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A Review on Potential of Stingless Bee Culture (Meliponiculture) for Sustainable Agriculture and Rural Development


Abstract
Bees are well known insect in our society for their significant contribution in the life of mankind in the form of their special product, substantial ecological services, and also for their sting and associated danger. However, most people are ignorant about large number of bee species that are harmless and also produce economically important products. These bees belong to Meliponini tribe, known as “stingless bee or dammer bee”. The art and science of rearing stingless bees is commonly referred as Meliponiculture. The rearing of stingless bees is generally practiced for obtaining honey, pollen, propolis and pollination activities. These bees are highly social insects, having vestigial sting, naturally living in permanent colonies, nesting in dark places like cavities in tree trunks, empty logs, cracks and crevices in old walls. Unlike Italian bee, it provides very less honey in quantities but has various nutraceutical properties due to which it is used in medicinal products. The stingless bee honey fetch higher price in domestic as well as international market compared with honey from Apis spp. Many people reject beekeeping due to defending behavior of Apis spp. can prefer to go for meliponiculture in rich floral resource habitat. To popularize rearing of these bees among farming communities needs availability of stingless bee colonies for starting the meliponiculture, improved techniques for colony capture, multiplication of colonies at rearing site, seasonal management practices, extraction of honey, processing and its marketing. Additional pollinator species are required in agriculture to preserve resilience in food production and increase productivity due to the increasing uncertain environmental effects and the consequent decline of honeybees.
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1. Introduction
Bees play a prime role in the ecosystem by facilitating the pollination services in various plant species and directly make impact on the yields as well as quality of fruits and seeds (Nicholls and Altieri, 2013) The domestication of several species of native honey bees (Apis spp) is a traditional practice in the Asian continent like in India, Pakistan, Bangladesh, Sri Lanka, Nepal and Bhutan (Batra, 1977, Engel, et al., 1990). Apart from Apis species, stingless bees have also been kept for centuries in India, Sri Lanka and Nepal (Crane, 1999, Kumar, et al., 2012). The diversity of bee species is around 20,000 described species all over world which are effective pollinators (Michener, 2007). These hymenopteran insects includes important groups like solitary bees, sub-social and social bees. Among these, social bees include honey bees (Apis spp) and stingless bees or dammer bees (Tetragonula sp.). Stingless bees are highly eusocial, having vast diversity in their body size, population, nesting and feeding behaviour (Roubik, 1989; Michener, 2000; Leonhardt, et al., 2007; Kumar, et al., 2012). In Indian subcontinent, eight species of stingless bees were reported viz., Lepidotrigona arcifera (Cockerell), Lisotrigona cacciae (Nurse), Lisotrigona mohandasi Jobiraj & Narendran, Tetragonula aff. laeviceps (Smith), Tetragonula bengalensis (Cameron), Tetragonula gressitti (Sakagami), Tetragonula iridipennis (Smith), Tetragonula praeterita (Walker), and Tetragonula ruficornis (Smith) (Rasmussen, 2013) among which Tetragonula iridipennis can be utilized for domestication purpose (Francoy, et al., 2016). The stingless bee is tiny with a non-functional sting and is different from the honeybees in appearance and habits. However, they are able to produce honey similar to honey bees. They can be domesticated in hives like Indian bee Apis cerena and European bee Apis mellifera.  The art and science of rearing stingless bees is commonly referred as Meliponiculture. The rearing of stingless bees is generally practiced for obtaining honey, pollen, propolis and pollination activities. By this activity bee keepers can maintain, propagate and utilize stingless bee colonies of various profit. They are known to be the great pollinators as they are able to penetrate deeper into the flower.  The bees store their honey in small pots known as honey pots. Thus, it is the science of keeping and managing stingless bees. Stingless bee colonies are maintained in box hives, mud pots or bamboo nodes in backyard beekeeping, and are mostly done for honey production.

2. Habits and habitat
The morphological features of stingless bees are distinguished from other bees as their wings are weak or lacking submarginal cross veins and second recurrent vein in the forewing (Michener, 2013). All stingless bees live in colonies that consist of tens to hundreds of thousands of workers, zero to dozen of males at times and usually a single queen. The size and appearance of males and workers are usually similar while queens are morphologically distinct (Michener, 2013). Stingless bees are true generalists and exhibit a behavioural trait commonly referred to as flower constancy which make it more efficient pollinator.  Stingless bee colonies are naturally long-lived and lacks functional sting making them suitable pollinators for crops cultivated in inhabited areas (Chidi and Odo, 2017). Stingless bees shows various habitats in tropical and subtropical parts of India, generally build their nests at different places and prefer diverse form of substrates like hollows of tree trunks, stone walls, mud walls, corners of walls, crevices, and other such concealed places. Stingless bees create many oval-shaped cells to hold pollen and honey, utilizing a unique substance called “cerumen,” which is composed of resin, wax, propolis, and mud.  Stingless bee colonies are perennial and usually consist of hundreds or thousands of workers, few drones and one queen. The queen is crucial for regulating cell construction and the release of food for larvae by the worker bees. Even when the queen was not present, workers did not lay any eggs, leading to cell construction ceased and a gradual decline in members of the bee colony.
2.1 Stingless Bees foraging
Stingless bees do foraging as major characteristics of their colony behavior. The member of most of the stingless bee species communicate with each other with the help of pheromones (Michener, 2013). The pheromones are generally utilized by individuals of stingless bees for scent trail communication which is produced by mandibular glands. When the foraging workers come across any floral resources, they collect it and return to their hive to recruit other workers to the forage source. During the trip, workers make specific stains with pheromones in order to direct the other workers to the forage source (Sánchez and Vandame, 2013). Workers bees begin foraging activities as early as dawn and end by dusk depending on weather conditions and availability of bee flora in the surroundings. Peak foraging times happen simultaneously on dry season when the forage sources are abundant (Kwapong, et al., 2010). The research on foraging activity of T. irridipennis showed that during winter season, colony members are more active while in summer season, the higher pollen load seen with forager that return to nest (Danaraddi, 2007).   Guarding behaviour is also part of colony behaviour of stingless bees (Kwapong, et al., 2010). Generally, guards occur in small numbers within the entrance of the nest but they withdraw into the entrance tube if too closely observed. Guards are not normally aggressive towards human observers.  However, if the nest is opened workers can become moderately to strongly aggressive. They buzz around the heads of human and spot their hair with globules of resin until the nest is sealed (Halcroft, et al., 2013).  Research showed the numbers of standing guards are more than hovering guards. The hovering guards are efficient at detecting individuals visually dissimilar to them. Standing guards, which stand around the opening on the tip of the entrance tube, are able to distinguish non-nestmate conspecifics from nestmates, which they do by contact chemoreception (Kärcher and Ratnieks, 2009). The two types of guards complement one another and increase the defensive efficiency of the colony.
Stingless bees collect pollen, nectar, oils, water, resins, muds and sand particles during their foraging activity which is an essential task for survival of colony, although no foraging activity was observed during cloudy or rainy days. Foraging behaviour significantly diminishes during the months of November to February in the northern regions of India. Similar to Apis species, stingless bees rely on pollen and nectar as their primary food sources. The size, growth and amount of honey accumulated in a stingless bee colony are greatly influenced by the workers' ability to gather nectar and pollen. The information regarding foraging behavior of stingless bees will be of much use for meliponiculture and in management of stingless bees. Foraging activities for worker bees start at dawn and typically finish by dusk, influenced by weather conditions and the availability of food sources. Peak foraging times happen simultaneously on dry season when the forage sources are abundant. Typically, there are few guard bees present at the entrance of the nest, but they withdraw into the entrance tube if they feel they are being watched too closely. Guards usually do not show aggression toward human observers.  However, if the nest is opened workers can become moderately to strongly aggressive. They buzz around the heads of human. 
2.2 Floral resources for stingless bees
Stingless bees visit a wide variety of plant species. They prefer small flowers, dense inflorescence, and flowers with long corolla tubes that are wide enough for the bees to enter. Bees collect nectar and pollen from plants. Nectar, a sweet secretion from the floral and extra-floral nectaries of flowers, is the raw material for honey. Pollen is a protein rich food for the bees. If nectar –secreting plants are available in large numbers with short or no dearth period in a locality, then meliponiculture can be successful in such a place.
The plants which are visited by stingless bees are: Groundnut, mustard, safflower, soybean, sunflower, onion, chilli, carrot, tomato, drum stick, cashew nut, custard apple, jackfruit lemon, coconut, coffee cardamom, rubber, mango, pomegranate, aonla, chrysanthemum, jasmine, African marigold, neem, tamarind etc.
3. Important byproducts of Stingless bees 
The stingless bees colonies managed in artificial hives enables bee keepers to propagate colonies and also to produce products such as honey, pollen, cerumen and propolis (Vijayakumar, et al., 2013).  Stingless bees can supply beekeepers with their honey and act as pollinators of commercial crops.  They are known to be the best pollinators as they are able to penetrate deeper into the flower.  The bees store their honey in small pots which can be harvested daily with a clean syringe.  
3.1. Honey: Traditionally honey is used as a sweetener in food and as a drug to heal many types of diseases (Sujanto, et al., 2021). The honey obtained from stingless bee has different physical-chemical properties compared with the commercialized honey obtained from Apis spp. (Vit, et al., 2004; Souza, et al., 2006). It exhibits tremendous medicinal properties such as antimicrobial, antiinflammatory and antioxidant (Jalil, et al., 2017). Stingless bees produce a honey that is higher in water content around 20-45% due to which it undergoes a natural fermentation process, gives an acidic taste. Stingless bees yields only 60-180 ml per colony per year but due to higher nutraceutical value, it fetch higher prices in the market. The stingless bees honey is sold in market places at a higher price than honey from Apis bees (Sanford, 1997).
3.2. Propolis or Cerumen: Stingless bees do not make hexagonal cells out of beeswax like honey bee species do. They use plant resins to make propolis—a compound also made by honeybees and known generally as ‘Bee Glue.’ The propolis made by stingless bees tends to be higher in wax and referred to as cerumen. The propolis tends to be dark in color, can be harvested and utilized for various purposes. It can be used to make varnish and some cosmetics, and it has a number of proven and claimed health benefits if consumed. Propolis has been shown to be anti-viral and anti-bacterial. Twenty-four chemical compounds were identified from the Indian stingless bee propolis by GC–MS analysis. They were of several classes, viz. alkanes, thiophilic acids, aromatic acids, aliphatic acids, sugars, esters, and terpines. Out of these, 15 compounds are being reported for the first time in Indian stingless bee propolis (Choudhari, et al., 2012)
3.3. Beeswax: Stingless honeybees produce beeswax and this form an important honeybee product apart from the honey, pollen and royal jelly (Onyenso and Akachukwu, 2014). The beeswax is used as emulsifying agent for nearly all our modern cold creams, shoes polish production, wood polish, ointment, lipstick, pomade and rouges. Other industries using beeswax include textile, ink, candle, crayon and pharmaceutical. It is also used in food industries. It is used in cooling food such as cheese.
4. Different types of hive design
Various types of hive designs are present to rear stingless bees like natural hives with coconut shell honey supers, various wooden box designs, bamboo hives, and a PVC hive.
Wooden box hives: Simple type of hive design having wooden box with a small hole as the entrance. The boxes have a removable lid or the box can be split in two. Typically these boxes range in volume from 1-4 liters. The optimal size of the hive is determined by the bee species—as stingless bee species range significantly in individual size and hive size.  For easy removal of the lid, clear plastic sheets incorporate between the lid and the hive so that bees will attach propolis to the plastic instead of the hive lid. It also ensures the harvesting time as well as condition of the dammer bee within the hive.
Bamboo hives: These hives are low cost and made by bamboo. It is made up by dividing the bamboo into two parts and makes a small hole in one side for movement of stingless bees. Both parts of bamboo can be joined together with the help of wire or propolis.
PVC hives: These hives are made up of PVC pipes which can be hang up in suitable location. This type of hive is durable, long lasting and harvesting of honey is easy with least disturbance to bees (Vignesh, et al., 2023)
5. Conclusion
The rearing of stingless bee provides new opportunities for rural people; especially women and it can improve the economics of many households. Many farmers have withdrawn traditional beekeeping due to highly defensive behavior of honey bees may be agreed to take up meliponiculture, especially if abundant floral resources present in surrounding areas. Additional income can be generated to the rural poor through honey, cerumen, bees wax and resins production. Stingless bees affected by many factors like habitat degradation, agricultural intensification, injudicious use of pesticides and their natural enemies. They should be conserved by planting mostly the indigenous tree species which are used by the stingless bee species as nesting sites. The advantages from meliponiculture can be obtained through better understanding of stingless bees life-cycle, their rearing techniques, seasonal management and also sustainable approach to enhance yield of bees. 
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