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ABSTRACT

The betel vine, a species of Piper, has organic impacts on human health through its secondary metabolites.
Historically, it has been used to treat various illnesses including liver and stomach problems, inflammation,
and as an antioxidant, antipyretic, and antimicrobial. Despite its medicinal benefits, the black betel vine (Piper
betle var. Nigra) is not widely cultivated. This review summarises traditional and advanced methods of betel
cultivation, including the habitats and diseases affecting Piper Betle L. There are two cultivation systems:
closed-type and open-type, each with its own advantages and disadvantages. The modern method of
propagation through callus induction is gaining popularity, but requires specialised knowledge and is more
costly. Traditional cultivation is less complicated, but exposes young plants to disease. Implementing smart
farming practices, maintaining optimal growth conditions, and utilizing a screen house with artificial shading
and lighting may lead to higher-quality crops with reduced losses. Before planting, the cuttings should be
soaked in a fungicide mixture and grown as individual plants to avoid bacterial leaf blight from occurring.

ABSTRAK

Tanaman betel, spesies dari Piper, memiliki dampak alami pada kesehatan manusia melalui metabolit
sekundernya. Sejarahnya, tanaman ini digunakan untuk mengatasi berbagai penyakit termasuk masalah hati
dan lambung, inflamasi, dan sebagai antioksidan, antipiretik, dan antimikroba. Meskipun memiliki manfaat
obat, tanaman sirih hitam (Piper betle var. Nigra) tidak banyak dibudidayakan. Tinjauan ini menguraikan
metode budidaya betel tradisional dan modern, termasuk habitat dan penyakit yang mempengaruhi Piper Betle
L. Ada dua sistem budidaya: tipe tertutup dan tipe terbuka, masing-masing memiliki kelebihan dan kekurangan.
Metode modern reproduksi melalui induksi callus sedang populer, tetapi membutuhkan pengetahuan khusus
dan lebih mahal. Budidaya tradisional lebih sederhana, tetapi membuat tanaman muda rentan terhadap risiko
penyakit. Penerapan praktik pertanian cerdas, menjaga kondisi pertumbuhan yang optimal, dan
memanfaatkan screen membran dengan pencahayaan buatan dapat menghasilkan tanaman berkualitas tinggi
dengan kerugian yang lebih sedikit. Sebelum ditanam, potongan tanaman harus direndam dalam campuran
fungisida dan harus ditanam sebagai satu tanaman untuk menghindari terjadinya penyakit bakteri layu.

INTRODUCTION

Recently, the concept of utilising natural medication (Kano et al., 2017) and preserving food has gained
increased popularity (Salehi et al. 2019; Sahlan, Mandala et al., 2020), particularly in the era of the COVID-19
pandemic. Science has developed new methods for evaluating herbs utilised in different cultures (Salehi et al.,
2018; Madhumita, Guha and Nag 2020). The pharmacological properties of plant life, such as food, medicine
(Daud et al., 2020), energy (Ayadi et al., 2020; Sahlan, Muryanto et al. 2020; Kuncoro and Purwanto, 2020),
industrial (Izzah et al., 2020), and religious functions, have been demonstrated through improved analysis
methods over the centuries (Dwivedi and Tripathi, 2014; Shukla et al., 2015).
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The secondary metabolites of Piper betle L. plants (Prasetya et al., 2022) such as flavonoids,
polyphenols, tannins, saponins, alkaloids, and steroids have significant impacts on human health, exhibiting
antimicrobial (Prasetya et al., 2021), anti-rheumatic (Murugesan et al., 2020), anti-diabetic, anti-thrombin and
Cytotoxic bioactive (Yogeswari et al., 2020), anti-cancer (Wang et al., 2014), anti-tumour (Kangralkar and
Kulkarni, 2013), anti-asthma (Hajare et al, 2011), anti-oxidant and anti-fungal (Li Y. et al. 2020),
gastroprotective (Arawwawala, Arambewela, and Ratnasooriya, 2014), and anti-bacterial Bintang et al.
(2014);Taukoorah et al. (2016) (in mouth) properties (Teanpaisan et al, 2016).

The genus Piper is an abundant group of plants found in pantropical regions such as India (Sengupta,
2019), Indonesia ( Patra et al., 2016), and Sri Lanka (Arambewela et al., 2011). These species are classified
as aromatic plants due to the presence of essential oil-producing cells (Dyer and Palmer, 2004). Chemical
analysis of a fresh leaf revealed that it consists of 85.4% moisture, 6.1% carbohydrates, 3.1% protein, 2.3%
minerals, 2.3% fibre, and 0.8% fat. Additionally, the leaf contains various minerals and vitamins, including
magnesium, iron, carotene, calcium, niacin, riboflavin, vitamin C, and thiamine (Shah et al., 2016). Betel leaves
are consumed by 2 billion people in India annually and have a significant economic impact, contributing to the
national income to the tune of Rs 7000 million annually (Das et al., 2016).

In fact, the information about the various biological activities of piper plants comes from in vitro (Muttaleb
etal., 2018; Ghazali et al., 2016; Prasetya et al., 2021; Murugesan et al., 2020; Kangralkar and Kulkarni, 2013),
while cultivation studies are still limited. However, these plants have potential for multiple applications, and the
mechanisms of their fundamental cultivation are yet to be investigated. Among the species, cultivation of Piper betle
is the most challenging (Raja et al., 2018). In particular, the cultivation of betel vine, especially black betel vine, is
not yet done effectively and efficiently. Therefore, this current work reviews available literature on traditional and
advanced methods of cultivation, specifically for Piper betle var Nigra.

MATERIALS AND METHODS

The manuscript has been compiled through a comprehensive literature review. To determine the current
understanding of the potency and cultivation of black betel vines, over a hundred articles from various sources
around the world were analysed. The literature review commenced with an examination of the potential and
utilisation of black betel vines, followed by a general overview of the factors affecting plantation growth. This
was followed by a discussion of traditional and contemporary techniques for farming Piper betle. For the
reader's convenience, brief findings were provided in each sub-discussion, leading to a comprehensive
conclusion based on the results obtained.

RESULTS AND DISCUSSION
1. General factors influencing the plant’s growth

The quality of medicinal plants is verified by their prevalent hereditary properties and also large biomass,
with reliable and high content of secondary metabolites (Mosaleeyanon et al., 2005b). The concentration and
chemical profile of secondary metabolites in plants grown outdoors are affected by environmental conditions
such as temperature, light quality and intensity (Mosaleeyanon et al., 2005b; Kozai, Afreen, and Zobayed,
2005).

The characteristics of in vitro plants in terms of physiology and anatomy are related and primarily
governed by the microclimate of the culture container, which includes factors such as relative humidity, light,
air movement within the container, carbon dioxide, and the nutrient composition of the medium. All of these
factors interact and influence the growth and output of seedlings (Salehi et al., 2019).

1.1. Light

All organisms that possess chlorophyll require sunlight to synthesise organic compounds such as
carbohydrates. These organic compounds serve as an energy source for cellular mechanisms in plants and
for other forms of life. Photosynthesis, the process by which plants synthesise organic compounds from light,
occurs in the visible light spectrum (Singh et al., 2015) between 400 nm-700 nm (Bhatia, 2014). Hence, light
is a crucial factor in the production of fruits and vegetables in greenhouse farming (Messinger and Lauerer,
2015; Choi, Moon, and Kang, 2015; Cossu et al., 2014; Mosaleeyanon et al., 2005a; Rahman, Prihantini, and
Nasruddin, 2020). In greenhouse cultivation, the choice of cladding material for the facade is a critical factor
in providing natural light. Some authors have recommended the use of glass, polyethylene, acrylic, and
polycarbonate cladding materials, which have transmission percentages of Photosynthetically Active Radiation
(PAR) of 90%, 88%, 86%, and 75%, respectively (Both, 2013).
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Under controlled environmental conditions, an increase in photosynthetic photon flux (PPF) and CO:
concentration leads to an increase in the leaf net photosynthetic rate (Mosaleeyanon et al., 2005b). The
addition of artificial light in controlled environments enables the maximisation of plant output while minimising
the release of resources and pollutants into the environment, thus reducing environmental degradation (Hoque,
2022).

Additionally, it facilitates the planning of plant growth, scheduling, and production, and reduces the risk
of contamination from diseases, metals, insects, and other harmful substances (Toyoki Kozai, 2020).

Studies have shown that environmental factors such as CO:2 concentration and light intensity can have
a significant impact on metabolite concentrations. For example, elevated light intensity of 400 mmol m2s™'
leads to a significant increase in hypericin concentration in St. John's wort plants (Briskin and Gawienowski,
2001). Kurata et al. found that high light irradiation enhances the production of purine alkaloids in Coffea
arabica cell suspension cultures (Kurata, Matsumura, and Furusaki, 1997), and the production of anthocyanin
in Perilla frutescens cell culture (Zhong et al., 1991).

LED lighting has been shown to enhance lettuce growth when using a Red-Blue-White (RBW) spectrum
(Lin et al., 2013). The highest yield of volatile terpenoids in vegetable plants (Gynura bicolour) was obtained
using RB20 LED lighting under ambient CO2 (Ren, Guo, Xin et al., 2014). The quality of broccoli seedlings
was found to be improved more by red LED light compared to white or blue light (Wilson, Iwabuchi, &
Rajapakse, 1998; Wilson, Iwabuchi, Rajapakse, et al., 1998). Despite this, LED lighting is regarded as the
most suitable light source for crop cultivation (Bula et al., 1991; Singh et al., 2015).

Ouzounis et al. conducted a study to examine the impact of light spectrum on plant growth and
secondary metabolites in Chrysanthemum morifolium, Campanula portenschlagiana, and Rosa hybrida, with
a focus on photosynthesis. The findings showed that the levels of flavonoids and phenolic acids increased
when the plants were exposed to higher ratios of blue light from LED sources (Ouzounis et al. 2015; Matysiak,
2021). It is well established that these compounds play a crucial role in plant stress defence and pathogen
resistance, as well as contributing to pigmentation (Jensen et al., 2011). Furthermore, the study also revealed
that a 40% blue LED light ratio was less supportive of terpene accumulation in the roots of Gynura bicolour
compared to a 20% ratio (Ren, Guo, Cheng, et al., 2014).

1.2. Brief findings on light effect against plants

Blue light helps plants better handle stress due to the function of secondary metabolites. Additionally,
blue LED lighting is more practical for low-temperature storage due to its smaller light fixture size and lower
reduction in irradiance compared to fluorescent lamps. If cost-effective, using blue LED lights under dim
conditions in low-temperature environments would be ideal for various agricultural operations, including tissue
culture production.

1.3. Carbon dioxide (COy) concentration

Seedling growth in vitro is reliant on both the COz: levels in the growing microclimate (endogenous
source) and the sugars in the growth medium (exogenous source), known as photomyxotrophic growth.
Photoautotrophic growth occurs when COz2 serves as the sole carbon source through photosynthesis in an air
microclimate culture (Afreen, Zobayed, and Kozai, 2001). As plants grow, their CO2 demand increases, leading
to enhanced net photosynthetic rate, growth, rooting, and development through CO2 enrichment. Stomata
density also increases significantly in photoautotrophic conditions with CO2 enrichment (Kirdmanee, Kitaya,
and Kozai, 1995).

Arecent study showed that growing St. John's wort in 1500 mmol/mol CO2-enriched conditions boosted
secondary metabolite production and net photosynthetic rate (Zobayed and Saxena, 2004). Kim et al. similarly
increased the production of secondary metabolites (berberine) in Thalictrum rugosum non-photosynthetic cell
culture grown in a COz-enriched air transport bioreactor (Kim, Pedersen, and Chin, 1991). Plant secondary
metabolites are valuable natural compounds and play a critical role in stress defence and pathogen resistance
(Yang et al., 2018).

The development and survival of in-vitro generated plants require a substantial root system. CO:
increase (450 to 1200) enhances phenol production including anthocyanin, flavonoids, and phenolics.
However, further increase in CO2 (1200 to 2000) seems to negate this promotion (Ren, Guo, Xin, et al., 2014).
Modifying storage atmosphere (low Oz and COz2) can effectively preserve vegetable soybeans' green colour
and mass (Makino et al., 2020). The COz storage fertiliser (CO2SMs), derived from captured CO2, applied as
an energy source has been shown to significantly increase stem diameter, height, and root growth of vegetable
crops (Zhao et al., 2018).
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Increased CO2 (827 mmol mol™") can result in 34% higher vegetable yields and reduce drought stress
(Dong et al., 2020). However, elevated CO2 enrichment has no effect on the constant ratio of night respiration
to day photosynthesis (Nomura et al., 2021). Moreover, increased CO2 can increase DDT absorption in the
shoots of B. Lee and B. Bailey, posing a risk to human health upon consumption (Wu et al., 2019).

1.4. Brief findings on CO; effect against plants

Elevated CO: levels improve photosynthetic rate, resulting in increased biomass and nutrient content
and improved tolerance to drought stress in plants. However, prolonged exposure to high levels of CO2 may
negatively impact human health and reduce plant secondary metabolite production. Therefore, using the
climate change effect (Lestari, 2019) could be a good step for cleaner vegetable production.

1.5. Relative humidity (RH)

The relative humidity (RH) during the light period has been found to have a greater effect on the growth
of rice seedlings than during the dark period (Hirai et al., 2000). When high RH is combined with an increase
in COg2, it can also promote photosynthesis and growth of tomato plants. However, it is important to exercise
caution in controlling air moisture levels (Sultan et al., 2014) and monitoring transpiration rates, as crops grown
in high relative humidity can be prone to instability (Suzuki et al., 2015). For tropical crops, such as watermelon,
which are subject to cold stresses of 10°C (during the day) and 5°C (at night), increasing RH may be beneficial
in reducing cold tolerance (Lu et al., 2021). The increase in RH reduces the potential for water loss in leaves,
reduces electrolyte leakage, increases photosynthetic stability, and reduces chilling damage.

A study by Mortensen (1986) found that the dry weight of several flower plants including Saintpaulia
ionantha (17-36 percent), Lycopersicon esculentum (20 percent), Euphorbia pulcherrima (31 percent),
Chrysanthemum (31 percent), Begonia (47 percent), and Nephrolepis exaltata (17-36 percent) showed a
significant increase in dry weight with increasing RH (from the lowest level to the highest level, by 68%).
However, RH had no effect on the dry weight of Rosa, Campanula isophylla, Cucumis sativa, or Lactuca sativa,
and negatively affected Soleirolia soleirolii.

In conventional micropropagation systems, high relative humidity levels, resulting from sealing culture
vessels, can pose challenges for plant growth. When the relative humidity is too high or air circulation is
inadequate, plants are unable to extract nutrients or allow water to evaporate from the soil. To mitigate this,
lowering relative humidity through forced ventilation can significantly aid in the normal functioning of plant
stomata (Kozai, Afreen, and Zobayed, 2005).

1.6. Brief findings on relative humidity effect against plants

The relative humidity within a plantation is crucial for maintaining optimal plant growth. It is imperative
to note that both excessively low and excessively high levels of relative humidity can prove detrimental to the
health of plants, regardless of the growing method being utilised, be it traditional or modern. It is therefore
imperative to exercise caution when adjusting the relative humidity within a plantation, and to ensure that any
changes made are based on the specific needs of the plants in question.

1.7. Temperature

Numerous studies have explored the impact of temperature on plant growth within a plantation setting
(lto, 2014). The utilization of forced ventilation has been shown to aid in maintaining a suitable culture
environment by reducing relative humidity. As temperatures rise, plants undergo morphological, anatomical,
physiological, and biochemical changes that ultimately influence growth and agricultural yields (Wahid et al.,
2007). The role of temperature in root plasticity against pathogen and biocontrol agent inoculation has also
been explored, with Seflo et al. finding that temperature plays a critical role in this process (Sefloo et al., 2021).
Results from the study by Seflo et al. indicated that at 24°C, there was no significant change in the
morphological properties of Fusarium oxysporum f.sp. lycopersici roots, but at 28°C, inoculation with Fusarium
oxysporum f.sp. lycopersici reduced root volume, surface, and length.

MacAlister et al., (2020), investigated the effects of temperature on the growth and stress tolerance
properties of A. linearis, and found that, with the exception of phenolics content, increasing temperature and
altering soil nutrients had a negative impact on plant biomass. Additionally, Li et al., (2020), examined the
impact of temperature fluctuations, including day/night cycles and heat waves, on Gossypium hirsutum L., and
found that higher daytime temperatures reduced leaf carbon production and yield, while nighttime warming did
not compensate for these negative effects.

Temperature has a direct impact on photosynthesis, a highly temperature-dependent biochemical
process regulated by enzymes (Afreen, 2005, p. 65). As depicted in Fig. 1, temperatures that are too low or
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too high can inhibit photosynthesis by affecting enzyme activity. Furthermore, decreases in temperature can
indirectly reduce the net photosynthetic rate by reducing the rate of CO: diffusion. Plant species that are more
resistant to heat stress tend to have a higher content of secondary metabolites (Wahid et al., 2007), increased
carbohydrate availability (Liu and Huang, 2000), higher photosynthesis rates (Scafaro, Haynes, and Atwell,
2010; Bita and Gerats, 2013), and lower chlorophyll concentrations (MacAlister et al., 2020).

1.8. Brief findings on temperature effect against plants
In order to maximize the effect of temperature on plantation growth, it is crucial to maintain temperatures
within the range of heat stress tolerance. This can be challenging in traditional growing methods, particularly
in regions with extreme climates. In these instances, the utilization of a glasshouse equipped with a
temperature control system can greatly aid the growth process.
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Fig. 1 — General plant developmental rate response Fig. 2 — Piper betle var Nigra (Harjunowibowo, 2021)
to temperature (Afreen, 2005)

1.9. Substrate or supporting medium

Water and fertiliser are essential factors that influence agricultural production (Du et al., 2015). Under
photoautotrophic conditions, using fibrous planting media materials with high air porosity, such as florialite
(Nguyen & Kozai, 2001), vermiculite (Feng & Zhang, 2021), humic acid (Feng & Zhang, 2021), and rockwool
(Acuna et al., 2013), promotes root development and enhances plant growth. The use of hydrogels as a
planting medium can also improve soil biological properties and enhance the growth of water-stressed tomato
plants (Nassaj-Bokharaei et al., 2021). In a study by Sefloo, et al. (2021), root growth was found to be high in
perlite soil, with an increase of only 2% in root growth observed in the sucrose treatment.

Soilless culture involves growing seedlings without soil as the rooting medium. This technique is
divided into substrate culture and water culture, with floating hydroponics being a widely used aquaculture
technique for the cultivation of fresh vegetables and aromatic plants (Tiizel et al., 2019). In soilless agriculture,
all essential plant nutrients are supplied through a nutrient solution, with the exception of carbon which is taken
up from the air as CO2. The soil in greenhouses must be periodically changed to address soil structure, fertility,
and pest issues. However, soilless agriculture is not yet a widely accepted alternative in organic farming. The
recycling and biological treatment of municipal waste to produce fertilizer is preferable for supporting plant
growth and reducing greenhouse gas emissions (Berisha & Osmanaj, 2021).

1.10. Brief findings on Substrate or supporting medium effect against plants

The reduction of water consumption and the optimization of nutrient utilization are becoming increasingly
recognised as critical components of sustainable agriculture globally. The implementation of these strategies
in growing media can lead to improved soil moisture management, increased plant growth, and enhanced soill
microbial activity and nutrient availability.

2. Ecology of Piper Betle L.

Betel (Piper betle) is a vine species belonging to the family Piperaceae that thrives in warm and humid
environments with diffused sunlight (Sengupta, 2019). It is often cultivated under an artificial structure known as
Barouj, which provides high humidity and moisture levels (Dasgupta and , 2017). Due to its widespread use, betel
has eamed the nickname "green gold" in Southeast Asia and India (Vikas Bajpai, 2020).

For optimal cultivation, betel requires porous and fertile soil in upland sites, as it is sensitive to
waterlogging. In India, there are three distinct cultivation systems, ranging from natural to fully controlled, with
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varying degrees of anthropogenic interventions aimed at regulating light, temperature, and humidity. To ensure
proper growth, saplings should be planted in parallel rows with a two-foot spacing, with reeds providing support
as they mature and twined around upright sticks of split bamboo to avoid reciprocal shading (Jane, Deshmukh
and S., 2014).

The cultivation of Piper betle L. (betel), a vine of the Piperaceae family, is influenced by various factors,
including temperature and light. Cold temperatures, particularly low frost, can result in crop damage,
particularly in subtropical regions. The sensitivity to cold varies among landraces, with some, such as Madras
Paan Kapoori and Kapoori Vellaikodi, being more sensitive than others, such as Deshi Bangla, Kaker, and
Bangla Mahoba (Tripathi, Khare, and Kumar, 2000; Gupta et al., 2012). This sensitivity is more pronounced in
male landraces than in female landraces, as demonstrated by molecular studies using DNA markers (Ranade
et al., 2002; Samantaray and Phurailatpam, 2012).

The growth of Piper betle L is influenced by the presence of shade and the application of nitrogen.
Phytochemical production in the plant is positively impacted by these factors (Muttaleb et al., 2018). Betel is a
commercially valuable plant that is propagated asexually and exhibits a range of cultivars (Patra, Mukherjee
and Acharya, 2011). Cultivation of betel nut in partial shade, with a 30 percent to 50 percent canopy and 100
kg/ha nitrogen application, has been shown to result in increased chlorophyll content. Conversely, full sun
exposure with 0 kg/ha nitrogen application is unfavourable for the growth of betel plants, resulting in leaf
scorch, stunted growth, and the accumulation of secondary metabolites and antioxidants.

Secondary metabolites produced by the betel plant serve important ecological functions, such as
providing resistance against diseases and herbivores. The biosynthesis of these metabolites is influenced by
environmental factors, including temperature, light, soil fertility, groundwater, and soil salinity (Yang et al.,
2018). These environmental factors can impact the concentration of specific compounds required for plant
survival. However, changes in phytoconstituents cannot be distinguished through morphological features or
traditional methods, highlighting the need for chemical-based discrimination methods for quality control
purposes.

The Black betel (Piper betle L. var. nigra), an endemic species of Indonesia, has potential as a medicinal
plant (Junairiah et al., 2021). Unlike other closely related species, Black betel thrives in shady environments,
climbing and clinging to nearby plants, and is able to grow on most trees. The plant is characterized by its dark
green, stiff, and smooth heart-shaped leaves with a distinctive aroma, black stems, and a growing habit at
altitudes of 500-700 m above sea level (Suriani et al., 2020), as shown in Fig. 2. Black betel is a rapidly growing
perennial herb that can reach heights of 5 to 15 meters, leaving a ring-shaped mark on the stem when its fallen
leaves decompose.

The plant species, Black betel, is a source of secondary metabolites, including flavonoids, alkaloids,
steroids, tannins, terpenoids, and saponins (Junairiah, Ni'matuzahroh et al., 2019; Junairiah et al., 2021). It
has been investigated for its antimicrobial activity, with studies demonstrating its efficacy against tooth decay
and gum inflammation (Prasetya and Cipta Narsa, 2013). Additionally, two amide derivatives, piperenamide A-
B, have been shown to act against oral pathogens (Prasetya, Salam, Rahmadani, Haikal, et al., 2021). Fatty
acid derivatives, 2-octenoic acid and 2-hexenoic acid, have also been identified in this species and have
potential health benefits (Prasetya, Salam, Rahmadani, Kuncoro et al., 2021). The health-related benefits of
betel leaves are largely attributed to its bioactive phenolic compounds, the content and composition of which
vary according to genotype, agronomic practices, and climatic conditions (Gagnon and Berrouard, 1994).
Extracts from this perishable product have potential applications in the food, beverage, organic synthesis, and
medicinal industries to address environmental problems (Madhumita, Guha, and Nag, 2020). Despite its
potential, research on the cultivation of black betel vine is limited, and further studies are required to fully
understand the method of cultivation for this species.

2.1. Traditional Cultivation

In a closed-type cultivation system, the common betel vine is grown in square or rectangular man-made
structures constructed from locally available and economical materials such as bamboo, bamboo sticks, and
jute sticks. These structures are designed to provide ideal growing conditions for the betel vine in terms of
light, humidity, temperature, and soil moisture.

The betel vine is well-suited for cultivation in well-drained fertile soil in both wet and dry climates. A well-
drained sandy loam soil or loam soil with a pH of 6.8-7.5, as well as a porous substrate, is ideal for betel culture
(Sengupta, 2019). The soil must be properly prepared and arranged in furrows 75 cm wide, 10-15 m long, and
75 cm deep. Soil that has been tilled with solarisation and dry soils are most suitable for planting.
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However, freshly tilled or recently collected soil should not be used directly, and instead, should be
opened and stacked for at least 6-10 months to sterilise the soil and eliminate soil-borne pathogens. Single
node vine cuttings are planted with proper dressing between February and June, depending on the location
and prior to the onset of the monsoon season and mild winter (Das et al., 2016).

The cultivation of betel vine is negatively impacted by alkaline soil and waterlogging, thus saline or
alkaline soil is unsuitable for its growth. Chemical fertilisers, particularly those containing nitrogen, have been
shown to exacerbate leaf disease and reduce the shelf life and durability of leaves. Leptolyngbya HS-16
demonstrated better growth in NPK medium at a concentration of 80 ppm (Prihantini et al., 2020). The
combination of Synechococcus sp. HS-9 and NPK media with a tubular photobioreactor (tPBr) system has the
potential to produce biomass feedstock for biofuels (Ardiansyah et al., 2019), highlighting the cost-effectiveness of
using NPK media as a growth medium. However, some studies have indicated that while nitrogen from organic
sources may reduce disease incidence, it does not improve storage quality (Sengupta, 2019).

The combination of organic fertilisers derived from algae (Kaur et al., 2013) and nitrogenous fertilisers
has been found to be effective in increasing betel leaf yields. Vermicompost and cow dung have also been
shown to be suitable for betel cultivation. Scientific studies have indicated that phosphorous (100 kg P20s/ha)
and potassium (100-125 kg K20/ha) have a positive effect on crop yields, maintenance quality, and the spread
of disease outbreaks. Additionally, the administration of zinc (0.25-0.5%), manganese (0.5%), and
molybdenum (0.1%) has been shown to increase leaf yields through studies on micronutrients.

Betel is best cultivated under the ecologically shady conditions found in tropical forests, with a relative
humidity ranging from 40% to 80%, rainfall between 2250 and 4750 millimetres, and a mild temperature range
between 15°C and 40°C (Vikas Bajpai, 2020). Irrigation throughout the year is necessary for the optimal growth
of the plant (Sengupta, 2019). The cultivation of betel vine in India demonstrates the plant's ability to thrive in
both mild and highly variable climatic conditions. However, the quality of betel leaves is generally better in wet
and medium environments compared to dry areas. Extremely hot and dry winds can have a negative impact
on the growth of the vines, as hot air causes wilting and burning of the soft leaves, while cold waves lead to
yellowing.

Black betel is propagated through cuttings. The cuttings should be taken from healthy, high-yielding
mother vines, with large, dark green leaves. The cuttings should be 15-50 cm in length, with 2-8 internodes,
and taken from the top of the betel tree (Sengupta, 2019). They can be planted directly in the field or as rooted
cuttings in a polybag mixture of mother soil, cow dung, coconut dust, and sand (Fig. 3).

Fig. 4¥ Betel vine planting field

Betel is typically planted in indented beds (Fig. 4). The soil must be level and free from any contamination
by bacterial leaf blight for at least two years prior to planting. Beds measuring 1.2 meters by 7.5 meters are
created to facilitate maintenance. Spacing between beds should be cleared to prevent the spread of illnesses
and facilitate management. The beds should be sterilised by burning straw. A seepage canal, 30 cm in width
and 60 cm in depth, should be constructed around the cluster of beds. A stake should be provided for the betel
vine to climb, with two cuttings planted close to each stake at a 45 cm? spacing.

Before planting, the cuttings should be soaked in a fungicide mixture for two minutes. They are then
planted in 30 cm? holes in the beds. The beds should be covered with shading material for 4-6 weeks to support
the growth of seedlings from the cuttings, which take 20-45 days to establish. Intercropping is not
recommended, as it may serve as a host plant for diseases (Sengupta, 2019). Hence, betel should be grown
as a single plant, in addition to the indented beds.
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After planting the cuttings, the initial watering schedule should be twice daily for the first 34 days, once
daily for the next 3 days, and once every 2 days for the following 6 days. Subsequently, irrigation water should
be applied judiciously and slowly, for which the drip irrigation method is recommended as the ideal option
(Sengupta, 2019) (Fig. 5). The flood method of irrigation should be avoided to prevent the spread of disease
pathogens.

! - ', g - -
Fig. 5 — Drip Irrigation Fig. 6 — Lowering the vines (Dr Ysrhu Hortiportal, 2021)

When the betel vines reach a height of approximately 2 meters, they come close to touching the roof of
the barouj. The lowering of the vines should be performed regularly, approximately 5-6 times per year, with
due care taken during the monsoon months as most pathogens are soil-bome. Once lowered, the vine can be
covered with soil or kept coiled just above the ground (Fig. 6). When lowering the vine, it is necessary to spray
a copper fungicide solution on the bottom and roll up parts of the vine, then tie it to the support sticks (Sengupta,
2019).

2.2. Finding for traditional cultivation on black betel

There are two methods of cultivating betel vine: the closed-type system and the open-type system. Each
method has its own advantages and disadvantages. While the open-type system may be cost-effective, it is
susceptible to disease and lacks the ability to make necessary adjustments. The closed-type system requires
a higher initial investment in facilities and control systems, but helps to avoid harmful diseases and offers the
potential to produce high quality and quantity of leaves at low operating costs.

3. Recent Cultivation Technology

Closed greenhouses provide an environment that facilitates the cultivation of insect and pesticide-free
transplant seedlings, with a 40% reduction in production time as compared to conventional greenhouses that
employ optimal environmental controls, including CO2 enrichment (Kozai, 2020).

3.1. Callus induction

The Piper betle L. var Nigra plant is a valuable source of secondary metabolites, which can be obtained
through the extraction of various plant parts. However, this approach requires a large supply of fresh herbs
and incurs significant costs associated with isolation, purification, and extraction. As an alternative, callus
culture technology has been proposed as a means of maintaining the availability of secondary metabolites
while also increasing production in a more time-efficient manner.

Junairiah et al. has investigated the combination of growth regulators on callus induction of black betel
leaf explants (Junairiah et al., 2017). Based on their research, the concentration of Indole-3-Acetic Acid (IAA)
1.0 mg/L and 1.5 mg/L of kinetin is the best recipe for callus induction from black betel leaf. The resulting fresh
weight was 0.2972 grams with a dry weight of 0.1660 grams. Furthermore, the growth regulator 2.4-D given at
kinetin (2.5 mg/L) was able to induce callus with an average induction time of 14 days (Junairiah, Mahmuda
et al., 2019). Meanwhile, a combination for callus induction of P. betle L. var. Nigra leaf explants in the form of
addition of 2.0 mg/l BAP and 0.5 mg/L 2.4 D combined with coconut water (5%) resulted in callus induction
time of 13 days (Junairiah et al., 2021). Furthermore, the growth regulators IBA (2 mg/L) and BAP (2 mg/L) is
combined and resulted in a callus induction time of nine days (Junairiah, Rahmawati et al., 2020). While callus
of black betel had a compact texture in all the treatments (brownish yellow colour), in the eighth week the
callus mostly turned black (
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Fig. 7).

In a study by Junairiah et al. (2018), the objective was to identify the bioactive compounds present in
black betel fruit through the use of ethyl acetate, n-hexane, and methanol extracts. The n-hexane extract was
found to contain three main components: 3-butenoic acid, 1-pentene, and furan.

Further research conducted by Junairiah et al. (2020) explored the impact of varying concentrations of
cobalt (Il) chloride (CoClz2) on black betel leaf callus biomass and terpenoid profiles. It was found that the
addition of 1.0 mg/L CoClz to the callus resulted in a 5.95% production of terpenoids, which was higher
compared to the control. Additionally, the fresh and dry weights of the callus increased over three weeks of
growth. However, it should be noted that this technique requires specialised skills and must be conducted
under strict sterile conditions. It also takes up to 8 weeks for induction, and even longer to cultivate plantlets.

Fig. 7 — Callus morphology of Piper betle L. Var Nigra in some treatments (Junairiah et al., 2017)

3.2. Finding for callus method of black betel

The cultivation of betel vine and black betel vine shares similar physical requirements for optimal growth,
including adequate light, temperature, relative humidity, irrigation, and substrate nutrition. Both traditional and
modern cultivation methods can be utilised, although the traditional method of soil-based cultivation may
require a longer period of time to produce high-quality crops in significant quantities. Callus induction
technology may provide a solution to these challenges.

However, it should be noted that callus induction technology is delicate and sensitive to changes in
growth parameters, and requires careful attention to ensure successful outcomes. Nevertheless, it is well
suited for large-scale production or for cultivating species that are limited in availability, such as black betel
vine. Typically, callus induction takes between 8 to 14 weeks before the plantlets are ready for transplantation
into soil.

CONCLUSIONS

Betel vine holds significant potential both for its health-promoting secondary metabolites and as a source
of income, making the cultivation of high-quality crops in economic quantities a crucial goal. The recent
discovery of a new genus of Piper betle L., known as "Piper betle var Nigra", adds further interest to this
species. However, cultivating betel vine presents several challenges.

Traditional cultivation techniques, including open- and closed-type systems, have been used, while the
modern method of callus induction is becoming increasingly popular, particularly for mass production. Each of
these technologies has its own advantages and limitations, with the modem technique requiring specialized
skills, being more time-consuming, and more expensive, while traditional techniques are simpler but face the
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risk of disease.

By utilising a closed system, such as a greenhouse, it may be possible to produce higher-quality crops
than with open systems. Through the implementation of smart farming practices and maintaining optimal
conditions for betel vine growth, any losses can be reduced, particularly through the use of appropriate lighting.
As betel vine requires low levels of sunlight, tropical temperatures, and protection from insects, a screen house
with artificial shading and lighting may be an appropriate choice for subtropical regions.
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