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Overview of Aquilaria malaccensis
Aquilaria malaccensis is an evergreen tree species native to Southeast Asia, renowned as the primary source of agarwood.1 Agarwood, a dark, resinous heartwood, is one of the most valuable non-timber forest products traded internationally, commanding high prices for its use in luxury perfumes, traditional medicines, and incense.2 The immense economic demand has led to systematic over-exploitation of wild populations, resulting in the species being classified as critically endangered in key regions like India and its inclusion in Appendix II of the Convention on International Trade in Endangered Species of Wild Fauna and Flora (CITES).5 This legal and conservation status highlights the urgent need for sustainable cultivation practices to meet market demand while protecting the species from extinction. This protocol provides a scientifically validated method for clonal propagation that serves the dual objectives of commercial production and species conservation, thereby reducing pressure on threatened wild resources.2
The development of a reliable vegetative propagation protocol is more than a technical exercise; it is a strategic intervention that addresses critical market, conservation, and economic challenges. The current agarwood market is characterized by a fundamental supply bottleneck: immense demand is met by harvesting a dwindling, wild resource.2 The natural reproductive cycle of the species via seeds is insufficient to replenish these stocks or support large-scale cultivation. This perpetuates a cycle of scarcity and illegal harvesting. A successful stem cutting protocol breaks this cycle by decoupling production from wild harvesting. It enables the selection and mass cloning of elite genotypes known for high resin yield, providing a foundation for a sustainable, plantation-based agarwood industry and creating new economic opportunities in agroforestry for rural communities.8

Vegetative Propagation via Stem Cuttings
Propagation of A. malaccensis through seeds, the natural reproductive method, is fraught with severe biological limitations that render it inadequate for commercial-scale production or systematic reforestation efforts. The seeds are recalcitrant, meaning they have a very short period of viability and are highly sensitive to desiccation.2 Viability is often lost within a few days to weeks after collection, and germination rates are typically low.11 Furthermore, seedlings that do emerge exhibit slow growth and are highly susceptible to pests and diseases, contributing to high mortality rates.2
In contrast, vegetative propagation through stem cuttings offers a superior and more reliable alternative. This method produces clones, which are genetically identical to the parent plant. This ensures that desirable traits from an elite "mother" tree—such as vigorous growth, disease resistance, or a predisposition for high-quality resin production—are faithfully replicated in the offspring.10 This genetic uniformity is a critical advantage over the unpredictable outcomes of sexual reproduction from seeds, which results in significant genetic variation among seedlings.4 Consequently, stem cutting propagation is recognized as a practical, rapid, and cost-effective method for the mass production of true-to-type planting material, which is essential for establishing uniform, predictable, and high-yield agarwood plantations.5

Phase I - Pre-Propagation Planning and Preparation
Essential Materials and Equipment
Successful propagation requires careful preparation and the assembly of specific materials and equipment. The following categorized list should be prepared before initiating the protocol:
· Cutting and Preparation Tools:
· Sharp, sterilized bypass secateurs
· Grafting knife or scalpel
· Buckets for holding branches in water
· Small, clean dishes for decanting rooting hormone and fungicide
· Containers:
· Propagation trays with adequate drainage
· Polybags (7"x9" or 18 cm x 23 cm) 5
· Improvised or commercial rooting chambers 17
· Chemicals and Growth Regulators:
· Indole-3-butyric acid (IBA) rooting hormone (powder or concentrate for dilution)
· Broad-spectrum fungicide (e.g., Dithane M-45, Bavistin, Captan) 18
· Sterilizing agent: 70% ethanol or a 10% bleach solution (NaOCl)
· Paraffin wax (optional, for sealing branch ends)
· Rooting Media Components:
· Coarse sand (primary recommended medium)
· Vermiculite
· Farmyard manure (FYM) or well-composted organic matter
· Topsoil
· Propagation Environment:
· Automated mist chamber or an enclosed propagation unit capable of maintaining high humidity
· Heating system with thermostat to control medium/air temperature
· Shade netting (30-60% light reduction) 7
· Personal Protective Equipment (PPE):
· Gloves
· Safety glasses
· Dust mask (when handling dry powders like hormones or fungicides) 21

Mother Plant Selection and Management
The success of the entire propagation effort begins with the quality of the source material. The physiological state of the mother plant at the time of collection is a pre-emptive optimization that creates the highest potential for rooting success. Rooting is an energy-intensive process that relies entirely on the cutting's stored water and carbohydrate reserves. Therefore, the selection and management of donor plants are designed to maximize these internal resources.
· Selection Criteria: Donor "mother" plants must be selected based on health, vigor, and freedom from any visible signs of pests or diseases.22 While direct assessment of agarwood potential in a living tree is difficult, selection should prioritize plants exhibiting robust growth, good form, and high stress tolerance.13 Cuttings taken from younger, juvenile plants (e.g., 4-year-old trees) demonstrate significantly higher rooting potential than those taken from older, mature trees.5
· Establishment of Stock Plants: For sustained production, it is highly recommended to establish a dedicated "hedge garden" or "ear-picking garden" of elite stock plants.5 These plants can be managed through regular pruning to maintain them in a juvenile state, ensuring a continuous supply of physiologically young, semi-lignified shoots that are ideal for propagation.


Optimal Timing for Cutting Collection
The timing of collection is a critical factor that directly influences the level of stored carbohydrates in the stem tissue, which provides the necessary energy for adventitious root formation.
· Season: Cuttings should be collected during the late dormant or semi-dormant season. For A. malaccensis in its native range, studies have identified the period from January to March as optimal.5 During this time, stems have accumulated maximum carbohydrate reserves before the onset of spring growth, when these resources would be mobilized for new shoots and leaves.5
· Time of Day: Collection must be performed during the cool hours of the early morning.5 This ensures that the plant material is fully hydrated (turgid) and not under water stress, which is crucial for the survival of the cutting before it develops its own root system.25

Phase II - Protocol for Cutting Preparation and Treatment
Step 1: Collection and Immediate Handling
To prevent desiccation and air entry into the vascular tissue (embolism), harvested branches must be handled with care. Immediately after cutting a branch from the mother plant, place its cut end into a bucket of clean water.5 The branches should be transported from the field to the preparation area under shade, preferably wrapped in moist gunny bags to maintain high humidity and prevent wilting.1 For enhanced moisture retention during transport, the cut ends of the branches can be sealed with molten paraffin wax immediately after collection.1
Step 2: Cutting Preparation
Scientific studies have consistently demonstrated that hardwood cuttings taken from the basal portion of branches yield the highest rooting and sprouting success for A. malaccensis.1 This is attributed to their higher content of stored carbohydrates compared to semi-hardwood or softwood cuttings.5
· Type: Use hardwood (basal) cuttings.
· Dimensions: Prepare cuttings that are 18-20 cm in length and contain at least two nodes.5
· Cuts: Using a sterilized, sharp tool, make the basal (bottom) cut at an oblique angle just below a node. This angled cut increases the surface area available for water and hormone uptake.5 Make the distal (top) cut flat or slightly sloped, approximately 1-2 cm above the uppermost node.16
· Leaf Removal: Remove all leaves from the hardwood cuttings. Since the cuttings have no roots, leaves will lose water through transpiration faster than it can be absorbed, leading to desiccation and failure.25

Step 3: Phytosanitary Treatment (Fungicide Dip)
Basal rot caused by fungal pathogens is a primary cause of failure in cutting propagation. A prophylactic fungicide treatment is therefore a critical step.
· Preparation: Prepare a solution of a broad-spectrum fungicide such as Dithane M-45, or a 0.1% solution of Bavistin or Captan, following the manufacturer's dilution instructions.18
· Application: Submerge the basal ends or the entire batch of prepared cuttings into the fungicide solution for the recommended duration (e.g., a 30-minute soak).18 This treatment sterilizes the cut surfaces and protects them from common soil-borne pathogens that thrive in warm, humid propagation environments.27
· Drying: After treatment, remove the cuttings and allow them to air-dry on a clean surface for 5-10 minutes before proceeding to the hormonal treatment.19

Step 4: Hormonal Treatment (Application of Auxin)
Exogenous application of auxin, a plant hormone, is essential to stimulate the formation of adventitious roots. Indole-3-butyric acid (IBA) is the most effective auxin for this purpose in many woody species, including Aquilaria.5
· Recommended Method: The most successful treatment identified for A. malaccensis is a 5-minute pulse dip in a 1000 ppm (0.1%) solution of IBA. This method has been shown to achieve a rooting success rate of up to 60.5% in hardwood cuttings.5
· Procedure: To prevent contamination of the stock supply, pour a small amount of the prepared 1000 ppm IBA solution into a separate, clean dish.27 Dip the basal 1 inch (approximately 2.5 cm) of each fungicide-treated cutting into this solution for exactly 5 minutes.5 The cuttings are now ready for planting.


The table below summarizes the outcomes of various hormonal treatments tested on A. malaccensis, justifying the selection of the 1000 ppm IBA pulse dip as the optimal method.

	Hormone
	Concentration (ppm)
	Application Method
	Reported Rooting Success (%)
	Notes
	Sources

	IBA
	1000
	5-minute pulse dip
	60.5%
	Optimal recommended treatment.
	5

	IBA
	4000
	5-minute pulse dip
	< 60.5%
	Lower rooting percentage and increased mortality compared to 1000 ppm.
	5

	IBA
	500
	5-minute pulse dip
	Not quantified
	Rooting was observed, but the subsequent survival rate was poor.
	5

	IBA
	200
	Overnight dip
	Not quantified
	Best sprouting percentage for overnight dip method, rooting data not specified.
	5

	Control
	0
	-
	0-10%
	Minimal to no rooting without hormonal treatment.
	5




Phase III - Rooting Environment and Incubation
4.1. Rooting Medium Preparation
The choice of rooting medium is critical for providing physical support, moisture, and aeration to the developing roots. For A. malaccensis, research indicates that a simple, well-draining medium is most effective.
· Recommended Medium: The primary recommended rooting medium is coarse sand. It has been shown to produce a higher rooting percentage compared to vermiculite or soil-based mixtures.1 The physical structure of coarse sand provides an ideal balance of excellent drainage and aeration, preventing the waterlogged, anaerobic conditions that promote basal rot.27
· Sterilization: To eliminate fungal spores and other pathogens, the sand must be sterilized prior to use. This can be achieved through methods such as heat treatment (autoclaving, steaming) or chemical sterilization with a fungicide drench. After sterilization, fill the propagation trays or polybags with the prepared sand.

4.2. Planting the Cuttings
Proper planting technique ensures good contact between the cutting and the medium and prevents the removal of the applied rooting hormone.
· Insertion: Use a clean dibber or pencil to create a planting hole in the rooting medium. This is crucial to avoid scraping the layer of rooting hormone off the base of the cutting during insertion.25
· Depth: Carefully insert each cutting into a pre-made hole to a depth of approximately one-third of its total length. This ensures that at least one node is buried beneath the surface, as nodes are primary sites for root initiation.5
· Firming: Gently firm the sand around the base of each cutting to eliminate air pockets and establish good contact between the stem and the medium.5 Immediately after planting, water the trays thoroughly to settle the sand around the cuttings.

4.3. Environmental Parameters and Control
Maintaining a precise and stable environment during the incubation period is the most critical factor for successful rooting. The primary goal is to minimize water loss from the cutting while providing the optimal temperature for root development.

	Parameter
	Optimal Setpoint
	Acceptable Range
	Rationale and Key Considerations
	Sources

	Relative Humidity
	85%
	80-85%
	Most critical parameter. Prevents desiccation and wilting by reducing the vapor pressure deficit between the leaf surface and the air, minimizing transpiration. Must be maintained consistently.
	5

	Air Temperature
	29°C
	29-30°C (84-86°F)
	Promotes rapid cell division and metabolic activity required for root initiation and growth. Temperatures that are too low will slow the process, while temperatures that are too high can cause heat stress.
	5

	Light
	Indirect/Diffused
	50-75% Shade
	Provides sufficient light for any limited photosynthesis without causing overheating or scorching. Direct sunlight must be avoided as it dramatically increases leaf temperature and water loss.
	7

	Misting
	Intermittent
	As needed to maintain leaf wetness
	An automated misting system is ideal. A schedule of misting in the morning and evening has been used successfully. The goal is to keep a thin film of water on the leaves without saturating the rooting medium.
	5



4.4. Monitoring During Incubation
The cuttings should be left undisturbed in the controlled environment for approximately 8 weeks to allow for root development.5
· Daily Checks: Conduct daily inspections to ensure that the misting and heating systems are functioning correctly and that the environmental parameters remain within their target ranges.
· Disease Surveillance: Regularly monitor for any signs of fungal growth, mold, or rot on the cuttings or the medium surface. Any infected cuttings should be removed immediately and disposed of to prevent the spread of pathogens.
· Avoid Disturbance: It is crucial to avoid disturbing the cuttings during the incubation period. Physically moving or checking them for roots prematurely can damage the delicate, newly formed root initials and callus tissue, setting back or preventing successful rooting.27

Phase IV - Post-Rooting Acclimatization and Nursery Care

5.1. Assessing Root Development
After the 6-8 week incubation period, root formation can be assessed. A successful rooting rate of 60% does not guarantee a 60% survival rate; the subsequent hardening-off phase is a critical bridge that determines the final number of viable plants.
· Method: Check for rooting by gently tugging on a few sample cuttings. If there is resistance, a root system has likely formed.25 Alternatively, look for roots emerging from the drainage holes of the propagation containers. Avoid pulling cuttings out of the medium for inspection, as this can cause significant damage.

5.2. Hardening-Off Protocol
Rooted cuttings grown in a high-humidity environment are physiologically "soft" and not adapted to ambient nursery conditions. A gradual acclimatization process, known as hardening off, is essential to prevent transplant shock and ensure high survival rates.27 This process signals the plant to develop a thicker leaf cuticle and gain better control over its stomata to regulate water loss.
· Week 1: Begin the process inside the propagation chamber. Reduce the misting frequency by 50%. If using a sealed unit, open ventilation ports for 1-2 hours per day to slowly lower the humidity.
· Week 2: Cease all misting. Increase the duration of ventilation daily, progressing from 4 hours to 8 hours, until the vents are left open continuously by the end of the week.
· Week 3: Move the rooted cuttings out of the propagation chamber and place them in a deeply shaded (e.g., 75% shade net) and protected area of the main nursery. This shields them from wind and direct sun while exposing them to natural temperature fluctuations.
· Week 4: Transfer the plants to a standard nursery growing area with approximately 50% shade. At this stage, they are considered fully hardened off. Throughout this four-week process, monitor the plants daily for signs of wilting and water the rooting medium as needed to prevent it from drying out.

5.3. Transplanting and Aftercare
Once the rooted cuttings are fully acclimatized, they can be transplanted into larger containers for further growth before being planted in the field.
· Transplanting: Carefully transplant the cuttings into larger polybags (e.g., 20 x 25 cm).20 Use a well-draining potting mixture; a formulation of sand, soil, and farmyard manure (FYM) in a 1:2:1 ratio is recommended for A. malaccensis seedlings and is suitable for newly established cuttings.20
· Watering: Water the plants regularly, but allow the medium to partially dry between waterings. A. malaccensis is highly sensitive to waterlogged conditions, which can lead to root rot.20
· Weed and Pest Management: Maintain a weed-free environment around the pots to reduce competition for resources.20 Monitor for pests, especially the defoliating caterpillar Heortia vitessoides. In a nursery setting, manual removal or the application of neem-based organic pesticides is the preferred control method.20
· Fertilization: Once the plants show clear signs of active new growth (e.g., new leaves, shoot elongation), a light fertilization program can begin. A balanced NPK fertilizer can be applied according to the rates recommended for seedlings of a similar size.20

Troubleshooting and Mitigation of Common Failures
Even with a robust protocol, challenges can arise. The following table provides a diagnostic guide for common problems encountered during the propagation of A. malaccensis cuttings, enabling rapid identification and correction.
	Symptom
	Probable Cause(s)
	Recommended Solution(s) & Preventive Measures
	Sources

	Basal Rot: Cutting base is black, soft, and mushy.
	1. Excessive Moisture: Rooting medium is waterlogged, leading to anaerobic conditions and fungal/bacterial growth. 2. Contaminated Medium/Tools: Presence of pathogens. 3. Poor Aeration: Medium is too dense.
	1. Reduce misting frequency or duration. Ensure propagation trays have excellent drainage. 2. Discard infected cuttings. Always use sterilized medium and tools. Apply a fungicide dip during preparation. 3. Use coarse sand as the rooting medium for superior drainage.
	27

	Wilting/Desiccation: Leaves and stem shrivel and dry out.
	1. Low Humidity: Air around the leaves is too dry, causing excessive transpiration. 2. Excessive Light/Heat: Direct sunlight is overheating and scorching the cuttings. 3. Delayed Planting: Cuttings dried out between collection and planting.
	1. Increase misting frequency. Ensure propagation unit is properly sealed to maintain 80-85% RH. 2. Move cuttings to a more shaded location (50-75% shade). Ensure temperature is maintained at 29-30°C. 3. Process cuttings immediately after collection. Keep branches in water during preparation.
	25

	Callus Formation, No Roots: A swollen mass of tissue (callus) forms at the base, but no roots emerge.
	1. Sub-optimal Hormone Levels: Hormone concentration may be incorrect for the specific cutting physiology. 2. Environmental Imbalance: Temperature or moisture levels may be inhibiting root initiation while allowing cell proliferation.
	1. Verify the concentration of the IBA solution. Ensure proper application. 2. Check and recalibrate temperature and humidity controls to match optimal parameters (29-30°C, 80-85% RH).
	3

	Leaf Yellowing and Drop
	1. Nutrient Deficiency: Stored reserves in the cutting are depleted before roots form. 2. Natural Senescence: Some leaf drop is normal as the cutting reallocates resources to root formation.
	1. This is difficult to treat before rooting. Ensure mother plants are well-fertilized. Use of hardwood cuttings with high stored reserves mitigates this. 2. Monitor closely. If the stem remains green and firm, it is likely a normal process.
	22

	Pest Infestation: Evidence of chewing on leaves (caterpillars) or presence of aphids/mites.
	1. Introduction of Pests: Pests present on mother plant material. 2. Nursery Environment: Pests present in the general nursery area.
	1. Inspect mother plants thoroughly before collection. 2. Manually remove pests (e.g., hand-pick caterpillars). Apply neem oil or other appropriate organic pesticides. Maintain good nursery hygiene.
	20
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