Air Layering in Semecarpus anacardium L. f.: A Novel Approach to the Propagation and Conservation of an Important Wild Edible Fruiting Species


Abstract
Semecarpus anacardium L. f. (Bhilawa), a significant wild edible fruiting species with prominent medicinal value, is renowned for its bioactive compounds, including flavonoids, phenolics, and tannins, which contribute to its therapeutic applications in both traditional and modern medicine. Despite its immense potential for combating malnutrition and supporting sustainable development goals, the species faces a decline in natural populations, primarily due to poor seed viability and challenging propagation traits. This study explores the use of air layering as an innovative vegetative propagation method for S. anacardium, aimed at addressing these challenges. We evaluated the effectiveness of four distinct air layering media—soil, cocopeat, sphagnum moss, and soilrite—both individually and in combination with the bio-regulator indole-3-butyric acid (IBA) at 1000 ppm. Our results reveal that the combination of soil and IBA at 1000 ppm yielded the highest callus formation (72.66%), rooting percentage (80%), and root development (27.34 roots per layer). Additionally, this treatment resulted in the highest survival rates, with 13.43% survival in nursery conditions under partial shade and 7.30% in open-field conditions. These findings emphasize the significance of selecting optimal air layering media and bio-regulators to improve rooting efficiency and plant survival. This study lays the groundwork for developing effective propagation protocols for S. anacardium, supporting its conservation and sustainable utilization for future generations.
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Introduction
Semecarpus anacardium L.f. (Bhilawa) is a deciduous tree with significant medicinal and pharmacological importance, particularly in Ayurveda. It is rich in bioactive compounds such as flavonoids, phenolic compounds, and tannins, contributing to its therapeutic potential. However, the natural populations of Semecarpus anacardium are rapidly declining due to habitat loss, overharvesting, and other environmental pressures. This has created an urgent need for effective propagation and conservation strategies to ensure its survival and continued medicinal use.
The propagation of Semecarpus anacardium is challenging, primarily due to its poor seed viability and difficult rooting characteristics. The seeds exhibit limited and brief viability, requiring immediate sowing after collection for successful propagation [1]. Traditional seed propagation is further complicated by factors such as hard seed coats that cause dormancy, genetic variation leading to inconsistent plant quality, and difficulties in obtaining microbe-free seedlings in vitro due to phenolic leaching [2]. These limitations underscore the need for alternative vegetative propagation techniques. Vegetative propagation methods, such as cuttings, grafting, and layering, offer the advantage of producing true-to-type plants with uniform growth, essential for large-scale multiplication of superior clones. However, Semecarpus anacardium presents specific challenges, including root hardness, low rooting potential, and susceptibility to transplant shock, making stem cuttings an unreliable method for propagation. 
Air layering, a vegetative propagation technique, involves inducing root formation on a stem while it remains attached to the parent plant, mitigating issues related to poor rooting potential and transplant shock. This method is particularly effective for difficult-to-root species and has been used across various tree species [3][4][14]. It is an excellent way to replicate plants without disturbing the parent plant, allowing the original tree to continue flowering or bearing fruit. It produces mature plants in a shorter time compared to seed propagation or cuttings. It is often used for tropical fruit trees and shrubs, as it ensures the new plant is identical to the parent plant, in terms of fruit quality and other traits. Air-layered plants typically develop a balanced root system and grow rapidly once transplanted, which makes this method ideal for vegetative propagation of woody plants (Yang et al., 2007). The method requires careful attention to season, as proper light, moisture, and temperature conditions enhance root formation [5]. In India, air layering has not been widely tested on forest tree species, but it has been used in situations where rooting from cuttings is slow [6]. Previous studies have demonstrated successful air layering in several forestry species. [7]. achieved successful clonal propagation in Boswellia serrata and Dalbergia sissoo, with rooting percentages of 52% and 68%, respectively, using a soilrite and black polythene covering technique. Similarly, [8]. achieved 50–60% success in ring air-layering for several endangered endemic species in the Western Ghats. [9]. found successful rooting in Parkia timoriana, a medicinal species, using IBA and specific media treatments. Several other studies have reported success with air layering for a variety of tree species, including Ficus krishnae, Bombax ceiba, Gmelina arborea, and Acacia nilotica [10][11][12]. The use of polythene covers, rooting hormones like IBA, and proper moisture levels have been key factors for successful rooting in these studies.
Given the difficulties associated with traditional propagation methods for Semecarpus anacardium, this study aims to explore, for the first time, the influence of different growing media and bio-regulators on the rooting efficiency of air layering. The goal is to optimize vegetative propagation protocols for this valuable medicinal species, offering a promising alternative to seed propagation and contributing to its conservation and sustainable use.
Materials and Methodology
Experimental Site: The study was conducted at the Mandla Forest Division of Madhya Pradesh and the Silviculture, Forest Management, and Agroforestry nursery at the ICFRE-Tropical Forest Research Institute, Jabalpur, during the 2022-24. The region's subtropical climate, characterized by distinct seasonal variations, provided optimal conditions for the study.
Plant selection: Semecarpus anacardium L. f. plants were sourced from natural populations in central India. The selected plants were mature, healthy, and free from disease or pest infestation, with an approximate age of 8-10 years. This age range was deemed optimal for vegetative propagation through air layering.
Experimental setup: Air layering was performed during the monsoon season (July-August) to leverage the high humidity, which enhances rooting success. Branches with a diameter of 1-2 cm were chosen. A 2-3 cm wide ring of bark was removed from each branch to expose the cambium layer, facilitating root formation.
1. Growing Media: Various growing media were tested to evaluate their effects on rooting behavior. The media included:
2. Soil: Loamy soil collected from the natural habitat of Semecarpus anacardium.
3. Cocopeat: Commercial cocopeat with high water retention capacity.
4. Soilrite: A mix of vermiculite and perlite, known for its excellent aeration and drainage.
5. Sphagnum Moss: Selected for its superior moisture-retentive properties.
6. Combinations: Mixtures of soil with cocopeat, Soilrite, and sphagnum moss were also evaluated.
Additionally, Indole-3-butyric acid (IBA) was applied at a concentration of 1000 ppm to assess its effect on rooting efficiency.
Experimental Design: The experiment utilized a randomized block design (RBD) to account for variability among trees. A total of 54 air layers (6 branches per treatment) were applied to each of 15 medium-aged trees, resulting in 810 air layers overall. Each tree was treated as a block, with treatments randomly assigned to air layers within each tree to ensure uniform application and control for tree-related variability. The air layers were wrapped in transparent polythene bags filled with the respective growing media and secured with twine (Figure I). To maintain adequate moisture levels for rooting, the polythene bags were regularly watered as needed throughout the experiment.
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Figure I: Air layering technique in Semecarpus anacardium (A) Semecarpus anacardium in natural habitat; (B-F) Steps in air layering
Data Collection: Rooting parameters were assessed 60 days after layering. The following metrics were recorded:
1. Percent Callused Layers: The proportion of layers that developed calluses at the ringed bark site.
2. Rooting Percentage: The percentage of layers that successfully formed roots.
3. Number of Roots per Layer: The average number of roots per successful layer.
4. Root Length: The average length of roots in each successful layer.
5. Survivability: Survival rates were recorded under nursery conditions (partial shade) and after transplanting to open field conditions.
Rooting and Post-Layering Care: Rooted air layers were monitored regularly. They were detached 60 days after layering when fibrous roots were clearly visible. After removal, rooted layers were planted in large polythene bags in the nursery and at the field plantation site, with segregation by treatment. Both nursery and field sites were regularly watered based on moisture levels. Survival, growth, and development were assessed 180 days after planting, with periodic recordings of survival data.
Statistical Analysis: Data were analysed using Analysis of Variance (ANOVA) to determine significant differences between treatments at the 5% level using OPSTAT statistical software. The Least Significant Difference (LSD) test was employed for mean comparisons to identify the most effective growing medium for rooting in Semecarpus anacardium.
Results 
The experiment evaluated different treatment types on various parameters including percent callused layer, rooting percent, number of roots per layer, root length, nursery polythene bags under partial shade survivability, and open field survivability. The following observations were made:
Percent Callused Layer
The Figure II highlight the influence of different growing media and the growth regulator IBA (1000 ppm) on the percent callused layer, with significant variation observed across treatments. Soil combined with IBA (1000 ppm) produced the highest callus formation (72.66%), indicating its superior effectiveness, followed by soil alone (68.36%). Treatments with Cocopeat and its combination with IBA showed much lower callus formation (32.81% and 31.71%, respectively), suggesting limited suitability for callus development. Similarly, Soilrite and its combination with IBA yielded poor results (23.99% and 25.55%, respectively). Sphagnum moss performed moderately well (34.66%), but the addition of IBA slightly reduced its effectiveness (29.23%). The statistical measures confirmed the reliability of the results, with a low coefficient of variation (9.76%) indicating consistency and an F-test value of <0.001 confirming that the treatment differences were highly significant. 

Figure II: Influence of different growing media and the growth regulator IBA (1000 ppm) on the percent callused layer
Rooting Percent
The Figure III and IV highlight the effect of different growing media and the growth regulator IBA (1000 ppm) on the rooting percentage. Soil combined with IBA (1000 ppm) showed the highest rooting percentage (33.93%), followed by soil alone (29.32%), indicating the superior effectiveness of soil, particularly when supplemented with IBA, for rooting. Cocopeat and Cocopeat+IBA exhibited much lower rooting percentages of 11.86% and 10.51%, respectively, suggesting their limited suitability for promoting rooting. Soil+Cocopeat+IBA (9.68%) and Soilrite (9.43%) had the lowest rooting percentages among all treatments, while Soilrite+IBA showed moderate improvement (13.15%). Sphagnum moss achieved 11.2%, and its combination with IBA resulted in slightly better rooting at 12.3%. The F-test value of <0.001 indicates that the differences among treatments are statistically significant. 
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Figure III: Rooted air layered branches of Semecarpus anacardium


Figure IV: Influence of different growing media and the growth regulator IBA (1000 ppm) on the Rooting Percent

Number of Roots per Layer
The Figure V and VI highlight the effect of different growing media and the growth regulator IBA (1000 ppm) on the number of roots per layer. Soil combined with IBA (1000 ppm) produced the highest number of roots per layer (27.34), followed by soil alone (21.99), demonstrating the effectiveness of soil, especially when enhanced with IBA, for root production. Cocopeat+IBA (21.6%) and Cocopeat (18.69) also showed relatively good results, while Soil+Cocopeat+IBA yielded 20.40 roots per layer. On the other hand, Soilrite and its combination with IBA resulted in significantly fewer roots (4.79 and 5.29, respectively), indicating their limited suitability for this purpose. Sphagnum moss alone produced 13.61 roots per layer, which slightly increased to 14.91 when combined with IBA. The F-test value (<0.001) indicates statistically significant differences among the treatments. 

Figure V: Influence of different growing media and the growth regulator IBA (1000 ppm) on the Number of Roots per Layer
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Figure VI: Rooted air layered branches of Semecarpus anacardium ready for plantation
Root Length: Figure VII highlights the impact of different growing media and IBA (1000 ppm) on root length. Soil combined with IBA showed the highest root length (7.53 cm), followed by Soil alone (6.65 cm), indicating its effectiveness for root elongation. Moderate root lengths were observed with Cocopeat + IBA, Soil + Cocopeat + IBA, and Sphagnum Moss + IBA, while the shortest root lengths occurred in Soilrite and Soilrite + IBA, demonstrating their limited suitability. The F-test (<0.001) confirmed significant differences among treatments, with IBA significantly enhancing rooting percentages, root length, and the number of roots per layer. Soil-based media consistently outperformed alternatives like Cocopeat and Soilrite, likely due to superior nutrient availability and moisture properties. 

Figure VII: Influence of different growing media and the growth regulator IBA (1000 ppm) on the Root Length
Survival Percentage in Nursery Polythene Bags Under Partial Shade Survivability
Figure VIII and IX highlights the survival percentage of rooted layers transplanted into nursery polythene bags under partial shade, using different growing media and the growth regulator IBA (1000 ppm). Among the treatments, Soil combined with IBA (1000 ppm) showed the highest survivability (13.43%), followed by Soil alone (11.23%), indicating the superior suitability of soil, especially with IBA, for enhancing survival under nursery conditions. Moderate survivability was observed in treatments such as Soil+Cocopeat+IBA (9.88%), Cocopeat+IBA (8.45%), and Spagnum moss+IBA (8.58%), reflecting the beneficial impact of IBA across various media. In contrast, Soilrite and Soilrite+IBA had the lowest survivability rates, at 5.69% and 5.93%, respectively, suggesting Soilrite's limited suitability under partial shade. With a critical difference (C.D.) of 0.47, a low coefficient of variation (C.V.) of 3.10%, and an F-test value of <0.001, the results demonstrate significant differences among treatments and consistency across replicates. 

Figure VIII: Influence of growing media and growth regulators on Survival Percentage in Nursery Polythene Bags Under Partial Shade
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Figure IX: New leaves sprouting in the rooted twigs in polythene begs

Open Field Survivability
Figure X, XI and XII highlights the survival percentage of rooted layers transplanted in an open field, considering various growing media and the growth regulator IBA (1000 ppm). Among the treatments, Soil with IBA (1000 ppm) recorded the highest survival percentage (7.29%), followed by Soil alone (6.72%), indicating that soil-based media are the most effective for promoting plant survivability in open-field conditions. Treatments like Spagnum moss+IBA (5.74%) and Soil+Cocopeat+IBA (5.37%) also showed moderate survival rates, suggesting a beneficial effect of combining IBA with specific media. Conversely, Cocopeat (3.16%), Soilrite (3.53%), and their combinations with IBA exhibited lower survival percentages, indicating limited suitability for open-field conditions. 

Figure X: Influence of growing media and growth regulators on Survival Percentage in Open Field 
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Figure XI: Field plantation of rooted branches of Semecarpus anacardium
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Figure XII: New leaves sprouting in the rooted twigs in open field
Discussion
The experiment provides valuable insights into the effectiveness of different growing media and the application of IBA on the propagation and survival of Semecarpus anacardium through air layering. Soil, particularly when combined with IBA, outperforms other media in parameters such as callus formation, rooting percentage, root length, and survivability under both nursery and open field conditions.
The highest percentage of callus formation was observed in soil supplemented with IBA, highlighting the critical role of both the medium and the growth regulator in promoting callus development. Soil offers superior nutrient availability and moisture retention essential for cellular growth and differentiation, while IBA further enhances these processes. This supports findings by [13]. that growth regulators like IBA significantly induce callus formation in many plant species. Conversely, media like Cocopeat and Soilrite are less effective, likely due to their inferior nutrient profiles or water-holding capacity, as noted by [14].
The superior rooting percentage in soil combined with IBA aligns with previous research demonstrating IBA's role in enhancing rooting across various species [15]. Soil provides optimal conditions for root development, including essential nutrients, organic matter, and moisture retention. The low rooting percentages in Cocopeat and Soilrite further underscore the importance of nutrient-rich and moisture-retentive media. These observations are consistent with [16], who highlighted the necessity of an appropriate combination of media and growth regulators for optimal rooting success.
Significant increases in root length were also observed in soil with IBA, making this combination the most effective for promoting root initiation and elongation, crucial for transplantation and field establishment. Robust root systems developed in this treatment facilitated better nutrient and water absorption, leading to higher survivability under both controlled and open field conditions. These findings reinforce the role of proper media and growth regulators in achieving successful plant establishment, as also supported by [17].
Seasonality is another critical factor influencing the success of air layering. [18], found the rainy season (July) most favorable for rooting in Spondias pinnata, with IBA at 500 ppm proving highly effective. High humidity and optimal temperatures during this period contribute to improved rooting success. [19], [20], similarly observed enhanced rooting under high-humidity conditions, linked to the water retention capacity of sphagnum moss and the favorable temperatures of 25–32 °C.
Several studies confirm the effectiveness of IBA in stimulating root initiation across species. [21], observed improved rooting in Terminalia chebula, while demonstrated similar results in Carissa carandas and Dalbergia sissoo. Rooting responses in Bauhinia variegata further underscore the synergistic effects of auxins like IBA and seasonal factors [22]. It  has also been successfully applied in various forest species, including Ficus krishnae and Ficus auriculata [11], Gmelina arborea [12], Prosopis cineraria [23], Acacia nilotica [17], and Guadua angustifolia [24]. These studies collectively highlight the widespread applicability of IBA and the importance of seasonal timing in improving rooting success across diverse species.
Conclusion
In conclusion, this study highlights the critical role of growing media and growth regulators like IBA in the propagation of Semecarpus anacardium. Soil, particularly when supplemented with IBA (1000 ppm), proved to be the most effective for promoting callus formation, rooting, and survival. These findings offer practical insights for optimizing propagation techniques in Semecarpus anacardium and other species with similar challenges. Future research could explore further refinements in media composition or the use of alternative growth regulators to enhance propagation outcomes, contributing to the sustainable management and conservation of medicinal plants like Semecarpus anacardium.
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