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ABSTRACT 

Indonesia is a country that is rich in minerals and coal. Its management must provide real added 
value to the national economy to achieve prosperity and welfare of the people in a just manner. 
In this mineral and coal management, it is necessary to have supervisory authority to achieve the 
management objectives. Supervision of environmental management, reclamation, and post-
mining must be carried out with the principles of good mining techniques to create a sustainable 
life for the environment. The purpose of this research is to apply appropriate and effective 
biotechnology methods in increasing the carrying capacity of the environment based on 
parameters of soil fertility, green plant growth, review of biotic and abiotic environmental 
influences and their effects on the social environment, cultural life of the community which in 
this case refers to economic factors. Based on the results of the research, it can be concluded that 
Cattle Rumen Microorganisms increase the carrying capacity of the soil of ex-coal mining land 
by improving soil nutrients with evidence from the research results, namely: increased plant 
height, increased number of plant leaves, and development of root nodules Tarum Nuts 
(Indigofera sp.) 

Keywords: Application of Biotechnology, Ex-Coal Mining Land, Capacity, Ex-Coal Mining 
Soil. 

 

INTRODUCTION 

Indonesia is a country that is rich in minerals and coal. Minerals and coal play an important role 
in meeting the various needs of the people, therefore their management must be controlled by the 
State, and their management must provide real added value to the national economy to achieve 
prosperity and welfare of the people in a just manner. 
1explains the supervisory authority needs to be regulated as outlined in Government Regulation 
of the Republic of Indonesia No 55/2010 concerning "Guidance and Supervision of the 
Management of Mineral and Coal Mining Business" which in Article 28 paragraphs 1 and 2 reads 
"Supervision of environmental management, reclamation, and post-mining" as referred to in 
Article 16 and the Principles of Reclamation and Post-mining follow the Decree of the Minister 
of Energy and Mineral Resources of the Republic of Indonesia No. 1827 K/30/MEM/2018 
concerning guidelines for implementing good mining engineering principles. 

Environmentally sustainable mining companies are required to carry out reclamation and post-
mining repairs. The selection of methods for implementing ex-mining land restoration which 
refers to ecological aspects and the application of biotechnology is indeed very minimal in 
Indonesia, so there are many mistakes in rehabilitating ex-mining land, especially the wrong 
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choice of plants. The plants that will be planted for reforestation do not think about the ecological 
aspects of the environment2 3.  

The problem that often arises in the management of coal mines is the reclamation of coal mines4. 
Where 5 6describe mining activities are temporary land use activities and will end when mining 
is no longer economical or after mining materials are no longer available at the local location. 
After mining activities are completed, the land becomes very infertile from the chemical, physical 
and biological aspects of the soil, so its use for various agricultural activities requires a 
rehabilitation process. It is important to understand the conditions before and after the mine 
(reclamation) later it is highly recommended to research it first with an ecological perspective 
based on biotechnology and the environment so that the results of reforestation, economy, 
humans, and the environment can be created. The purpose of this research was to reveal the effect 
of microorganism application on nutrient improvement in soil by looking at growth indicators of 
Tarum bean (Indigofera sp.) planted on ex-mining land and revealing the results of the soil test 
of ex-coal land. 

METHODS 

This type of research is experimental research. Samples from the research were 30 stems of the 
Tarum Nut Plant (Indigofera sp.) which were planted in the Wire House area of the Biology 
Department, Universitas Negeri Padang (UNP), and were given several treatments. The location 
where the research sample is located in West Sumatra Province is PT. Sinamarinda Lintas 
Nusantara (PT. SLN) coal production operations with a working area of 481.22 Ha. 
Administratively, the location of the activity is in the  Nagari Sinamar area, Asam Jujuhan sub-
district, Dharmasraya Regency. The independent variable in this research was the concentration 
of liquid cow rumen solution, and the dependent variable in this research was the growth of the 
Tarum Bean plant (Indigofera sp.) with the plant growth indicators being root length, number of 
root nodules, stem length, number of leave and plant biomass. 

Observations made in this research aim to get an overview of reclamation activities, general 
conditions of the location, and current conditions. Interviews to explore information related to 
the potential problems of the research area are very necessary. Interviews were aimed at mining 
workers, entrepreneurs, government agencies, and local governments (districts) preparing land 
for reclamation, types of soil treatment, mechanisms for handling reclaimed land, and places 
where Microbes (Bacteria) will be spread in handling reclaimed land. 

The implementation of this research is a series of laboratory-scale test activities by applying the 
stages of implementing microbial biotechnology methods and seeing their effects on 
environmental objects. After the implementation activities, it is continued with monitoring and 
evaluation of the work results of the implementation of microbial biotechnology methods on soil 
quality and plant growth. If an error occurs or the results are not optimal, it will be re-
implemented following the implementation stage. 

RESULTS 

The plant used for this research is Indigofera sp. The Indigofera genus has a stature of trees, 
shrubs, or herbs. Some species have root nodules7. These nodules on the roots cause the soil 
around the roots of Indigofera plants to become rich in nitrogen and contribute to sufficient soil 
nutrients8. Soil productivity can be increased by adding various natural amendments such as 
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sawdust, wood residue, sewage sludge, and animal manure because these amendments stimulate 
microbial activity that provides nutrients (N, P) and organic carbon to the soil9. 10 explains the 
characteristic of leguminous plants is the presence of nodules in their roots. Inside the root, 
nodules live Rhizobium bacteria in symbiosis with the host plant. These bacteria function to bind 
nitrogen (N) from the air, so it is very beneficial, both in the accumulation of nitrogen in the soil 
and in increasing the nitrogen content for plant growth. 

The effect obtained from the research is the addition of plant height, the addition of the number 
of plant leaves, and plant-soil nutrient levels. It is influenced by microorganisms from the rumen 
of cattle. The largest biomass in the rumen is bacteria, where about 50% of the total rumen 
bacteria live in the fluid and 30-40% adhere to food particles11. Cow rumen is known as the best 
compost for the community. Compost is useful for soil bioremediation. The compost used is made 
of cow dung, water hyacinth, and sawdust for twelve weeks12. In this research, researchers used 
cow Rumen as a bioindicator of soil fertility in the former coal mining area. The rumen is an 
ecosystem in which there are biotic and abiotic components. The abiotic components of the rumen 
consist of gas, CO², and water. While the biotic components consist of bacteria, protozoa, yeasts, 
and molds. 

A. The increase in plant height of Indigofera sp. 

Based on the data analysis that has been carried out, it was found that treatment 5 (P5), or 
administration of 40 ml of Rumen fluid, was the best result obtained to give a real effect on the 
increase in plant height of Indigofera sp. 13in his research stated that the administration of various 
doses of rumen fluid on green bean plants affected plant height. The addition of plant height can 
be seen in Table 1 below. 

Table 1. Results of indigofera plant height increase 
Treatment (P)/t 

Test (r) P1(Control) P2 P3 P4 P5  
r1 20 18,5 14 27,5 28 
r2 13,5 26 17,5 20,5 27,5 
r3 8 20 21 24 29,5 
r4 16,5 20 19 33 24,5 
r5 11,5 21 27 16 23,5 
r6 14 25 21,5 24 19,5 

Total 83,5 130,5 120 145 152,5 
Average 13,91667 21,75 20,00 24,17 25,42 

B. Increase in the number of leaves of Indigofera sp. 

Based on the data analysis that has been done, it was found that treatment 5 (P5) or administration 
of 40 ml of Rumin fluid was the best result obtained to give a real effect on the addition of 
Indigofera sp. Cow rumen has the potential as a biomineral supplement and has a lot of content, 
and is very potential as an activator for making organic fertilizers14. The dosage of cow's rumen 
affects the number of leaves15. Not only the number of leaves is affected by the dose of cow's 
rumen, but the leaf area is also affected16. The following Table 2 shows the addition of the number 
of leaves of Indigofera sp. 

Table 2. Addition of number of leaves of indofera plants per treatment 
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Treatment (P)/t 
Test (r) P1(Control) P2 P3 P4 P5  

r1 4 7 5 8 7 
r2 6 6 5 6 6 
r3 2 6 6 6 6 
r4 5 6 6 10 8 
r5 5 6 7 6 7 
r6 5 7 7 5 7 

Total 27 38 36 41 41 
Average 4,5 6,33 6,00 6,83 6,83 

C. Soil nutrient content and number of root nodules 

Soil Nutrient Level 

Based on the results of soil tests that have been carried out, it was found that the nutrient levels 
contained in Treatment 5 (40 ml) which were the results of the best research ranged in values: 
Carbon content (C) (%) 7.4234 %, Nitrogen content ( N) (%) 0.2914%, and phosphorus content 
(P) (%) 6.317 %. Nutrient levels in treatment 5 (40 ml) were inversely proportional to control 
(Treatment 1). Control (Treatment 1) had an average nutrient content higher than Treatment 5 
but had the lowest plant growth yield. The following is Table 3 soil nutrient levels. 

Table 3. Soil test results (1 March 2022) 

No Parameter 
Sample Code 

Method 
P1 P2 P3 P4 P5 

1 
Carbon content (C) 
(%) 

7,0535 11,7975 8,5604 10,6587 7,4234 
Spektrofotomet
er UV-Vis 

2 
Nitrogen content (N) 
(%) 

1,6857 0,1291 0,1761 0,4817 0,2914 Kjehdahl 

3 
Posfor content (P) 
(%) 

6,3170 8,0900 5,3040 5,7230 6,3170 XRF 

Table 4. Soil test results (6 April 2021) 

No Parameter 

Sample Code 

Method 
Mining Land 

Mining 
Land 

(+Chalk) 

Mining Land 
(+Chalk + 
Rumen) 

1 Nitrogen content (N) (%) 0,081 0,088 0,094 Trimetri 
2 Nitrogen content (K) (%) 0,038 0,070 0,083 AAS 
3 Posfor content (P) (%) 2,838 1,388 1,800 XRF 

 

 

 

Number of Nodules per Treatment 
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Table 5. Comparison of the number of root nodules in each treatment and the diameter of the root 
nodules in each treatment 

Treatment (P) P1 P2 P3 P4 P5 
Number of Nodules 269 1456 1527 1739 2016 
Average Diameter 3.162 3.068 3.153 3.174 3.211 

Note: Treatment Five (P5) had the highest average addition of the number of root nodules, P5 
was the best treatment and control had the least average addition of the number of nodules. 

D. Biotechnology Indigofera sp. with Beef Rumen 

Biotechnology in the mining world is known as bioremediation. This bioremediation is known 
as the process of reducing levels of toxins in the soil with the help of microbes. Based on data 
analysis, the results of the research showed that the combination of microbes in Rumin Cattle and 
Indigofera sp. produce: 1) Tarum plant height increased compared to the control without the 
addition of cow rumen in the growth medium; 2) The number of leaves of Tarum plants increased 
compared to the control; and 3) Root nodules (nodules) are more developed and more numerous 
than the control without the addition of rumen. 

From the results of the data analysis, it can be revealed that the combination of microbes in Rumin 
Cattle and Indigofera sp. This can improve the Nutrients in the soil. Research results from17 
revealed that the combination of bioremediation with phytoremediation has been proven to be 
able to grow plants on ex-mining land. 18in his research revealed that Cattle Rumen 
Microorganisms can reduce Pollutants in the soil. As a leguminous plant that will be developed 
as a source of forage, Indigofera sp. also contributes positively to the stability of soil fertility. 

CONCLUSIONS 

Based on the research that has been done, the implementation of Biotechnology of Cattle 
Rumen Microorganisms provides support for the growth of Tarum Plants (Indigofera sp.) and 
improves soil nutrients with evidence that there is an increase in plant height, an increase in the 
number of plant leaves, and the development of plant nodules (root nodules). The development 
of Indigofera sp. starting from the addition of height, increasing the number of leaves, and the 
development of the best root nodules was found in the treatment given cow rumen fluid with 
the appropriate amount. 

ACKNOWLEDGEMENTS 

This paper is written as a publication crew for the author's dissertation plan in the Doctoral 
Program of Environmental Sciences, Postgraduate - Universitas Negeri Padang. The author 
would like to thank the chairman of PT. Sinamarinda Lintas Nusantara (PT. SLN), especially 
for his ideas, data, and information for my dissertation. 

REFERENCES  
1 Suryaningsi, S. (2021). Government Policy Functions on The Supporting Aspect of Mineral 

Resources Management and Post Retail in Stipulation of Act No. 23 of 2014. 
2 Krishna, I. M., Manickam, V., Shah, A., & Davergave, N. (2017). Environmental 

management: science and engineering for industry. Butterworth-Heinemann. 
3 Sengupta, M. (2021). Environmental impacts of mining: Monitoring, restoration and control. 

CRC Press. 



279 
Journal of New Zealand Studies NS34 (2022), https://doi.org/ 10.5281/zenodo.7135181 

 

4 Haigh, M. J. (1992). Problems in the reclamation of coal-mine disturbed lands in 
Wales. International Journal of Surface Mining, Reclamation and Environment, 6(1), 31-37. 

5 Chadwick, M. J., Highton, N. H., & Lindman, N. (1987). Land disturbance and reclamation 
after mining. Environmental impacts of coal mining & utilization, 29-46. 

6 Triantoro, A. (2017). Studi Reklamasi Lahan Bekas Tambang Batubara Pt Bhumi Rantau 
Energi Di Rantau Kalimantan Selatan. Jurnal GEOSAPTA, 3(2). 

7 De Kort, C. A. D., Koopmanschap, A. B., & Ermens, A. A. M. (1984). A new class of juvenile 
hormone binding proteins in insect haemolymph. Insect biochemistry, 14(6), 619-623. 

8 Ni’am, A. M., & Bintari, S. H. (2017). Pengaruh pemberian inokulan legin dan mulsa terhadap 
jumlah bakteri bintil akar dan pertumbuhan tanaman kedelai varietas grobogan. Indonesian 
Journal of Mathematics and Natural Sciences, 40(2), 80-86. 

9 Sheoran, V., Sheoran, A. S., & Poonia, P. (2010). Soil reclamation of abandoned mine land 
by revegetation: a review. International journal of soil, sediment and water, 3(2), 13. 

10 Sarief, S. (1986). Kesuburan dan Pemupukan Tanah Pertanian. Pustaka Buana, Bandung. 
11 Dehority, B.A. (2003). Rumen Microbiology. Nottingham University Press, Nottingham. 
12 Taiwo, A. M., Gbadebo, A. M., Oyedepo, J. A., Ojekunle, Z. O., Alo, O. M., Oyeniran, A. A., 

... & Taiwo, O. T. (2016). Bioremediation of industrially contaminated soil using compost and 
plant technology. Journal of hazardous materials, 304, 166-172. 

13 Lestari, N. H., Murniati, M., & Armaini, A. (2017). Pengaruh Kompos Isi Rumen Sapi 
terhadap Pertumbuhan dan Produksi Tanaman Kacang Hijau (Vigna Radiata L.) (Doctoral 
dissertation, Riau University). 

14 Basri, E. (2017). Potensi dan pemanfaatan rumen sapi sebagai bioaktivator. Prosiding Seminar 
Nasional Agroinovasi Spesifik Lokasi Untuk Ketahanan Pangan Pada Era Masyarakat 
Ekonomi ASEAN. 

15 Isna, G. (2019). Pengaruh Pemberian Kompos Isi Rumen Sapi Terhadap Pertumbuhan Bibit 
Kelapa Sawit (Elaies guineensis Jacq.) DI MAIN NURSERY (Doctoral dissertation, 
Universitas Andalas). 

16 Sari, M. G. (2016). Pengaruh Pemberian Kompos Isi Rumen Sapi terhadap Pertumbuhan Bibit 
Kakao (Theobroma cacao L.) (Doctoral dissertation, Riau University). 

17 Gusprastomo, N., Febrianto, A., Wardana, W., & Pranoto, K. (2018). Penerapan Metode 
Bioremediasi dan Fitoremediasi pada Reklamasi Low Wall PIT Peri, PT Kaltim Prima 
Coal. Prosiding Temu Profesi Tahunan PERHAPI, 1(1), 225-236. 

18 Barakwan, R. A. (2017). Penyisihan hidrokarbon pada tanah tercemar crude oil di 
pertambangan minyak bumi rakyat Wonocolo, Bojonegoro dengan metode co-composting 
aerobik (Doctoral dissertation, Institut Teknologi Sepuluh Nopember). 

 
 


