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ABSTRACT 
 

Cajuput (Melaleuca cajuputi Powell) plants are essential oil-producing 
plants that have ecological and economic benefits. The ideal pruning life 
is one way to optimize the productivity of cajuput stands. This study aims 
to analyze the productivity of cajuput stands at various age levels in Telawa 
Forest Management Unit by considering shoots, stem diameter, shoot 
diameter, biomass, and land suitability analysis. Data was collected by 
making three temporary survey plots by simple random sampling at 5, 9, 
13, 17, and 21-year-old stands. The results showed that cajuput stands 
experienced increased productivity, as seen in stem diameter, shoot 
diameter, and biomass. In addition, the higher the stand density, light 
intensity, and humidity positively affect the total biomass, with an increase 
in the life of the stand. Based on the study’s results, the best cajuput 
productivity occurred at 17-year-old stands, with an average biomass of 
1,031.43 kg/ha and an allometric equation of 18.40 kg. The decrease in 
cajuput productivity occurred at 21-year-old stands, 40% compared to the 
17-year-old stands, and the 21-year-old stands have the lowest land index 
value. Despite the decline in productivity, the main effects still need to be 
studied over a more extended period.  

 
1. Introduction 

Cajuput (Melaleuca cajuputi Powell) plants produce essential oils that are important in the 
industrial field. Apart from being an industrial raw material, cajuput plants are helpful in the 
restoration of marginal land and provide benefits to the surrounding community (Kartikawati and 
Rimbawanto 2014). Cajuput plants began to be planted in Indonesia in 1926. Java Island began in 
Gundih for reforestation purposes, especially on marginal land (Rimbawanto et al. 2021). 
Indonesia can only supply 650 tons/ha of cajuput oil raw materials on a domestic industrial scale 
out of a total demand of 3,500 tons/ha (Rimbawanto et al. 2017). The productivity of cajuput oil 
in Indonesia is around 713 kiloliters/ha (Mindawati and Waluyo 2019). The basis for this 
calculation is the yield value of cajuput oil raw materials of 0.97% (Mulyana et al. 2018). 

Cajuput leaf is one of the leaves that produces the most essential oil. Cajuput leaves are 
pruned and then distilled to produce oil. Increasing cajuput plant productivity can be achieved 
through genetic and physiological breeding, manipulation of growing locations, planting patterns, 
and the development of distillation units (Rimbawanto et al. 2021). Guenther (2011) stated that 
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the age of cajuput leaves, the way the leaves are filled in the kettle, the type of tree, the way the 
leaves are stored, and the distillation process all affect the production of cajuput oil. These 
elements can impact the quantity and quality of cajuput oil produced. Determining the ideal 
pruning age for cajuput plants is one way to optimize productivity in managed cajuput plantation 
forests. The optimal age of cajuput plants is still determined empirically, and yield settings still 
depend on estimates. 

Cajuput plants are harvested by pruning the leaves. According to Ariyanti (2022), the 
productivity of cajuput plants is measured by the production of leaves and twigs harvested by 
cutting down 1.5 m tall cajuput trees, as well as essential oils produced from the distillation of 
both. According to Perum Perhutani (2010) in Kartikawati and Rimbawanto (2014), the average 
productivity of Perum Perhutani cajuput leaves in 2006-2010 was approximately 1.8 kg/tree with 
an average yield of 0.8%. According to (Rimbawanto et al. 2021), the average production of 
cajuput crops in the descendant test plot in Paliyan Gunungkidul is 6 kg per tree, or 3.75 tons of 
leaf/ha if planted with a planting distance of 4 m × 4 m. The heavier the leaves obtained per unit 
area, the more productive the garden is. Therefore, the more trees planted per unit area with ideal 
planting spacing and nutrients, the more leaves will be obtained (Aisyah and Herlina 2018). 

Cajuput plants on the island of Java are grown through an agroforestry system, with a 
planting distance of 3 m × 1 m or 4 m × 2 m. Meanwhile, if cajuput plantations are managed by 
monoculture, the planting distance is generally 1 m × 1 m or 2 m × 1 m (Rimbawanto et al. 2017). 
According to research conducted at Perum Perhutani, cajuput trees will remain productive in 
producing leaves until 30 years, after which they must be replanted (Rimbawanto et al. 2017). The 
same thing was obtained by Budiadi et al. (2005) in the research on the biomass cycle of cajuput 
plants in Sukun Forest Management Unit Section, namely an increase in biomass at 15 years old. 

This study focuses on the productivity of cajuput stands at various age levels in Telawa 
Forest Management Unit or Kesatuan Pemangkuan Hutan (KPH). Telawa Forest Management 
Unit has 2,748.6 ha of cajuput plantation forests covering forest areas in Boyolali, Grobogan, and 
Sragen Regencies. This study observed cajuput at 5, 9, 13, 17, and 21-year-old stands. The 
observation of the stand is based on the condition of the stand (number of shoots, stem diameter, 
shoot diameter, and biomass) and the land suitability analysis. Therefore, this study reveals age’s 
influence on cajuput stands’ productivity.  

 

2. Materials and Methods 

2.1. Research Time and Location 

This research was carried out from December 2023 to January 2024 at Perum Perhutani 
Telawa Forest Management Unit Central Java Regional Division. The location of research was 
carried out in Karangwinong and Gemolong Forest Management Unit Section or Bagian Kesatuan 
Pemangkuan Hutan (BKPH) (Fig. 1). The calculation of biomass samples was carried out at the 
Forest Management Laboratory, Faculty of Agriculture, Universitas Sebelas Maret (UNS) 
Surakarta. The soil pH and organic carbon content analysis was conducted at the Laboratory of 
Soil Physics and Conservation and the Laboratory of Soil Chemistry and Fertility, Faculty of 
Agriculture UNS Surakarta. 
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Fig. 1. Map of the research location. 

 
2.2. Research Materials 

2.2.1.  Field research materials 

This study observed cajuput 5, 9, 13, 17, and 21-year-old stands in Telawa Forest 
Management Unit with an agroforestry planting system. The tools used in this study include 
stationery, roll meter, tape meter, caliper, stick, clinometer, lux meter, thermohygrometer, ground 
drill, infiltration pipe, stopwatch, ruler, cabinet envelope, calculator, analytical digital scale, 50 kg 
hanging digital scale, mine rope, tally sheet, leaf cutter, plastic clip, camera, Avenza Maps 
Application, and Maverick.  

 
2.2.2.  Laboratory research materials 

This study conducted laboratory tests, including leaf and twig moisture content, pH testing, 
and soil organic carbon. Laboratory analysis used bottles, mortar, 25 mL flasks, droppers, orbital 
shakers, digital pH meters, ovens, spectrophotometers, aquifers, K2Cr, H2SO4, and C-Organic 
standard solution 5,000 ppm. The calculation of soil pH using the electrometry method is carried 
out by taking a sample of soil that has been sifted and wind-dried as much as 5 g and then putting 
it into the flakes (Eviati et al. 2023). Mix soil samples with distilled water in a ratio of 1:2.5, then 
the solution is shaken with an orbital shaker until homogeneous and let stand for 30 minutes. The 
concentration of H+ extracted with water stated active (actual) acidity. 
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Meanwhile, organic carbon analysis using the Walkley and Black methods was carried out 
by taking a sample of sifted and wind-dried soil of 0.125 g and putting it into a 25 mL measuring 
flask. After that, 1.25 mL of K2Cr is added, then shaken. Furthermore, 1.87 mL of H2SO4 was 
added. Furthermore, the next day, the absorption of the clear solution was measured with a 
spectrophotometer at a wavelength of 561 nm. As a comparison, it makes standards of 0, 125, and 
250 ppm. Standard zero mixes 2.5 mL of K2Cr and 3.75 mL of H2SO4. Standard 125 mixes 2.5 
mL of K2Cr, 3.75 mL of H2SO4, and 1.25 mL of 5,000 ppm, as well as standard 250 mixes 2.5 mL 
of K2Cr and 3.75 mL of H2SO4 and 2.5 mL of 5,000 ppm (Eviati et al. 2023). 

 
2.3. Stages of Research Implementation  

This research was done by making temporary survey plots on cajuput 5, 9, 13, 17, and 21-
year-old stands in Telawa Forest Management Unit. The age selection is based on the situation in 
the field by grouping age classes with an interval of 4 years. At each age of cajuput plants, 
temporary survey plots were made in a circle with an area of 0.10 ha (circle radius 17.84 m) with 
three replicates, so there are 15 temporary survey plots. The sample was determined by simple 
random sampling with 15 survey plots. The establishment of survey plots was carried out based 
on the Regulation of the Minister of Forestry Number P.33/Menhut-II/2009 concerning Guidelines 
for Periodic Comprehensive Forest Inventory (Inventarisasi Hutan Menyeluruh Berkala/IHMB) 
in the Business of Utilizing Timber Forest Products in Production Forests for plantation forests 
with an age class of ≥ V (Menteri Kehutanan Republik Indonesia 2009). The area of survey plots 
is 0.1 ha, and the distance between temporary survey plots is 200 m. Sampling of cajuput stands 
used the illustration scheme in Fig. 2, and the details of sampling in the field are presented in 
Table 1. 

 
Fig. 2. Data collection scheme and sampling at the location of the sample plot. 

 
Biomass was calculated by oven-dried samples of leaves and twigs of cajuput plants and 

analysis of biometric equations (BSN 2011; Purwanto et al. 2022). The oven-dried biomass sample 
and allometric equations were obtained based on the calculation results. Sampling was done by 
pruning the shoots by leaving one of the highest branches and then separating the leaves and twigs 
with a maximum diameter of 0.5 cm. After that, each part was weighed with a wet weight of ± 100 
g. One hundred fifty samples of cajuput leaves and twigs were tested at the UNS Forest 
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Management Laboratory. The sample is dried in an oven at 80°C for 24 hours until it reaches a 
stable weight (BSN 2011). The constant dry weight is recorded every 8 hours to calculate the 
biomass’s moisture content and total weight. 

 
Table 1. Sampling location 

Age 
(year-
old) 

Planting 
year BKPH RPH Swath 

Planting 
distance  
(m x m) 

Plot area 
(ha) 

Tree 
potential 

(N/ha) 
5 2019 Karangwinong Brangkal 27E 3 × 1 4.7 3.333 
9 2015 Karangwinong Brangkal 5B 3 × 1 9.7 3.333 
13 2011 Gemolong Kadirejo 32D 6 × 1 8.5 1.666 
17 2007 Karangwinong Brangkal 27A 3 × 2 1.6 1.666 
21 2003 Karangwinong Brangkal 2C 3 × 2 2 1.666 

Notes: BKPH = Forest Management Unit Section or Bagian Kesatuan Pemangkuan Hutan; RPH = Forest Management Resort or 
Resort Pemangkuan Hutan. 

 
Each part of the leaf organ and twig is calculated using the following formula (Budiman et 

al. 2015): 

BO = 
BK 

Bbt (1) 
BB 

where BO is biomass organ (leaf biomass and twig biomass), BK is the constant dry weight of the 
sample (g), BB is the sample wet weight (g), and BBt is the wet weight per part of the tree (leaf 
wet weight and twig wet weight). 

Calculation of cajuput leaf and  twig biomass in survey plots (Mulyana et al. 2018): 

Bplot= 
! "#

$

%&'
 

(2) 
L 

where Bplot is the biomass of cajuput leaves in the plot, Bi is the biomass of cajuput leaves from 
the i-th tree, and L is the plot area (ha). 

The estimation of biomass calculations is carried out with an allometric equation (Purwanto 
et al. 2022): 

DW = 0.136 × D2.19 (3) 
where DW is Dry Weight or biomass (kg), and D is diameter (cm). 

The diameter of the stem of cajuput plants is measured by measuring the stem’s diameter at 
10 cm from the ground surface using a caliper (Diansyah 2017). Data was collected by measuring 
the tree’s height using a stick juxtaposed with a meter tape on each sample tree. Measurement of 
crown diameter is done by measuring the projection of the crown on the site, namely the longest 
crown and the shortest crown in the four cardinal directions in sequence with a tape meter (Sadono 
2018). The slope of the survey plot location was measured with a clinometer.  

The soil infiltration rate calculation and drainage class determination were done using a 
double-ring infiltrometer tube (Kiptiah et al. 2021). The temperature and humidity measurements 
in each survey plot were carried out with a thermohygrometer in areas that receive direct sunlight 
at a distance of at least 2 m from the shade (Milantara et al. 2023). Effective depth measurement 
using a soil drill and a meter by measuring from the soil surface to the soil layer that cannot be 
penetrated by plant roots or layers that already contain rocks (Bockheim et al. 2014). 

Light intensity measurements were carried out on each plot outside the shade using a lux 
meter held 75 cm high from the forest floor at 06.00–07.00, 12.00–13.00, and 17.00–18.00 WIB 
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(Karyati et al. 2023). Land suitability is evaluated through a matching system pattern, which 
compares land characteristics with the prerequisites for growing cajuput plants (Sadono et al. 
2020). The soil pH was calculated using electrometry by taking a sample of sifted and dried soil 
as much as 5 g. The concentration of H+ extracted with water was declared active (actually) (Eviati 
et al. 2023). Soil C-Organic analysis was carried out using the Walkley and Black methods with a 
spectrophotometer at a wavelength of 561 nm (Eviati et al. 2023). 
 
2.4. Data Analysis 

The analysis of cajuput plant productivity was carried out using biomass calculations. 
(Rimbawanto et al. 2021). The weight of the biomass harvested determines the best productivity 
of cajuput plants; the heavier the leaf weight obtained by the wide union, the more productive it is 
(Rimbawanto et al. 2021). Furthermore, multiple linear regression analysis was carried out to 
determine the linear relationship between the variables of age influence on the growth parameters 
(number of shoots, stem diameter, shoot diameter, biomass, and the land suitability analysis) of 
cajuput plants. Data processing was done with SPSS 27 software through Analysis of Variance 
(ANOVA) with a significance level of 5% (Al Toriq and Puspitawati 2023). A further Duncan 
Multiple Range Test (DMRT) is carried out if different treatments have a significant effect. 
 

3. Results and Discussions  

3.1. Cajuput Stand Biomass 

The cajuput stand biomass was calculated to estimate the productivity of cajuput stands at 
certain age conditions. The results of this study showed that the highest total average biomass of 
the oven method at the age of 17 was 1,031.43 kg/ha, followed by the age of 9 at 799.94 kg/ha. 
The results of biomass analysis of the cajuput stand oven method are presented in Fig. 3. 

  
 (a) (b) 

Fig. 3. a. Average biomass of cajuput stands; b. total biomass of cajuput stands. 
 

The results of the biomass calculation revealed that the 9-year-old stands have a total 
biomass of 799.94 kg/ha with a planting distance of 3 m × 1 m. Meanwhile, the 3 m × 2 m planting 
distance stand at 21 has a 231.10 kg/ha biomass (Fig. 4). According to Rahmadwiati et al. (2022), 
the carbon stock in the stands has a significant relationship with the density, dominance, and area 
of the tree base. The same thing was conveyed by Pebriandi et al. (2014), stating that the difference 
in the amount of carbon stored was due to the difference in plant density in each location. The 
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calculation of biomass using the oven method in the field obtained the lowest total of 184.6 kg/ha 
at 13-year-old stands with a planting distance of 6 m ×1 m. The calculation results of the highest 
total biomass with a planting distance of 3 m × 2 m at 17-year-old stands of 1,031.43 kg/ha.  

 
Fig. 4. Average biomass of planting distance 3 m × 1 m. 

 
The total biomass in a plant is influenced by the level of organic matter. Based on Fig. 4, if 

it is assumed that all cajuput stands have a planting distance of 3 m × 1 m, at the age of 17, it has 
the highest total of 2,063.48 kg/ha. The 13-year-old stands still gets the lowest biomass value, 
369.38 kg/ha. The organic matter in dryland forests has better capabilities than in mangrove forests 
and affects the dry weight of plants as a place to store carbon (Windarni et al. 2018). The same 
thing was conveyed by Siregar and Putri (2019). The photosynthesis process of plants will increase 
as the dry weight of the stand increases, so the amount of biomass absorbed will affect the dry 
weight of the plant. 

The results of this study show that the leaf biomass is higher than that of twigs (Fig. 3). 
According to Mulyana et al. (2019), research at Yogyakarta Forest Management Unit found that 
the biomass composition of the leaves was higher than that of cajuput twigs; at 9 months, the 
leaves produced cajuput oil yield above 0.7%. A similar thing was found in Purwanto et al. (2022) 
comprehensive study that the biomass composition of cajuput plants is distributed in leaves (15%), 
twigs (11%), and stems (74%). Cajuput stands at the research site can produce the highest leaf and 
twig biomass of 3.09 kg/tree. According to Mulyana et al. (2019), cajuput stands in Yogyakarta 
Forest Management Unit and can produce productivity ranging from 1,400–2,000 kg/ha. 
Meanwhile, according to Kodir et al. (2016), 1 kg/tree/harvest of cajuput plants was obtained on 
the land of a former coal mine. The same thing was obtained by Rimbawanto et al. (2021). The 
average leaf production in the Probolinggo cajuput forest is 1–3 kg/tree. 

The study results from calculating biomass through the allometric equation were obtained, 
and the 17-year-old stands showed the highest average biomass of 18.40 kg (Table 2). The cajuput 
stand with the lowest biomass value was the 13-year-old stands with a value of 8.38 kg. The total 
biomass yield of this study was highest at 5-year-old stands at 56,742.81 kg/ha, which was 
influenced by the total plants in hectares. According to Istomo and Farida (2017), stand biomass 
will increase along with stand density and stock carbon value. The same thing was found in the 
field at the 17-year-old stands, with the highest average biomass of 18.40 kg, while the total 
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biomass lower than the 5-year-old stands was 56,742.81 kg/ha. The average calculation of cajuput 
stand biomass with an allometric equation is presented in Table 2. 

 
Table 2. Average biomass of cajuput stand allometric equation method 

Age Biomass (kg) Total biomass (kg/ha) 
5 17.14 56,742.81 
9 10.36 18,447.60 
13 8.38 8,628.16 
17 18.40 33,112.90 
21 11.14 39,662.98 
 
Cajuput plants in Yogyakarta Forest Management Unit experienced a decrease in leaf 

production obtained from the 19-year-old stands (Suhartati and Raharjo 2018). A considerable 
level of stand density is expected to increase production. Although the density of stands is 
positively correlated with the productivity of stands when combined with the age of the stands, 
there is a significant relationship between stand density and productivity (Khan et al. 2020). This 
study found a decrease in productivity at 13-year-old, with an average biomass of 8.38 kg and an 
average increase of 17-year-old by 18.40 kg. According to Mulyana et al. (2019), there is a gradual 
decrease in the productivity of cajuput stands from 27 to 31-year-old. In this study, the decrease 
occurred at the age of 21 by 40% compared to the age of 17.  

Based on the calculation of the allometric equation, the highest biomass value was also found 
at the 17-year-old stand, which was 217.8 kg/ha (Fig. 5). Based on the biomass calculation, the 
17-year-old stands produces 30.95 kg/ha. The lowest average amount of biomass was observed in 
the 13-year-old stands, the oven-dried biomass was 5.54 kg/ha, and the allometric equation was 
94.36 kg/ha. The difference in values was caused by the results of the allometric equation 
calculating the total biomass of stems, twigs, and leaves that were pruned to a height of 1.5 m 
(Purwanto et al. 2022). Meanwhile, the SNI 7724: 2011 oven calculation took samples of leaves 
and twigs of cajuput plants (BSN 2011). Tree biomass production can be affected by diameter and 
height (Khan et al. 2020). Environmental factors, including water, temperature, air, air humidity, 
and optimal sunlight, influence these parameters. 

 
Fig. 5. Mean of the oven-dried biomass and the allometric equation. 
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3.2. Land Suitability Analysis 

Telawa Forest Management Unit manages cajuput stands through an agroforestry system by 
combining crops such as corn, cassava, bananas, and peanuts. Agroforestry systems have a role in 
stabilizing soil structure and increasing soil productivity by planting various types of plants. In 
this study, observations at five different ages of cajuput stands in agroforestry systems with corn 
plants. This study also analyzed suitable soil parameters for cajuput land, such as drainage, 
adequate depth, pH, and C-organic soil. Soil drainage is the ability of the soil to pass water and air 
vertically. The same thing was conveyed by Alvares et al. (2023). Soil with optimal permeability 
makes a productive cajuput tree growth zone. Based on Table 3, the lowest drainage value at the 
age of 13 in test 2 is 2.05 cm/hour, which is included in the S1 criteria. Alvares et al. (2023) added 
that clay will provide a productive environment for cajuput plants because it contains available 
water. 

The air temperature on each plot is classified as unqualified for growing cajuput plants 
(Sadono et al. 2020). Based on the observation results, the highest environmental temperature was 
43.7ºC at repeat 1 of 9-year-old and included permanent non-conformity (N2). Meanwhile, the 
lowest temperature in the third test of the 13-year-old stands was 33.2ºC according to the marginal 
criteria (S3). In the research of Sadono et al. (2020) in RPH Gubugrubuh, Gunungkidul Regency 
has an air temperature of cajuput plants ranging from 23.2ºC to 32.4ºC. Plants with simple 
agroforestry patterns have higher microclimate temperatures associated with lower canopy cover, 
so the decomposition rate in these land use patterns will also be higher (Priyadarshini et al. 2020; 
Wijayanto et al. 2022). Alvares et al. (2023) added that their research produced the lowest 
productivity spread across regions with higher annual temperatures and low rainfall. Generally, 
rainfall at the research site is very low (N1), ranging from 31.8–45.05 mm/year (Perum Perhutani 
KPH Telawa 2023). Cajuput plants can grow optimally in the rainfall range of 1,201–1,500 mm/ 
year (Sadono et al. 2020). Cajuput on the Java island grows optimally with an average annual 
rainfall below 2,000 mm/year, a temperature range of 17–33ºC, and calcareous soil (Rimbawanto 
et al. 2021). 

C-Organic content in the soil can be formed through the stages of decomposition of organic 
matter. It is essential in supporting sustainable land management, especially in soil fertility factors, 
improvement of physical properties, maintaining nutrient availability, and survival of 
microorganisms in the soil (Farrasati et al. 2019). C-Organic is one of the most critical parameters 
in determining soil quality. The average C-Organic content of the soil was highest at the 9-year-
old observation location at 3.37%, followed by the 17-year-old stands at 3.27%. Meanwhile, the 
13-year-old stand has the lowest C-Organic content, with an average of 2.37% (Table 3). C-
Organic can be affected by external factors such as soil type, temperature, and rainfall. In addition, 
litter on land cover can affect the amount of organic matter. Budiman et al. (2015) stated that the 
addition of litter biomass will increase with the increase of crown density so that the number of 
litters can vary. According to Sari et al. (2017), soil organic carbon content and organic carbon 
reserves have a positive correlation; soil organic carbon reserves are determined by soil density 
and depth. Suardi et al. (2016) added that the soil organic carbon of the agroforestry system is 
higher than that of the monoculture system at 49.75 C/ha. The function of soil organic matter is to 
provide plant nutrients and an energy source for microorganisms and soil fauna.
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Table 3. Analysis of the suitability of the research site at Telawa Forest Management Unit  
 Land parameters 

Deuteronomy Elevation 
(masl) 

Slope 
(%) 

Temperature 
(°C) 

Rainfall 
(mm/year)* 

Drainage 
(cm/h) 

Adequate 
depth (cm) 

Soil Acidity 
(pH) 

C-Organic 
(%) 

Land 
index 

Land 
conformity 

land 
5 years 

1 67 6 38.3 45.05 3.61 46 7.45 3.75 67.5 S2 
2 61 7 35.8 45.05 2.95 37 7.61 2.55 67.5 S2 
3 60 7 34.9 45.05 3.08 43 7.58 2.67 67.5 S2 

9 years 
1 83 9 43.7 45.05 2.68 63 7.68 2.55 62.5 S2 
2 81 11 40.8 45.05 2.08 71 7.39 3.81 70 S2 
3 84 4 39.6 45.05 3.07 54 7.44 3.76 70 S2 

13 years 
1 124 4 35.2 31.8 7.05 89 7.65 2.16 67.5 S2 
2 124 5 35 31.8 2.05 73 7.46 3.61 75 S1 
3 138 5 33.2 31.8 6.05 68 7.58 2.42 67.5 S2 

17 years 
1 81 5 39.1 45.05 3.51 73 7.6 2.99 65 S2 
2 81 4 39.5 45.05 4.68 82 7.52 3.67 70 S2 
3 81 7 38 45.05 3.6 91 7.55 3.16 72.5 S2 

21 years 
1 87 5 38 45.05 3.15 45 7.64 2.65 65 S2 
2 66 8 35.7 45.05 2.78 46 7.56 3.34 70 S2 
3 87 9 36.5 45.05 2.08 38 7.57 2.87 65 S2 

Note: *Annual rainfall data based on Perum Perhutani 2023 work report (Perum Perhutani KPH Telawa 2023).
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The biomass content in tree stands varies depending on diameter, height, planting pattern, 
and nutrient status (Setyawan 2020). Based on Fig. 5, the age of 13 years has the lowest biomass 
value influenced by soil fertility, namely soil pH and C-Organic. Soil acidity analysis found that 
the average 13-year-old research location pH 7.56 was included in the current non-conformity 
criterion (N1). According to Subhan and Benung (2020), cajuput plants will grow optimally on the 
texture of clay sticky until clayey soils with a pH of 4–7. Acidity or pH is an essential element in 
the absorption of plant nutrients. The same thing was conveyed by Subhan and Benung (2020). 
The soil acidity level will inhibit plant growth; increasing plant growth requires soil acidity 
conditions that are close to neutral. Organic matter, due to its decomposition and release of organic 
acids, will affect the process of increasing soil pH (Yuniarti et al. 2020). 

The light intensity measurements in this study were carried out three times, shown in Table 
4, stating that the light intensity reception varied at each time and location of observation. The 
reception of sunlight on the forest floor will vary due to the canopy, altitude, location, and time 
(Taryono et al. 2023). Meanwhile, Zannah et al. (2023) added that light is the main factor in 
photosynthesis's energy sources in producing carbohydrates so plants can germinate optimally. 
The evapotranspiration process will take place optimally, and water availability is limited due to 
the influence of light intensity, which increases the soil temperature (Yunus et al. 2015). 
 
Table 4. Light intensity and humidity of the observation site 

Age Light intensity (x100 lux) Relative humidity 
(%) 6–7 12–13 17–18 

5 35 787 253 44 
9 196 941 79 37 

13 64 664 37 50 
17 207 927 128 52 
21 47 627 31 45 

 
Table 4 shows that the air humidity ranges from 37–52%. Plant growth will increase as the 

temperature and humidity decrease. The same thing was conveyed by Karyati et al. (2016), which 
is that an increase in air temperature will cause the vapor pressure to increase so that there is a 
decrease in air humidity. According to Taryono et al. (2023) in his research, rainfall, air 
temperature, and humidity are factors for plant growth. Humidity conditions affect the availability 
of nutrients and the absorption of plant nutrients. The highest humidity at the observation site at 
the 17-year-old stands was 52%. The lowest humidity at the 9-year-old stands was 37%. The effect 
of air humidity fluctuations is influenced by wind movement, temperature, air pressure, vegetation, 
and water availability. 
 

3.3. Factors Affecting the Productivity of Cajuput Plants 

The regression analysis showed that stand age and growth parameters’ determination 
coefficient (R2) influenced 0.623 or 62.3% (Table 5). Meanwhile, a value of 37.7% was 
influenced by other factors that were not tested in this study. Other factors that can affect the 
productivity of cajuput stands are the nitrogen (N) nutrient content of the soil and the density of 
the stands. According to Lan et al. (2023), the optimal N nutrient content in the soil will provide 
better cajuput stand productivity. Plants that lack N can cause rapid leaf drop, dwarf plants, and 
chlorosis. Meanwhile, according to Sedjarawan et al. (2014), the density of stands will affect the 
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light that enters the vegetation, so the lack of sunlight will cause slow growth, and the diameter of 
the stem will tend to be small. 
 
Table 5. Average growth parameters and DMRT further test 

Age Plant Diameter 
(cm) 

Number of 
Shoots 

Shoot Diameter 
(m2) 

Biomass 
(kg) 

Land Suitability 
Analysis 

5 9.531c 51.482 a 0.859 b 17.142 c 67.5c 

9 7.263b 84.234 b 0.608 a 10.363 b 67.198 b 
13 6.836a 92.789 c 2.582 c 8.7376 a 68.515 d 
17 9.531d 127.865 d 2.596 c 18.396 d 68.868e 

21 7.408b 95.647c 0.905 b 11.141 b 66.650 a 
Note: Numbers followed by the same letter in a column show no significant difference at a 95% confidence level. 

 
This study conducted a follow-up analysis with DMRT on significantly different variables 

using a significance level of 95% (α=0.05), presented in Table 5. The results of the DMRT test 
showed that the highest plant diameter data was found at 17-year-old stands when the value was 
significantly different from other ages. The diameter of the plants produced at the age of 9 and 21 
years has no real difference in value. Regarding the number of busts, the 17-year-old stands show 
the highest number and significantly differs from other ages. This aligns with the highest biomass 
at 17-year-old stands, substantially different from other ages. Cajuput stand biomass with DMRT 
test produced no significant difference in the 9 and 21-year-old stands. The crown diameter of the 
17-year-old stands has the highest value with other ages and is significantly different from the 13-
year-old stands. In the land suitability analysis, the 17-year-old stands has the best data and 
significantly differs from other ages. 
 

4. Conclusions 

The productivity of cajuput stands is observed at various age levels after the first harvest. 
Based on the research results on the productivity of cajuput stands at various age levels in Telawa 
Forest Management Unit, it can be concluded that the best cajuput productivity is at the 17-year-
old stands. The 17-year-old stands at the highest average value in all growth parameters. The 
biomass of leaf cajuput stands is higher compared to twig biomass. This study found a decrease in 
productivity at the age of 13 years, an increase in the average age of 17 years, and then a decrease 
again at the age of 21 years by 40%. The productivity of cajuput stands is affected by stem 
diameter, shoots, shoot diameter, and biomass. The low productivity of cajuput stands is followed 
by low soil fertility, namely C-Organic and pH. To obtain more comprehensive data, conducting 
further research on soil N content, Current Monthly Increment (CMI), and Mean Monthly 
Increment (MMI) is essential. 
 

Acknowledgments 

The authors express their gratitude to the Forest Management Study Program, Faculty of 
Agriculture, Universitas Sebelas Maret (UNS), for their valuable support throughout this research. 
We also extend our appreciation to Perum Perhutani Telawa Forest Management Unit for granting 
the research permit and providing facilities that significantly contributed to the success of this 
study. Additionally, we acknowledge the Fundamental Research Grant Scheme (Contract Number 
228/UN27.22/PT.01.03/2023) from UNS for the financial support. 



Prasditio et al. (2025)   Jurnal Sylva Lestari 13(1): 218-233 

 230 

References 

Aisyah, Y., and Herlina, N. 2018. Pengaruh Jarak Tanam Tanaman Jagung Manis (Zea mays L. 
var saccharata) pada Tumpangsari Dengan Tiga Varietas Tanaman Kedelai (Glycine max 
(L.) Merrill). Produksi Tanaman 6(1): 66–75. 

Al Toriq, M. R., and Puspitawati, R. P. 2023. Pengaruh Cekaman Kekeringan terhadap Stomata 
dan Trikoma pada Daun Tanaman Semangka (Citrullus lanatus). LenteraBio: Berkala Ilmiah 
Biologi 12(3): 258–272. DOI: 10.26740/lenterabio.v12n3.p258-272 

Alvares, C. A., Cegatta, I. R., Scolforo, H. F., and Mafia, R. G. 2023. Decision-Tree Application 
to Predict and Spatialize the Wood Productivity Probabilities of Eucalyptus Plantations. 
Forests 14(7). DOI: 10.3390/f14071334 

Ariyanti, M. 2022. Kayu Putih (Melaleuca cajuputi) sebagai Tanaman Penghasil Minyak Obat. 
Jurnal Agronomika 20(2): 132–140. 

Bockheim, J. G., Gennadiyev, A. N., Hartemink, A. E., and Brevik, E. C. 2014. Soil-Forming 
Factors and Soil Taxonomy. Geoderma 226–227(1): 231–237. DOI: 
10.1016/j.geoderma.2014.02.016 

BSN. 2011. SNI 7724-2011: Pengukuran dan Penghitungan Cadangan Karbon-Pengukuran 
Lapangan untuk Penaksiran Cadangan Karbon Hutan (Ground Based Forest Carbon 
Accounting). Badan Standarisasi Indonesia (BSN). Jakarta, Indonesia. 

Budiadi, Kanazawa, Y., Ishii, H. T., Sabarnurdin, M. S., and Suryanto, P. 2005. Productivity of 
Kayu Putih (Melaleuca leucadendron LINN) Tree Plantation Managed in Non-Timber 
Forest Production Systems in Java, Indonesia. Agroforestry Systems 64: 143–155. DOI: 
10.1007/s10457-004 0777-6 

Budiman, M., Gusti, H., and Herlina, D. 2015. Estimasi Biomassa Karbon Serasah dan Tanah pada 
Basal Area Tegakan Meranti Merah (Shorea macrophylla) di Areal Arboretum Universitas 
Tanjungpura Pontianak. Jurnal Hutan Lestari 3(1): 98–107. 

Diansyah, A. 2017. Respons Pertumbuhan dan Produksi Tanaman Cabai Keriting (Capsicum 
annuum L.) terhadap Aplikasi Pupuk Kompos dan Pupuk Anorganik di Polybag. Jurnal 
Hortikultura Indonesia 8(3): 203–208. DOI: 10.29244/jhi.8.3.203-208 

Eviati, S., Sulaiman, S., Herawary, L., Anggria, L., Usman., Tantika, H. E., Prihatini, R., and 
Wuningrum, P. 2023. Petunjuk Teknis Edisi 3 Analisis Kimia Tanah, Tanaman, Air, dan 
Pupuk. Balai Penelitian Tanah, Bogor. 

Farrasati, R., Pradiko, I., Rahutomo, S., Sutarta, E. S., Santoso, H., and Hidayat. F. 2019. C-
Organik Tanah di Perkebunan Kelapa Sawit Sumatera Utara: Status dan Hubungan dengan 
Beberapa Sifat Kimia Tanah. Jurnal Tanah dan Iklim 43(2): 157–165. DOI: 
10.21082/jti.v43n2.2019.157-165 

Guenther, E. 2011. Minyak Atsiri-Jilid I. UI-Press. Universitas Indonesia, Jakarta. 
Istomo, and Farida, N. E. 2017. Potensi Simpanan Karbon di atas Permukaan Tanah Tegakan 

Acacia nilotica L. (Willd) ex. Del. di Taman Nasional Baluran, Jawa Timur. Jurnal 
Pengelolaan Sumberdaya Alam dan Lingkungan 7(2): 155–162. DOI: 
10.19081/jpsl.2017.7.2.155 

Kartikawati, N. K., and Rimbawanto, A. 2014. Potensi Pengembangan Industri Minyak Kayu 
Putih. Pusat Penelitian dan Pengembagan Hutan Tanaman, Departemen Kehutanan. 



Prasditio et al. (2025)   Jurnal Sylva Lestari 13(1): 218-233 

 231 

Karyati, Ardianto, S., and Syafrudin, M. 2016. Fluktuasi Iklim Mikro di Hutan Pendidikan Fakultas 
Kehutanan Universitas Mulawarman. Jurnal AGRIFOR 15(1): 83–92. DOI: 
10.31293/af.v15i1.1785 

Karyati, K., Yusak, M. Y., and Syafrudin, M. 2023. Iklim Mikro di Bawah Tegakan Pohon 
Kombinasi Angsana (Pterocarpus indicus) dan Glodokan (Polyalthia longifolia) di Median 
Jalan Mayor Jenderal S. Parman di Kota Samarinda. Jurnal AGRIFOR 22(1): 43–54. DOI: 
10.31293/agrifor.v22i1 

Khan, M. N. I., Islam, M. R., Rahman, A., Azad, M. S., Mollick, A. S., Kamruzzaman, M., Sadath, 
N., Feroz, S. M., Rakkibu, G., and Knohl, A. 2020. Allometric Relationships of Stand Level 
Carbon Stocks to Basal Area, Tree Height and Wood Density of Nine Tree Species in 
Bangladesh. Global Ecology and Conservation 22: e01025. DOI: 
10.1016/j.gecco.2020.e01025 

Kiptiah, M., Soeparla, A. A., and Giarto, R. B. 2021. Analisis Laju Infiltrasi pada Variasi 
Penggunaan Lahan Kota Balikpapan. SNITT-Politeknik Negeri Balikpapan 5: 233–241. 

Kodir, A., Hartono, D. M., and Mansur, I. 2016. Cajuput in Ex-Coal Mining Land to Support 
Sustainable Development. International Journal of Engineering Research and Technology 
(IJERT) 5(9): 357–361. 

Lan, Y., Wang, S., Zhang, H., He, Y., Jiang, C., and Ye, S. 2023. Intercropping and Nitrogen 
Enhance Eucalyptus Productivity through The Positive Interaction between Soil Fertility 
Factors and Bacterial Communities along with The Maintenance of Soil Enzyme Activities. 
Land Degradation and Development 34(8): 2403–2417. DOI: 10.1002/ldr.4616 

Menteri Kehutanan Republik Indonesia. 2009. Peraturan Menteri Kehutanan Republik Indonesia 
Nomor P.33/Menhut-II/2009 tentang Pedoman Inventarisasi Hutan Menyeluruh Berkala 
(IHMB) pada Usaha Pemanfaatan Hasil Hutan Kayu pada Hutan Produksi. Kementerian 
Kehutanan Republik Indonesia, Jakarta. 

Milantara, N., Fauzan, F., Harbi, J., and Yuningsih, L. 2023. Thermal Comfort Level and The 
Ability of Trees to Reduce Temperature at H. Agus Salim Sports Hall, Padang City. Journal 
of Global Sustainable Agriculture 4(1): 23–27. DOI: 10.32502/jgsa.v4i1.7031 

Mindawati, N., and Waluyo, T. K. 2019. Bunga Rampai Pengembangan Hasil Hutan Bukan Kayu 
Indonesia untuk Mendukung Sustainable Development Goals. IPB Press. Bogor, Indonesia. 

Mulyana, B., Rohman, R., and Wardhana, W. 2018. Luas Optimum Petak Ukur untuk Hutan 
Tanaman Kayu Putih di Kesatuan Pengelolaan Hutan Yogyakarta. FALOAK 2(1): 29–38. 
DOI: 10.20886/jpkf.2018.2.1.29-38 

Mulyana, B., Siallagan, S. W. S., Yuwono, T., and Purwanto, R. H. 2019. Optimum Rotation for 
Harvesting of Cajuput Leave at KPH Yogyakarta. Jurnal Penelitian Kehutanan Wallacea 
8(1): 71–79. DOI: 10.18330/jwallacea.2019.vol8iss1pp71-79 

Pebriandi, P., Sribudiani, E., and Mukhamadun, M. 2014. Estimation of The Carbon Potential in 
The Above Ground at The Stand Level Poles and Trees in Sentajo Protected Forest. Jurnal 
Online Mahasiswa (JOM) Bidang Pertanian 1(1): 1–13. 

Perum Perhutani KPH Telawa. 2023. Laporan Semester I and 2 Tahun 2023 Pelaksanaan RKL-
RPL KPH Telawa. Perum Perhutani KPH Telawa, Boyolali. 

Priyadarshini, R., Hamzah, A., Maroeto, M., and Widjajani, B. W. 2020. Soil Physico-Chemical 
Characteristics on Agroforestry Systems. Prosiding Seminar Nasional Lahan Suboptimal 
Universitas Sriwijaya (UNSRI). 



Prasditio et al. (2025)   Jurnal Sylva Lestari 13(1): 218-233 

 232 

Purwanto, R. H., Mulyana, B., Septiana, R. M., and Permadi, D. B. 2022. Allometric Equation for 
the Biomass and Carbon Stock of Cajuput (Melaleuca cajuputi Powell) Stand in Wanagama 
Forest, Yogyakarta, Indonesia. Forestry Ideas 28(2): 380–392. 

Rahmadwiati, R., Wicaksono, R. L., and Apriyanto, D. 2022. Estimation and Economic Valuation 
of Above-Ground Carbon in Forest Area with the Special Purpose of Gunung Bromo, 
Karanganyar, Central Java, Indonesia. Jurnal Sylva Lestari 10(1): 116–126. DOI: 
10.23960/jsl.v10i1.548 

Rimbawanto, A., Kartikawati, N. K., and Prastyono. 2017. Dari Tanaman Asli Indonesia untuk 
Masyarakat Indonesia. Balai Besar Penelitian dan Pengembangan Bioteknologi dan 
Pemuliaan Tanaman Hutan. Penerbit Kaliwangi, Yogyakarta. 

Rimbawanto, A., Kartikawati, N. K., and Prastyono. 2021. Essence of Indonesia: The Story of 
Cajuput Oil and Its Importance to the Community. ACIAR Monograph, Canberra. 

Sadono, R. 2018. Predicting Crown-Width of Dominant Trees on Teak Plantation from Clonal 
Seed Orchards in Ngawi Forest Management Unit, East Java. Jurnal Ilmu Kehutanan 12: 
127–141. DOI: 10.22146/jik.40143 

Sadono, R., Soeprijadi, D., and Wirabuana, Y. A. P. 2020. Land Suitability for Cajuput 
Development and Its Inference on Silviculture Strategy. Jurnal Pengelolaan Sumberdaya 
Alam Dan Lingkungan 10(1): 43–51. DOI: 10.29244/jpsl.10.1.43-51 

Sari, T., and Rafdinal, R. L. 2017. Hubungan Kerapatan Tanah, Karbon Organik Tanah dan 
Cadangan Karbon Organik Tanah di Kawasan Agroforestri Tembawang Nanga Pemubuh 
Sekadau Hulu Kalimantan Barat. Protobiont 6(3): 263–269. 

Sedjarawan, W., Akhbar, and Arianingsih, I. 2014. Biomassa dan Karbon Pohon di Atas 
Permukaan Tanah di Tepi Jalan Taman Nasional Lore Lindu (Studi Kasus Desa Sedoa 
Kecamatan Lore Utara Kabupaten Poso). Jurnal Warta Rimba 2(1): 105–115. 

Setyawan, D. A. 2020. Biomass and Carbon Increments of Sapindaceae Family in Purwodadi 
Botanic Garden. Jurnal Sylva Lestari 8(2): 241–254. DOI: 10.23960/jsl28241-254 

Siregar, N., and Putri, K. P. 2019. The Influence of Pruning Shoot Age on The Growth of Hopea 
odorata Roxb. Cutting. Jurnal Perbenihan Tanaman Hutan 7(2): 77–85. DOI: 
10.20886/bptpth.2019.7.2.77-85 

Suardi, H., Besar, N. A, Phua, M. H., and Mokhtar, M. 2016. Carbon Stock Estimation of 
Agroforestry System in Tawau, Sabah. Transactions on Science and Technology 3(1): 25–
30. 

Subhan, E., and Benung, M. R. 2020. Analisis Kesesuaian Lahan Budidaya Tanaman Kayu Putih 
(Melaleuca leucadendra) di Kecamatan Bukit Batu Kota Palangka Raya Provinsi 
Kalimantan Tengah. Media Ilmiah Teknik Lingkungan 5(2): 83–90. DOI: 
10.33084/mitl.v5i2.1639 

Suhartati, T., and Raharjo, H. 2018. Estimated Optimal Age of Cajuput Leaf Production. Jurnal 
Wana Tropika 8(2): 69–76. 

Taryono, T., Supriyanta, S., Wulandari, R. A., Nurmansyah, N., Ambarwati, E., Arsana, I. G. K. 
D., Aristya, V. E., Purba, A. E., Aisya, A. W., and Alam, T. 2023. Selection of Drought-
Tolerant Rice Genotypes under Cajuput (Melaleuca cajuputi Subsp. Cajuputi) Agroforestry 
System. Biodiversitas 24(9): 4791–4802. DOI: 10.13057/biodiv/d240920 

Wijayanto, N., and Briliawan, B. D. 2022. Study on the Growth of Falcataria moluccana at 14-
Month-Old and the Productivity of Rice Plant (Oryza sativa) IPB 3S in Agroforestry System. 
Jurnal Sylva Lestari 10(3): 372–388. DOI: 10.23960/jsl.v10i3.573 



Prasditio et al. (2025)   Jurnal Sylva Lestari 13(1): 218-233 

 233 

Windarni, C., Setiawan, A., and Rusita, R. 2018. Carbon Stock Estimation of Mangrove Forest in 
Village Margasari Sub-District Labuhan Maringgai District East Lampung. Jurnal Sylva 
Lestari 6(1): 66–74. DOI: 10.23960/jsl1667-75 

Yuniarti, A., Solihin, E., and Putri, A. T. A. 2020. Aplikasi Pupuk Organik dan N, P, K terhadap 
pH Tanah, P-Tersedia, Serapan P, dan Hasil Padi Hitam (Oryza sativa L.) pada Inceptisol. 
Jurnal Kultivasi 19(1): 1040–1046. DOI: 10.24198/kultivasi.v19i1.24563 

Yunus, F., Hasanah, U., and Anshar, M. 2015. Pengaruh Pemberian Sungkup Plastik dan Mulsa 
terhadap Dinamika Kadar Air, Suhu Tanah dan Produksi Bawang Merah (Allium 
acsalonicum L.) pada Tanah Beririgasi Teknis. Agroland 22(1): 33–40. 

Zannah, H., Evie, R., Sudarti, S., and Trapsilo, P. 2023. Peran Cahaya Matahari dalam Proses 
Fotosintesis Tumbuhan. CERMIN: Jurnal Penelitian 7(1): 204–214. DOI: 
10.36841/cermin_unars.v7i1.2897 


