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RINGKASAN

Oktaviano Catur Arya. 2026. Bioremediasi Lahan Bekas Tambang Batubara
Menggunakan Bahan Organik Alami. Pembimbing 1 Prof. Ir. Chairul
Irawan, ST., MT., Ph.D; Pembimbing 2 Ir. Primata Mardina, S.T., M.Eng.,
Ph.D.

Lahan bekas tambang batubara umumnya mengalami degradasi lingkungan
yang ditandai oleh rendahnya pH tanah, kapasitas tukar kation (KTK), kandungan
bahan organik, dan ketersediaan unsur hara, serta terbatasnya aktivitas
mikroorganisme tanah. Kondisi tersebut menyebabkan menurunnya kualitas tanah
dan menghambat proses revegetasi sehingga diperlukan teknologi reklamasi yang
mampu memulihkan fungsi fisik, kimia, dan biologi tanah secara berkelanjutan.
Salah satu alternatif yang dapat diterapkan adalah pemanfaatan bahan organik alami
sebagai agen bioremediasi. Penelitian ini bertujuan untuk menganalisis efektivitas
pupuk kandang, kompos, dan biochar dalam memperbaiki kualitas tanah bekas
tambang batubara melalui proses bioremediasi secara eks situ serta mengevaluasi
pengaruhnya terhadap pertumbuhan tanaman jagung (Zea mays) sebagai tanaman
indikator.

Penelitian menggunakan rancangan eksperimen eks situ dengan perlakuan
tiga jenis bahan organik, yaitu pupuk kandang, kompos, dan biochar pada dosis 0%,
2,5%, 5%, dan 10% (b/b). Sampel tanah bekas tambang batubara diinkubasi selama
12 minggu. Parameter yang diamati meliputi pH tanah, kapasitas tukar kation
(KTK), kandungan nitrogen total (N-total), fosfor tersedia (P-tersedia), kalium
tersedia (K-tersedia), karbon organik (C-organik), porositas, bulk density, populasi
mikroorganisme tanah, serta pertumbuhan tanaman jagung. Data dianalisis secara
deskriptif, analisis ragam (ANOVA), dan pemodelan kinetika orde pertama
terhadap perubahan pH tanah.

Hasil penelitian menunjukkan bahwa seluruh perlakuan bahan organik
mampu memperbaiki kualitas tanah dibandingkan kontrol. Biochar memberikan
peningkatan tertinggi terhadap pH tanah dan KTK sehingga mampu memperbaiki
sifat kimia tanah secara lebih efektif. Kompos menunjukkan efektivitas terbaik
dalam meningkatkan kandungan C-organik, nitrogen total, aktivitas
mikroorganisme tanah, serta memperbaiki sifat fisik tanah. Pupuk kandang juga
meningkatkan kesuburan tanah, namun efektivitasnya relatif lebih rendah
dibandingkan biochar dan kompos. Peningkatan pH tanah selama masa inkubasi
mengikuti model kinetika orde pertama dengan konstanta laju yang berbeda pada
setiap perlakuan. Perbaikan sifat tanah tersebut berdampak positif terhadap
pertumbuhan tanaman jagung, di mana perlakuan biochar dosis 10% menghasilkan
pertumbuhan terbaik yang ditunjukkan oleh peningkatan tinggi tanaman, jumlah
daun, dan biomassa kering.

Penelitian ini menyimpulkan bahwa bahan organik alami efektif digunakan
sebagai teknologi bioremediasi dan reklamasi lahan bekas tambang batubara.
Biochar merupakan perlakuan paling efektif dalam memperbaiki sifat kimia tanah
dan meningkatkan pertumbuhan tanaman, sedangkan kompos lebih efektif dalam
meningkatkan kandungan bahan organik dan aktivitas biologis tanah. Penerapan
bahan organik berpotensi mendukung keberhasilan revegetasi serta mempercepat
pemulihan fungsi ekologis lahan pascatambang secara berkelanjutan.



Kata kunci: bioremediasi eks situ, biochar, kompos, pupuk kandang, lahan bekas
tambang batubara, reklamasi, Zea mays.



SUMMARY

Oktaviano Catur Arya. 2026. Bioremediation of Post-Coal Mining Land Using
Natural Organic Materials. Pembimbing 1 Prof. Ir. Chairul Irawan, ST.,
MT., Ph.D; Pembimbing 2 Ir. Primata Mardina, S.T., M.Eng., Ph.D.

Former coal mining lands generally experience environmental degradation
characterized by low soil pH, low cation exchange capacity (CEC), low organic
matter content, limited nutrient availability, and reduced soil microbial activity.
These conditions decrease soil quality and inhibit the revegetation process, there by
requiring sustainable reclamation technologies capable of restoring the physical,
chemical, and biological functions of the soil. One potential approach is the
utilization of natural organic materials as bioremediation agents. This study aimed
to analyze the effectiveness of manure, compost, and biochar in improving the
quality of post-coal mining soil through an ex-situ bioremediation process and to
evaluate their effects on the growth of maize (Zea mays) as an indicator plant.

The study employed an ex-situ experimental design using three types of
organic amendments, namely manure, compost, and biochar, at application rates of
0%, 2.5%, 5%, and 10% (w/w). Coal mine soil samples were incubated for 12
weeks. The observed parameters included soil pH, cation exchange capacity (CEC),
total nitrogen (N-total), available phosphorus (available P), available potassium
(available K), organic carbon (C-organic), porosity, bulk density, soil microbial
population, and maize growth. Data were analyzed descriptively, using analysis of
variance (ANOVA), and first-order kinetic modeling to evaluate soil pH changes
during the incubation period.

The results showed that all organic amendments improved soil quality
compared with the control treatment. Biochar produced the greatest increase in soil
pH and CEC, making it the most effective amendment for improving soil chemical
properties. Compost demonstrated the highest effectiveness in increasing organic
carbon content, total nitrogen, soil microbial activity, and improving soil physical
properties. Manure also enhanced soil fertility, although its effectiveness was
relatively lower than that of biochar and compost. Soil pH improvement during
incubation followed a first-order kinetic model with different reaction rate constants
among treatments. The improvement in soil properties positively affected maize
growth, with the 10% biochar treatment producing the best performance, as
indicated by increases in plant height, leaf number, and dry biomass.

This study concludes that natural organic materials are effective as
bioremediation and reclamation technologies for post-coal mining land. Biochar
was the most effective amendment for improving soil chemical properties and
promoting plant growth, whereas compost was more effective in enhancing soil
organic matter content and biological activity. The application of organic
amendments has the potential to support successful revegetation and accelerate the
sustainable recovery of ecological functions in post-mining landscapes.

Keywords: ex-situ bioremediation, biochar, compost, manure, coal mine spoil,
land reclamation, Zea mays.
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