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Abstract:
Xylia xylocarpa, is a moderate to large-sized tree belonging to the family Fabaceae, native to wet tropical forests of India to Indo-China. Traditionally valued for its medicinal properties, it has been used to treat various ailments. Beyond its therapeutic importance, the wood of X. xylocarpa is known for being extremely heavy, hard, and durable, making it ideal for heavy-duty construction and agricultural applications. Locally, it acts as a substitute for Sal and Teak in house construction. This comprehensive review compiles updated knowledge on taxonomy, distribution, ecology, wood properties, ethnobotany, seed quality, carbon sequestration, , bioprospecting potential and economic uses of the species. . Due to its utility and restricted natural distribution, the identification of elite genetic resources and development of large-scale plantations is urgently recommended, particularly in India and Southeast Asia, to ensure its sustainable use and conservation.
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Introduction
Xylia xylocarpa (Roxb.) W. Theob., is an economically important timber species with a native range in India to Indo-China. The Burmese species, X. dolabriformis Benth., known as Pyinkado was introduced into Assam in 1927 by sowing seeds obtained from Burma (De 1955) and now this species is regarded as a synonym of X. xylocarpa. In India, the species is commonly known as Irul, Irulpool, Irumullu, Kadamaram, Pangal, Suriya, Iron wood and is a large deciduous tree   distributed throughout Central and South India, extending in the east, up to Bihar and Odisha. This tree is a dominant component of moist deciduous forests of the Western Ghats associated with other species like Adina cordifolia, Dalbergia latifolia, Lagerstroemia lanceolata, Pterocarpus marsupium, Schleichera oleosa, Tectona grandis, Terminalia paniculata, T. tomentosa. (Arora 1960). In mixed deciduous forests of Western Ghats, X. xylocarpa forms exclusive patches of young plants under the shades of large trees including Teak. In Odisha, it is sometimes found mixed with Sal, forming pole crops. X. xylocarpa is a favourite timber for the construction of boats, canoes, in ship-building as knees, crooks, and keels. In Kerala, the species is distributed in moist deciduous forests and in plains. It is extensively used for house-building in the form of beams, posts and scantlings for which it is a good substitute for Teak and Sal. It is widely used in the manufacture of agricultural implements (Masani and Bajaj 1962). It is also good fuel wood, leaves as green manure and bark has medicinal properties (Reff) . X. xylocarpa is a very good host for the lac insect, Kerria lacca, which feeds on the sap of its twigs and branches (Mathur and Singh 1960). The study compiles the recent scientific understanding of X. xylocarpa in various aspects including research gaps and conservation efforts. 	Comment by Lovely Rahaman: reference

Body:
Taxonomy
Xylia xylocarpa, is a deciduous tree, grow up to 30 m high; bole often fluted; bark up to 15 mm thick, rough reddish-brown or grey; young parts with tomentose, tender leaves dull brown. Leaves bipinnate, 5.5 to 30 cm long, alternate; pinnae 2, opposite, even pinnate, terminal one 2-5.5 cm long; rachis with a gland at the apex between the pinnae; leaflets 2-10 pairs, opposite, 3.5-16.5 cm × 1.8-6.7 cm, obovate, or narrowly obovate, or elliptic, or narrowly elliptic, or ovate or narrowly ovate, entire, acute, or acuminate or rarely obtuse at apex, cuneate, or obtuse at base, sub coriaceous, glabrous; petioles 0.2-0.5 cm long; stipules small, deciduous. Inflorescence axillary, peduncled, fascicled or racemose, in dense globose heads, 1-1.5 cm in diameter; peduncles 5-8 cm long, slender, on soft, puberulous branchlets with tender leaves, thickening in fruit. Flowers bisexual, sessile, in creamy-white, light yellow or yellowish-white; bracteole club-shaped; calyx 0.2-0.3 cm long, tubular, campanulate, 5-lobed, valvate; corolla 0.3-0.4 cm long; petals 5, valvate, slightly connate at base; stamens 10, free exerted; filaments slender; anthers crested when young, tipped with a stalked and early deciduous gland; pistil 15 cm long; ovary sessile; style filiform; stigma minute, terminal; ovules many. Fruit a pod, 12.5-16 × 3.5-6.5 cm, woody, oblong-falcate, or oblong or broadly-falcate, flat, rusty-tomentose, septate between seeds, dehiscent; seeds 4-10 per fruit, 0.9-1.5 × 0.5-1 cm, oblong-ellipsoid, compressed, smooth, polished, brown (Nair et al 1991; Soef et al 1998; Sasidharan 2016). Fig. S1.
Distribution
The genus Xylia Benth., is one of the major economically important tree species with native range to Bangladesh, Cambodia, India, Laos, Myanmar, Thailand and Vietnam. The species was later introduced to Gambia, Philippines, Solomon Is., Tanzania and Uganda (POWO, 2025) . Worldwide nine species viz., X. africana Harms, X. evansii Hutch., X. fraternata (Vatke) Drake, X. ghesquierei Robyns, X. haffmannii (Vatke) Drake, X. mendoncae Torre, X. schliebenii Harms, X. torreana Brenan and X. xylocarpa (Roxb.) W. Theob are recognisedrecognized from the genus. The species X. xylocarpa (Roxb.) W. Theob., has further 3 homotypic synonyms like Acacia xylocarpa (Roxb.) Willd., Inga xylocarpa (Roxb.) DC., Mimosa xylocarpa Roxb., and it includes 2 accepted infra-specific categories like X. xylocarpa var. kerri (Craib & Hutch.) I.C. Nielsen and X. xylocarpa var. xylocarpa I.C. Nielsen (Powo 2023). BGCI Global Tree Search (2018), confirms that X. xylocarpa is native to several Asian countries, including Bangladesh, Cambodia, India, Lao Peoples’s Democratic Republic, Myanmar, Thailand, and Viet Nam. In India, it occurs naturally in the States of Andhra Pradesh, Bihar, Goa, Gujarat, Karnataka, Kerala, Madhya Pradesh, Maharashtra, Meghalaya, Orissa, Tamil Nadu, and West Bengal throughout the deciduous and semi-evergreen forests up to 600m elevation (FRI 1983). The species is having multiple vernacular names as described in table S1.	Comment by Lovely Rahaman: check all the species name again
Ecology
Arora (1960) provided, valuable insights into the ecology of X. xylocarpa and its role in forest ecosystems. He discussed the occurrence of trees due to various environmental factors such as soil, climate, and topography. The study presents valuable insights into the species presence and growth patterns, understanding the commonly held belief that it only grows on laterite. The tree grows on other soil types such as schist, shale, sand-stone, gneiss, and granite. This highlights the adaptability and resilience of the species, making it an important component of the forest ecosystem. X. xylocarpa occurs in dry evergreen forests, mixed deciduous forests, and dry deciduous Dipterocarp forests, on well-drained, sandy soil. The species can grow in altitude up to 850m with an average annual rainfall of 1200 to 1700mm (Larsen et al 1985; Soef et al 1998).
The phenology of X. xylocarpa, particularly in different regions of India, reveals interesting variations in its flowering and fruiting patterns. The flowering period in the Western Ghats extends over a significant portion of the year, offering a prolonged window for reproductive activities. There is no significant time difference between two reproductive cycles. The initial set of flowering will begin in May onwards, with maximum fruiting typically observed between June and September (Nair et al 1991). Nair’s study from Kerala on X. xylocarpa observe, flowering predominaently during the transition from winter to summer, from March to May. However, sporadic reports suggests that flowering may also commence as early as February (Nair et al 1991). This characteristic is significant as it highlights the potential for overlapping reproductive cycles within the species, possibly contributing to its ecological dynamics and genetic diversity. 
Physiology
Saelim (1997) focused, on the economically importance tree species, X. xylocarpa, and its ability to acclimate to high temperatures. One of the aspects of the study was the comparison of seedlings from three different seed sources in Thailand. It was found that seedlings from Kanchanaburi and Maehongson had higher overall growth than those from Nakornratchasima. This highlights the importance of seed source selection in achieving optimal growth and development in X. xylocarpa seedlings. The study also delved into the various changes that occur in seedlings when acclimating to high temperatures. These included changes in leaf morphology, gas exchange patterns, protein expression, and chloroplast lipid composition. The results showed that seedlings acclimated to high temperatures were able to maintain their photosynthetic rates and water relations, including a successful adaptation to the challenging environment. Another interesting finding was the importance of transpirational cooling in heat dissipation for X. xylocarpa seedlings. At high temperatures, there was a sharp increase in transpiration rates and stomatal conductance, suggesting that this was a primary mechanism for cooling the plants. This discovery emphasizes the importance of proper water management in high-temperature conditions for the survival of X. xylocarpa seedlings. It also examined the correlation between protein expression and the ability of seedlings to acclimate to high temperatures. It was found that plants acclimated to high temperatures had changes in protein expression, including an increase in the HSP 18.1 low molecular weight heat shock protein. This suggests that this protein may play a crucial role in the thermos-tolerance of X. xylocarpa seedlings.
The findings of Saelim and Zwiazek (2000) regarding the adaptive responses of X. xylocarpa seedlings to temperature variations offer insightful contributions to occur understanding of plant adaptation to climate change. The ability of these seedlings to adjust their physiological processes, such as photosynthesis and stomatal conductance, in response to temperature stress is indicative of a high adaptable survival strategy. This suggests that the seedlings were able to maintain their photosynthetic activity despite extreme temperature fluctuations, which is an important adaptive mechanism for survival. One interesting finding was that seedlings acclimated to 40°C maintained relatively high stomatal conductance at 20°C. This adaptive behavior is crucial for plants, as it helps them conserve water in hot and dry conditions. Another important aspect of this study was the comparison of electrolyte leakage from the leaves of seedlings acclimated to different temperatures. The seedlings exposed to lower mid-day temperatures had a higher electrolyte leakage, indicating cellular damage due to temperature stress. On the third hand, the seedlings acclimated to higher temperatures were able to maintain lower stomatal conductance and leaked less electrolytes at 50°C, suggesting better thermal stability of their cell membranes. 
X. xylocarpa was reported by Phukittayacamee et al (1993) to grow well in dry areas where maximum temperature can reach 39°C in a result of its adaptability to high temperatures, this species might be a potential candidate for planting programs aimed at environmental conservation, agroforestry, and watershed protection in high-temperature environments. However, the effects of high temperatures on this species and its ability to acclimate are largely unknown. Saelim (1997) studied, the physiology of X. xylocarpa and provided insights into the mechanisms of acclimation to high temperatures in X. xylocarpa seedlings, involving various physiological and molecular changes.
Chromosome Number
Santos et al (2012) provided, key findings on the karyotypic evolution of 27 species belonging to Mimosoideae subfamily in northeastern Brazil. The most frequent basic chromosome number (x) observed was x=13, with 2n= 2x= 26 in 19 of the species including X. xylocarpa. The study provides insights into the chromosomal characteristics and evolution of the Mimosoideae subfamily, suggesting a complex history of polyploidy and diploidy that has influenced the diversity of chromosome numbers observed in these plant species. 
Population genetics 
Wattanakulpakin et al (2015) conducted research on the genetic diversity parameters of X. xylocarpa var. kerri in Tailand using molecular markers and found that the effective number of alleles was significantly low, ranging from 1.1 to 7.6. This was attributed to the fact that several alleles were present at low frequencies in just one or a small number of populations. The study also noted deviations from the Hardy-Weinberg equilibrium in several loci and identified a high level of gene flow among the populations. In a separate study, Geng et al (2020) successfully sequenced the complete chloroplast genome (cpDNA) of X. xylocarpa, revealing that it is 161,288bp long, with a large single-copy (LSC) region of 89,186bp, a small single-copy (SSC) region of 19,354bp, and a pair of inverted repeat (IR) regions of 26,370bp each. This genome was found to contain 131 genes, including 86 protein-coding genes, 8 ribosomal RNA genes, and 37 transfer RNA genes. The researchers provided a comprehensive analysis of the genomes GC content, both overall and within individual regions, offering insights into the genetic structure of X. xylocarpa. A notable highlight of this study was the phylogenetic analysis, which positioned X. xylocarpa within its own unique clade within the Caesalpinoideae subfamily. This information enhances our understanding of the evolutionary dynamics within this group and underscores the importance of cpDNA studies for exploring plant species functionality and evolution. 
Wood Properties
X. xylocarpa wood is considered highly durable and can be used for bridge and building construction; poles, cross arms, ballies and fence posts; railway sleepers; boat and shipbuilding; textile mill accessories; agricultural implements (Nazma et al 1981). Its sapwood is Sapwood pale brownish or pinkish-white and heartwood light to dark reddish-brown, often with dark streaks (Fig. S2). This wood is very hard having average density of 850 kg/m3 at 12% m.c. Nazma et al (1981) reported average MOR of 81 2.5 kg/cm2 for X. xylocarpa at green condition and 1,097.8 kg/cm2 at air dry condition. Similarly, the MOE at green and air dryair-dry condition is mentioned 1164005 kg/cm2 and 142,1005 kg/cm2 respectively. The study conducted by Josue (2014) and Sahd et al (2008) on the physical properties of 9-year-old X. xylocarpaplanted in Malaysia is an important contribution to the field of forestry and wood science. The researchers used a sample of 9-year-old trees from each species, extracted from their respective plots, and prepared wood specimens from three height levels at both inner and our radial positions. This comprehensive approach allows for a more accurate and reliable analysis of the physical properties of X. xylocarpa. The results showed that X. xylocarpa has a basic density of 0.72 g/cm3, oven-dry density of 0.78 g/cm3, and green moisture content of 49.8%. The shrinkage from green to oven-dry conditions for the radial and tangential directions was also calculated at 3.35% and 5.7% respectively. The study also highlights the importance of diameter growth in controlling within-tree variations in physical properties. This suggests that environmental factors may play a significant role in the quality of X. xylocarpa wood. Additionally, the between-tree variations in some properties were found to be significantly different, indicating the influence of genetic and micro-environmental factors. This further emphasizes the need for further research on the properties of X. xylocarpa from different sites and other characteristics such as durability, seasoning, and processing. 
Bui et al (2023) study provides an assessment of the drying characteristics of X. xylocarpa wood sample with dimensions of 50×50×500mm. Here they utilized an absolute pressure of 0.12 – 0.217 bar, a temperature range of 45-590℃ and an infrared radiation intensity of 459 -741 W/m2 and results found that increasing both the radiation intensity and drying temperature had a positive impact on the drying process and wood quality. The optimal drying regime for X. xylocarpa wood was determined to be Timin= 64.29 h, Demin= 11.68, at a drying temperature of 58.7℃, an infrared radiation intensity of 625.2 W/m2, and a moisture content of dried wood at 10±1% (wb.). The study sheds light on the potential benefits of using infrared vacuum drying for wood materials and provides valuable insights and recommendations for future research and practical applications. 
Rojanathanvorn et al (2014) studied, on the use of Ironwood as a fiber reinforcement in wood plastic composites (WPCs) is a significant contribution to the field of sustainable materials and provides insights on how to improve the physical properties of WPCs. In light of the increasing demand for wood and the need to prevent deforestation, the development of alternative materials such as WPCs is crucial. The research investigated the effects of various factors such as wood content, particle size, coupling agent and type of polymer matrix on the mechanical properties of WPCs. The experimental results revealed that increasing wood fiber content resulted in a decrease in impact strength, but a significant in tensile and flexural moduli. This suggests that Ironwood-based WPCs have the potential to be used in applications where high strength and rigidity are important, such as in flooring. One of the key findings of the study is the effectiveness of using polyethylene-grafted maleic anhydride as a coupling agent to enhance the compatibility between wood fibers and thermoplastics. This promotes interfacial adhesion and improves the overall strength of the WPCs. The study also found that the use of high-density polyethylene (HDPE) as a matrix resulted in higher impact strength compared to the use of polypropylene (PP). Patel and Parsania (2018) provide a comprehensive overview of biodegradable composite materials, focusing on natural fibers as suitable alternatives to conventional synthetic fibers. The review covers fiber classification, extraction and cleaning methods and highlighting the advantages of natural fibers in biocomposites. 
Pinate and Dangphonthong (2018) conducted research on the production of charcoal briquettes from Canarium sabulatum and Xylia xylocarpa using the cold press process with a screw press machine powered by a 3.5 horsepower electric motor. The study revealed that the charcoal briquettes made from X. xylocarpa had an optimal density of 735.74 kg/m³, surprising those from other recipes. While improvements are necessary to decrease ash production, the study offers valuable insights into the characteristics and performance of these charcoal briquettes, adding in the development of sustainable and efficient energy sources. This research contributes to mitigating deforestation by reducing the demand for wood charcoal and also lower household fuel costs, promoting the utilization of alternative energy sources.
Saraf et al (1980) discussed, the utilization of three different tree species (X. xylocarpa, Terminalia tomentosa, and T. paniculata) for pulping. One of the most interesting findings of this study was that reducing the chip size of the three tree species did not result in a reduction in pulp quality when the same amount of pulping chemicals (22% sodium oxide) was used. This is a significant finding as it suggests that smaller chip sizes can be used to increase the efficiency of pulping without affecting the quality of the final product.  They also found that the pulps from these three tree species could be bleached to a brightness of 80% using a CEHH bleaching sequence. This sequence involves chlorination, caustic extraction, and two stages of hypochlorite bleaching. This discovery holds importance as it suggests that the pulps obtained from these tree species have the potential to be utilized in the manufacturing of premium-grade paper products. 
Karuna et al (2022) demonstrate, the potential of using X. xylocarpa as a lignin source, with a short and low-coast method for extraction. The results showed that the highest lignin content was obtained with a 0.5% KOH solution for only 10 minutes, while the 1.5% KOH condition gave less lignin content. The study highlights the efficiency of the 0.5% KOH method, which is not only shorter but also requires a lower concentration of KOH, making it a more cost-effective option for biomass conversion. One of the most interesting findings of this study is the high purity of the extracted lignin, with a purity of 96.1% in the 0.5% KOH for 10 minutes’ condition. This is a significant result, as lignin is often contaminated with other components of the biomass, making it challenging to extract and use for industrial purposes. The study also assessed the antioxidant properties of the extracted lignin through ferric-reducing antioxidant power (FRAP) and 2, 2-diphenyl-1-picrylhydrazyl (DPPH) assays.
Breeding and propagation
Fresh seeds of X. xylocarpa exhibit a germination rate of 72% without any pretreatment. The germination period of seeds declined after three months’ storage (Nair et al 1991). Dent (1948) reported, that seeds remain viable for at least one year. However, trials conducted in Tamil Nadu revealed that X. xylocapra seeds were viable for only up to three months when stored in gunny bags or airtight tins (FRI 1983). It indicates that storage conditions significantly impact seed viability. The species recorded a maximum survival of 63% in a 50% mixed plantation of Haldinia and Xylia.
Narayanan (1988) studied, the regeneration behaviour of moist deciduous forests in Trichur Forest Division, Kerala and provides valuable insights into the sustainable management of these forests. It is evident that the pace of replacement of older trees by younger ones is a crucial factor in maintaining the health and productivity of these forests. This process, known as sylvigenesis, is still not well understood in moist deciduous forests, making the study important. One of the key findings of the study is the presence of three vertical strata in moist deciduous forests – upper, middle, and lower. The middle stratum was found to be the richest in terms of species diversity, while the upper stratum was dominated by commercially important species. This highlights the importance of maintaining a balance between different strata in order to ensure the regeneration and growth of all species in the forest ecosystems. The study also identified five dominant species in the upper stratum – Dillenia pentagyna, Grewia tiliifolia, Lagerstroemia microcarpa, Terminalia paniculata, and X. xylocarpa. These species have higher values of basal area, relative basal area, density per hectare, relative density, and important value index, indicating their importance in the ecosystem. It is crucial to protect and promote the growth of these dominant species in order to sustain the overall health and productivity of the forest.
The tissue culture technique was used to sterilization and the procedure proved to be highly effective, ensuring a 100% survival rate for Xylia xylocarpa (Roxb.). Following sterilization, the seeds were cultured on half-strength Murashige and Skoog (MS) medium without the addition of plant growth regulators (PGRs). Sterilized seeds were cultured on ½ MS medium (no PGRs), achieving 100% germination within two weeks. For shoot induction, 1.5 cm nodal segments from seedlings and mature trees were sterilized (including 0.1% HgCl₂), showing 90% survival. Seedling-derived nodes cultured on full MS + 0.50 mg/L BAP produced 4.10 ± 1.20 shoots/explant (shoot length: 3.87 ± 0.30 cm). Mature tree nodes on 0.25 mg/L BAP yielded 3.50 ± 1.27 shoots/explant (3.18 ± 0.89 cm) after 12 weeks. Rooting was done on ½ MS + 0.75 mg/L IBA, with ~80% success in 8 weeks (Panudom et al 2024). This method offers an efficient and controlled approach for the rapid propagation and conservation of this species.
Silviculture aspects
Sakai et al (2011) studied the growth performance of three indigenous tress species (Acacia mangium, Hopea odorata, H. ferrea, and X. xylocarpa var. kerri) under different light conditions, contributing to the development of effective silviculture techniques for these species. His results showed a high survival rate of over 90% for all three species, even in the plot with no thinning treatment. This was attributed to the intensive management and tending of the experimental plots. However, the growth performance of the species varied greatly depending on the light conditions. X. xylocarpa var. kerri showed significant growth only in the gap plot, indicating its preference for and reliance on high levels of light. The study correlated the growth of the seedlings and regeneration patterns in their natural habitats. Thant (2006) studied the yield tables of X. xylocarpa plantations in Myanmar and using a simulation program called DYNAMOBEM, was able to extrapolate stand volume and analyze important yield parameters over age. It was found that the productivity of Pyinkado plantations could be increased with alternative silvicultural systems.
Chandrashekara (1996) assessed the growth and architectural characteristics of different trees in the home garden agroforestry systems of Panancherrry Panchayat, Kerala. Oldeman and Tomlinson (1978) studied nine selected species; Ailanthus triphysa, Albizia odoratissima, Artocarpus hirsutus, Grewia tiliifolia, Macaranga peltata, Mangifera indica, Tectona grandis, Terminalia paniculata and X. xylocarapa for different architectural models. The study found that Albizia and Xylia were exhibiting Troll model, while Grewia and Ailanthus fell under the Roux and Koriba models. Albizia, Grewia and Xylia showed low and dome-shaped crowns when grown in the shade, while Artocarpus, Macaranga, Mangifera, Tectona, and Terminalia tended to develop wider crowns when grown in open areas. This has important implications for the type of shade and light levels required by these tree species. It was found that Albizia, Grewia and Xylia could be introduced in the early stages of perennial crop establishment, as these trees tend to grow straight with a narrow conical crown in less shade. This makes them suitable for use in polyculture agroforestry systems, where multiple crops are grown together (Kumar 1994; Krishnankutty 1990). X. xylocarpa performs well in mixed planatations with Haldina cordifolia as observed from a study by Nair et al (1996). The aforesaid study looked into the botany, wood characteristics, and silvicultural techniques of Haldina cordifolia in India.
Survival challenges
Barstow (2019) highlights, potential threats to X. xylocarpadue to habitat changes associated with agricultural expansion, deforestation, and logging activities. However, the actual impact of these threats requires further investigation and confirmation. Ongoing research and monitoring are crucial for a better understanding of the species conservation status and factors affecting its population.
X. xylocarpa, is subject to infestations by various insects (Mathur and Singh 1960; Sen-Sarma and Chatterjee 1965). Infestations are reported to affect different parts of the plant, including seedlings, foliage, living trees, and dead wood. It’s common for plants to face challenges from various insect pests that can impact different stages of their growth and various plant tissues. 
Browne (1968) provided, a list of seven coleopteran insects known to feed on X. xylocarpa. This list highlights a variety of beetle species from different families that interact with X. xylocarpa, and they may have different ecological roles, including feeding on various parts of the plant. 
Mathew (1993) focused, on six different species namely Albizia odoratissima, Grewia tilifolia, Pterocarpus marsupium, Xylia xylocarpa, Haldina cordifolia, and Lagerstroemia microcarpa, all known for their high commercial value and relative resistance to pest attack in their natural habitats. Here, X. xylocarpa showed minor infestation by foliage-eating weevils. This study sheds light on the significant impact of pest incidence on nursery management and the importance of implementing effective pest control measures to ensure successful seedling growth and survival. Further research on pest management in forest nurseries, especially for indigenous tree species that play a crucial role in the country’s economy and biodiversity. 
Mathew (1995) focused, on the impact of insect pests on six indigenous tree species in Kerala, India, and how it affected their field performance in both mono and mixed cultures. The study highlights the importance of preserving and promoting native species. The fact that very few instances of pest outbreaks were found in the natural stands of these species shows the resilience of these trees and their compatibility with the local ecosystems. The results of the study also shed light on the vulnerability of monocultures to insect pests. Monocultures of most species, except X. xylocarpa and Haldinia cordifolia, showed high levels of pest attack (Mathew, 1995). This emphasizes the importance of promoting mixed cultures and biodiversity in plantations. X. xylocarpa is a good candidate for mixed plantations to reduce pest attack. 
  
Roychoudhury (2016) indicated, the recording of Sinoxylon anale Lesne as a new record of a potential wood borer in poles or logs of X. xylocarpa. He suggested that S. anale is a potential wood borer that may affect poles or logs of X. xylocarpa, particularly at the mentioned timber depot in Maharashtra. The presence of wood borers can have implications for the quality and durability of timber products. 
Economic importance
X. xylocarpa is a publicized timber species with marked durability and aesthetics. The wood is often susceptible to surface cracking, splitting, and warping over time. Beyond its industrial uses, X. xylocarpa wood is also utilized as a source of fuel and for charcoal production (Puskar 2012) underscoring its broad utility and economic significance. 
The species possesses various medicinal properties (Table 2). Its bark and decoction is administered in cases of gonorrhea and diarrhea, and it is also utilized to alleviate vomiting and a vermifuge. Additionally, the fruits yield a fatty oil, while the leaves are employed as manure. The seeds are potentially valuable as a food source due to their high protein content and the presence of essential amino acids (Siddhuraju et al 1995).
The study of Laidlaw and Morgan (1963) focused, on isolating and characterizing diterpenes found in the heartwood of X. xylocarpa. They successfully identified six diterpenes: manoyl oxide, 3-oxomaniyl oxide, sandaracopimaradiene, sandaracopimaradien-3-one, sandaracopimaradien-3β -ol, and sandaracopimaradien-3-18-diol. This research is significant as it enhances our understanding of the chemical composition of the X. xylocarpa tree species. 
Kumar et al (1986) provided, valuable information on bark anatomy and medicinal properties of X. xylocarpa. The study highlights the diagnostic characteristics of the bark, including the presence of rhomboidal crystals and the olive-grey fluorescence of aqueous yellowish-red extracts. These findings are significant in distinguishing X. xylocarpa from other plant species and can be helpful in its identification and authentication. Moreover, the author’s use of histo-pharmacognostic techniques to evaluate the bark is particularly impressive. Through this approach, they were able to identify the presence of various compounds such as alkaloids, glycosides, and sterols in the bark.  It provides an insight into the potential medical properties of X. xylocarpa and can aid in further research on its pharmacological applications. The study also discusses the barks traditional use as a medicinal plant, further emphasizing the importance of understanding its anatomy and chemistry.  The bark and fruits used in local medicine; in Indo-China in a decoction against haemoptysis Soef et al (1998).In Cambodia, the bark of X. xylocarpais used to treat Haemoptysis (Dy Phon 2000). Schmidt (2004) indicated that both barks and fruits of X. xylocarpa are utilized in traditional medicine. 
Chowdhury et al (2021) investigated the anti-inflammatory and anti-nociceptive properties of MEXX (Methnol extract of Xylia xylocarpa), shedding light on the potential medicinal applications of X. xylocarpa leaves. One notable aspect of their research is the utilization of diverse methods to evaluate the bioactivities of the plant extract. In vitro experiments demonstrated a significant reduction in membrane hemolysis and protein denaturation, indicating potent anti-inflammatory effects. Additionally, in-vivo studies corroborated these findings, showing substantial analgesic effects in both the acetic acid-induced writhing test and formalin-induced paw-licking test. Moreover, the identification of trans-5-hydroxypipecolic acid and its favorable docking score against key enzymes involved in inflammation, coupled with promising pharmacokinetic and toxicological profiles, offers valuable insights into the potential mechanisms of action of the extract.
Vadivel and Biesalski (2013) examined the relationship between indigenous processing methods of X. xylocarpa seeds and their total free phenolics, antioxidant activity, and health-relevant functionality. The study investigated the effects of traditional processing methods on the phytochemical content and functional properties of X. xylocarpa seeds, focusing on four different indigenous processing methods: sprouting, oil frying, soaking and cooking, and open pan roaaosting. The findings were promising, indicating an increase in total free phenolic content and significant enhancements in the antioxidant and free radical-scavenging activities of the seeds after sprouting and oil frying. Moreover, the seeds displayed α-amylase and α-glucosidase inhibition characteristics, which are essential in diabetes management. Additionally, the bark decoction is used for gonorrhea, diarrhea, vomiting cessation, and as a vermifuge. The fruits yield fatty oil, and leaves serve as manure (Puskar 2012).
Lam et al (2016) isolated, the anti-acetylcholinesterase (AChE) and anti-butyrylcholinesterase (BChE) properties of compounds from X. xylocarpa and showed potential cognitive benefits in the context of treating attention and cognitive deficits associated with neurodegenerative diseases. Similarly, Nakmee et al (2016), explored the antimicrobial and antioxidant properties of this species and the methanol fraction showed significant antimicrobial activity and identified antioxidant compounds, including tannins and flavonoids. 
Manimeghalai (2017) focused, on the characterization of the methanolic extract of X. xylocapa roots and the physico-chemical analysis indicated the presence of alkaloidal components, along with anthocyanins. This study highlighted the various fluorescent spots on TLC and PC, which suggests the presence of several phytochemicals in the root extract and it is a significant finding as it indicates the potential of X. xylocarpa as a source of useful drugs. The phytochemical analysis and the identification of several compounds in the root extract prove the medicinal value of the tree. 
Keo et al (2019) investigated, the methanolic extract of X. xylocarpa stems for phytochemical composition and antibacterial activities. The methanolic extracting yield of X. xylocarpa stems was reported to be 3.65% and the study scientifically validates the traditional use of X. xylocarpa stems in Cambodia for their antibacterial properties. The presence of various phytochemicals in the methanolic extract is suggested to contribute to the observed antibacterial effects. The phytochemical analysis of the leaf extract of X. xylocarpa indicates the presence of alkaloids, glycosides, flavonoids, phenols, saponins, tannins, and terpenoides (Manimegalai and Prithiba 2021). Singh et al (2023) reported findings on X. xylocapa as a food plant for the Indian Giant Squirrel.  Bioprospecting, as explored and elucidated by Vajha (2020) presents, a fascinating avenue for the exploration and extraction of biological diversity and indigenous knowledge. This research provides a schematic procedure for the screening and identification of natural products with significant pharmacological activity. In the realm of pharmaceuticals development, this practice offers immense potential for discovering commercially valuable genetic and biochemical resources, as well as untapped pharmaceutical agents. However, while bioprospecting exhibits considerable promise, it is crucial to acknowledge the potential risks it presents in terms of emerging diseases.  
Carbon Sequestration Potential
Aye et al (2011) conducted a study in the Katha District of Myanmar, focusing on the carbon storage of 15-year-old Xylia xylocarpa and Pterocarpus macrocarpus plantations by selecting 40 trees, making a significant contribution to forestry and carbon sequestration research. The research revealed that X. xylocarpa allocates a higher production of biomass (carbon) to various components compared to P. macrocarpus (7.8% leaves, 22.2% branches, 52.2% stems, 17.8% roots). The total carbon content of the X. xylocarpa plantation was 120.5 tons per hectare, which was lower than that of the P. macrocarpus plantations. The mean annual increment (MAI) of carbon content in the X. xylocarpa plantation was estimated at 2.7 tons per hectare, slightly higher than that of P. macrocarpus. This suggests distinct carbon allocation patterns among different tree species, highlighting their importance in forest management and carbon sequestration strategies. Furthermore, the study underscores the significance of considering not only the planted trees but also undergrowth vegetation, litter layer, and soil layer in plantation management for enhanced carbon storage. This finding emphasizes the role of these components in augmenting stand-level carbon content, providing valuable insights for sustainable forest management practices.
Srinivas and Sundarapandian (2019) evaluated the biomass and carbon stock of trees in the tropical dry forest region through non-destructive methods and allometric equations. Their research uncovered a diverse range of above ground biomass (AGB) and total carbon stock (CS) across three sites, with site III exhibiting the highest AGB and CS, while site I displayed the lowest values. This could be attributed to factors such as soil moisture, human disturbance, and tree species composition in each site. It was interesting to note that X. xylocarpa and Terminalia arjuna were the dominant biomass and carbon assimilators in the different sites, highlighting the importance of these species in sustaining and increasing carbon sequestration in tropical dry forests. 
Conservation aspect
Barstow (2019) presented an overview of the distribution, threats, and conservation status of X. xylocarpa, highlighting its extensive native range from India across to Indo-China, including Vietnam, Cambodia, and Thailand. While the species is also cultivated in other parts of Asia and Africa, certain subpopulations face threats from deforestation and timber collection, potentially leading to a gradual decline in population. Despite these challenges, the species is currently categorized as ‘Least Concern’ on a global scale by the IUCN (2019), largely due to its widespread distribution spanning over 4 million km2. However, there is concern regarding the loss of genetic diversity and habitat due to factors like war, shifting cultivation, and over exploitation, posing a risk to many species. Conservation efforts, therefore, play a vital role in safeguarding forest genetic resources, not only to prevent species extinction but also to preserve gene pools and genotypes. Continuous efforts on integrated management are essential for in-situ and ex-situ conservation efforts. X. xylocarpa is recognized as priority species by the Asian and Pacific Forest Genetic Resources Programme and is present in ex-situ collections. However, further research is needed to understand the full impact of threats on the species (BGCI 2018; Nghia 2001; Luoma-aho 2004).
Conclusions
Xylia xylocarpa stands as a dominant species of the tropical dry deciduous forests of South and Southeast Asia exhibiting immense potential across ecological, economic, and ethnobotanical domains. Its remarkable adaptability to drought prone environments, resistance to pests, and high-quality timber attributes make it a valuable resource for rural livelihoods, construction and an essential candidate in climate-resilient forestry and agroforestry systems. With its role in carbon sequestration and soil enrichment through nitrogen fixation, X. xylocarpa contributes meaningfully to ecosystem functioning and restoration ecology. Its traditional medicinal uses and potential pharmaceutical applications underscore its relevance in bioprospecting and sustainable healthcare systems.

Despite these notable attributes, the species is increasingly threatened by over-exploitation, habitat degradation, and limited natural regeneration, warranting urgent attention toward its conservation. Scientific gaps particularly in areas such as population genetics, and physiological responses to climate stressors impede the formulation of robust conservation and propagation strategies. There is a pressing need for region-specific studies that explore its phenotypic plasticity, seed biology, and breeding systems to support genetic improvement programs and silvicultural advancements.

This review synthesizses existing knowledge while illuminating critical knowledge gaps, emphasizing the multidimensional value of X. xylocarpa. Sustainable harvesting protocols community-based forest management and in situ and ex situ conservation strategies must be prioritized to ensure long-term viability. Future research integrating traditional ecological knowledge with modern biotechnological approaches could greatly enhance the species' utilization potential. As global environmental challenges intensify safeguarding such multipurpose native trees is vital not only for biodiversity conservation but also for supporting rural economies and climate adaptation strategies. X. xylocarpa thus emerges not just as a tree of utilitarian significance but as a biological asset of strategic ecological and socio-economic importance for future tropical landscapes.
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Table 1: Common names of Xylia xylocarpa in different languages.


	Language
	Synonyms

	Assamese
	Shin shapa

	Burma (Myanmar)
	Iron wood

	Bengali
	Loha kat

	Hindi
	Jambu

	Kannada
	Bettadavarike mara, Honnavarike, Irul, Jambe, Shelve, Tiruva

	Konkani
	Jamba

	Malayalam
	Irula, Irulpool, Irumullu, Kadamaram, Pangal

	Marathi
	Jambha, Suriya, Yerul

	Mizo
	Thinguk

	Nepali
	Jambu

	Odia
	Kangara

	Sanskrit
	Kanakakuli, Shinshapa

	Tamil
	Iruvel

	Telugu
	Boja, Errachennangi, Konda tangedu

	Tulu
	Chiruve, Thiruve




Table 2: Traditional knowledge and historical uses of Xylia xylocarpa in India and some other countries.
	S.
No.
	Plant
part
	Application/uses
	Tribes/Community/Place/Country
	Reference

	1
	Whole plant
	House construction, bio fencing, fodder, edible fruits; skin
diseases
	Tribes of Kalhandi District, Orissa (India)
	Swain & Mohapatra, 2013

	2
	Root
	Gonorrhoea
	Nukha Dora tribes, Alluri District,
Andhra Pradesh (India)
	Kumari et al.,
2023

	
	Gonorrhoea
	Koya tribes of Rampa hills, Andhra
Pradesh (India)
	Sekhar et al.,
2023

	
	Gonorrhoea
	Sarava tribes of Srikakulam District,
Andhra Pradesh (India)
	Ramalakshma
na et al., 2023

	
	Gonorrhoea
	Khondu tribes of Dumbriguda Madal, Alluri Siraramaraju District, Andhra
Pradesh (India)
	Rao, et al.,
2023

	
	Gonorrhoea
	Tribes of Ganga Raju Madugula,
Visakhapatnam District, Andhra Pradesh (India)
	Raju et al.,
2022

	
	Gonorrhoea
	Khond tribes of Visakhapatnam
District, Andhra Pradesh (India)
	Rao et al.,
2022

	3
	Bark
	Leprosy, vomiting, diarrhea, gonorrhea
and ulcers
	Traditional people of Kolli hills, Tamil Nadu (India)
	Manimegalai & Prithiba,
2021

	
	Antioxidant activity
	Andhra Pradesh (India)
	Vajha, 2020

	
	Cuts and wounds
	Koraput tribes Odisha (India)
	Mishra et al.,
2016

	
	Digestive tonic and
heal diarrhea
	Folk medicine (Thailand)
	Nakmee et al.,
2016









	
	Skin diseases
	Chenchus, Yerukala and Sugali Tribes of Gundlabrameswaram Wildlife
sanctuary AP (India)
	Kanneboyena et al., 2015

	
	Gonorrhoea, diarrhea, vomiting and vermifuge
	People of Hassan District, Karnataka (India)
	Prashanth Kumar & Shiddamallay
ya, 2016

	
	Antidiarrheal, fever
	Ibadan, Nigeria
	Fasola et al.,
2014

	
	Diarrhoea
	People of Nalgonda and Warangal
Districts of Andhra Pradesh (India)
	Sreeramulu et
al., 2013

	
	Ulcer, gonorrhea, diarrhea and
antileprotic
	Tribes of Mizoram (India)
	Rai & Lalramnghingl
ova, 2010

	
	Diarrhea, ulcer and
gonorrhoea
	Tribals of western parts of Mizoram
for herbal medicine
	Lalfakzuala et
al., 2007

	4
	Stem
	Used as timber
	Gond people of Etapalli, Gadchiroli
District, Nagpur (India)
	Atram et al.,
2023

	
	Used in construction, specifically for
building house
	Chai Nat Province, Central Thailand
	Chaiyong et al., 2023

	
	Construction material
	Three Karen villages in northern
Thailand
	Sutjaritjai et
al., 2019

	Hheartwood
	Anemia and diarrhea,
nourish blood
	Folk medicine (Thailand)
	Nakmee et al.,
2016

	
	Agricultural
implements
	Tribals of Pocharam wildlife
sanctuary, Telangana (India)
	Saidulu et al.,
2015

	5
	Leaves
	Green manure
	Agroforestry (India)
	Manimegalai & Prithiba,
2021



	
	Lipoperoxidant activity, antioxidant and free radical
scavenging capacity
	Andhra Pradesh (India)
	Vajha, 2020

	6
	Flower
	Antipyretic and heart
health
	Folk medicine (Thailand)
	Nakmee et al.,
2016

	
	Purgative
	Tribals of Pocharam wildlife
sanctuary, Telangana (India)
	Saidulu et al.,
2015

	7
	Fruit
	Anemia, herbal tea
	Three Karen villages in northern
Thailand
	Sutjaritjai et
al., 2019

	
	Digestion
	People of Kuldiha wildlife sanctuary,
Odisha (India)
	Sravanan et
al., 2017

	
	Vomiting and diarrhea
	Koraput tribes, Orissa (India)
	Padhan &
Panda, 2015

	8
	Seed
	
	
	

	
	Consumed as food
	Gond people of Etapalli, Gadchiroli
District, Nagpur (India)
	Atram et al.,
2023

	
	Rheumatism, piles and leprosy
	Traditional method (India)
	Manimegalai
& Prithiba, 2021

	
	Rheumatism, piles and leprosy
	Aboriginal communities of Manr beat, Karamadai Range, Western Ghats,
Coimbatore District (India)
	Mownika et al., 2021

	
	Seeds are roasted and consumed
	Dravidian and Austria-asiatic linguistic group of Odisha (India)
	Franco &
Narasimhan, 2012

	
	Seeds edible as food
	Local and tribal people of Palakkad
District, Kerala (India)
	Remesh, 2016

	
	Seeds are roasted and
eaten as food
	Tribal and rural people of Southern
Odisha (India)
	Misra &
Misra, 2016



	
	Seeds of this plant eaten as food
	Muthuvan and Kattunaikkun tribes of Palakkayam settlement, Nilambur,
Malappuram District, Kerala (India)
	Das et al.,
2013

	
	Seeds roasted and consumed as food
	Tribes of the Koraput Region of Odisha (India)
	Franco & Narasimhan,
2012

	
	Antirheumatic, piles, antileprotic
	Tribes of Mizoram (India)
	Rai &
Lalramnghingl ova, 2010

	
	Raw seeds relished as
vegetables
	Bonda primitive tribe, Orissa (India)
	Prusti &
Behera, 2007

	
	Edible seeds as food
	Tribals of Anamalais, Coimbatore
District, Tamil Nadu (India)
	Ramachandra
n, 2007

	
	Fried and eaten as
food
	Soligas in Biligiri Rangana Betta,
Karnataka (India)
	Hosagoudar &
Henry, 1996




