


Short Research Article
How are the Physico-anatomical Properties of Original Bark Different from Regenerated Bark? - A Novel Evidence for Sustainable Harvesting of Arjuna

ABSTRACT
Arjuna, Terminalia arjuna, is one of the tropical high traded medicinal tree species and its bark is being commercially used for medicinal use especially for treating cardiac diseases. Based on sustainable bark harvesting, both original and regenerated bark is exploited commercially for medicinal use. Therefore, physical and anatomical properties of regenerated bark is scientifically compared with original bark, and provides valuable insights for sustainable harvesting strategies, quality control of raw materials, and long-term conservation of this species. Study shows that there was significant difference in most of the traits, where lower fresh weight and bark thickness was recorded in regenerated bark than original bark. Original bark was recorded mostly to be uniseriate with few biseriate rays, while in regenerated bark, multiseriate or aggregate rays were recorded. It is also noticed that most of the fibre and ray dimensions are similar in both original and regenerated bark; however, fibre length and ray width differed significantly. This information is useful in differentiating original and regenerated bark by anatomical features and may help in bark adulteration. Study indicates that arjuna bark can be recovered and sustainably harvested. 
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1. INTRODUCTION
As per World Health Organization, the majority of the world’s human population, especially in developing countries, depends on traditional medicine prepared out of medicinal and aromatic plants (WHO, 2002). Besides, the attention among the population increased towards plant-based medicines, may be due to their effectiveness, lesser side effects, increasing cost of modern medicines, cultural acceptability and lack of current medical alternatives (WHO, 2002; Warrier et al., 1994). Thus, there has been a shift in universal trend from synthetic to herbal medicine for the prevention of diseases and ailments. Due to rich biodiversity of medicinal plants and abundance of traditional medicinal systems, the world is now looking towards India. 
[bookmark: _Hlk206477240][bookmark: _Hlk206477264]Among several medicinal plants, Arjuna, Terminalia arjuna (Roxb. Ex DC) Wight & Arn., belonging to Combretaceae family, is the most remarkable medicinal tree species distributed in tropical regions, especially greater part of the Indian peninsula, which is found along rivers, streams, ravines and dry watercourses (Warrier et al., 1994; Dwivedi & Jauhari, 1997). Arjuna bark, an important cardiac tonic, is being used to treat the myocardial infarction, angina, coronary artery diseases, heart failure, hypercholesterolemia, ischemia, hypertension (Dwivedi & Jauhari, 1997; Harika et al., 2013), and also for treating dysentery, asthma, hypertension, menstrual problems, anaemia and other diseases (Vijaya et al., 2015; Orwa et al., 2009). It also plays an important role in the tanning industry (Orwa et al., 2009). In fact, owing to its broad application for several healthcare diseases, there is great demand for Arjuna bark, which ranks one among 70 highly traded (≥ 100 MT/year) medicinal plant species from tropical forests (Ved & Goraya, 2007). 
Recent peer-reviewed syntheses indicate that the pharmacological interest in T. arjuna bark is associated with triterpenoids, flavonoids, polyphenols, tannins, and glycosides, while also emphasizing that extract standardization, dose definition, safety assessment, and adequately designed clinical studies remain necessary for reproducible therapeutic use (Kapoor et al., 2014; Maulik & Talwar, 2012; Ramesh & Palaniappan, 2023).
[bookmark: _Hlk206477452]On the other hand, plants are under threat due to unscientific ways of harvesting bark in the wild; therefore, sustainable bark harvesting is most important. Furthermore, such efforts are being made in Arjuna (Gunaga et al., 2007; Sinha et al., 2022; Jadhav 2025); moreover, harvesting of regenerated bark is inevitable for sustainable supply of bark (Gunaga et al., 2007). Since the regenerated bark is also exploited commercially for medicinal purpose, the scientific information on physical and anatomical properties of regenerated bark in comparison to original bark is scanty among medicinal trees, especially in Arjuna, which help in sustainable bark harvesting by assessing the quality, functionality, and therapeutic potential; correspondingly it plays an important role in long-term conservation as well as quality control of raw materials including adulteration. Thus, a study was undertaken to provide insight on the scientific basis of anatomical properties of original and regenerated bark of Arjuna while ensuring sustainability of the natural population. 
Evidence from other medicinal tree species further shows that post-debarking recovery depends on species, harvest intensity, stem diameter, season, and the area and geometry of the removed patch; therefore, anatomical identification of regenerated tissue should complement recovery-rate measurements when defining harvest cycles (Delvaux et al., 2009, 2010a; Hanumantha & Vasudeva, 2022). In addition, validated chromatographic markers have been proposed to distinguish T. arjuna bark from common Terminalia adulterants, indicating that anatomical descriptors may provide a useful complementary first-line quality-control tool (Tulsi & Vidhu, 2022).
2. MATERIAL AND METHODS
A study was carried out using Arjuna plantation established at Navsari Agricultural University, Navsari located in the South-western zone of Gujarat having latitude of 20°37 North and longitude of 72°54 East with an altitude of about 12 meter above MSL (Plate 1). 
	

	

	


	Plate 1: Geographic location of study site



Total ten healthy matured trees of Arjuna having girth-class about 100-150 cm was selected randomly and marked for bark collection. A longitudinal bark strip (original) of size 10 cm (long) x 5 cm (wide) per tree at the breast height (DBH) was removed in the month of February, 2023 from each tree. Similarly, regenerated bark of the same strip from the same tree was harvested in the subsequent year i.e., February, 2024 (Plate 1). These samples were brought to the laboratory to assess the physical and anatomical properties. Uniformity was maintained for both the bark samples while processing and its analysis in each separate year. 
The moisture content was determined by the oven-dry method, while basic density was determined by the water displacement method. The measurements of anatomical properties of original and regenerated bark of Arjuna were carried out under the microscope equipped with an image analysis system using maceration technique and sectioning 25µm-thick samples in transverse and tangential directions using a sliding microtome (Sinha et al., 2022; Jadhav, 2025). Ray dimensions (ray height and width) of bark were measured at 10x objective under Leica trinocular microscope with a LAS measurement software using the slides of tangential sections. To determine fibre dimensions such as fibre length, width, lumen-width, and fibre cell-wall thickness, macerations of bark samples were carried out by Schultz’s method (Jane 1956; Sinha et al., 2022). Minimum 25 observations have been measured for fibre dimensions according to International Association of Wood Anatomists (IAWA) committee guidelines (Wheeler et al., 1989). Later data were subjected to t-test to confirm the significant difference between original and regenerated bark.


3. RESULTS AND DISCUSSION
Bark biomass (weight) is one of the significant physical properties of bark in availability of raw material for large-scale drug production and helps in estimating active ingredient yield per tree in optimizing harvesting practices to ensure sustainability while maintaining medicinal potency. The present study revealed that the fresh weight of original bark was significantly higher than the fresh weight of regenerated bark, which is in conformity with findings of Gunaga et al. (2007) in Arjuna. 
[bookmark: _Hlk193918190]In the current study, the fresh weight of original bark ranged from 43.16 to 87.28 g and regenerated bark from 22.62 to 49.10 g. This indicates that the fresh weight of Arjuna bark varies from tree to tree that finally affects the biomass of the bark (Table 1). In fact, Pandey and Kori reported a wider range of variation in fresh weight (20.56 to 117.75 g) of original Arjuna bark at the same blaze size of 10 cm x 5 cm in different locations of Chhattisgarh (Pandey & Kori, 2011). Apart from weight, bark thickness of original bark was also significantly higher than regenerated bark. The low bark thickness of regenerated bark was due to one-year-old age of the bark; moreover, basic density, moisture content and volumetric shrinkage was found to be non-significant between original and regenerated bark (Table 1).
The substantially lower fresh weight and thickness of the one-year regenerated bark are consistent with an incomplete recovery interval rather than equivalence with mature original bark. Comparable debarking studies have shown that regrowth is highly species- and treatment-dependent and may vary with harvest intensity, season, stem size, patch geometry, and post-harvest protection, supporting the need to define species-specific minimum intervals before repeated harvesting (Delvaux et al., 2009, 2010a; Hanumantha & Vasudeva, 2022).
Table 1. Physical properties of original and regenerated bark of Arjuna
	Physical Properties
	Original Bark
	Regenerated Bark
	‘t’ value

	
	Range
	Mean ± SD
	Range
	Mean ± SD
	

	Fresh weight (g)
	43.16-87.28
	64.34 
± 8.56
	22.62-49.1
	29.99 
± 6.30
	12.58**

	Bark thickness (mm)
	9.17-13.83
	11.98 
± 1.45
	4.51-5.88
	4.99 
± 0.45
	15.61**

	Basic density (g/cm3)
	0.366-0.601
	0.467 
± 0.08
	0.383-0.522
	0.443 
± 0.05
	1.39NS

	Moisture content (%)
	92.83-182.17
	133.42 
± 28.05
	109.62-170.22
	140.24 
± 20.95
	-0.90NS

	Volumetric shrinkage (%)
	32.11-55.39
	47.66 
± 7.40
	42.89-59.60
	52.00 
± 6.12
	-1.94NS


**Significant at 1 % level, NSNon-significant
[bookmark: _Hlk206478315]Considering bark anatomy, original bark is mostly uniseriate; however, few biseriate rays are also found (Table 2). Conversely, regenerated bark is mostly having multiseriate or aggregate rays towards phelloderm and transitioned into uniseriate to biseriate rays near sapwood (Plate 2). Fibres were libriform, non-septate and rounded to polygonal in shape in both original and regenerated bark. Among the fibre dimensions, fibre length (1352.76 µm) was significantly more in original bark than regenerated bark (1181.17 µm), while fibre width, lumen width and cell-wall thickness was found non-significant. Interestingly, ray width was significantly more in regenerated bark (58.22 µm) than original bark (40.19 µm, Table 2). Ray height between original and regenerated bark was non-significant. Variation in ray attributes of regenerated bark may be due to the formation of fast surface callus and wound cambium in the incised portion for fast recovery to withstand health; indeed, quantitative anatomical properties also vary with age of tree (Sinha et al., 2022). 
The occurrence of wider and more aggregated rays in regenerated bark is biologically plausible because bark removal initiates surface-callus formation, wound-cambium establishment, and reconstruction of secondary vascular tissues. Studies in debarked trees have documented staged callus development and substantial wound-induced anatomical remodeling, while broader comparative work identifies conducting phloem and vascular re-establishment as important determinants of bark recovery (Delvaux et al., 2010b, 2013; Karunarathne et al., 2024; Stobbe et al., 2002). Accordingly, the larger ray width observed here may represent an early regenerative configuration; however, longitudinal sampling beyond one year is required before it can be treated as a stable diagnostic feature of mature regenerated bark.
Table 2. Anatomical properties of original and regenerated bark of Arjuna
	Anatomica Properties
	Original Bark
	Regenerated Bark
	‘t’ value

	
	Range
	Mean ± SD
	Range
	Mean ± SD
	

	Ray height (µm)
	221.55-38.60
	291.90
± 43.79
	257.53-388.35
	307.16 
± 41.19
	-0.79NS

	Ray width (µm)
	35.60-48.25
	40.19
± 4.07
	44.73-77.43
	58.22 
± 9.95
	-5.23**

	Fiber length (µm)
	1158.96-1680.88
	1352.76 ±178.45
	950.33-1401.43
	1181.17 
± 117.50
	2.84*

	Fiber width (µm)
	18.98-22.58
	20.68 
± 1.47
	19.14-24.28
	21.35 
± 1.56
	-1.10NS

	Fiber cell-wall 
thickness (µm)
	4.28-6.09
	5.25
± 0.53
	4.41-5.99
	5.41 
± 0.46
	-0.74NS

	Fiber lumen 
width (µm)
	8.65-11.74
	10.19 
± 1.07
	8.96-12.82
	10.52 
± 1.11
	-0.96NS


*Significant at 5%, **Significant at 1 % level, NSNon-significant
	


	


	Plate 2: Anatomical features of phloem rays and phloem fibers in original and regenerated bark of Arjuna, a) Tangential section (TLS) of original bark showing Uniseriate to Biseriate ray cells with scattered crystals, b) Tangential section (TLS) of regenerated bark showing Multiseriate or Aggregate ray cells with scattered crystals, c) Phloem fibers (libriform and non-septate) of original bark, d) Phloem fibers (libriform and non-septate) of regenerated bark



4. CONCLUSION
It is concluded that fresh weight and bark thickness of original bark are higher than regenerated bark. Ray cells in original bark are mostly uniseriate with few biseriate rays, whereas in regenerated bark, they were mostly multiseriate or aggregate rays seen towards phelloderm and transitioned into uniseriate to biseriate rays near sapwood. Fibre length is more in original bark and ray width is more in regenerated bark. The study accomplishes that regenerated bark can be anatomically differentiated from original bark; moreover, substantial regenerated bark yield can be harvested sustainably in Arjuna.
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