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Abstract   

PT. Toba Pulp Lestari Tbk's Industrial Plantation Forest is the largest forest 

company in North Sumatra Province, with a total area of 188055 ha. 

Eucalyptus leaves in this company have not been optimally utilized and 

processed, commonly left as waste. This study aims to calculate the 

potential of leaves and the potential production of essential oils from 

eucalyptus leaves which are waste from logging. The method used to 

calculate the potential of eucalyptus leaves from logging waste is to 

measure the weight of the leaves from the sample tree. The yield of 

essential oils produced from eucalyptus leaves is obtained through 

distillation techniques in the laboratory. The annual production potential of 

essential oils is calculated using annual logging area data for each clone. 

The study produced average data on eucalyptus leaf potential from logging 

waste for each clone and the entire logging area per year. Distillation was 

performed on all clones to produce eucalyptus oil's average yield and 

density. Conversion of yield with leaf potential and area of felling results in 

the amount of oil produced from felled logging waste leaf per year. The 

potential for eucalyptus production is very significant and related to efforts 

to increase the economy of non-timber forest products. 
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Introduction   

The Industrial Plantation Forest (IPF) Management Company, PT Toba Pulp 

Lestari Tbk, is located in Indonesia, especially in 12 regencies/cities in North 

Sumatra Province, with a total concession area of 188,055 ha (1). The 

research location is in the altitude range of 1154-1365 meters above sea 

level (2). The main plant species developed in this company is Eucalyptus 

(Eucalyptus spp), which is further developed as paper raw materials, 

producing superior clones. The superior clones referred to here are the 

clones resulting from crosses of various eucalyptus species to produce 

clones that have the best characteristics in the context of producing wood 

for the pulp industry raw materials. However, the use of Eucalyptus trees is 

still limited to wood (stems and branches). Even though eucalyptus leaves 

are widely known as producers of essential oils of high economic value they 

have not been utilized to their potential and only are expected to be 

decomposed into compost as a source of natural nutrients (3). 
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 Eucalyptus is native to Australia and has about 700 

species, it is a genus of tall, evergreen, and lush trees 

cultivated worldwide for raw materials, oils, gums, pulp, 

wood, medicine, and aesthetic value. The essential oil in 

the leaves is very important and is widely used in the food, 

perfumery, and pharmaceutical industries (4). As 

mentioned by authors in previous literature (5), the most 

important product of eucalyptus is the essential oil. The oil 

has a broad spectrum of biological activities, including 

anti-microbial, fungicidal, insecticide/insect repellent, 

herbicide, acaricide and nematicide.  

 The Indonesian government is focusing on efforts to 

increase the economic benefits of forests by exploring 

sources of benefit from non-timber forest products 

(NTFPs) and forest services. One approach is the issuance 

of Regulation of the Minister of Environment and Forestry 

Number 8 of 2021 concerning the obligation of forest 

managers to implement multi-business forestry as a 

mandatory approach in managing their business. Multi-

business forestry is the application of several forestry 

business activities in the form of area utilization 

businesses, timber and non-timber forest product 

utilization businesses, and/or environmental service 

utilization efforts to optimize forest areas in protected 

forests and production forests. This is done by learning 

from the experiences of various countries that are more 

advanced in forest resource management. For example, in 

England, eucalyptus is used to generate heat and 

electricity. From the aspect of forest services, the main 

benefit of forest ecosystems for the environment is their 

potential as an alternative to fossil fuels and trapping 

carbon emissions produced in industrial activities. High 

eucalyptus productivity can produce significant biomass, 

reduce greenhouse gas emissions from fossil fuel 

consumption, and can also reduce the use of fossil fuels 

with more renewable biomass-based fuels (6). Eucalyptus 

plantation forest stands also contribute greatly to the 

availability of nitrogen from the leaves (7). The above 

practices are forms of inspiration from the multi-business 

forestry model that can be indented in eucalyptus 

industrial plantations in Indonesia, especially by 

producing essential oils from eucalyptus leaves. 

 The current global Covid-19 pandemic is 

happening, including in Indonesia. Therefore, natural 

resources should be maximized to comprehensively 

overcome the pandemic (8). Therefore, serious efforts are 

needed to explore the potential of eucalyptus oil 

production as one of the natural ingredients that are 

useful in overcoming the COVID-19 pandemic (9-11). 

Eucalyptus oil is important in efforts to overcome the 

COVID-19 pandemic because there are quite a lot of 

reports stating that eucalyptus oil is one of the natural 

remedies for the prevention and control of COVID-19 (9, 11

-14). 

 Eucalyptus is a unique species in terms of growth 

and wood quality properties (15, 16). It is a competitive 

species even though it suffers from the disease (17). The 

quality of charcoal from eucalyptus wood also shows 

satisfactory gravimetric results (18). However, as a tropical 

country with high humidity, Indonesia also has 

weaknesses, where relatively high humidity supports the 

emergence of diseases in eucalyptus leaves (19). The 

problem is the untapped potential of essential oil from IPF 

logged waste leaves, which is used only as wood as raw 

material for fiber, while the Indonesian government places 

great emphasis on the use of forest products in each forest 

area and requires forest management companies to 

implement a multi-business forestry model. Forest 

management companies must be able to explore various 

forms of alternative business potential from their forest 

concessions, including essential oil business potential. 

Therefore, this study was conducted to examine the 

potential of logging waste leaves, rendement, and 

essential oils that can be produced from various 

eucalyptus clones in PT Toba Pulp Lestari Tbk's industrial 

plantation forests. Research on eucalyptus is also 

necessary because it will be instrumental in planning the 

management of industrial forest plantations. The 

dominant compounds in Eucalyptus oil include 1, 8-

cineole, limonene, p-cymene, γ-terpinene, α-pinene, α-

terpineol, camphene, linalool, and ocimene which are 

already known to be antimicrobial (20).  Many previous 

studies have proven that eucalyptus essential oil has 

proven to have the potential to inhibit viral infections and 

reduce post-COVID syndrome, so it has the potential to be 

used to protect the world from the COVID-19 pandemic (12, 

15, 21, 22). The potential utilization of essential oils is the 

key to develop industrial plantations sustainable in the 

future, considering that the source of pulp raw materials is 

still very dependent on wood fibers (12). 

 

Materials and Methods 

Time and research location 

The research location is in the logging area of PT Toba 

Pulp Lestari Tbk in the Aek Nauli sector. The research map 

is illustrated in Figure 1. The Aek Nauli sector was chosen 

as the research location because the characteristics of this 

sector are the most representative of all existing 

concession areas. This research was conducted from 2020 

to 2021. Primary data collection was carried out in August - 

September 2020.  

Research data  

The primary data studied were the potential and 

rendement of oil from eucalyptus leaves in each variety 

cut in the area of PT. Toba Pulp Lestari, Tbk. The 

secondary data needed are concession maps, annual 

harvest area, number of trees felled, and Eucalyptus plant 

varieties in PT Toba Pulp Lestari, Tbk's Industrial 

Plantation Forest. 

Sampling and measurement methods 

This study used five clones according to the number of 

clones cut down in the area of PT Toba Pulp Lestari Tbk at 

the time of the study. A sample of 20 trees was taken for 

each clone, and the tree selection was conducted 

randomly. This amount is determined by considering the 

condition of the population, which tends to be 
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homogeneous. Subsequently, the following steps are 

conducted:  

Weighing of leaves on each tree in each eucalyptus variety. 

Calculate the average of 20 trees in each eucalyptus 

variety. 

Analysis of data using the formula (i-iv).  

Data analysis 

Data analysis using quantitative descriptive method. 

Quantitative analysis is performed using the following 

formulas:  

Eucalyptus leaf potency in each 

variety 

 

               v  (i) 

Where PBV = Eucalyptus leaf potency in each variety/clone 

(kg), S = Average weight of sample for each variety (kg/

ind), i = Crop intensity in each 

variety (ind/ha), and Lv = Area 

planted in one variety (ha). 

Eucalyptus leaf potential for each 

sector   (ii   

 

 

Where PBS = Eucalyptus leaf potential in sector with (kg), S 

= Average weight of sample for 

each variety (kg), and Lvi = Total annual harvested area of 

each variety in sector Ith (ha). 

Eucalyptus leaf potency,    (iii 

 

 

Where PB = Eucalyptus leaf potential in 

the entire area (kg), S = Average 

weight of sample for each variety (kg/ind), i = Crop 

intensity in each variety (ind/ha), and Lvt = Total area of 

annual harvested area of each variety (ha). 

Eucalyptus leaf oil potency    (iv 

 

 

Where PBM = Potential Eucalyptus Leaf Oil (L), M = Yield of 

essential oil distillate from Eucalyptus leaves (Ml), and PB 

= Eucalyptus leaf potential (kg). Eucalyptus oil yield is 

produced by mixing proportionally eucalyptus leaves from 

all clones, and distilling with 3 repetitions to get better 

results. The conversion of the production potential of 

eucalyptus oil from units of volume to units of weight is 

used for the measurement of the specific gravity of 

eucalyptus oil (23, 24).  

 

Results  

Eucalyptus clone  

There were 6 eucalyptus clones with 16 hybrids and 40 

clones from crosses in the PT Toba Pulp Lestari area. In 

Fig 1.  Map of Research Location 
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this study, 5 clones were selected because the five clones 

were clones that at the time of the research were being 

widely developed and there were logging activities. 

Eucalyptus Sample Clone and Eucalyptus clones are 

presented in Table 1 and Table 2. 

 hybrid technique is the result of crossing two or 

more clones that produce plant varieties with different 

genetic compositions (13). For example, in the PT Toba 

Pulp Lestari area, clones EG1, EG2, and EG3 were the 

parent plant of Eucalyptus grandis, and clone ES was the 

parent Eucalyptus saligna, clone EP was the parent 

Eucalyptus pellita, and clone EU was the parent Eucalyptus 

urophylla. The clones GP1, GP2, and GP3 were the parent 

plants of a cross between E. grandis and E. pellita. 

Furthermore, the clones GU1, GU2, GU3, GU4, and GU5 

resulted from a cross-breed of E. grandis and E. urophylla 

(Table 3). 

 The space used at PT Toba Pulp Lestari was 2 x 3 

m2, and no thinning was conducted from planting to 

harvesting. Until harvest, the cutting distance remained 2 

x 3 m2. This was used as a basis for determining the 

amount and potential of essential oil production from 

eucalyptus leaves under-researched. 

 Logging was carried out on 5 types of clones. 

Harvesting/logging of IND 33 eucalyptus clones was found 

in the Aek Nauli, Habinsaran, and Tele sectors. The IND 46 

clone was logged in the Aek Nauli and Outrageous sectors. 

IND 38 eucalyptus clones were only carried out in the Aek 

Nauli sector. IND 47 and 65 were the most collected of the 

five clones in eucalyptus clones felling occurred. This was 

because these clones produced good fiber quality 

according to the needs of pulp raw materials. This is also 

consistent with other similar experiments (25) that E. 

grandis, E pelita,and E. urophylla are superior species that 

have been developed in Industrial Plantation Forests (HTI). 

E. urophylla has several advantages: fast growth, high 

regeneration power, relatively fire resistance, and can 

grow in various soil conditions, ranging from fertile to low 

fertility. Eucalyptus has high productivity; hence it can 

provide substantial biomass yields, reduce greenhouse 

gas emissions from fossil fuel consumption, and reduce 

the use of fossil fuels (6). 

 Eucalyptus has a relatively high overall stand 

volume productivity, reaching 15 m³/ha (26). It also has 

excellent adaptability, although based on the results of 

Nu Clone Seed ID 

1 IND 33 E. grandis dan E. pellita (GP2) 

2 IND 38 E. grandis dan E. urophylla (GU3) 

3 IND 46 E. grandis dan E. pellita (GP1) 

4 IND 47 E. grandis dan E. urophylla (GU1) 

5 IND 65 E. grandis dan E. urophylla (GU2) 

Table 1. Eucalyptus Sample Clone 

Nu Group Clone ID/ Seed ID 

1. EG1 E. grandis Seedling 

2. EG2 IND35, IND 53 

3. EG3 IND 37, IND 57 

4. ES IND 50 

5. EP E. pelita Seedling 

6. EU1 405/15 

7. EU2 IND 51 

8. EU3 IND 06, IND 49 

9. GP1 IND 45, IND 46 

10. GP2 IND 48, IND 33, TPL 10, TPL 20 

11. GP3 IND 34, TPL 14, TPL 12 

12. GU1 IND 47 

13. GU2 IND 32. IND 60, IND 61, IND 63, IND 64, IND 65 

14. GU3 IND 01, IND 31, IND 38, IND 40, IND 41, IND 42, 
IND 52, IND 54, IND 59, IND 62 

15. GU4 IND 03, IND 05 

16. GU5 MIX 

Table 2. Eucalyptus Clones used in the study. 

Tree IND 33 (kg) IND 38 (kg) IND 46 (kg) IND 47 (kg) IND 65 (kg) 

1. 11.43 4.31 17.52 11.50 5.90 
2. 7.46 8.66 6.50 10.32 3.20 
3. 4.91 5.17 6.44 5.95 2.18 
4. 5.17 5.32 9.43 4.21 6.74 
5. 8.49 5.42 8.22 5.86 8.40 
6. 5.62 8.36 7.53 2.79 3.83 
7. 3.11 3.67 10.20 5.27 11.85 
8. 5.68 6.70 11.46 6.43 14.58 
9. 4.44 5.95 12.11 9.32 8.25 

10. 6.02 6.03 8.65 7.15 9.17 
11. 5.72 3.87 8.01 7.04 5.45 
12. 8.21 4.21 9.24 8.09 6.13 
13. 3.31 6.32 7.15 5.06 11.21 
14. 7.21 5.12 11.56 4.12 7.14 
15. 7.01 7.21 8.77 6.02 8.15 
16. 4.56 4.13 9.50 7.23 7.16 
17. 8.21 7.48 8.32 5.11 6.11 
18. 8.54 5.06 14.11 6.23 5.23 
19. 5.62 8.15 9.40 8.03 5.75 
20. 8.97 7.89 9.10 5.42 5.27 

Average 6.48 5.95 9.66 6.56 7.08 

Table 3. Leaf Weight Measurement Data for Each Clone 
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research, the response to environmental factors varies 

between clones, especially for aspects of altitude, rainfall, 

boron, and zinc content (27). 

Leaf weight measurement results 

The results of leaf weight measurements for each clone 
are presented in Table 3 below: 

From the data in Table 3, the highest ND and lowest 

average leaf weight were found in the IND 46 and 38 

clones, which were 9.66 kg/clone and 5.95 kg/clone. This 

difference was caused by each eucalyptus clone's crown 

density and branch-free stem height. A higher header 

density indicates that the intensity of branches, twigs, and 

leaves in the clone is higher, resulting in heavier overall 

leaves. Clones with higher branch-free stems have fewer 

twigs and leaves, and vice versa. Based on field 

observations, eucalyptus clones of IND 46 appeared to be 

the most dominant among others. These clones have a 

high crown density and a lower branch-free stem. 

Leaf weight on the five eucalyptus varieties 

The potential average leaf weight produced for the entire 

area of PT Toba Pulp Lestari was obtained from the 

average production of each clone, weighted by the 

number of plants in each clone in the entire planting area. 

The average weight of eucalyptus logging waste leaf for 

the entire area was obtained by dividing the total weight 

of potential leaves by the number of individual trees in PT 

Toba Pulp Lestari (Table 4). In Table 4, the average weight 

of the total logging waste leaf is 6.85 kg/tree.  

 The potential leaf weights produced from 5 

varieties of eucalyptus are shown in Tables 4, 5, and 6. In 

Table 4, the heaviest eucalyptus leaves were found in the 

IND 46 clone, which weighed 9.66 kg. The clone with the 

lowest weight was IND 38, which was 5.95 kg. The total 

potential of eucalyptus leaves from IND 38 clones is the 

least, which is 278.21 tons in the entire area. IND 38 is the 

least-produced clone and is only found in the Aek Nauli 

Sector. The highest potential of eucalyptus leaves was 

found in the IND 47 clone, which was 22,343.94 tons. 

Furthermore, the IND 47 clone is the most widely planted 

eucalyptus clone and is spread throughout the PT Toba 

Pulp Lestari area. 

 Based on the data in Table 5, the total potential of 

eucalyptus leaves produced by PT Toba Pulp Lestari Tbk 

amounted to 125,515.8 tons per year. This total comes 

from the harvested area of 10,994 ha multiplied by the 

average weight of logging waste leaf from each tree. 

The potential of eucalyptus oil from logging waste 

In general, the potential of eucalyptus oil from the PT TPL 

area in North Sumatra Province, Indonesia, is more 

significant compared to other regions in Indonesia. This is 

because North Sumatra has an almost wet climate 

throughout the year. This explanation refers to various 

papers stating that water availability and the rainy season 

significantly affect eucalyptus production (28-30). The 

rainy season dramatically affects the annual yield 

compared to the dry months (31). 

 The potential essential oil produced from 
eucalyptus leaf waste in the logged area is calculated by 

multiplying the yield produced from the refining process 

by the total potential of the raw material (eucalyptus 

leaves). The result is changed according to the specific 

gravity in liters. From the distillation conducted on various 

eucalyptus clones, an average yield of 0.16 percent was 

obtained with an oil density per liter of 0.915 kilograms. 

Obtained almost similar results at the exact location, 

namely 0.161% for E. grandis, 0.142% for E. urophylla, and 

0.045% for E. pelita. This is slightly higher, which produces 

0.15% E. urophylla oil (32). 

 The potential of eucalyptus oil produced is 

obtained by multiplying the yield (0.16%) by the total 

potential of logging waste leaf, which is 125,515.8 tons per 

year. Thus, the total potential of eucalyptus oil that can be 

produced by PT Toba Pulp Lestari is 196,242.9 kg/year. By 

using the specific gravity measurement figure (0.915 kg/l), 

the potential volume of eucalyptus oil is 214,473.11 l/ year. 

This potential eucalyptus oil production can play a 

Nu Klon Total Area (Ha) Average Leaf/Tree Weight 
(Kg) 

Total of Trees (trees/
Ha) Ʃ Leaf Weight (Tons) 

1 IND 33 500.22 6.48 833,700.00 5,469.07 

2 IND 38 17.28 5.95 28,800.00 278.21 

3 IND 46 152.86 9.66 254,766.66 1,650.89 

4 IND 47 2,253.17 6.56 3,755,283.33 22,343.94 

5 IND 65 1,776.70 7.08 2,961,166.66 20,965.06 

Total 4,700.23 - 7,833,716.66 50,707.16 

Weighted Average 6.85 - - 

Table 4. The Potency of Eucalyptus Leaves from five Harvested Varieties  

Nu Sector 
Production 

Area (Ha/
Year) 

Leaf Weight 
(Kg/Tree) 

Total of Trees 
(Tree/Ha) 

Ʃ Leaf Weight 
(Tons/Year) 

Oil Production
(Kg/Year) 

Production (L/
Year) 

1 Aek Nauli 1,177 6.85 1,961,667 13,437.40 21,499.84 23,497.09 

2 Aek Raja 543 6.85 905,000 6,199.30 9,918.88 10,840.31 

3 Habinsaran 1,294 6.85 2,156,667 14,773.30 23,637.28 25,833.09 

4 Tele 7,162 6.85 11,936,667 81,766.20 130,825.92 142,979.15 

5 Padang 
Sidempuan 

818 6.85 1,363,333 9,339.80 14,943.68 16,331.89 

Total 10,994     125,516.00 200,825.60 219,481.53 

Table 5. The Potential of Eucalyptus Leaves in Each Sector of Forest Plantation  
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significant role in increasing economic benefits through 

the use of non-timber forest products (32). In addition, the 

multi-product concept in forest management is becoming 

increasingly popular as it is possible to obtain different 

product combinations from agricultural and forestry 

products (18). 

 Various studies have proven eucalyptus oil to be an 
alternative material for natural treatment in preventing 
and controlling the Covid-19 virus outbreak, which is 
currently a strategic problem for the Indonesian people 
(33). The efforts above are significant because, the impact 
of the pandemic has dramatically affected the economy in 
Indonesia, especially the household sector (6). Therefore, 
the addition of eucalyptus oil supply is expected to 
contribute to efforts to overcome the Covid-19 situation 
significantly (9-13). 

 Eucalyptus essential oil has a broad spectrum of 
biological activity against fungi, bacteria, insects, mites, 
and weeds and provides a simple solution (34, 35). These 
essential oils are cheaper and environmentally friendly. 
Moreover, they are non-polluting and have little or no 
toxicological problems. According to literature (5), 
eucalyptus oil has substantial toxicity in vapor form 
against various microbes and insects; therefore, it can be 
used commercially as a fumigant for applied and 
impregnated products to prevent infestation. Eucalyptus 
leaves play a role in inhibiting candidiasis. This validates 
the traditional use of this plant to control fungal infections 
in diabetic patients. 

 The potential production of eucalyptus oil of 
214,473.11 l/year is equivalent to a value of 200 – 300 
billion rupiah when referring to the current selling price of 
around IDR 100,000 to 150,000 / 100 ml in the local market. 
The potential economic value is very likely to become one 
of the alternatives to the development of a multi-business 
forestry model in the concession area of PT, TPL. The 
company should develop an alternative business model 
through the use of eucalyptus oil in the industrial 
plantation forest concession area. Alternative business 
models that can be further studied for development 
include a form of business diversification, partnership 
efforts with business partners, and an effort to partner 
with community groups around the work area as a form of 
CSR. Further research is needed to calculate the level of 
business feasibility and models of the most efficient 
utilization business approach. 

 

Conclusion   

The total potential of eucalyptus leaf waste generated 
from logging firewood of PT Toba Pulp Lestari, Tbk. is 
125,516.0 tons/year. The potential is obtained from a 
harvest area of 10,994 ha, with details of cloning IND 33 of 
5,469.07 tons, IND 38 of 278.21 tons, IND 46 of 1,650.89 
tons, IND 47 of 22,343.94 tons, and IND 65 of 20,965.06 
tons. Furthermore, from distillation tests carried out on 
various eucalyptus clones, an average yield of eucalyptus 
oil yield was obtained by 0.16 % with an oil density per 
litre of 0.915 kilograms. The total potential of eucalyptus 
oil that can be produced from all clones in the logging area 
is 219,481.53 l/year. Given the importance of eucalyptus oil 

as a biomedical source, this potential production data is 
invaluable.  Therefore, it is advisable to further examine 
the feasibility and production model economically so that 
eucalyptus oil can be produced on an economic scale and 
can be an alternative business model for forest 
management companies. 
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