


Review Article
Natural Hydrophobicity Of Taro Leaves: From Fundamental Understanding To Biomimetic Applications



ABSTRACT
Hydrophobicity is the phenomena to repel the water without getting wet shown by taro plant leaves. This property is shown by taro plant leaves due to nanostructure roughness of wax present on it. The remarkable hydrophobicity of taro (Colocasia esculenta) leaves, often termed the ‘taro effect’, has attracted increasing scientific interest due to its potential as a natural model for surface engineering and biomimetic design. The taro plant is known for its unique leaf surface characteristics, which have attracted scientific and engineering interest for biomimetic applications. Although the lotus leaf is famous for its “superhydrophobicity,” the taro leaf also exhibits remarkable water-repellent and self-cleaning properties, serving as an excellent natural model for material innovation. This review provides a comprehensive overview of the fundamental principles governing taro leaf hydrophobicity, including leaf surface micro and nano-structures, wax chemistry, and the role of water repellence and self-cleaning effect. The influence of environmental conditions, leaf maturity and mechanical durability on surface wettability is also discussed. Recent advances in biomimetic applications inspired by taro hydrophobicity are critically evaluated with water harvesting systems, self-cleaning textiles, sustainable packaging and anti-fouling materials. From a biomimetic standpoint, understanding these structural and chemical mechanisms has guided the development of artificial hydrophobic and self-cleaning materials. Inspired by the taro leaf, researchers have fabricated water-repellent coatings, anti-fouling films, and microfluidic surfaces that replicate its micro-waxy architecture. The review identifies current challenges including, scalability, durability, and environmental safety of biomimetic approaches and outline future directions aimed at translating the natural design of taro leaves into practical technologies. This review underscores the significance of taro leaf hydrophobicity as both a subject of scientific inquiry and a blueprint for innovative material development.
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1.INTRODUCTION
Hydrophobic properties have been seen in nature since the beginning of time. When we talk about hydrophobicity, what comes to mind is “surface or material that repels water. Mostly, these structures are used in a variety of places, like water repellent fabrics, water repellent finishes, etc., by that, the water would not be absorbed (Chandrasekhar, 2021; Singh et al., 2023). Plastic bags are easily used by consumers since they can exist more than paper bags. They are less susceptible to tearing and can be used multiple times (talukdar, 2018). To avert these problems, using paper bags are strongly encouraged. However, in an inspection, found that various bags made from different materials have a lower potential for global warming than a plastic bag used once. According to (Tom, 28 Jan 2019),  the paper bags have to be used a minimum of three times. Paper bags do not have water resistance property, due to which these bags become very limited (talukdar, 2018). In search of finding an acceptable organic material that can solve the above problem, researchers found various plants containing waterproof wax having hydrophobic properties (bio-wax). An ideal example of plant having hydrophobic bio-wax layer on its leaves is taro (talukdar, 2018). The plant species called taro (Colocasia Esculenta) originates to the Araceae family and is commonly grown in South Asian, African, and oceanic countries. Taro corms are used as a staple food. According to Ahmed (2013), leaf surfaces, such as the bio-wax obtained from taro leaves, which has 1-octacosonol commonly from epicuticular as a main component responsible for its hydrophobicity features, are easily observed to have hydrophobic surfaces in biological form. (Alvarez, 2019) created a paper using chitin crab polymer and produced taro bio-wax to develop a hydrophobic, acid-free paper that is resistant to most solvents and has a longer shelf life than photographic paper. On phenomenon of taro leaves, the force that occurs between water and taro leaves is the adhesion force, whereas the force between water molecules is the cohesion force. In this case, the adhesion force that occurs between the water and the taro leaves (which is coated by the wax layer) has a smaller attraction than the cohesion forces that occur between water molecules that are capable of forming granules on the surface of the taro leaves (El-Aal et al., 2019). Attraction force in this greater cohesion force causing the water not to be able to wet the taro leaves. But as it is said that the water only forms water grains on the surface of the taro leaf. As well as the surface tension that occurs between the water with the superhydrophobic surface of the taro leaves which generate all forces into the water surface produces a minimum surface area (Negara et al., 2019). A paper's acid-free quality is decided by its alkaline characteristics, which, compared to most commercial papers, extend its shelf life by contributing to its hydrophobicity. According to Talukdar (2018), the availability of taro plants and their strong hydrophobic qualities can generate a sustainable bio-wax that can be applied as a surface coating material to create a biodegradable hydrophobic paper bag, decreasing the use of plastic bags and pollution in the environment. However, the absence of centralized procedures for reproduction is the basic reason that it is still not industrialized. In terms of resistance to solubility, taro starch is 100% effective, according to Alorro, K., et al. (n.d.). Its low solubility is due to the polymer, which is made up of several linked glucose molecules. However, the researchers found that cyclic humidity can impact the mechanical characteristics of paper when they applied TAPPI test methods to evaluate the mechanical and strength properties of paper (D.E., 1988). Researchers have come to their decision that a paper's strength and mechanical qualities cannot be measured. Cusola (2014) says that the aqueous substance has no negative effects on the environment and changes the qualities of paper using natural enzymes. In addition, the researchers revealed that the hydrophobicity of paper acceptable for commercial packaging rises with the amount of wax coated on the paper discs (J. Yadav, 2014). As a result, more wax will have to be extracted from taro leaves so as to enhance the paper bag's hydrophobicity and packing efficiency. According to the lotus effect, which is explained in the study's framework, water sprayed on a superhydrophobic surface just rolls off instead of getting wet. Before applying the bio-wax coating, a number of researchers were also able to create their own paper; however, it remains unknown how the wax is used on recyclable and ready-made paper bags that are available in grocery stores. 
Hydrophobicity: Hydrophobicity is the phenomena to repel the water without getting wet shown by taro plant leaves. This property is shown by taro plant leaves due to nanostructure roughness of wax present on it. There is a dense layer of wax on taro leaves between water and leaf surface which shows hydrophobic property. Due to hydrophobicity, it becomes a good self-cleaner which means it can remove dust particles and other unwanted materials itself. With the help of taro plant leaves with hydrophobic property a good biodegradable packaging material can be made. 
Packaging introduction: Without a doubt, plastic bags offer advantages because of their great durability, not as much heavy, and heat insulation (Thompson R.C., 2009). However, despite its broad spectrum of commercially valuable characteristics, plastic bags have become an international problem because of their non-biodegradable nature, which provides a serious risk to the environment. Even procedures like incineration, which are used to destroy plastic bags, release an excessive amount of greenhouse gases, dangerous gases like CO2, CO, SO2, etc. (T.L., 1976), which contaminate the air and result in more harm than good to the environment. In addition, plastic bags are the most common cause of drainage system blockage, which leads to water pollution and flooding in towns and cities. The manufacturing of plastic bags has increased by many times over the past couple of decades, which is worrying since they not only contaminate the environment but also harm animals when consumed by terrestrial or aquatic organisms (S. J., 2015; J.A., 2009). Worldwide, approximately five billion plastic bags are used (S. J., 2015). Thus, efforts are made to develop substitutes, such as biodegradable plastic bags. However, numerous research show that biodegradable plastic demands conditions that are favorable, such as optimal moisture content, temperature, microbial population existing, etc. (policy, 2011). for the process of breaking down, and even if they occur, they produce micro-plastics, which are smaller plastic particles (policy, 2011). This points out that utilizing biodegradable plastic is not totally beneficial to the environment (P.J., 2015). Therefore, using paper bags is suggested to avert these issues because it has been scientifically demonstrated that they are less environmentally friendly than plastic bags (Jalil A., 2013). While biodegradation occurs gradually in landfills with a minimum moisture, recycling paper bags utilizes 91% less energy per pound in comparison to recycling plastic bags, and it considerably decreases the generation of hazardous gases and consumption of water (Bell K., 2011).
Paper bags have just a few uses considering that they are not water resistant, according to Kalita and Talukdar (2018). A lot of plants that show hydrophobic water-resistant wax (bio-wax) were studied by researchers in an effort to identify an appropriate organic material that could be able to deal with the issues. Taro leaves are a specific kind of plant that has a layer of hydrophobic bio-wax on the surface of its leaves. Paper bags have a few uses since they are not waterproof entirely. However, if the paper bags are laminated with plastic sheets to make them waterproof, the product gets compostable, or if they are coated with synthetic compounds like lacquer or slimicides (B., 2007) to have additional benefits over plain paper, and their breakdown may harm the soil and water. Therefore, alternatives were sought in nature in an effort to track down acceptable organic material that would be able to tackle all of these problems. Plants have hydrophobic waterproofing wax (bio wax) embedded in their ariel surface that protects them from stresses from the outside (D., 1996). This wax can be extremely hydrophobic in specific plants (Koch K., 2008). Colocasia esculenta, an annual herb that can reach an average height of 1.5 meters (4 feet) and is a member of the Araceae family (Lakhanpaul S., September 2003), is one example of a plant bearing leaves that have such a sheet of biodegradable wax. The "Lotus Effect," a self-cleaning, water-repellent characteristic found in some plants, takes place when water falls on these extremely hydrophobic leaves and slides off as a droplet (Ensikat H.J., 2011; Sanjay S. Latthe., April 2014). According to Rao V.R. (January 2010) and F.E. (2005), Colocasia Esculenta is quite abundant in nature and comes in fourteenth among the world's common vegetable crops. 
2. FUNDAMENTAL UNDERSTANDINGS OF TARO LEAF HYDROPHOBICITY
2.1 Surface morphology.
The tall herb C. esculenta features a tuberous or strong short cap, leaves, and flowers all at simultaneously. Simple, ovate-cordate or sagittate-cordate, lamina peltate leaves have a strong petiole. Instead of being thin, the spadix is shorter than both the petiole and the spathe. The style appears to be tiny, the appendix is much shorter than the flower itself, and the stigma is discoid. It is subulate or abbreviate, long, conical or fusiform, and straight upward. The erect petiole may achieve a length of 1.2 m. Its surface is coloured or paler below and dull and unpolished above. Usually are they glaucous. Compared to the petiole, the leaf peduncle is shorter. Pale yellow and 15 to 35 cm long, the spathe is an oblong, greenish tube. n flowers, the lamina is acuminate, twisted, narrowly lanceolate, and slightly angled backward. Male flowering is large, cylinder-shaped, and generally interlaced with neuters, whereas female flowering is small. oblong, sulphur-rich seeds. Embryo axile; albumen abundant. A firm tapering rhizome gives rise to the main body of plant, which is on the ground and comparatively expanded at the base of the leaf-sheaths; solons and tuberous rhizome suckers are occasionally observed. Fruit is a berry containing many seeds that are closely arranged and form a fruiting head. Less than 2 mm long, ovoid to ellipsoid seeds have a large quantity of endosperm (Pedro Acevedo, 2005 January).

Table 1:  COMPARISON OF TARO LEAF MORPHOLOGY WITH LOTUS LEAF. 
	Feature
	Taro leaf (C. esculenta)
	Lotus leaf (Nelumbo nucifera)

	Leaf type
	Simple, large, sagittate (heart shaped)
	Simple, large, peltate (shield-like, circular)

	Leaf position
	Arises from a basal corm
	Arises from rhizomes, petioles are long and arise from the mud

	Attachment of petiole
	Attached at the base or near the notch of the leaf
	Attached to the centre of the leaf blade

	Leaf surface texture
	Smooth, waxy coating of bio-wax and cuticular waxes
	Ultra smooth, covered with micro and nano scale papillae and epicuticular wax crystals

	Surface structure
	Has microscale undulations with wax coating that provides moderate hydrophobicity
	Has hierarchical structure- micro papillae with nanostructures that gives superhydrophobicity

	Water behaviour
	Water droplets roll off slowly
	Water droplet rolls off easily, carrying dirt

	Cuticle thickness
	Moderately thick cuticle
	Thick cuticle with highly structured wax layer

	Leaf colour
	Deep green, sometimes glossy
	Bright green or bluish-green with a matte finish

	Function of morphology
	Reduces water accumulation and pathogen growth
	Promotes self-cleaning and water repellence, preventing dirt

	Habitat adaptation
	Terrestrial to semi-aquatic, adapted to humid environment
	Fully aquatic, adapted to floating on water surface



4. SURFACE CHEMISTRY
The presence of 1-octacosanol is what provides the wax generated by taro leaves its hydrophobic characteristic. The functional groups OH, CH2, CH3, and C=O have been identified to be contained (Nayan Talukdar, 2024). Colocasia esculenta leaves have an epicuticular wax that provides them superhydrophobic qualities and a contact angle of more than 150 degrees. The thereby created wax's features are determined in several stages using Thin Layer Chromatography (TLC). After that, to determine functional groups Acid and base attributes are considered in Fourier Transform Infrared (FTIR) analysis. The extraction rate generally ranges between 3 and 4 percent simply because the natural non-polar wax can only be dissolved in non-polar solvents (Anurag naik, 2024). According to the DSC result, the taro wax is made up of at least two different elements: an upper content with a melting point range of 65 to 75°C and a lower content with a melting point range of 50 to 60°C. The hydrophobic characteristic of taro wax proved valid when droplets of distilled water were found to possess a contact angle greater than 900 on its surfaces (Noor Nasri, October 2014). 
5. ROLE OF CUTICULAR WAXES
 The physiologic procedure of three edible aroids, including C. esculenta, and the positioning of cuticular wax on the leaf epidermis. Scanning electron microscopy was applied to observe the cuticular wax on the leaf tissues, which was higher in Colocasia esculenta around 10.61 mg.dm-2. With a static angle of contact (CA>150 degrees), Colocasia esculenta cuticular wax shows superhydrophobic characteristics. Colocasia's grown cuticular wax enhances cellular membrane integrity, moisture retention capability, and leaf chlorophyll stability (Facundo Pieniazek, May 21, 2022). 
 5.1 Composition of taro wax
	Compound/class
	Observation for taro (Colocasia esculenta)
	notes

	Ketones (C31-16-one)
	Major component in one GC*GC study (Yuko sasaki sekimato, july 2018)
	Chain length ~31 carbons, 16-one suggests internal ketone at C16

	Alcohols (primary and secondary)
	C30-1-ol and C31-16-ol (Yuko sasaki sekimato, july 2018)
	Long chain alcohols contributing to wax layer

	Alkanes
	Called out in the eight major classes list for taro
	Likely long-chain alkanes (C>20) typical of plant cuticular wax

	Fatty acid
	Present as one of the classes
	Possibly long-chain (C20+), through specifics not given

	Wax esters
	Included among the classes
	Esters of fatty acid + alcohol, typical in epicuticular waxes

	Sterols
	Included among the classes
	Minor components likely



6. WETTING PROPERTIES
Figures (a) and (b) display pictures of the leaves of the taro plant both before and after they were plucked. Additional photos of the leaves before they are plucked are included in the supplemental information. The extreme hydrophobicity of the leaf is qualitatively demonstrated by sessile water droplets on the leaf in Figure (c). To determine the wetting properties of the leaf, we looked at the static contact angle, advancing angle, and receding angle of a water droplet on the leaf. Typically, we conducted the experiments seven times, with droplet volumes ranging from [2.1–3.9] μL over several leaves and at various points on the same leaf. The average ranges for the static contact angle, advancing angle, and receding angle are 150°, 153°, and 144°, respectively, indicating a contact angle hysteresis of hysteresis of approximately 9°. These measurements have a maximum uncertainty of approximately ± 2°. As a result, the leaf exhibits excellent superhydrophobic properties. Similar wetting qualities are also seen on the leaf's back side; measurements are given in the additional data (Manish Kumar, January 22, 2020).                                                 
Table 2:  Hydrophobic characteristic of taro leaf for OH, CH2, CH3, and C=O functional groups
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Fig 1(A,B,C): Taro leaf and its hydrophobicity
7. FUNCTIONAL ROLES AND NUTRITIONAL COMPOSITION
The edible root-like corm of the taro, a herbaceous plant belongs to the arum family. It is produced for its massive, starchy, spherical corms (underground stems), commonly referred to as "taro root," which are eaten cooked as a vegetable as well as utilized for producing breads, puddings, and Polynesian poi, a thin, pasty, easily digested mass of fresh or fermented taro starch. Taro's large leaves regularly get stewed (Petruzzello, September 20, 2025). With 7g carbs, 3 g of protein, and 3 g of dietary fiber, these leaves give you around 43 calories. Vitamins A, C, and B-complex vitamins that include riboflavin and folate are known to be prominent in these leaves. Vitamins A, C, and B-complex vitamins including riboflavin and folate are known to be predominant in these leaves. Minerals that include calcium, potassium, iron, and magnesium are also known to be filled with them. Antioxidants consisting of flavonoids and beta-carotene are additionally found in these leaves (India, 2023). In terms of nutrition, taro produces 135 kcal per 100 g and has more than twice as much carbohydrates as potatoes. On a dry weight basis, taro has a protein content of approximately 11%. This goes above sweet potatoes, yams, and cassava. According to multiple writers, taro has a higher protein content in its leaves and tubers than other root crops. According to other cereals, it has higher amounts of minerals, vit. C, vit. B1, vit. B2, and vit. B3, as well as 85-87 percentage starch on a dry goods basis with tiny granules that range in size from 3 to 18 µm. Like higher plants, taro leaves are high in protein. The large number of carbohydrate content of the tubers is advantageously complemented by the high protein content of the leaves (Melese Temesgen, 2015). On a fresh weight basis, the leaves of Colocasia esculenta are highly nutritious and composed of various essential constituents. The proximate composition of the leaves includes approximately 8.16% moisture, 51.31% carbohydrates, 25.57% protein, 4.11% fat, 1.46% crude fibre, and 10.65% ash, providing an estimated 3 kcal of energy per 100 g (Hait M., 2023). the leaves are particularly rich in potassium (94.54 mg/100 g), with notable amounts of sodium (9.86 mg/100 g) and calcium (2.15 mg/100 g), making them a valuable source of micronutrients. Similarly, the corms of C. esculenta serve as an important energy source. The proximate composition consists of approximately 68.11% moisture, 26.83% carbohydrates, 0.34% protein, 0.11% fat, 2.53% crude fibre, and 1.91% ash. The corms are also a source of essential vitamins, including vitamin C (14.33 mg/100 g), thiamine (B1, 0.028 mg/100 g), riboflavin (B2, 0.029 mg/100 g), and niacin (0.78 mg/100 g), highlighting their nutritional relevance in human diets (Hedges L.J., 2006). C. esculenta is primarily multiplied through vegetative propagation using rhizomes. However, this conventional method does not guarantee the phytosanitary quality of propagules, which can adversely affect cultivation and crop yield. To overcome this limitation, in-vitro regeneration techniques have been developed as an effective alternative, enabling the production of healthy, disease-free planting material while also supporting the conservation and large-scale propagation of this valuable crop (Jyothi R., 2024).
 7.1 Traditional functional roles
Colocasia leaves, a well-known Indian specialty, are rolled, steamed, sliced into rounds, and then deep-fried after being coated with a spiced gram flour paste. The dish is commonly referred to as "Alu Vadi" in Maharashtra and "Patra" in Gujarat. In South Indian and East Indian cuisines, Colocasia leaves are frequently used to create delicious, satisfying curries. They go perfectly with lentils, coconut, and spices. Colocasia leaves are used to flavor and thicken stews and soups in different regions of Africa and the Caribbean. Specifically in tropical cuisines, where they are used to cover contents, the large, durable leaves make great natural packaging for foods (India, 2023).
8. Protocol used 
8.1 Extraction of wax 
Colocasia esculenta fresh leaves were gathered. One leaf has been cut into pieces. A beaker was filled with 20 millilitres of chloroform. For three minutes, the leaf pieces were immersed in the chloroform. The leaves were completely submerged using a glass rod. The chloroform was transferred into a fresh beaker after three minutes. The epicuticular wax found in the leaf fragments is now present in the chloroform. On top of the chloroform, a white, foggy layer of wax is observed (Ganeva, 2015).
8.2 Wax confirmatory test
The solvent extraction process was used to remove the wax from the leaves. Chloroform, the solvent, evaporates. After dissolving the wax in ethanol, it was put into a test tube. After adding a few milliliters of distilled water, the mixture was blended. The mixture changed to milky white.
8.3 Quantitative analysis of biodegradable wax
We plucked early morning leaves and cut them into pieces. A leaf fragment weighing 1.5g was measured. After that, the leaf pieces were dipped into 10 milliliters of CHCL3 for three mins. After that, the remaining chloroform on the leaf fragments was disposed of and let to air dry. After that, the leaf fragments' weight was examined once more. For 2.5g and 3.5g, the method was repeated using 15ml and 20ml of CHCL3, sequently. The amount of wax can be measured by reducing the weight of the leaves right after the chloroform treatment from the weight of the fresh leaves. The following formula can be used to determine how much bio wax is contained in one gram of fresh leaves: Talukdar (2018)
Average weight of wax per gram of leaf = Total weight of epicuticular wax (in gram) 
                                                                       Total weight of the leaf fragments (in gram)
8.4 Test for antibacterial property
Afterwards dissolving 8.4 grams of nutritional agar medium in 300 milliliters of water that was distilled, the mixture went through an autoclave (S., 2015). After that, it was transferred into twelve Petri dishes and allowed to solidify. After that, six Petri plates were inoculated with E. Coli and Streptococcus species, with one Petri plate functioning as a control for each species. A disc containing samples of distinct concentrations has been added to the remaining 5 Petri plates of every species. The plates were kept at 35 degrees Celsius in an incubator. Next, each species' zone of inhibition radiuses was evaluated (Talukdar, 2018). 
8.5 Heat sensitivity test
Chloroform was used to remove wax from different Petri dishes. After that, At room temperature the solvent was evaporated. After that, a different Petri plate was placed under to various temperatures for two minutes, ranging from 30 to 120 degrees Celsius. The wax's integrity and hydrophobic properties were further investigated (Talukdar, 2018).
9. METHODS USED FOR SURFACE CHARACTERIZATION
Scanning Electron Microscopy (SEM): Used to visualise micro- and nano-scale surface features (papillae, wax crystals, honeycomb cavities) on taro leaves. For example, in the study “Wetting characteristics of Colocasia esculenta …” SEM was used to characterise the two-tier honeycomb-like microstructure of the taro leaf surface (Manish kumar, 22 january 2020). 
Atomic Force Microscopy (AFM): Used for measuring adhesion forces at nanoscale and mapping nano-topographies. Example: “Nanostructure on taro leaves resists fouling …” used AFM to measure adhesion forces on different parts of the papillae (Jianwei MA, 2011).
Optical/Light Microscopy: For lower magnification imaging of leaf surface features and general structure prior to higher-resolution methods.
10. CONTACT ANGLE MEASUREMENT
Static contact angle: Droplet of water placed on leaf surface; angle between droplet baseline and surface measured. Example: On taro leaf static contact angle ~150° in one study (Manish kumar, 22 january 2020).
Advancing & receding contact angles: To evaluate hysteresis (difference between advancing & receding angles) which reflects mobility of drop and surface adhesion. Example: The wetting characteristics study measured static, advancing and receding angles for taro leaf (Manish kumar, 22 january 2020).
Sliding/rolling angle (tilt angle): The angle at which a droplet starts to roll off the surface — indicator of self-cleaning behaviour. Example: In a bioinspired surface study, sliding angle of ~1.1° was reported for taro-leaf replica (Rahul sharma, 17 december 2018).
11. BIOMIMETIC INSPIRATION OF TARO PLANT
The taro plant (Colocasia esculenta) is known for its unique leaf surface characteristics, which have attracted scientific and engineering interest for biomimetic applications. Although the lotus leaf is famous for its “superhydrophobicity,” the taro leaf also exhibits remarkable water-repellent and self-cleaning properties, serving as an excellent natural model for material innovation.
1. Surface microstructure and function
The top of taro leaves is covered with epicuticular wax crystals that create micro and nano roughness. These structures reduce the contact area between surface of leaf and water dropet, leading to hydrophobic behaviour.

· Dust deposition 
· Pathogen colonization
· Water film formation that could block gas exchange

2. Biomimetic applications 
Scientists have used taro leaf morphology as a model for engineering surfaces with practical uses, includes- 

· Self-cleaning coatings
· Anti-bacterial and anti-fouling films
· Water-repellent packaging materials
· Microfluidic devices
3. Comparison to lotus effect
Lotus leaf exhibits superhydrophibicity (contact angle > 150degree), taro leaf shows high hydrophobicity (contact angle around 120-140 degree). This makes taro a valuable model for surfaces where controlled wetting is desirable, such as in agriculture, sensors, or medical applications.

4. Future prospects 
Biomimicry based on the taro leaf’s structure could lead to eco-friendly innovations in material science. Its balance between water repellence and adhesion allows designs that can repel contaminants while still maintaining moderate interaction with liquids an ideal feature for functional coatings and wearable materials.

12. CONCLUSIONS
        The study of natural hydrophobicity in taro (Colocasia esculenta) leaves reveals how micro- and nanostructured biological surfaces achieve efficient water repellence and self-cleaning without synthetic treatments. The leaf surface is characterized by roughness and epicuticular wax crystals hierarchical, which together minimize contact between water droplets and the surface, resulting in high contact angles and low adhesion. This natural adaptation enables taro leaves to resist dust, pathogens, and excess water accumulation, ensuring optimal photosynthesis and longevity in humid environments.
From a biomimetic standpoint, understanding these structural and chemical mechanisms has guided the development of artificial hydrophobic and self-cleaning materials. Inspired by the taro leaf, researchers have fabricated water-repellent coatings, anti-fouling films, and microfluidic surfaces that replicate its micro-waxy architecture. Unlike the lotus, which demonstrates extreme superhydrophobicity, taro’s moderate hydrophobic behaviour offers better control of wetting and adhesion, which is valuable for sensors, textiles, and agricultural surfaces requiring selective interaction with moisture.
In conclusion, the natural hydrophobicity of taro leaves provides a sustainable and versatile biological model for designing eco-friendly functional materials. Continued research combining surface chemistry, nanostructure analysis, and material engineering can further refine these bioinspired technologies, bridging the gap between biological efficiency and industrial application. The taro leaf thus stands as a promising example of how nature’s design principles can inspire innovations for clean, durable, and self-maintaining materials in diverse technological fields.
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