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ABSTRACT 
 

Cajuput (Melaleuca cajuputi) has the potential to be developed with 
monoculture and agroforestry patterns in ex-coal mining land. This study 
aimed to analyze the oil yield and cineole content of cajuput planted with 
monoculture and agroforestry and patterns in ex-coal mining land. The 
research design used a split-split plot design with three factors: planting 
pattern, fertilizer dosage, and lemongrass (Cymbopogon nardus) plant 
spacing. The variables measured included the oil yield and cineole content 
of cajuput. This study was conducted in cajuput monoculture and 
agroforestry patterns with lemongrass G2 variety and Sitrona 2 Agribun 
variety, with various spacing. The study was conducted for six months, 
with one harvest of cajuput leaves in the sixth month. The results showed 
that lemongrass’s planting pattern and plant spacing significantly affected 
cajuput oil yield. However, treatment of the dosage of fertilizer had no 
significant effect on cajuput oil yield. The treatment of lemongrass plant 
spacing only significantly affected cineole content, but planting patterns 
and fertilizer dosages had no significant effect. The cajuput agroforestry 
with the Sitrona 2 Agribun variety produced the highest oil yield (2.84%) 
and cineole content (50.70%), compared to the monoculture pattern and 
cajuput agroforestry with G2 variety. The lemongrass plant spacing of 0.5 
m ´ 0.5 m produced the highest oil yield (2.73%) and cineole content 
(52.98%) compared to 1 m ´ 1 m plant spacing Cymbopogon nardus. 

 
1. Introduction 

Cajuput (Melaleuca cajuputi) is a multi-purpose tree species that produce non-timber forest 
products with high economic value (Alpian et al. 2013). This plant is one of the tree species that 
can produce essential oils for the cosmetic and pharmaceutical industries (Budiadi and Ishii 2010). 
Currently, the demand for cajuput oil continues to increase along with the emergence of the Covid-
19 virus in Indonesia and the development of various industries that use cajuput oil (Rimbawanto 
et al. 2017). Cajuput oil has many properties, namely as an anti-viral, anti-microbial and 
respiratory treatment (Sudradjat 2020). 
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Cajuput can live in ex-mining reclamation land because it is a pioneer species, has high 
adaptability, grows fast, can improve physical, chemical, and biological properties (Buta et al. 
2019; Mensah 2015; Pujawati 2009). It also has ecological and socio-economic benefits (Junaidi 
et al. 2015) and produces essential oils (Malau and Utomo 2017; Rusdiana et al. 2013; Subagio 
2018). Ex-mining reclamation land currently has the opportunity to contribute to the development 
of cajuput agroforestry cultivation, especially in non-forest areas or Area Penggunaan Lain (APL) 
(Kodir et al. 2016). Agroforestry is a land-use system that combines agricultural and forestry crops 
has diversified production, ecological and social protection (Cardinael et al. 2017; Kaur et al. 2017; 
Suryani and Dariah 2012; Tarigan et al. 2019). Cajuput is highly adaptive developed with 
agroforestry systems (Priswantoro et al. 2021) to support food security programs (Suryanto et al. 
2017). 

The domestic demand for cajuput oil reaches 3,500 tons/ha (Rimbawanto et al. 2017) but 
can only be fulfilled at 400 tons/year (Muyassaroh 2016; Rimbawanto and Susanto 2004). The 
high demand for cajuput oil has created opportunities for monoculture and agroforestry cultivation 
on ex-mining reclamation land. The market price of cajuput oil is IDR 200,320/kg (MoEF 2019). 
Problems often faced in developing essential oils in Indonesia are low crop productivity (Sugiarto 
and Sulistyo 2010), varied oil quality, discontinuous supply of products and highly fluctuating 
prices (Kiyohara et al. 2012). In addition, post-harvest attention is often not paid attention to, so 
the yield and quality of essential oils are inconsistent (Mansyur et al. 2015). 

Yield is the ratio of the weight of the essential oil produced to the weight of the harvest 
before being distilled (Djoar et al. 2012). The higher yield will earn the higher essential oil 
produced. Oil yield is influenced by various factors, namely: extraction method (Wijaya et al. 
2018), genetic factors, climate (Anggia et al. 2018), soil fertility, soil height (Sulaswatty et al. 
2019), plant age, distillation method, location, and pest and disease attacks (Dacosta et al. 2017; 
Djoar et al. 2012). The amount of cineole content determines the quality of cajuput oil. The higher 
the cineole content indicates the better quality of cajuput oil. The main components of cajuput oil 
are cineole (C10H18O), pinene (C10H16), benzaldehyde (C6H5CHO), limonene (C10H16), and 
sesquiterpene (C15H24) (Khabibi 2011). 

Several studies have reported that corn, soybeans, and rice have been planted among cajuput 
with an agroforestry pattern (Elonard 2015; Suryanto 2017). However, information on the amount 
of cajuput yield and cineole in ex-coal mining land with cajuput monoculture and agroforestry 
patterns has never been reported. Therefore, it is necessary to study the yield and content of cajuput 
cineole in the ex-coal mining land with agroforestry and monoculture patterns. 

 

2. Materials and Methods 

2.1. Research Location 

The research was conducted on the 1.1 ha area of ex-coal mining land in Agroforestry Tupak 
Block 1, owned by PT. Bukit Asam, Tbk, Muara Enim, South Sumatra (Fig. 1). The ex-coal mining 
land is located in non-forest area or Area Penggunaan Lain (APL). The total area of agroforestry 
land specifically provided by the company is 20 ha and consists of 10 planting blocks. Yield and 
cineole testing was conducted at the Bogor Research Agency for Medicinal and Aromatic Plants 
(BALITTRO). The study was conducted in April 2017- March 2018. 
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Fig. 1. Research location (3°42'3.6'' South Latitude and 103°47'1.2'' East Longitude). 

 
2.2. Research Procedure 

2.2.1. Cajuput monoculture area and agroforestry patterns 

The cajuput monoculture area is located in Block 1 of Tupak Agroforestry with 1.1 ha. The 
main problems of this land are compact soil, low pH, lack of topsoil, and low organic C. The 
reclamation area was given 8 tons of compost, 2 tons of triple superphosphate (TSP), 250 kg of 
lime, and 12 tons of palm oil empty fruit bunches to overcome the soil problem. In 2015, this land 
was planted with cajuput with a spacing of 4 m ´ 2 m. In 2017, the research was started when 
cajuput was 1.5 years old. Before planting with lemongrass (Cymbopogon nardus), the ex-mining 
reclamation area has a pH of 6.02, organic C of 12.41%, total N of 0.17%, bulk density of 1.1 
g/cm3, cation exchange capacity of 55.05, and does not contain heavy metals. 

The experiment was arranged using three combinations of cropping patterns, such as cajuput 
monoculture (P0), cajuput agroforestry with lemongrass G2 variety (P1), and cajuput agroforestry 
with Sitrona 2 Agribun variety (P2). Each combination of cropping patterns has 18 plots. Each 
plot has a size of 2 m ´ 2 m, consisting of 9 and 25 plants according to the lemongrass variety and 
spacing. The spacing between cajuput was 4 m ´ 2 m. The spacing designs for cajuput and 
lemongrass are presented in Fig. 2 and Fig 3. The planting holes measuring 20 cm ´ 20 cm ´ 20 
cm (length ´ width ´ depth) were then established according to the treatment. Compost fertilizer 
was given to lemongrass at a dosage of 0.3 kg/planting hole and 0.6 kg/planting hole according to 
the treatment. The research area of P0, P1, and P2 is presented in Fig. 4. 
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Fig. 2.  Cajuput and lemongrass design with 0.5 m ´ 0.5 m spacing between lemongrass. 

 

 
Fig. 3.  Cajuput and lemongrass design with 1 m ´ 1m spacing between lemongrass. 

 

   
Fig. 4.  (A) Cajuput monoculture research area, (B) cajuput agroforestry with lemongrass G2 

variety, and (C) cajuput agroforestry with Sitrona 2 Agribun variety. 
 
2.2.2. Analysis of oil yield and cineole content 

Cajuput leaves were harvested at two years or six months since the study began. First, fresh 
cajuput leaves were obtained by cutting down trees at the breast height (1.3 m). Then, the leaves 
and small twigs were harvested and weighed. Next, the cajuput leaves were air-dried (no more 
than two days) and distilled to get the yield. The oil yield was calculated using the following 
formula (Djoar et al. 2012):  

Yield (%) = Weight of oil obtained (kg) 
´ 100% Distilled leaves weight (kg) 

This study distilled cajuput leaves at BALITTRO Bogor using steam distillation. The results 
of the cajuput yield were then carried out with a Gas Chromatography (GC) test to determine the 
percentage of cajuput cineole content. 

 

A 

(1) 

B C 
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2.3. Data Analysis 

The study used a Split-split Plot Design with three factors, namely cropping pattern, 
compost, and spacing. Plant samples were repeated three times. Observational data were analyzed 
using Analysis of Variance (ANOVA) at a 95% confidence level to see differences between levels. 
If there is a significant effect on the research variables, the analysis continues with Duncan’s 
Multiple Distance Test. Statistical data processing using the SAS 9.1 program. 
 

3. Results and Discussion  

3.1. Cajuput Yield 

Treatment of cropping pattern, bokashi fertilizer dosage, and lemongrass spacing caused 
different responses to cajuput yield. The treatment of planting pattern and spacing had a significant 
effect on the yield of cajuput. On the other hand, fertilizer dosage treatment had no significant 
effect on yield. Likewise, the combination between treatments, namely cropping pattern, fertilizer 
dosage, and spacing, had no significant effect on the yield of cajuput. 

The cajuput agroforestry with lemongrass Sitrona 2 Agribun variety (P2) had a higher yield 
of 2.84% compared to cajuput monoculture (P0) and cajuput agroforestry with lemongrass G2 
variety (P1) of 2.74% and 2.13%, respectively. Cajuput yields in various treatments of cropping 
patterns are presented in Table 1. 
 
Table 1. Cajuput yields in various cropping patterns 

No Cropping Pattern  Yield (%) 

1 P0 (Cajuput monoculture) 2.74a 

2 P1 (Cajuput agroforestry with lemongrass G2 variety) 2.13b 

3 P2 (Cajuput agroforestry with lemongrass Sitrona 2 
Agribun variety) 

2.84a 

Note: The same letter after the number shows no significant difference at the 5% level. 
 

Spacing treatment had a significant effect on the yield. The application of spacing of 0.5 m 
´ 0.5 m increased the yield by 2.73% compared to a spacing of 1 m ´ 1 m of 2.40%. The amount 
of cajuput yield at the various spacing of lemongrass is presented in Table 2. 
 
Tabel 2. Yield and cineole content of cajuput in various treatments of lemongrass spacing 
No Plant spacing Yield (%) Cineole (%) 
1 Plant spacing of 0.5 m  ´ 0.5 m 2.73a 52.98a 
2 Plant spacing of 1 m ´ 1 m 2.40b 46.37b 

Note: The same letter behind the number shows no significant difference at the 5% level. 
 
3.2. Cajuput Cineole Content 

The treatment of planting pattern and dosage of compost had no significant effect on the 
cineole content of cajuput. In contrast, plant spacing had a significant effect on the cineole content 
of the cajuput. Plant spacing of 0.5 m ´ 0.5 m increased the cineole content by 52.98% compared 
to a spacing of 1 m ´ 1 m by 46.37% (Table 2).  
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3.3. Discussion 

Oil yield and cineole content are parameters that cannot be separated from essential oils. 
Generally, the higher yield will earn the higher cineole content. In addition, the amount of cineole 
content determines the quality of cajuput oil. The higher the cineole content indicated the better 
quality of cajuput oil (Aryani 2020; Khabibi 2011; Widiyanto and Siarudin 2013). The results 
showed that the treatment of cropping patterns, fertilizer dosage, and spacing caused different 
responses to the yield and content of cajuput cineole. Treatment of planting pattern and spacing 
increased the yield of cajuput. Cajuput agroforestry with lemongrass Sitrona 2 Agribun variety 
(P2) was able to increase the yield by 2.84%, which is higher than cajuput monoculture (P0), and 
cajuput agroforestry with lemongrass G2 variety (P1). It might be due to the presence of 
lemongrass in agroforestry areas causing cajuput to experience stress and producing higher 
secondary metabolites than cajuput in monoculture areas. The light and space stress obtained by 
cajuput in agroforestry areas caused cajuput to release secondary metabolites. Production of 
secondary metabolites was triggered by stress in plants. Increased radiation and low air 
temperature affect secondary metabolites (Perangin-angin et al. 2019). 

The spacing of lemongrass increased the yield and cineole content of the cajuput. Treatment 
of spacing of 0.5 m ´ 0.5 m of lemongrass had a yield of 2.73% and cineole content of 52.98%, 
which was higher than the spacing of 1 m ´ 1 m. However, the distance was too tight between 
lemongrass, caused by competition for nutrients, water, light, and space (Ceunfin et al. 2017). As 
a result, the photosynthetic products were used more to meet the needs of shaded leaves than 
photosynthetic storage (Ceunfin et al. 2017). On the other hand, planting distances were too wide, 
reducing crop yields because the number of plant populations per unit area of land was minimal. 
Previous research supported that the yield of patchouli oil was higher at closer distances than at 
wide distances (Indara et al. 2016). 

The amount of cineole content determines the quality of cajuput oil. The higher the cineole 
content indicated the higher the quality of the cajuput oil produced (Muyassaroh 2016). The quality 
standards of cajuput cineole based on SNI 06–3954–2014 are a super quality of > 60%, prime 
quality of 55–60%, and first quality of 50–<55. Based on SNI 06–3954–2014, the largest cajuput 
cineole produced with an agroforestry pattern is classified as the prime quality (57.18%). Cineole 
is a secondary metabolite of the cajuput. Secondary metabolites are produced as a defense 
mechanism from stress in the form of biotic and abiotic factors (Setyorini and Yusnawan 2016; 
Sopandie 2014). Abiotic stress on cajuput competes for light, water, nutrients, and space, while 
biotic stress on cajuput is in weeds, pests, and diseases (Setyorini and Yusnawan 2016). Similar 
studies reported that cineole content was found in cajuput aged 1-3 years, 57.87–70.05% (Subagio 
2018), 91.50% resulted from variations in cajuput leaf dryness and distillation pressure variations 
(Muyassaroh 2016), and 22–64% were found in various locations in Maluku (Idrus et al. 2015). 

The difference in the amount of yield and essential oil is due to the influence of several 
factors, namely genetic factors, cajuput tree varieties (Muyassaroh 2016), climate (Anggia et al. 
2018), extraction method (Wijaya et al. 2018), and soil elevation (Sulaswatty et al. 2019), soil 
fertility, plant age, distillation method, material picking time and material handling before 
distillation (Nurdjannah 2006), location, and pest and disease attacks (Dacosta et al. 2017; Djoar 
et al. 2012). The oil yield and cineole content produced by cajuput with an agroforestry pattern 
were relatively high, indicating that cajuput can be developed using an agroforestry pattern on ex-
mining land. 
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4. Conclusions 

The cropping pattern of the cajuput agroforestry with lemongrass Sitrona 2 Agribun variety 
(P2) was able to increase the yield higher than that of the cajuput monoculture (P0) and the cajuput 
agroforestry with lemongrass G2 variety (P1). Plant spacing treatment of 0.5 m  ´ 0.5 m increased 
the yield and cineole of the cajuput. 
 
Acknowledgments 

The authors thank the Environmental Manager of PT. Bukit Asam Tbk Muara Enim, South 
Sumatra for the facilities provided during this study. The authors also appreciate SEAMEO 
BIOTROP (Southeast Asian Regional Center for Tropical Biology) for providing research 
funding. 
 
References 

Alpian, Prayitno, T. A., Sutapa, J. D., and Budiadi.  2013.  Biomass Distribution of Cajuput Stand 
in Central Kalimantan Swamp Forest.  Journal of Tropical Forest Management 19(1): 1-
10. DOI: 10.7226/jtfm.19.1.1 

Anggia, M., Mutiar, S., and Arziah, D. 2018. Teknologi Ekstraksi Bunga Kenanga (Cananga 
odorata L.) dan Sereh Wangi (Cymbopogon nardus L.) sebagai Aroma Terapi Sabun Cair. 
Jurnal Daur Lingkungan 1(1): 5-9. DOI: 10.33087/daurling.v1i1.2 

Aryani, F.  2020.  Cara produksi dan Pengujian Kualitas Minyak Atsiri dalam Pengenalan Atsiri 
(Melaleuca cajuputi). Prospek Pengembangan, Budidaya dan Penyulingan. Jurusan 
Teknologi Pertanian Politeknik Pertanian Negeri. Samarinda. 

Budiadi, B., and Ishii, H. T.  2010.  Comparison of Carbon Sequestration between Multiple-Crop, 
Single-Crop and Monoculture Agroforestry Systems of Melaleuca in Java, Indonesia.  
Journal of Tropical Forest Science 22(4): 378-388.  

Buta, M., Blaga, G., Paulette, L., Pacurar, I., Sorca, S., Borsai, O., Grecu, F., Sinziana, P. E., and 
Negrusier, C. 2019. Soil Reclamation of Abandoned Mine Lands by Reclamation in 
Northwestern Part of Transylvania: A40-year Retrospective Study. Sustainability 11(12): 
3393. DOI: 110.3390/su11123393 

Cardinael, R., Chevallier, T., Cambou, A., Beral, C., Barthes, B. G., Dupraz, C., Durand, C., 
Kouakoua, E., and Chenu, C.  2017.  Increased Soil under Agroforestry: A Survey of Six 
Different Sites in France. Agriculture Ecosystem Environment 236: 243-255. DOI: 
10.1016/j.agee.2016.12.011 

Ceunfin, S., Prajitno, D., Suryanto, P., and Putra E. T. S.  2017. Penilaian Kompetensi dan 
Keuntungan Hasil Tumpangsari Jagung Kedelai di Bawah Tegakan Kayu Putih. Savana 
Cendana 2(1): 1-3. DOI: 10.32938/sc.v2i01.76 

Dacosta, M., Sudirga, S. K., and Muksin, I. K. 2017. Perbandingan Kandungan Minyak Atsiri 
Tanaman Sereh Wangi (Cymbopogon nardus L. Rendle) yang Ditanam di Lokasi Berbeda. 
Simbiosis 1(1): 25–31. DOI: 10.24843/jsimbiosis.2017.v05.i01.p06 

Djoar, D. W., Sahari, P., and Sugiyono. 2012. Studi Morfologi dan Analisis Korelasi Antar 
Karakter Komponen Hasil Tanaman Sereh Wangi (Cymbopogon sp.) dalam Upaya 
Perbaikan Produksi Minyak. Jurnal Caraka Tani 27(1): 15-24. 
DOI: 10.20961/carakatani.v27i1.14346 



Juliarti et al. (2022)  Jurnal Sylva Lestari 10(2): 202-210 

209 

Elonard, A.  2015.  Optimasi Jagung dan Kedelai Hitam dengan Sistem Agroforestri Kayu Putih 
di Gunung Kidul. Agrivet 19: 7-12. DOI: 10.31315/agrivet.v19i1.2083 

Idrus, S., Torry, F.R., and Mozes, S.Y.R.  2015.  Estimasi Finger Print dan Perbaikan Proses 
Penyulingan Minyak Kayu Putih di Maluku, Ambon: Baristand Industri Ambon. Badan 
Pengkajian Kebijakan, Iklim dan Mutu Industri.  Ambon. 

Indara, M., Bagu, F. S., and Pembengo, W. 2016. Pengaruh Jarak Tanam dan Umur Panen 
terhadap Rendemen Minyak Nilam (Pogostemon cablin Benth.) Varietas Sidikalang.  
JATT 5(2): 117-123. 

Junaidi, E., Winara, A., Siarudin, M., Indrajaya, Y., and Widianto, A. 2015.  Spatial 
Distribution of Crop of Producing Cajuput Oil in Wasur National Park. Jurnal 
Penelitian Kehutanan Wallacea 4(2): 101-113. DOI: 
10.18330/jwallacea.2015.vol4iss2pp101-113 

Kaur, R., Sharma, M., and Puri, S.  2017.  Impact of Tree Management on the Growth and Biomass 
Production Behavior of Zea mays under an Agroforestry System in Solan District of 
Himachal Pradesh.  Imperial Journal of Interdiciplin Restoration 3(2): 502-510.  

Khabibi, J. 2011. Pengaruh Penyimpanan Daun dan Volume Air Penyuling terhadap Rendemen 
dan Mutu Minyak Kayu Putih. Skripsi. Institut Pertanian Bogor. Bogor. 

Kiyohara, H., Ichino, C., Kawamura, Y., Nagai, T., Sato, N., and Yamada, H. 2012. Patchouli 
Alcohol: In Vitro Direct Anti-Influenza Virus Sesquiterpene in Pogostemon cablin Benth  
Journal of Natural Medicines 66(1): 55-61. DOI: 10.1007/s11418-011-0550-x 

Kodir, A., Hartono, D. M., and Mansur, I.  2016. Cajuput in Ex-Coal Mining Land to Support 
Sustainable Development.  Journal of Engineering Research and Technology 5(9): 2278-
0181. 

Malau, R. S., and Utomo, W. H. 2017.  Kajian Sifat Fisik Tanah pada Berbagai Umur Tanaman 
Kayu Putih (Melaleuca cajuputi) di Lahan Bekas Tambang Batubara PT. Bukit Asam 
(Persero). Jurnal Tanah dan Sumberdaya Lahan 4(2): 525-531. 

Mansyur, M., Ma’ruf, A., and Ashadi, R. W. 2015. Studi Kelayakan Usaha Penyulingan Minyak 
Serai Wangi (Citronella Oil) di Lembang Bandung. Jurnal Pertanian 6(1): 15-20. 

Mensah, A. K. 2015. Role of revegetation in Restoring Fertility of Degraded Mined Soils in 
Ghana: A Review. International Journal of Biodiversity and Conservation 7(2): 57-80. 
DOI: 10.5897/ijbc2014.0775 

MoEF. 2021.  Tanam benih unggul kayu putih, pendapatan petani di Biak meningkat. Ministry 
of Enviroment and Forestry (MoEF). Accesed on 27 Desember 2021. 
https://www.menlhk.go.id/site/single-post/2253  

Muyassaroh.  2016.  Distilasi Daun Kayu Putih dengan Variasi Tekanan Operasi dan Kekeringan 
Bahan untuk Mengoptimalkan Kadar Sineol dalam Minyak Kayu Putih. Jurnal Teknik Kimia 
10(2): 36-41. DOI: 10.33005/tekkim.v10i2.536 

Nurdjannah, N. 2006. Minyak Ylang-Ylang dan Prospek Pengembangannya di Indonesia. 
Prosiding Konferensi Nasional Minyak Atsiri. Bogor. 18-20 September 2006 

Perangin-Angin, Y., Purwaningrum, Y., Asbur, Y., Rahayu, M.S., and Nurhayati.  2019.  
Pemanfaatan Kandungan Metabolit Sekunder yang Dihasilkan Tanaman pada Cekaman 
Biotik. Agriland 7(1): 39-47. 

Priswantoro, A., Sulaksana, N., Endyanan, E., and Mursito, A. T.  2021.  Kesesuaian Lahan untuk 
Kayu Putih sebagai Strategi Modifikasi Konservasi dan Kepentingan Nilai Tambah 



Juliarti et al. (2022)  Jurnal Sylva Lestari 10(2): 202-210 

210 

Ekonomi di Desa Cikembang, Kecamatan Kertasari, Kabupaten Bandung. Jurnal 
Teknologi Lingkungan 22(1): 68-77. DOI: 10.29122/jtl.v.22i1.4253 

Pujawati, E. D. 2009. Jenis-Jenis Fungi Tanah pada Areal Reklamasi Acacia mangium Willd. di 
Kecamatan Cempaka Banjarbaru. Jurnal Hutan Tropis Borneo 10(6): 305-312.  

Rimbawanto, A., Kartikawati, N. K., and Prastyono, P. 2017. Minyak Kayu Putih dari 
Tanaman Asli Indonesia untuk Masyarakat Indonesia. Kaliwangi Press. Yogyakarta.   

Rimbawanto, A., and  Susanto, M. 2004. Pemuliaan Melaleuca cajuputi untuk Pengembangan 
Industri Minyak Kayu Putih Indonesia. Prosiding Ekspose Hasil Litbang Bioteknologi dan 
Pemuliaan Tanaman Hutan 83-92. Pusat Penelitian dan Pengembangan Bioteknologi dan 
Pemuliaan Tanaman Hutan. Yogyakarta. 

Rusdiana, O., Mulyana, D., and Willujeng, C. U. 2013. Pendugaan Potensi Simpanan Karbon 
Tegakan Campuran Akasia dan Kayu Putih di Area Reklamasi PT. Bukit Asam (Persero) 
Tbk.  Jurnal Silvikultur Tropika 4(3): 183-189.  

Setyorini, S. D., and Yusnawan, E. 2016. Peningkatan Kandungan Metabolit Sekunder Tanaman 
Aneka Kacang sebagai Respon Cekaman Biotik. Jurnal Iptek Tanaman Pangan 11(2): 1670-
174. 

Sopandie, D. 2014. Fisiologi Adaptasi Tanaman terhadap Cekaman Abiotik pada Agroekosistem 
Tropika. IPB University. Bogor. 

Subagio, A. A. 2018. Pertumbuhan Tanaman Kayu Putih di Lahan Bekas Tambang Batubara 
dan Produksi Minyak Atsirinya. Thesis. Institut Pertanian Bogor. Bogor.  

Sudradjat, S. E. 2020. Manfaat Minyak Kayu Putih, Obat Alami dengan Banyak Khasiat: 
Tinjauan Sistematik. Jurnal Kedokteran Meditek 26(2): 51-59. DOI: 
10.3642/jkdoktmeditek.v26i2.1843 

Sugiarto, and Sulistyo, E. 2010. Ampas Penyulingan Nilam Sebagai Bahan Bakar. Alternatif 
Pada Proses Produksi Minyak Nilam. Jurnal Rekayasa Mesin 1(2): 27-34. 

Sulaswatty, A., Rusli, M. S., Abimanyu, H., and Tursiloadi, S. 2019. Menelusuri Jejak Minyak 
Serai Wangi dari Hulu Sampai Hilir. in: Quo Vadis Minyak Serai Wangi dan Produk 
Turunannya.  Lembaga Ilmu Pengetahuan Indonesia (LIPI) Press. Jakarta. 

Suryani, E., and Dariah, A. 2012. Peningkatan Produksi Tanah melalui Sistem Agroforestri.  
Jurnal Sumberdaya Lahan 6(2): 101-109. DOI: 10.21082/jsdl.v6n2.2012.%25p 

Suryanto, P., Tohari., Putra, E., and Alam, T. 2017. Minimum Soil Quality Determinant for Rice 
and Kayu Putih Yield under Hilly Areas. Journal of Agronomy 16: 115-123. DOI: 
10.3923/ja.2017.115.123 

Tarigan, P. L., Tohari., and Suryanto, P. 2019. Physiological Response from Upland Rice 
Varieties to the Furrow with Organic Matter on Agroforestry Systems with Cajuput 
(Melaleuca leucadendron L). Journal of Sustainable Agriculture 34(2): 223-231. DOI: 
10.20961/carakatani.v34i2.29786 

Widiyanto, A., and Siarudin, M. 2013. Karakteristik Daun dan Rendemen Minyak Atsiri Lima 
Jenis Tumbuhan Kayu Putih. Jurnal Penelitian Hasil Hutan 31(4): 235-241. 

Wijaya, H., Novitasari., and Jubaidah, S. 2018. Perbandingan Metode Ekstraksi terhadap 
Rendemen Ekstrak Daun Rambe Laut (Sonneratia caseolaris L. Engl). Jurnal Ilmiah 
Manuntung 4(1): 79-83. DOI: 10.51352/jim.v4i1.148 

 


