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ABSTRACT

Introduction: The agarwood tree, also known as the incense tree (Aquilaria crassna Pierre ex Lecomte), is a valuable specialty tree that grows naturally in Vietnamese forests. It is classified as a rare and precious timber tree (Group 1A) requiring conservation and prohibited from exploitation.
Aim: Traditionally, people cultivate agarwood trees from seeds; however, not all trees grown from seeds produce agarwood. Discovering, researching, and developing agarwood-producing agarwood varieties, combined with agarwood-inducing treatments, is a method to improve the effectiveness of agarwood cultivation.
Results: Sensory analysis showed that treatment with chlorine yielded high results in two out of three locations. Treatments with fungi and chemicals showed typical changes in the wood around the wound, especially chloride. The list of isolated fungi contained many imperfect and exogenous species. Analysis of agarwood essential oil revealed diverse compounds with ketone, alcohol, and aldehyde bases.
Conclusion: Fungal and chemical treatment preparations stimulate the agarwood formation process.
Keywords: Aquilaria crassna Pierre ex. Lecomte, agarwood oil, fungal and chemical  treament, species

1. INTRODUCTION

     	Aquilaria crassna Pierre ex Lecomte, also known as agarwood, is a valuable specialty tree that grows naturally in Vietnamese forests. It is classified as a rare and precious timber tree (Group 1A) requiring conservation and its exploitation is prohibited (IUCN, 2013). Many Aquilaria trees contain accumulated resins called agarwood or ky nam, which have high medicinal and export value (Arlene Lopez-Sampson and Tony Pag, 2018). However, understanding of the characteristics of this species remains limited. Despite its wide distribution in Vietnam, from Quang Binh to Thuan Hai and Phu Quoc island, the indiscriminate exploitation of agarwood over the years has threatened its extinction, and it has been listed as an endangered species (EN category) (CITES, 2014, 2015). People have cut down even young trees or those capable of propagation without effective measures to protect, maintain, and propagate them. In recent years, the cultivation of Aquilaria trees has been carried out in some localities. People traditionally plant Aquilaria trees from seeds; however, not all trees from seeds produce agarwood. Discovering, researching, and developing Aquilaria lines that are producing agarwood, combined with agarwood induction treatments, is a method to improve the efficiency of Aquilaria trees (Putra Desa Azren et al., 2019).
     	
According to Vu Van Can and Vu Van Dung (1987), two types of agarwood can be distinguished by their origin: living agarwood (taken from living trees) and decayed agarwood (taken from trees that have been felled or cut down for a long time). According to Phillips (1997), the forms of agarwood and agarwood products recorded on the market are: agarwood chips and segments, polished agarwood, agarwood powder and small chips, agarwood cakes (Marmool), and agarwood essential oil (used as a flavoring and medicinal ingredient).
     	
Analysis of agarwood and agarwood essential oil was performed by Erhartdt, Le Cong Thuan, and Hopwood (1997) using gas chromatography (GC) and gas chromatography/mass spectrometry (GC-MS), noting the presence of two sesquiterpenes commonly found in the wood as well as in the essential oil, namely (+)-aromadendrene and (+)-selinene (Vietnam Agarwood-Tra Tue, 2019)
 
There are several studies on agarwood formation; however, applying a solid understanding of the agarwood formation mechanism to sustainably produce agarwood remains a challenge for scientists (Yumi Zuhanis Has-Yun Hashim, 2016). The reason is that, to date, no complete experiments have been conducted, although scattered studies have been carried out on young Aquilaria trees grown in a controlled environment (Sulaiman Ngadiran, 2023). According to Pham Hoang Ho (1985), agarwood-producing Aquilaria trees are diseased trees, the origin of which has only recently been discovered. Julaluddin (1977) survey showed that the hairy area contains a fungus identified as Cryptosphaeria mangifera. He confirmed this by infecting healthy Aquilaria trees with the fungus (Vietnam Agarwood-Tra Tue, 2019). After some time, the affected area darkens and becomes distinctly hair-like, as it also emits an agarwood scent when burned (Turjaman et al., 2016). However, despite some initial signs, this research is too short to reach the stage of agarwood (Kynam). It will take another 10-20 years to obtain definitive results.

2. MATERIALS AND METHODS

This study aims to contribute to elucidating the mechanisms and exploring some methods for stimulating agarwood formation. Following extensive investigations into agarwood formation and the microbial communities present in agarwood-forming wood, an experiment was conducted by creating an artificial wound in the xylem (Pang et al., 2025) of Aquilaria crassna Pierre ex Lecomte trees using a Pressler drill and introducing several microbial or chemical stimulating agents into the wound (Indrani Gogoi et al., 2022). Changes in the wood tissue within the treated area were observed; agarwood formation was determined by comparing the results of high-performance liquid chromatography on extracts of wood tissue showing characteristic changes.

2.1 Investigating and collecting samples of Aquilaria trees showing signs of agarwood formation in Kien Giang, Quang Nam, and Khanh Hoa provinces: 
Based on information from local authorities, samples were collected at the locations.

Table 1. Survey and sample collection locations
	[bookmark: OLE_LINK2]Location
	Nature

	Tien Phuoc (Quảng Nam)
	Agarwood trees from 8-10 year old plantations, with a diameter of 18-25 cm, are being harvested while still fresh.

	Dai Lanh (Khánh Hòa)
	Agarwood comes from cultivated forests, a small number from the wild, and trees with ant eyes (in the hairy stage).

	Phu Quoc Island (Kien Giang)
	Planted forests in Phu Quoc National Park (northern part of the island) and natural forests in the southern part of the island.



2.2 Isolation of Microbial Species 
Using a conventional method, with cornstarch medium to culture and isolate microorganisms present in wood tissues exhibiting agarwood formation: Materials: Cornstarch: 50g Agar: 20g Distilled water: 1 liter Add cornstarch to distilled water, cook until evenly expanded, then add the expanded agar in water and boil again. The medium is placed in petri dishes or test tubes and sterilized. The specimens are divided into two types, (a) left intact and (b) surface sterilized with 70% alcohol, using a sterilized knife to separate the intermediate wood between the living and denatured parts for inoculation into the culture medium. Isolation is performed by subculturing and fungal identification is based on morphological characteristics under a microscope and colonies in the culture medium (Subasinghe et al., 2019).

2.3 Chemical Analysis
High-pressure gas chromatography (GC) was applied to the extract of a wood sample showing agarwood formation (Espinoza et al., 2014; Flyn Daryl Falcon et al., 2025):

2.3.1 Extraction with Acetone
The finely ground sample was placed in a 25 ml stoppered tube. Acetone was added until the sample was completely submerged. The tube was sealed and sonicated for 90 minutes. The solvent was filtered and transferred to a vial. 2 µl was injected into the MD 800 GC/MS gas chromatograph (Perken Elmer). The thermal program was as follows:
             	  8°C/1’ 
40°C (hold 2’) -------------------- 270°C (10’)
Tinf = 280°C, Nozzle temperature 200°C, Split P=14 psi
Column DB 5 MS – 30 m x 0.25 mm x 0.25 µm

2.3.2 Extraction with CH2Cl2
The sample containing finely ground agarwood is placed in an Erlenmeyer flask, 50 ml of CH2Cl2 is added, and the mixture is soaked overnight. The solvent extract is filtered, evaporated to approximately 1 ml, and 1 µl is injected into a GC/MS MD 800 gas chromatograph with the following temperature program:
                10°C/1’                               5°C/1’
90°C ------------------- 196°C (7’) --------------- 280°C (5’)
Tinf = 250°C, DEC = 350°C, Split P=20 psi
Column DB 5 MS – 30 m x 0.25 mm x 0.25 µm

2.3.3 Ethanol Extraction in Alkaline Environment
The sample containing finely ground agarwood is placed in an Erlenmeyer flask, 50 ml of ethanol is added, and it is soaked overnight. It is then sonicated for 60 minutes. 20 ml of NaOH (10 M) is added, and the mixture is stirred for another 60 minutes. The sample is then distilled by steam distillation, reduced to approximately 1 ml, and 1 µl is injected into a GC/MS MD 800 gas chromatograph using the following temperature program:
               10°C/1’                                5°C/1’
60°C ------------------ 196°C (7’) ----------------- 280°C (5’)
Tinf = 250°C, DEC = 350°C, Split P=20 psi
Column DB 5 MS – 30 m x 0.25 mm x 0.25 µm

2.4 Infection and Stimulation Methods:
The experiment was conducted at three locations:

Table 2. Experimental sites for infection and stimulation of agarwood formation.
	Location
	Position
	Time of Infection
	Source of Agarwood Tree

	(1) Dai Lanh 
(Khanh Hoa)

	N 12049’40’’
E 109020’20’’
490 m.asl
	Infection:: 24/04/2003
Data colection: 17/8/2004
Time duration: 16 months
	Domestic clones

	(2) Zoo Garden
(Ho Chi Minh City)
	Hồ Chí Minh
City
5-10 m.asl
	Infection:15/02/2003
Data colection: 13/04/2005
Time duration: 4 months
	Clones sourced from An Giang province growing from 1994 (10 years)

	(3) Botanical Garden 
(Vinh Long)

	N 10016’15’’ 
E 106001’05’’
1-2 m.asl
	Infection: 02/05/2003
Infection: 01/08/2005
Time duration: 15 months
	Clones sourced from Phu Quoc Island (8 years)



Select 3-4 trees at each location. Use a 10-12 mm diameter Pressler growth drill to drill into the trunk or branches to a depth of 5-8 cm, with the holes spaced 20 cm apart and not lying on the same straight line along the wood grain. After drilling holes, the trees were treated with 7 treatments including:
- Control: (1) Control (Drilling holes) (but no treatment with microbial or chemical agents)
- Microbiology: Two treatments, which are two isolated microbial agents: (2) white fungus (Diplodia sp.) (El Enshasy et al., 2019) and (3) black fungus (Botryodiplodia sp.) (Subasinghe et al., 2019; Clara Zaremski et al., 2020;)
- Chemical: Four chemical preparations with the main components being (4) Cl, (5) Oil, (6) SO4, (7) NO3 (Baldovini, 2022; Wenli Wu et al., 2024; Flyn Daryl Falcon et al., 2025)
The treatments were arranged randomly. Due to the actual conditions at the study sites, there were some minor variations in the experimental design; however, a general scheme of a completely randomized experimental design was applied as shown in Table 3. Details of tree diameter, height, and age were recorded before the experiment.




Table 3. Typical experimental setup diagram
	Position on the stem of drilling holes (from the base to the top)
	Trees in experiment

	
	A
	B
	C

	I
	7
	6
	7

	II
	6
	1
	1

	III
	1
	4
	2

	IV
	3
	3
	6

	V
	2
	7
	3

	VI
	4
	5
	4

	VII
	5
	2
	5


Note: The numbers in the table correspond to the treatments.

3. RESULTS AND DISCUSSION

3.1 Presence of Fungi in Modified Wood Tissues

The results of isolating and identifying fungi from specimens taken from Quang Nam province, Khanh Hoa province and Ho Chi Minh City Zoo are presented in (Table 4).

As presented in Table 4, this study allowed the identification of a colony of 10 different fungal species present in the surveyed wood tissues. We also present in the last column of this table a comparison with the results of several recent works on fungal colonies on similar modified tissues by the authors: Siripatanadilok (1991), Blanchette et al., (2002), and Parman and Tri Mulyaningsih (2002).
- From these results, it can be concluded that the highest number of fungal species were found in specimens originating from Khanh Hoa (10 species), followed by Quang Nam (4 species) and the Botanical Garden (2 species). Species found in Quang Nam and the Botanical Garden are also found in Khanh Hoa.
- Some isolated fungal species coincide with agents that can cause agarwood formation, as previously recorded by other authors, namely Fusarium sp. (species not identified, but Parman and Tri Mulyaningsih (2002) recorded Fusarium lateritium present in agarwood-transformed wood tissues), Botryodiplodia sp. (species not identified, but Blanchette et al., (2002) recorded Botryodiplodia theobromae present in agarwood-transformed wood tissues) and Pythium sp. (Blanchette et al., (2002) recorded its presence in agarwood-transformed wood tissues).

Table 4. Isolated and identified fungi compared with those of other authors.
	Fungi species
	Quang Nam
	Khanh Hoa
	Zoo Garden 
	Fungi infection 

	Diplodia sp.
Fusarium sp.
Fusarium lateritium
Erysiphe cichoracearum
Botryodiplodia sp.
Botryodiplodia theobromae
Pennicillium sp.
Aspergillus phoenicis
Fusarium sp.
Pythium sp.
Rhizoctonia sp.
Scytalium lignicola
Phialophora parasitica
Torula sp.
Cladosporium sp.
Epicoecum granulatum
Cylindrocladium sp.
Sphaeropsis sp.
Trichoderma sp.
Phomopsis sp.
Cunninghamella echinulata
Phellinus rimosus
Phellinus ferreus
Lentinus edides
	1
1

1
1
	1
1

1
2

2
2
2
2
2
2
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Notes: (1) Tien Phuoc; (2) Dai Lanh; (3) Zoological garden; (x). According to Blanchette et al., (2002). (T) According to Siripatanadilok (1991). (I) According to Parman and Tri Mulyaningsih, (2002).

3.2 Results of Infection and Stimulation Experiments:

3.2.1 Microbial Composition:
The results of microbial analysis on experimental trees at Dai Lanh (Khanh Hoa province), Zoo Garden (Ho Chi Minh City) and Botanical Garden (Vinh Long province) are presented in Table 5, and their frequencies are summarized in Table 5.
- The fungal composition at each location appears similar. Rhizoctonia sp. predominates at all three locations, along with other imperfect fungi such as and, notably, the presence of nematodes. As will be analyzed later, imperfect fungi such as Pennicellium sp. cause characteristic wood discoloration, affecting the observation of agarwood formation signs on the treated wood.
- There is also a difference in fungal composition between the treatments.

Table 5. Fungal and nematode species present in treatments at the site.
	Treat-
ments
	1
	2
	3
	4
	5
	6
	7

	
	Control (Drilling holes) 
	White 
fungus
	Black 
fungus 
	Cl
	Oil 
	SO4
	NO3

	Đai Lanh (Khanh Hoa)

	Tree A
	Penicillium sp.
	
	
	
	Nematodes 
	Fusarium sp.
	

	Tree B
	Rhizoctonia sp.
	Botryo-diolodia
Rhizoctonia sp
	Scytalium lignicola
	Rhizoctonia sp.
	Rhizoctonia sp.
	Pythium sp.
	Rhizoctonia
Botryo-diplodia

	Tree C
	
	
	Diplodia sp.
	Rhizoctonia sp.
	
	Botryo-diplodia
	

	Zoo Garden (Ho Chi Minh City)

	Tree A
	Rhizoctonia sp.
	Rhizoctonia sp.
Nematodes
	Rhizoctonia sp.
Nematodes
	
	Diplodia sp.
Nematodes
	Diplodia sp.

	Rhizoctonia sp.

	Tree B
	Rhizoctonia sp.
	Botryo-diplodia sp.
	Rhizoctonia sp.
	Rhizoctonia sp.
	Diplodia sp.
	Thermomyces
Nematodes
	Botryo-diplodia
Nematodes

	Tree C
	Pythium sp.
	Rhizoctonia sp.
	Pythium sp.
	Rhizoctonia sp.
Nematodes
	Diplodiasp.
Nematodes
	Rhizoctonia sp.
Diplodia
	Pythium

	Botanical Garden (Vinh Long)

	Tree A
	Hole closed
	Rhizoctonia sp.
	Macrophoma sp.
	Botryo-diplodia sp.
Trichoderma sp.
	Botryo-diplodia sp.
	Diplodia sp.
	Diplodia sp.

	Tree B
	Rhizoctonia sp.
	
	
	Botryo-diplodia sp.
	
	Rhizoctonia sp.
	

	Tree C
	Hole closed
	
	
	Rhizoctonia sp.
	
	Diplodia sp.
	

	Tree D
	Rhizoctonia sp.
	
	
	Rhizoctonia sp.
	
	Rhizoctonia sp.
	



To analyze the differences in fungal and nematode composition among the treatments, we compiled the frequency of occurrence of species in the treatments without analyzing the variation between different sites and individuals. The results are presented in Table 6.

In the control treatment (drilling into untreated wood), the most frequently occurring fungi were Penicillium sp., Rhizoctonia sp., and Pythium sp., with Rhizoctonia sp. appearing more frequently. Penicillium sp. was only present in the control treatment and not in the other treatments. Note that Penicillium sp. is a common mold whose presence may have an antibiotic effect on other fungi. Notably, in some cases in this treatment, if the wound is not infected, it will be sealed by scar tissue, as in the case of the Vinh Long site. This sealing will certainly hinder the ability to form agarwood.

Table 6. Frequency of occurrence of fungal and nematode species in the treatments.
	[bookmark: OLE_LINK1]Treatments
	1
	2
	3
	4
	5
	6
	7
	Total fungi

	
	Control (Drilling holes)
	White fungus	
	Black fungus
	Cl
	Oil
	SO4
	NO3
	

	Penicillium sp.
	1
	
	
	
	
	
	
	1

	Fusarium sp.
	
	
	
	
	
	1
	
	1

	Rhizoctonia sp.
	5
	4
	2
	6
	1
	3
	2
	23

	Botryodiolodia
	
	2
	
	2
	1
	1
	2
	8

	Scytalium lignicola
	
	
	1
	
	
	
	
	1

	Diplodia sp.
	
	
	1
	
	3
	4
	1
	9

	Pythium sp.
	1
	
	1
	
	
	1
	1
	4

	Thermomyces
	
	
	
	
	
	1
	
	1

	Macrophoma sp.
	
	
	1
	
	
	
	
	1

	Trichoderma sp.
	
	
	
	1
	
	
	
	1

	Nematodes
	
	1
	1
	1
	3
	1
	1
	6

	Hole closed
	2
	
	
	
	
	
	
	2



Rhizoctonia sp. was the most frequent, accounting for 23 out of 60 cases, or 38.3%. This fungus was present in all treatments, but was most prevalent in the Cl-treated and control treatments, and least prevalent in the oil-treated treatment. The next most frequent fungi were Botryodiolodia sp. (13%), Pythium sp. (6.7%), and the remaining fungi at 1.7%. Botryodiolodia sp. was also present in most treatments. Of course, nematodes are not fungi, but their presence in all treatments except the control, with a relatively high overall frequency, is noteworthy.

When infected with white fungus, the treated wood samples only showed fungi such as Rhizoctonia sp., Botryodiolodia sp., and nematodes. However, when infected with black fungus, the wood samples were infected with a variety of different fungi such as Rhizoctonia sp., Scytalium lignicola, Diplodia sp., Pythium sp., Macrophoma sp., and nematodes. 

Primer 5 software was used to statistically analyze the similarity of the treatments.
[image: sodo nm]
			Fig 1-Diagram of similarities between fungal treatments
From the diagram above, we can see:
- For the White Fungus and Cl treatments, the number of fungi appearing was similar at 85.9%. Next, the SO4 and NO3 treatments had a similar number of fungi appearing at 74.37%. This group was 68.75% compared to the Oil treatment. The Black Fungus group was 52.97% compared to the other treatments (Cl, NO3, SO4, Oil, White Fungus).
- The lowest was the Control group with only 41.1% compared to the other treatments.

3.2.2 Changes in Wood Tissue:
Initial signs of agarwood formation appear a short time (1 week) after wound treatment in the wood area, characterized by a discoloration from grayish white to light brown; however, resin accumulation requires a longer time. Resin accumulation can be observed in the vascular tubes, corresponding to the hair-like formation stage of agarwood according to folk experience. Wood samples with agarwood resin accumulation can be detected by the characteristic aroma when burned and assessed by sensory evaluation as early as one month after treatment with the presence of hair. Initial observations suggest that this black wood vessel may contain storage cells, meaning parenchyma cells containing oil entering the wood vessels, but this phenomenon needs further in-depth study from a cellular perspective.

Aquilaria wood has a distinctive structure characterized by the presence of intercellular phloem. When the tree is damaged, it responds by generating new wood cells from the cambium and from the intercellular phloem structures. We observed two cases of wound sealing in the control groups. These cells specialized and sealed the wound (Blanchette, 1992). This is a response to wood structure and fungal infection. Once the wound is sealed, the processes requiring air also stop. Most trees heal wounds by generating new cells from the edge of the damaged part of the cambium. In Aquilaria trees with wound healing, wound sealing occurs in both the inner and outer xylem.

Trees with bark damage show no signs of agarwood formation; the scar tissue surrounding the bark wound quickly heals. This means that to create agarwood, it is necessary to inflict wounds deep into the wood, and furthermore, to use certain methods to stimulate secondary transformation activities of living cells near the wound. Except for the wood near the cambium, the vascular and fiber cells in the deep wood are dead cells, but many parenchyma and phloem cells interspersed with wood are living cells. The results of color and odor changes upon burning are recorded in Table 7.

Table 7. Discoloration of wood and appearance of characteristic odor when burned.
	Treatments
	1
	2
	3
	4
	5
	6
	7

	
	Control
	White fungus
	Black 
fungus
	Cl
	Dầu 
	SO4
	NO3

	Đai Lanh (Khanh Hoa)

	TreeA
	Color
	Yellow
	very light brown
	very light brown
	Dark brown
	Light brown
	Brown
	Light brown

	
	Incense scent
	+
	+
	+
	+++
	0
	+
	+

	TreeB
	Color
	very light brown
	Dark brown  
	Light brown
	Brown
	Light brown
	Brown
	Brown

	
	Incense scent
	+
	+
	+
	+++
	0
	+
	+

	TreeC
	Color
	White
	Light brown
	Light brown
	Brown
	Light brown
	Brown
	Brown

	
	Incense scent
	0
	+
	++
	+
	++
	++
	++

	Zoo Garden (Ho Chi Minh City)

	TreeA
	Color
	Light black
	Very light brown
	very light brown
	Dark brown
	Light brown
	Brown
	Light brown

	
	Incense scent
	++
	+
	+
	+++
	0
	+
	+

	TreeB
	Color
	Dark brown
	Light brown
	Dark brown
	Dark brown
	Light brown
	Light brown
	Light brown

	
	Incense scent
	++
	+
	++
	+++
	+
	+
	+

	TreeC
	Color
	Light yellw
	Light brown
	Dark Brown
	Light brown
	Light brown
	Light brown
	Light brown

	
	Incense scent
	0
	+
	++
	+
	+
	+
	+++

	Botanical Garden (Vinh Long)

	Tree A
	Color
	White
	Light brown
	Ligh dark brown
	Nâu hơi đậm
	Light brown
	Light brown
	Light brown

	
	Incense scent
	0
	+
	++
	+
	++
	++
	++

	TreeB
	Color
	Light brown
	Light brown
	Light brown
	Black
	Black brown
	Light brown
	Dark black brown

	
	Incense scent
	0
	+
	++
	+++
	++
	+
	+++

	TreeC
	Color
	Non-color
	Light brown
	Dark Brown
	Light brown
	Black brown
	Light brown
	Light brown

	
	Incense scent
	0
	+
	+
	+
	++
	+
	+++

	Tree D
	Color
	Light brown
	Black brown
	Dark Brown
	Light brown
	Black brown
	Very Dark Brown
	Light brown

	
	Incense scent
	+
	+++
	++
	+
	++
	+++
	+++


Ghi chú: Mùi trầm được đáng giá bằng cách đốt mẫu gỗ biến màu với đèn cồn và kết quả qua 3 người đánh giá theo thang điểm:  0 : Không rõ;  +: Thoảng nhẹ; ++: Trung bình,  +++: Đậm mùi

Table 8. Sensory analysis results regarding the appearance of characteristic odors when burned with an alcohol lamp, average of three evaluators.
	Treatments

	1
	2
	3
	4
	5
	6
	7

	
	Control
	White 
fungus
	Black fungus
	Cl
	Dầu 
	SO4
	NO3

	Đai Lanh (Khanh Hoa)

	Tree A
	1
	1
	1
	3
	0
	1
	1

	Tree B
	1
	1
	1
	3
	0
	1
	1

	Tree C
	0
	1
	2
	1
	2
	2
	2

	Mean
	0,67
	1
	1,33
	2,33
	0,67
	1,33
	1,33

	Classify
	6
	5
	2
	1
	6
	2
	2

	Zoo Garden (Ho Chi Minh City)

	Tree A
	2
	1
	1
	3
	0
	1
	1

	Tree B
	2
	1
	2
	3
	1
	1
	1

	Tree C
	0
	1
	2
	1
	1
	1
	3

	Mean
	1,33
	1
	1,67
	2,33
	0,67
	1
	1,67

	Classify
	4
	5
	2
	1
	7
	5
	2

	Botanical Garden (Vĩnh Long)

	Tree A
	0
	1
	2
	1
	2
	2
	2

	Tree B
	0
	1
	2
	3
	2
	1
	3

	Tree C
	0
	1
	1
	1
	2
	1
	3

	Tree D
	1
	3
	2
	1
	2
	3
	3

	Mean
	0,25
	1,5
	1,75
	1,5
	2
	1,75
	2,75

	Classify
	7
	5
	3
	5
	2
	3
	1

	Mean (block)
	0.75
	1,17
	1,58
	2,06
	1,11
	1,36
	1,92

	Classify (block)  
	7
	5
	3
	1
	6
	4
	2



The results showed that treatment with chlorine yielded high results in two out of three locations and also ranked highest overall. Treatment with black fungus and NO3 yielded second best results in Dai Lanh and Zoo Garden, and first best in Botanical Garden (Table 8).
Primer 5 software was used to statistically analyze the similarity of agarwood trees in different regions with the formation of agarwood scent, as recorded in the following diagram.
[bookmark: _Toc110826290][image: Sodo Khuvuc-Mtram]
Fig 2-Diagram showing the similarities between the characteristics of Aquilaria trees and the formation of agarwood fragrance. 

Observations:
- For the same treatment, plants in different areas may yield different results (possibly with the exception of White Fungus). Plants in the same area and with the same treatment may also yield different results.
- Plants in the same area or different areas show similar results (compared across 7 treatments), for example, KH A - KH B 100%; KH C - VL A 100%.
List 1- Similarity among Treatments
Samples			% Similarity
1  KH A			1+2 -> 11 at 100
2  KH B			3+7 -> 12 at 100
3  KH C			4+11 -> 13 at 97.02
4  TCV A		6+9 -> 14 at 94.2
5  TCV B		8+14 -> 15 at 92.58
6  TCV C		12+15 -> 16 at 91.78
7  VL A 			5+13 -> 17 at 89.03
8  VL B 			10+16 -> 18 at 84.45
9  VL C 
10  VL D
Notes:
- KH: Dai Lanh (Khánh Hòa province.)
- TCV: Zoo Garden (Ho Chi Minh City)
- VL: Botanical Garden (Vĩnh Long province).
- A, B, C, D: tree symbols..

3.3 Chemical composition of agarwood oil from the infection experiment

Table 9. Component composition (in %) recorded by GC-MS of 4 samples showing agarwood formation from the stimulation experiment taken from tree A at Vinh Long site.
	Components
	Samples

	
	3
Black Fungusn
	4
Cl
	6
SO4
	7
NO3

	[bookmark: _Hlk135875829]Benzaldehyde
	1.42
	1.59
	5.16
	20.98

	Cyclopentasiloxane, decamethyl-
	1.37
	6.25
	5.40
	

	2-Butanone, 4-phenyl-
	1.47
	2.41
	2.33
	30.45

	Cyclopentasiloxane, dodecamethyl-
	0.51
	3.83
	1.59
	0.73

	Cyclohexane, 3,5-dimethyl-
	
	
	
	2.4

	1,3,6-Octatriene, 3,7-dimethyl-
	
	
	
	1.55

	2-Butanone, 4-(4-merthoxyphenyl-)
	1.83
	2.13
	4.43
	1.55

	Có thể Alpha-Farnesencene-
	6.97
	3.84
	6.17
	1.93

	Acetic acid, (m-(trimethylsiloxy) phenyl-) trimethylsilyl ester
	1.62
	3.88
	4.63
	2.22

	Alpha-Eudesmol
	6.05
	3.40
	4.03
	2.45

	Acetophenone, 4’-methoxy-
	2.50
	1.54
	3.48
	0.85

	Beta-Eudesmene
	45.7
	31.13
	19.33
	5.80

	Elemol
	15.19
	13.02
	16.27
	5.09

	X2
	
	
	0.32
	

	Myrtenol
	7.56
	8.83
	6.11
	2.20

	Pyrethrolone
	3.43
	2.20
	16.22
	0.56

	X3
	0.32
	0.43
	
	0.20

	Cinnamaldehyde
	2.45
	8.47
	
	5.52

	Benzaldehyde, 3-(phenylmethoxy)-
	1.24
	6.59
	4.53
	12.46

	X4
	0.33
	0.45
	
	


Note: “X1” and “X2”: unidentified components

3.4 Clarify

The research results have contributed to clarifying some of the foundations of agarwood formation in Aquilaria trees. 
(1) Agarwood is a resinous mixture produced by trees, resulting from the reaction of cells around mechanical wounds, insect or microbial infections, or the synthesis of these agents (Chhipa and Deshmukh (2019). Isolation and identification show the existence of a rich fungal colony, but different treatments affect this colony. Without treatment, callus formation can occur and hinder agarwood formation.
(2) In our experiment, trees were artificially wounded by drilling into the xylem (Pang et al., 2025) and treated with microbiological and chemical methods. Sensory analysis of the results showed that treatment with Cl yielded high results in two out of three locations and also ranked highest overall. Treatment with black fungus and NO3 yielded second best results in Dai Lanh (Khanh Hoa) and Zoo Garden and first best in Botanical Garden (Vinh Long).
Use Primer 5 software to perform statistical analysis on the similarity of chemicals with the four treatments recorded in the following diagram.
[image: Nghiem thuc]
            Fig 3- Diagram showing the similarity between treatments and the number of chemicals.

Observations:
For the chemicals analyzed across the four treatments, we observe:
- Cl and Black Fungus show over 85% similarity.
- SO4, Cl, and Black Fungus show over 75% similarity.
- NO3 shows the lowest similarity with Cl, SO4, and Black Fungus at only 62%.
- Further research is needed on the chemical components.
(3) Aquilaria wood is characterized by the presence of interwood phloem, phloem network and parenchyma cells in the wood which play an important role in the production and distribution of resin in the affected area as a self-defense reaction of the tree. The formation of agarwood only occurs on living wood and can be seen as a tree's response to damage, in which the role of parenchyma and interwood phloem is of great significance.
(4) Treatment with fungi and chemicals for typical signs of change in the wood around the wound, the change develops gradually over time and has a characteristic aroma when burned. Some chemicals can be used to stimulate resin formation in the cells around the wound, especially chloride.
(5) The list of isolated fungi contains many imperfect and exogenous fungal species, and nematodes are present, so their role needs to be clarified. 
(6) Signs of resin formation appear a short time (1 week) after wound treatment, characterized by discoloration from grayish white to light brown; however, resin accumulation requires a longer time. Resin accumulation can be detected by sensory means as early as one month after treatment. 
(7) The resin contains essential substances, which can be extracted with solvents and have the presence of aromatic terpenes. Analysis results reveal a range of diverse compounds with ketone, alcohol, and aldehyde bases.

4. CONCLUSION

Agarwood is a resinous mixture produced by trees, resulting from the reaction of cells surrounding mechanical wounds, insect infestations, or microbial infections, or the combined effect of these agents. The tree was artificially wounded by drilling into the xylem. Sensory analysis showed that chlorine treatment yielded high results in two out of three locations. Agarwood formation occurs only in living wood and can be considered a tree response to injury. Fungal and chemical treatments showed typical changes in the wood surrounding the wounds, especially chloride. The list of isolated fungi contained many imperfect and exogenous species. Analysis of agarwood essential oil revealed a diverse range of compounds with ketone, alcohol, and aldehyde bases.
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