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Haldina cordifolia (Roxb.): A Timber Species and Its Significance

Abstract
With the increasing demand for timber, pressure on reserved forests has significantly risen. Haldina cordifolia (syn. Adina cordifolia), a valuable multipurpose tree species, plays a crucial role in various industries. Its bark is used for dyeing wool and linen yellow, while its durable wood is widely utilized for timber, furniture, flooring, panelling, construction, agricultural tools, turnery, and bobbins. Native to India, the species is also valued in traditional medicine, with its bark known for antiseptic properties and its roots used as a remedy for dysentery. The wood’s characteristic yellow hue has led to its common name, haldu. (______) This article aims to explore various aspects of Adina cordifolia, including its taxonomy, distribution, botanical description, reproductive biology, breeding systems, seed collection and processing, wood properties, plantation establishment, growth patterns, photochemistry, and medicinal (_____)applications.	Comment by OWNER: Must be in italics	Comment by OWNER: an important tree species..	Comment by OWNER: delete	Comment by OWNER: delete. The species is native to India. And highly valued in..	Comment by OWNER: delete	Comment by OWNER: Include here the methods used for this research	Comment by OWNER: research study aims..	Comment by OWNER: delete	Comment by OWNER: properties and applications.
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Introduction  
Haldina cordifolia Benth. & Hook. f., commonly known as haldu, is a multipurpose deciduous tree belongs to the genus Haldina within the Rubiaceae family and has a chromosome number of 2n = 22 (Bedi et al., 1981). Previously known by its synonym Adina cordifolia (Roxb.) Hook.f. & Benth., this species is valued for its durable timber, medicinal properties, and ecological significance. Adina is from the Greek word adinos, ‘clustered, plentiful, crowded’, referring to the clustered flowers. The genus Haldina is monotypic, characterized by large, opposite leaves, terminal inflorescences, and spherical clusters of small, fragrant flowers. It is the sole species in the Haldinia genus. Lampatia, Tarak Chapa in Assamese, Keli-Kadam in Bengali, Hed, Hedu, Heddi in Marathi, Haladwan, Holdarvo in Gujarati, Girikadamba in Sanskrit, Avanu, Kadambe in Kannada, Manjakadambai, Poonteak in Tamil, Manjakadambu or manjakkatamp in Malayalam, Bandaru, Pasupu Kadamba in Telugu, Lungkhup in Mizo, Kam, and Karma in Nepalese are just a few of its many vernacular names in different languages.	Comment by OWNER: under	Comment by OWNER: delete. and is…	Comment by OWNER: only species
Taxonomy and Nomenclature: 
Table 1. Taxonomic classification of Haldina cordifolia Benth. & Hook. f. 	Comment by OWNER: Haldina cordifolia
	Kingdom :
	Plantae

	Order        :
	Gentianales

	Family      :
	Rubiaceae

	Genus       :
	Haldina

	Species     :
	Haldina cordifolia/ Adina cordifolia



Geographical distribution and environmental conditions
Adina cordifolia (syn. Haldina cordifolia) is found across tropical and subtropical South and Southeast Asia, including India, Nepal, Bangladesh, Myanmar, Thailand, Laos, Cambodia, Vietnam, and Sri Lanka.  Haldu may be found in deciduous woods across India, reaching elevations of 900 meters in the sub-Himalayan region.  It is also widespread in the forests of South India (Iqbal et al., 2009). Adina thrives at altitudes between 300 and 1,000 meters, favouring well-drained soil with an optimal pH range of 5.5 to 6.5. It requires an annual temperature between 25°C and 35°C and rainfall ranging from 1,000 to 2,000 mm (Muthupandiyan et al., 2019; Treepedia, 2018). The species is not frost-tolerant and grows across diverse geological formations, including granite, gneiss, schist, quartzite, trap, and laterite, up to 1,000 meters above sea level (Kundu, 2018; Muthupandiyan et al., 2019).	Comment by OWNER: The species is found..
Botanical description	Comment by OWNER: Plant Taxonomic Description
Haldu grows to a height of 30–40 meters with a trunk diameter of approximately 22 cm. The clear, straight bole can extend up to 20 meters. Its bark, measuring about 1.3 cm thick, is grey-brown to pale brown, shallowly pitted, horizontally wrinkled, and cracked, with exfoliation occurring in small patches (Sasidharan, 2004; Muthupandiyan et al., 2019). The tree has an ovoid-shaped crown, a reddish blaze, and horizontally spreading branches with monopodial branching (___)Young shoots are pubescent.	Comment by OWNER: plant grows and extend…	Comment by OWNER: and the young shoots…
The leaves are large, oval-shaped with a narrow tip and a cleft base. They are arranged in opposite pairs along the branches. The leaves are simple, opposite, decussate, and stipulate, with stipules measuring 10–12 × 7 mm, intrapetiolar, obovate, foliaceous, and caducous. The petiole is 4–10 cm long, stout, and pubescent. The leaf lamina, measuring 10–20 × 10–20 cm, is orbicular, ovate, or broadly ovate, with a cordate base and an acuminate apex. The margin is entire, the upper surface is glabrous, while the underside is pubescent and chartaceous. The leaf venation consists of 5–7 primary nerves from the base, 3–5 pairs of lateral pinnate nerves, with prominent and regular intercostal veins arranged in a scalariform pattern, and domatia are present (Sasidharan, 2004).
(___)Reproductive biology and breeding system	Comment by OWNER: The Plant Reproductive Biology	Comment by OWNER: delete
The flowers of Adina cordifolia are small, yellowish, and bisexual, with prominent projecting stigmas resembling pinheads. They are arranged in dense, round, axillary clusters measuring 3–4 mm in diameter and are interspersed with numerous thread-like bracteoles. The hypanthium is 1–2 mm long and densely hairy, while the cup-shaped calyx measures 1.5–2 mm, with a short tube and five lobes ranging from 1.3 to 1.8 mm in length. The corolla, 7–9 mm long, is five-ridged and covered in fine hairs externally, with five oblong lobes (1–2 mm) that are also densely hairy. The flowers have five exerted stamens, each with 0.5 mm filaments and oblong anthers measuring 1–2 mm. The ovary is inferior and two-celled, with numerous ovules attached to a pendulous placenta. The style is slender, and the stigma is globose.

The fruit is a small, brown, turbinate capsule, 2–3 mm long, consisting of two dehiscent cocci. The fruits form dense, spherical clusters that turn black or nearly black when mature. The seeds are numerous, each featuring a tail at one end and a bifid wing at the other (Rokde & Pawar, 2013).
The natural regeneration of haldu is sparse due to their minute seed size, which is primarily dispersed by wind. In some instances, fruit heads fall before all seeds are released, allowing germination to occur within the fallen fruit heads. Although the species produces seeds in large quantities, only a small proportion are successfully established as seedlings. For vegetative propagation, softwood cuttings are the most effective compared to hardwood and semi-hardwood cuttings (Kaushal et al., 2010). Treating cuttings with Indole-3-Butyric Acid (IBA) at a concentration of 2000 mg/L significantly enhances rooting (Yadav et al., 2018). Seed germination occurs within 20–40 days. For in vitro propagation, apical buds or shoot tips serve as ideal explants. Murashige and Skoog (MS) medium supplemented with 1.0% BAP and 0.5% NAA has been found to be highly effective for micropropagation (Sultana et al., 2015).	Comment by OWNER: delete
Seed collection and processing
Seeds are dispersed between April and June, with maturity determined by changes in fruit colour and moisture content. As the fruit ripens, its colour transitions from light green to light brown, and its moisture content ranges between 38-46% (Jeena et al., 2012). During seed collection, a tarpaulin should be spread under the tree to gather fruits by either lopping branches or plucking. After collection, seeds should be sun-dried for 7 to 10 days to reduce the moisture content to 5-6%, ensuring optimal germination (Kundu, 2018).
Wood properties
The yellowish wood of Adina cordifolia exhibits a uniformly fine texture with a straight grain. Its basic density ranges from 503.0 kg/m³ to 663.5 kg/m³, with an average density of 596.7 kg/m³ at breast height (Nair et al., 1991). The sapwood is pale yellowish to yellowish-white, while the heartwood transitions from deep yellow to reddish or brownish upon exposure. The parenchyma is sparse and indistinct to the naked eye. The wood contains fine, numerous, and closely spaced rays, with small vessels occurring solitarily or in radial multiples of two to three (Anoop & Pasha, 2005).
Additional wood properties include a specific gravity of 0.70 at 12% moisture content and a volumetric shrinkage coefficient of 0.45%. The total tangential shrinkage (TS) is 6.8%, while the total radial shrinkage (RS) is 3.4%, giving a TS/RS ratio of 2.0. The wood's mechanical properties include a crushing strength of 55 MPa, static bending strength of 90 MPa, and a modulus of elasticity of 12,770 MPa (Anon, 2012). Its air-dry weight is approximately 40–42 lb/ft³ (CSIR, 1948).
Plantation establishment and growth	Comment by OWNER: delete
The field is thoroughly ploughed, followed by harrowing and planking to achieve a fine tilth and ensure weed-free soil. Before planting, 20 t/ha of FYM is incorporated into the land. The recommended spacing is 4m × 4m (row to row). Nursery-raised seedlings are transplanted into 30cm × 30cm × 30cm pits (Muthupandiyan et al., 2019). Protecting seedlings from drought is crucial for their survival. Each pit is slightly covered with terrain to prevent water stagnation. However, data on nutrient deficiency is currently unavailable (Nair et al., 2004).
Important insect pests and diseases
The insect Parotis vertumanlis inflicts significant damage, destroying over 50% of foliage by folding and feeding within the leaves. Epiplema quadricauda caterpillars cause defoliation in young trees (Nair et al., 1991), which can be managed with a 0.1% solution of Ekalux 25 EC (Quinalphos). Dirades adjutaria leads to defoliation during July and August, while Aristobia approximator feeds on the bark of living shoots. Additionally, Dihamnus cervinus larvae bore into the stems of young saplings (Kundu, 2018).
Medicinal uses
Fresh bark, when ground with brown sugar, is consumed internally to relieve stomachaches (Bhaskar & Samant, 2012). The bark and leaves of Haldina cordifolia are traditionally used to treat cholera, colds, coughs, fever, headaches, scars, jaundice-like symptoms, and urinary disorders (Singh & Dubey, 2012). 
Fresh stem bark juice is taken for rheumatism (Jain et al., 2010), while its latex is applied to alleviate toothaches (Kamble et al., 2010; Rokde & Pawar, 2013). The stem bark is also used to reduce fever (Padal et al., 2010). Additionally, leaves are applied to swollen areas to relieve pain and inflammation. The bark exhibits antibacterial properties and is traditionally used for treating eczema, scabies, and other bacterial skin infections, with its paste applied directly to affected areas. 
Phytochemistry of Haldinia cordifolia (Roxb.) 
Phytochemical compounds, including flavonoids and other secondary metabolites, have been linked to various biological activities such as anti-inflammatory, antimicrobial, and antioxidant properties (Prakash et al., 2015). The specific phytochemical compounds are detailed in Table 2 below.
Table no. 2 The phytochemistry of Haldina cordifolia present in different parts of tree
	S. N.
	Part 
	Solvent
	Activity
	References

	1
	Leaf, Bark, root.
	Methanol
	Antioxidant Activity
	Surveswaran et. al 2007, Baral et. al 2016, Kumari et. al 2017, Dai et. al 2010

	2
	Extracts of leaf and stem	Comment by OWNER: Leaf and Stem Extracts
	Silver Nitrate
	Anti-cancer Activity
	Sangameswaran et. al, 2012, Dubey et. al 2020, Rao et. al 2020

	3
	Extracts of leaf and stem	Comment by OWNER: delete
	Silver Nitrate
	Antibacterial activity
	Mohan et. al 2014, Sayeed and Ali 2015, Muthupandian et. al 2019, Hossan et. al 2009

	4
	Leaves
	Hydro-alcoholic
	Anti-Diabetes activity
	Campus and Bhimber 2016, Sijad ,Nag 2017

	5
	Bark extract
	Acetone (AEAC)
	Hepatoprotective activity
	Medjahed et. al 2016, Singh et. al 2018

	6
	Bark extract	Comment by OWNER: delete
( Note: No need to repeat )
	Crude methanol
	Cytotoxic activity
	Rashid et. al 2016, Nordin et. al 2019, Raypa (PhD thesis) 

	7
	Bark, Root
	Benzene, ethyl acetate
	Anti-amoebic activity
	Baral et. al 2016, Seshian et al 2020, Ahmed et. al 2016, Iqbal et. al 2009

	8
	Bark, Root
	Petroleum ether, ethyl
	Anti-inflammatory, Analgesic activity
	Jain et. al 2006, Thant 2019, Asif 2015

	9
	Stem
	Chloroform
	Anti-ulcer
	Kasinaduni et. al 2009


                                                                                                         (Source : Dalu et. al 2021)	Comment by OWNER: et
Conclusion
This review primarily focuses on the botanical description, geographical distribution, environmental conditions, reproductive biology, breeding system, wood properties, plantation establishment, growth patterns, major pests and diseases, medicinal uses, and phytochemistry of Haldina cordifolia. As a valuable timber species with significant medicinal properties, this multipurpose tree offers numerous benefits. However, despite its ecological and economic importance, Haldina cordifolia remains underutilized and often overlooked. This highlights the need for further research and conservation efforts to promote its sustainable use. The review provides valuable insights into its diverse applications and the benefits of its cultivation.	Comment by OWNER: delete	Comment by OWNER: Haldina  cordifolia	Comment by OWNER: The timber species is significant, with medicinal properties, and  with valuable benefits	Comment by OWNER: the plant remains..	Comment by OWNER: hence, further…
Fig 1 : Haldina cordifolia, which is previously known as Adina cordifolia 
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Fig 2 : The photograph shows the long, straight, clean bole stem of the plant
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