10.1007/s40093-016-0118-6

Pierre-Louis, R. C., MKader, M. A., Desai, N. M. & John, E. H. (2021). Potentiality of
vermicomposting in the South Pacific Island Countries: A review. Agriculture, 11(9),
Article 876. https://doi.org/10.3390/agriculture 11090876

Pramanik, P., Ghos, G. K., Gosal, P. K., & Banik, P. (2007). Change in organic-C, N. P,
and K and enzyme activities in vermicompost of biodegradable organic wastes under
liming and microbial inoculants. Bioresource Technology, 98, 2485-2494.

Ramnarain, Y. I., Ansari, A. A., & Ori, L. (2019). Vermicomposting of different organic materials
using the epigeic earthworm Eisenia foetida. International Journal of Recycling of Organic
Waste in Agriculture, 8, 23-36. https://doi.org/10.1007/s40093-018-0225-7

Raza, S.T., Bo, Z., Ali, Z., & Liang. T. J. (2019). Vermicomposting by Eisenia fetida is a
sustainable and eco-friendly technology for better nutrient recovery and organic waste
management in upland areas of China. Pakistan Journal of Zoology, 51(3), 1027-
1034.

Ro, S., Long, V., Sor, R., Pheap, S., Nget, R., & William, J. (2022). Alternative feed sources
for vermicompost production. Environment and Natural Resources Journal, 20(4),
393-399. https://doi.org/10.32526/ennrj/20/202200009

Savci, S. (2012). An agricultural pollutant: chemical fertilizer. International Journal of
Environmental Science and Development, 3(1), 77-80.

11


https://doi.org/10.1016/S0960-8524(00)00038-9
https://doi.org/10.3390/agriculture11090876
https://doi.org/10.1007/s40093-018-0225-7

Muktamar et al. Curr. Appl. Sci. Technol. 2025, Vol.25 No.5, 0263036

Schinner, F., Onhlinger, R., Kandeler, E., Margesin, R. (1996). Enzymes involved in
nitrogen metabolism. In F. Schinner, R. Oblinger, E. Kandele, & R. Margesin (Eds.).
Methods in Soil Biology (pp.162-184). Springer-Verlag.

Situmeang, Y. P., Sudita, I. D. N., & Suarta, M. (2019). Manure utilization from cows, goats,
and chickens as compost, biochar, and poschar in increasing red chili yield.
International Journal Advanced Science Engineering Information Technology, 9(6),
2088-2095. https://doi.org/10.18517/ijaseit.9.6.10345

Tetteh, R.N. (2015). Chemical soil degradation as a result of contamination: A review.
Journal of Soil Science and Environmental Management, 6(11), 301-308.
https://doi.org/10.5897/JSSEM15.0499

Yadav, K. D., Tare, V., & Ahammed, M. M. (2010). Vermicomposting of source-separated
human faeces for nutrient recycling. Waste Management 30(1), 50-56.
https://doi.org/10.1016/j.wasman.2009.09.034

12


https://doi.org/10.18517/ijaseit.9.6.10345

