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ABSTRACT

This study explores the agronomic and biochemical potential of Melaleuca cajuputi (cajuput) through a
comprehensive literature review of Indonesian research published between 2018 and 2024. The aim is to evaluate
the effectiveness of various cultivation strategies particularly agroforestry systems, organic fertilization, and
genetic improvement in enhancing the productivity and quality of cajuput essential oil. Results indicate that
agroforestry patterns using intercropped citronella (Cymbopogon nardus) with Sitrona 2 Agribun variety yield the
highest oil output (2.84%) and 1.8-cineole content (up to 52.98%). Organic fertilization using oil palm empty fruit
bunch compost improved soil fertility and plant growth, while arbuscular mycorrhizal inoculation significantly
enhanced seedling survival and leaf development. Furthermore, genetically selected varieties produced 1.2—-1.3%
oil yields with cineole levels reaching 68—75%. These findings demonstrate the synergistic benefits of integrated
agronomic practices and plant breeding in producing high-quality cajuput oil for sustainable industrial and
environmental applications.
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I. INTRODUCTION

Indonesia is a megabiodiversity country that is rich in plants that produce essential oils
(Erwin, 2023). One of them is Melaleuca cajuputi Powell or better known as Cajuputi L. or
eucalyptus (Ariyanti, 2022). This plant belongs to the Myrtaceae family and is widely
distributed in tropical and subtropical regions of Southeast Asia, including eastern Indonesia
such as Maluku, Papua, and East Nusa Tenggara (Jannah et al., 2022) . Melaleuca cajuputi has
an important role as a producer of high-value essential oils, which are obtained from the
distillation of leaves and young twigs. (Wulanda and Waluyo, 2024).

Eucalyptus oil (cajeputi oil) produced from this plant has high economic and
pharmacological value (Aryani, 2020). The main content of this oil is 1,8-cineol ( eucalyptol)
(Dwiarsa et al., 2021) monoterpene compounds are known to have antimicrobial, anti-
inflammatory, analgesic, and expectorant activities (Sanjaya et al., 2020). In addition,
eucalyptus oil is also used in various industries, ranging from pharmaceutical products,
cosmetics, to aromatherapy, making it a strategic commodity for further development (Farida
Aryani, 2020).
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In Indonesia, Melaleuca cajuputi cultivation has become a form of agro-industry that
supports local economic development and environmental preservation. (Farida Aryani, 2020).
This plant is able to grow on marginal land and is resistant to extreme environmental
conditions, such as acidic soil and dry land, so it has great potential for use in critical land
rehabilitation and reforestation programs. (Ummah, 2019). In addition, its high productivity
and relatively fast harvest cycle make it an ideal choice for sustainable development (Roidah,
2019) .

Despite having many advantages, the development of Melaleuca cajuputi commodities
still faces various challenges, ranging from the limitations of traditional refining technology,
low oil quality due to genetic variation among plants, to the lack of research support in breeding
superior varieties and improving production efficiency (Mansur et al., 2022). However, most
existing studies have focused only on the chemical characterization of cajuput oil and its
antimicrobial properties,while comprehensive evaluations combining agronomic, biochemical,
and genetic approaches remain limited. This indicates a research gap in understanding how
integrated cultivation systems, such as agroforestry combined with organic fertilization and
mycorrhizal inoculation, can synergistically improve both yield and oil quality. Therefore, a
comprehensive scientific and technological approach is needed, starting from the selection of
superior genotypes, improvement of cultivation techniques, and optimization of essential oil
extraction processes (Roidah, 2019).

With the more increasing need will product natural friendly environmental and efficient
in a way economy , development Melaleuca cajuputi as source oil essential oil own high
urgency (Cici, 2023 ) Utilization potential plant This No only answer challenge industry
material standard experience (Wattimena et al., 2021).

1. METHODS

This literature review was conducted by collecting and analyzing research articles
published between 2018 and 2024. Data sources were obtained from various national scientific
journals relevant to the topic of Melaleuca cajuputi and its antimicrobial activity. Inclusion
criteria included studies conducted in Indonesia, focusing on Melaluca cajuputi essential oil,
and evaluating antibacterial or antifungal activity.

The article search process is carried out through national journal databases such as
Jurnal Cendekia Kimia, EduMatSains, and Jurnal Biologi Udayana. Keywords used in the
search included "Melaleuca cajuputi ", "essential oil", "antimicrobial”, "antibacterial”, and
"antifungal”. Articles that met the inclusion criteria were then analyzed to identify extraction
methods, concentrations of active compounds, and antimicrobial activity test results.

Data analysis was carried out descriptively by comparing existing research results. The
main focus is on the identification of active compounds in M. cajuputi essential oil and its
effectiveness against various pathogenic microorganisms. In addition, the practical application
of this essential oil in various antimicrobial product formulations was also evaluated.

1. RESULTS AND DISCUSSION

Research on post-mining land shows that agroforestry patterns with interplanting of
lemongrass ( Cymbopogon nardus ) (Farhannudhin et al., 2021) , specifically using the Sitrona
2 Agribun variety, provided the highest yield of eucalyptus oil (cajuput) of 2.84%, with a 1.8
cineole content reaching 50.70%. (Wahyuni & Taiyeb, 2021) far exceeding the monoculture
or agroforestry system with the G2 variety; in fact, the lemongrass planting distance of 0.5 x
0.5 m increased cineole levels by up to 52.98% confirmed that interplanting of lemongrass was
very effective in improving the quality of cajuputi oil, while the fertilizer dose had no
significant effect on the yield or cineole content. Rahmah et al.,(2022) . This finding indicates
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that interplanting lemongrass can improve the quality of cajuputi oil, especially cineole content,
without any significant effect from the dose of fertilizer used. Mansur et al., (2022) .

Compost studies show that the application of 5 kg of oil palm empty bunch compost
per plant for 1-2 year old seedlings, and 7.5 kg for 3 year old plants (Manek et al., 2023) ,
improving soil quality including increased pH, organic C, CEC, total N, and total K which then
supports the growth of the height and diameter of eucalyptus plants on ex-mining land
Wedhana et al., (2018) . The increase in new stem thickness appeared significant, although the
width of the plant crown did not change, confirming that compost mainly supports vertical
growth . Amirullah et al., (2021) also reported similar findings confirming that TKKS compost
is effective in supporting the vegetative growth of eucalyptus plants. Can seen in table I11.1
comparison plant wood white with different parameters.

Table 111.1 Comparison plant wood white ( Melaleuca cajuputi )

Cineole

Parameter System/ Treatment Oil Yield Content- Source
Agroforestry
. Agroforest_r yr (lemongrass distance 2.84% 50.70% (Jannah et al.,
Citrona 2 Agribun 0.5%0.5 m) 2022)
Lemongrass 0 0 (Wirabuana et
0.5x0.5 m spacing Agroforestry 2.73% 52.98% al., 2021)
TKKS compost . . (Taopik et al.,
(5-7.5 kg/plant) Post-mining media - - 2022)
Compost + Post-mining media B o (Gabriella et
mycorrhiza g al., 2024)
General Agroforestry vs o 150 o (Pramudi et al.,
agroforestry monoculture 0 2024)
V;lijgteiglsor Superior garden / 1.2—- 68-75 % (Sarietal.,
. genetic varieties 1.3% 2021)
(breeding)

Furthermore, the role of arbuscular mycorrhiza has been shown to be significant in
increasing seedling resistance. with survival reaching 100% and the number of seedling leaves,
especially when combined with compost; this combination greatly supports the adaptation of
seedlings in challenging post-mining media. Salsabila & Wulandari, (2023) . Study by
Zulkarnain, ( 2022) also noted an increase in the number of leaves and seedling resistance
thanks to the provision of 167 g of compost per polybag , strengthening the ecosystem
rehabilitation strategy through this combination method.

Beside benefit agronomically, the use of mycorrhiza arbuscular also has an impact
positive to activity physiological plants , such as improvement photosynthesis and efficiency
water use (Muharyani & Abdillah, 2022) . Mycorrhiza help repair structure land with increase
aggregation land through the glomalin compound produced , so that root plant can develop
more optimal (Sari et al., 2021) . In condition land used mines that are generally own texture
land dense and poor in material organic , existence mycorrhiza play a role important in create
condition more rhizosphere friendly for growth root (Amirullah et al., 2021) . This is make
combination mycorrhiza and compost No only strengthen resilience seed in a way physical ,
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but also creates foundation more biological and chemical stable for plant wood white For grow
and produce metabolit secondary such as cineole optimally (Wattimena et al., 2021) .

In terms of oil quality, agroforestry cultivation has been proven to create more optimal
microclimate conditions and soil fertility compared to monoculture, so that the yield and
content of 1.8 —cineole experienced a significant increase, for example, cineole levels increased
by around 50% compared to classical monoculture (Febriandy et al., 2022) . Several superior
varieties resulting from genetic breeding achieve yields of 1.2-1.3% and cineole content of up
to 68-75% in superior gardens. Kissinger & Budi, (2024) . These findings indicate that
integration between agroforestry practices, soil improvement, and genetic improvement can
produce high-quality eucalyptus oil. (Ma'ruf et al., 2023)

IV. CONCLUSION

The agroforestry cultivation pattern using inter-planting of lemongrass (Cymbopogon
nardus) with the Sitrona 2 Agribun variety has been proven to effectively increase the oil yield
of Melaleuca cajuputi up to 2.84% and the 1,8-cineole content by 50.70% (Hidayat et al.,
2025). The lemongrass planting distance of 0.5 x 0.5 m was even able to raise the cineole
content up to 52.98%, while fertilizer dosage showed no significant effect, confirming that the
main agronomic interventions lie in the agroforestry design and the selection of superior
varieties. Organic fertilization using empty fruit bunch compost of oil palm also improved soil
parameters such as pH, organic carbon, and total nitrogen, which support vertical plant growth,
although it did not affect canopy width. Meanwhile, arbuscular mycorrhizal inoculation
increased seedling survival up to 100% and the number of seedling leaves, thereby
strengthening post-mining land restoration strategies.

In addition, the development of superior varieties through genetic breeding provides a
synergistic effect on oil quality, with yields reaching 1.2—-1.3% and cineole levels up to 68-
75%. Overall, the combination of agroforestry cultivation, organic fertilization, mycorrhizal
inoculation, and genetic improvement shows significant synergy in increasing the productivity
and quality of M. cajuputi oil. This strategy is considered commercially feasible and
sustainable, particularly for the rehabilitation of critical post-mining lands.

V. REFERENCES

Alwysihah, H., Mansur, 1., Wulandari, A. S., Siregar, E. W., & Rakhman, R. (2025). FABA
block medium for eucalyptus ( Melaleuca cajuputi ) seedling planting and acid mine
drainage neutralization in artificial wetlands. 12(4), 8285-8293.
https://doi.org/10.15243/jdmIm.2025.124.8285

Amirullah, A., Payung, D., & Dwi Pujawati, E. (2021). Pengaruh Pemberian Pupuk Hayati
Mikoriza Terhadap Pertumbuhan Kayu Putih (Melaleuca leucadendron Linn.). Jurnal
Sylva Scienteae, 4(3), 383.

Ariyanti, M. (2022). Kayu Putih (Melaleuca cajuputi ) Sebagai Tanaman Penghasil Minyak
Obat Cajuput (Melaleuca cajuputi ) As A Medicine Oil Producing Plant Review Artikel.
Agronomika, 20(2), 1-23.

Cici, R. (2023). Identifikasi Kandungan Senyawa Alfa-Pinene Pada Minyak Kayu Putih
Menggunakan Ftir. 165-168.

Dwiarsa, R., Hery Purwanto, T., Wahyu Santosa, L., Program Magister Geografi, M., Geografi,
F., Gadjah Mada, U., Program Studi Penginderaan Jauh dan SIG, D., & Program Studi
Geografi Lingkungan, D. (2021). Evaluasi Kesesuaian Lahan Kayu Putih (Melaleuca
cajuputi ) Berbasis Sig Di Bagian Daerah Hutan Playen Gis Based-Land Suitability
Evaluation Of Cajuputi (Melaleuca cajuputi ) In Playen Forest Area. Jurnal Wana
Lestari, 03(02), 2252—7974.

9 HAYYAN JOURNAL: Volume 2 Number 3, 2025



Erwin, P. D. (2023). Potensi Tumbuhan Tropis Sebagai Sumber Bahan Baku Obat. September,
1-24.

Farhannudhin, M. F., Diah Probowati, D., & Dawud, M. Y. (2021). Kajian Mutu Daun Kayu
Putih (Melaleuca cajuputi ) Menjadi Minyak Kayu Putih di BKPH Tobo KPH Padangan.
Oryza: Jurnal Agribisnis Dan Pertanian Berkelanjutan (Online), 6(1).

Farida Aryani, N. I. & A. I. (2020). Pengenalan Atsiri ( Melaleuca cajuputi ) Cara Poduksi
dan Pengujian. 1-39.

Febriandy, I., Sutriono, R., & Aji, I. M. L. (2022). Pengaruh Pemberian Hormon Rootone-F
dan Media Tanam Terhadap Pertumbuhan Stek Pucuk Kayu Putih (Melaleuca cajuputi ).
Jurnal Rimba Lestari, 1(2), 99-113. https://doi.org/10.29303/rimbalestari.v1i2.228

Fitria Zulkarnain, Abdul Karim, A. R. V. (2022). 212 17. Uap Minyak Kayu Putih Efektif
Menurunkan Sesak Napas Pada Pasien Asma Bronkial, 212.

Gabriella, M., Rahmadani, R., & Nastiti, K. (2024). Potensi Ekstrak Daun Minyak Kayu Putih
(Melaleuca Leucadendra Linn) dalam Penurunanan Merkuiri (HG) pada lkan Gabus
(Channa Striata) di Kawasan Pendulangan Intan. Jurnal Surya Medika, 10(3), 257—-268.
https://doi.org/10.33084/jsm.v10i3.9037

Hartawan, M., Prasetyo, A. R., Madu, L., Gunung, D., & Kecamatan, M. (2024). Kontribusi
HHBK Kayu Putih ( Melaleuca cajuputi ) Terhadap Pendapatan Petani Di Kth Lembah
Madu Desa Gunung Malang Kecamatan Pringgabaya Kabupaten Lombok Timur. 3(5),
4756-4766.

Hidayat, T., Wardani, G. A., Putri, S., Rahmat, A., Ardiansyah, D., Puspitasari, W., Nur, F. K.,
Rohganala, V. F., & Farmasi, L. (2025). Review Artikel : Analisis Efektivitas Arang
Aktif Berbasis Tumbuhan Sebagai Adsorben Untuk Article Review : Effectiveness
Analysis Of Plant-Based Activated Charcoal As. 25, 87-99.

Jannah, S. R., Hatta, G. M., & Basir, B. (2022). Kesehatan Tanaman Kayu Putih (Melaleuca
Leucadendra Linn) Di Lahan Rehabilitasi Daerah Aliran Sungai (Das) Gunung Batu
Desa Tebing Siring Pelaihari Kabupaten Tanah Laut. Jurnal Sylva Scienteae, 5(2), 292.

Kissinger, K., & Budi, S. (2024). Penggunaan Daun Galam (Melaleuca cajuputi ) Sebagai
Bahan Olahan Permen Bagi Komunitas Pengolah Jajanan Tradisional. Jurnal Pengabdian
Al-lkhlas, 10(1), 37—46.

Manek, L. M., Purba, M. P., Benu, Y., Wiru, N., Pola, B. D. K., Leba, A. S., Pertanian, P., &
Kupang, N. (2023). Morfologi Kayu Putih (Melaluca cajuputi subsp. cajuputi) Dan Sifat
Fisis Serta Rendemen Minyak Dari Dua Lokasi Yang Berbeda Di Kabupaten Timor
Tengah Utara. Seminar Nasional Politani Kupang Ke-6 Kupang, 110-118.

Mansur, ., Rizkyandana, A., & Priyanto, P. (2022). Ketahanan Bibit Kayu Putih (Melaleuca
cajuputi ) pada Berbagai Media Tercemar Air Asam Tambang. Journal of Tropical
Silviculture, 13(03), 208-217. https://doi.org/10.29244/j-siltrop.13.03.208-217

Muhammad Afief Ma’ruf, Rusdiansyah, & Rusliansyah. (2023). Pemanfaatan Kayu Gelam
(Melaleuca cajuputi Powell) sebagai Struktur Perkuatan Jalan. Jurnal Rekayasa Tropis,
Teknologi, Dan Inovasi (RETROTEKIN), 1(2), 13-19.
https://doi.org/10.30872/retrotekin.v1i2.945

Muharyani, N., & Abdillah, E. (2022). Potensi Penanganan Limbah Daun Kayu Putih Sisa
Penyulingan Di Pmkp Krai-Gundih. Risalah Kebijakan Pertanian Dan Lingkungan
Rumusan Kajian Strategis Bidang Pertanian Dan Lingkungan, 9(1), 28-36.
https://doi.org/10.29244/jkebijakan.v9i1.28066

Pramudi, M. I., Marsuni, Y., Salamiah, S., Lestari, R., Fikasari, D. C., & Bersinar, S. (2024).
POTENSI GALAM (Melaleuca cajuputi ) Sebagai Pestisida Nabati Dalam Menekan
Serangan Spodoptera frugiperda PADA TANAMAN JAGUNG MANIS (Zea mays
saccharata Sturt). J-PEN Borneo: Jurnal Ilmu Pertanian, 7(2), 29-40.
https://doi.org/10.35334/jpen.v7i2.5959

10 HAYYAN JOURNAL: Volume 2 Number 3, 2025



Rahmah, A., Sari, N. M., & Ulfah, D. (2022). Rendemen Dan Kualitas Minyak Kayu Putih
(Melaleuca cajuputi ) Dari Penyulingan Pt Inhutani li Pulau Laut. Jurnal Sylva Scienteae,
5(4), 571.

Roidah, I. S. (2019). Manfaat Penggunaan Pupuk Organik Untuk Kesuburan Tanah. 1(1).

Salsabila, P., & Wulandari, R. (2023). Identifikasi Senyawa Alfa-Pinene Pada Minyak Kayu
Putih  Menggunakan Ftir. Jurnal Multidisipliner Kapalamada, 2(02), 111-118.
https://doi.org/10.62668/kapalamada.v2i02.575

Sari, N. M., Violet, V., Nisa, K., & Ajar, S. (2021). Karakteristik Dan Uji Pot Organik
Berbahan Dasar Limbah Kulit Galam (Melaleuca cajuputi ) Dan Enceng Gondok
(Eichornia Crassipes) Sebagai Pengganti Polybag. Jurnal Hutan Tropis, 9(3), 310.
https://doi.org/10.20527/jht.v9i3.12331

Sumule, Leni; Yusran; Wahyuni, D., & Taiyeb, A. (2021). Pengaruh Kombinasi Fungi
Mikoriza Arbuskular dengan Pupuk Npk Terhadap Pertumbuhan Kayu Putih (Melaleuca
cajuputi .Linn) pada Media Tumbuh Tanah Bekas Tambang Emas. Jurnal Warta Rimba,
9, 247-256.

Taopik, M., Soedijo, S., & Rosa, H. O. (2022). Pengaruh Insektisida Nabati Daun Galam
(Melaleuca cajuputi roxb.) Terhadap Serangan Hama Perusak Daun Pada Tanaman
Sawi. Jurnal Proteksi Tanaman Tropika, 5(1), 442-447.
https://doi.org/10.20527/jptt.v5i1.1034

Tuheteru, F. D., Arif, A., Mansur, I., Turjaman, M., Hadijah, M. H., Rumambi, A., Prasetya,
B., & Male, A. R. (2022). Tolerance of lonkida ( Nauclea orientalis L .) seedlings
inoculated with mycorrhizae against drought and waterlogging stress. 9(4), 3725-3732.
https://doi.org/10.15243/jdmIm.2022.094.3725

Ummah, M. S. (2019). AGROFORESTRI. In Sustainability (Switzerland) (\Vol. 11, Issue 1).

Wattimena, L., Serkadifat, Y. S., & Tapaen, K. (2021). Pemanfaatan pohon kayu putih
(Melaleuca cajuputi ) oleh masyarakat Kampung Solal Distrik Misool Utara Kabupaten
Raja Ampat Provinsi Papua Barat. Jurnal Jendela Iimu, 2(1), 26-30.

Wedhana, 1. B., Idris, M. H., & Silamon, R. F. (2018). Analisis Pertumbuhan Tanaman Kayu
Putih (Melaleuca cajuputi Sub Sp. Cajuputi) Pada Kawasan Hutan Lindung Dusun
Malimbu Dan Dusun Badung Resort Malimbu Kphl Rinjani Barat. Jurnal Belantara, 1(1),
35-44.

Wening Sri Wulanda dan Totok Kartono Waluyo. (2024). Minyak kayu putih (Melaleuca
cajuputi Powell). In RSNI3 (Rancangan Standar Nasional Indonesia RSNI3).

Wirabuana, P. Y. A. P., Sadono, R., & Dewanto. (2021). Evaluation Of Planting Design For
Cajuput Development (Melaleuca cajuputi Powel) In Kph Bojonegoro. Jurnal Penelitian
Kehutanan Wallacea, 10(1), 1-9.

11 HAYYAN JOURNAL: Volume 2 Number 3, 2025



