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ABSTRACT 
This study documents the establishment of an experimental apiary at the KARE Crop Cafeteria, Krishnankovil, Tamil Nadu, India, and evaluates its economic feasibility through a benefit–cost ratio (BCR) analysis. The apiary was systematically set up within the college premises, including hive placement, colony management, and seasonal maintenance practices. Beekeeping is a major livelihood activity, predominantly in rural areas, providing a perennial source of employment for family members. It denotes the relationship between humans and bees, which highlights the economic, ecological, and cultural significance of beekeeping worldwide. It deals with the techniques for hive management, bee health, and sustainable practices that aim at conserving bee populations. Moreover, beekeeping underscores its role in pollination, biodiversity conservation, and the global food system. Managed honey bees are the primary commercial pollinators for crops that rely on animal-assisted pollination, contributing to approximately 35% of global food production. The analysis revealed that well-managed scientific beekeeping generated profitable returns, demonstrating its suitability for small- and medium-scale rural adoption. Beyond economic benefits, the project contributed to pollinator conservation, student training, and community awareness, highlighting the potential of institutional apiaries as models for rural livelihood development and sustainable agricultural systems.
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INTRODUCTION 
Apiculture, or beekeeping, involves conserving bee colonies in hives to produce honey, beeswax, and other products. This commercial practice of rearing the honeybees plays an important role in growing farmers' profits (Yogesh Kumar, 2014). Pollination plays a vital role as a regulating ecosystem service in nature. Among the insect pollinators, solitary and social bees provide most pollination in both managed and natural ecosystems (Rabeena et al, 2025). Honeybees play a vital role in the pollination of crops on a global scale(Rabeena et al, 2025; Klein et al.,2007), 

In India, Apis cerana and Apis mellifera are commonly reared for their high honey production and minimal swarming behavior. Apis mellifera is preferred in South India due to its suitability for the region (Daisy Thomas, 2002). Bee foraging patterns reveal that bees prefer nearby sources for nectar and pollen collection. The distance they travel for foraging depends on the availability of these resources. Typically, honey bees rely on pollen and nectar as their primary food sources. However, the decrease in bee flora has affected honey bee foraging. Climatic changes, particularly during winter, also impact their foraging patterns (Rajesh Kumar et al., 2013). Research shows that Apis mellifera can travel up to 15 km during foraging, while Apis dorsata can cover 21.8 km. To increase honey production during periods of dearth, beekeepers often provide artificial feeding (Kishan Tej, 2015). Honey bees gather vital nutrients from pollen while foraging. They flourish on food sources abundant in proteins, carbohydrates, lipids, and micronutrients, favouring those with sources with high nutritional content (van der Steen, 2007). Research also indicates that honey bees tend to choose food sources based on their nutrient quality, emphasizing the need to ensure access to flora rich in essential nutrients (Erkan Topal et al., 2022).
  	Apis dorsata, also known as the giant honey bee, is the largest honey bee species found throughout the Indian sub-mountainous region. This species builds a single, large, exposed comb on tall tree branches or rocky cliffs, generating significant amounts of honey, typically producing between 50 and 80 kg per year. Notably, Apis dorsata is known for its aggressive behavior, and its stings can cause severe reactions, including fever and, in extreme cases, fatalities. As a result, domestication and rearing of this species are extremely challenging and often not recommended. These bees are larger than Apis florae but smaller than Apis mellifera (medium-sized). The hive consists of several parallel combs found in dark places such as cavities of trees, trunks, mud walls, etc. They produce about 7 to 9 kg of honey per year per colony. This bee is less aggressive and can be kept under domestication. They are more prone to swarming and absconding. These bees are native to India/Asia. 
  	These bees share similarities in habits with Indian bees, which build parallel combs. They are larger than all other honey bees except Apis dorsata. The average honey production per colony is 25 - 40 kg. These bees build single small combs in bushes, hedges, etc. They have been imported from European countries. They are less prone to swarming and absconding. This bee is easily domesticated. They build single vertical combs and also construct combs in the open, typically the size of palms, on branches of bushes, hedges, buildings, caves, etc. They produce about 1/2 kg of honey per year per hive. Rearing them is difficult as they frequently change their location. The size of the bees is the smallest among the four Apis species described and smaller than the Indian bee. They are distributed only in the plains. 
It is commonly referred to as the stingless bee, a species found in abundance across the country. These bees are much smaller than actual honey bees. They build irregular combs of wax and resinous substances in crevices and hollow tree trunks. Stingless bees are essential for the pollination of various food crops. They can be domesticated, but the honey yield per hive per year is less than approximately 100 grams. 
A unique member of the colony, the queen is a diploid, fertile female. The size of the queen's body. The queen bee is much larger than the other castes of bees in the colony. She has a defense organ called a sting at the tip of the abdomen, which helps in egg-laying. The queen lays eggs at a rate of about 1000 to 1500 eggs per day. Her lifespan is about two to three years. They are diploid, infertile females, the smallest members of the colony, yet they make up the largest proportion of its population.
 They collect nectar and pollen and produce royal jelly. They rear larvae and young bees, clean the comb, produce wax, construct the beehive, and defend and protect the hive. They clear debris and dead bees and maintain the temperature of the hive. Worker bees supply the queen with royal jelly, nourish the larvae, and feed the drones with honey and bee bread.They perform house cleaning, comb building, accept nectar and pollen from foragers, and also guard the hive. Workers travel to distant places to collect nectar, pollen grains from flowers, and resin from trees. 
 	Drones are haploid, male individuals produced from unfertilized eggs laid in the brood chamber. Morphologically distinct from workers, drones exhibit larger body size, robust physiology, and reduced mouthparts, rendering them incapable of foraging for food. Instead, drones rely entirely on worker bees for nutrition, consuming food provided to them voraciously. Notably, drones are stingless and lack defensive capabilities. Their sole biological function is to participate in nuptial flights, during which they fertilize the queen. Following successful mating, drones succumb to starvation, marking the end of their short lifespan. The drone population within a colony typically ranges from 200 to 300 individuals. Their development occurs parthenogenetically from unfertilized eggs, resulting in a brief, yet critical, presence within the colony.
India’s wide range of climatic conditions fosters abundant floral diversity, creating a highly suitable habitat for honey bees to flourish. Through foraging, bees collect pollen and nectar, essential sources of protein and carbohydrates that fulfill their nutritional requirements. Foraging bees can be categorized into two types: pollen collectors and nectar collectors. In addition to pollen and nectar, foragers also collect water and propolis. Honey bees play a vital role in pollination, contributing to the reproduction of up to 70% of the world's cultivated crops. Apis cerana, an indigenous bee species in India, typically forages within a radius of about 200–300 meters from its hive, although some Indian bee species have been observed traveling as far as 900 meters. In certain cases, the upper limit of Apis cerana’s foraging distance may reach around 1,500–2,500 meters.
 In comparison, the Italian bee (Apis mellifera) has a significantly greater foraging range, extending up to 10 kilometers. This highlights the varying foraging capabilities of different bee species and their adaptability to different environments.
The National Beekeeping and Honey Mission (NBHM), launched by the Ministry of Agriculture and Farmers Welfare, focuses on the comprehensive development of the beekeeping sector. Its core goals include advancing scientific beekeeping practices, improving infrastructure, offering training, and supporting marketing efforts as part of the ‘Sweet Revolution.’ The mission seeks to enhance honey production and strengthen bee health through modern techniques, along with providing skill development and capacity-building opportunities for beekeepers. Additionally, the government offers a 35% subsidy for bee farming ventures in India, reducing the personal investment required from farmers to just 5%.
This subsidy aims to encourage more people to take up beekeeping and promote the growth of the industry. According to a report by IMARC, the Indian apiculture market size is expected to reach a value of Rs 33,128 million by 2024, expanding at a CAGR of nearly 12% by 2024. This growth is expected to generate income and employment opportunities, providing livelihood support to farm and non-farm households.
OBJECTIVES 
i. To increase the production of honey by the scientific method of beekeeping.
ii. To support agriculture by providing pollination services to the crops. 
REVIEW OF LITERATURE
2.1 APICULTURE
According to Basu (1993), Apiculture, or beekeeping, involves cultivating and caring for honeybees to extract honey and other products. These terms are often used synonymously. Beekeeping plays a crucial role in pollinating both cultivated crops and wild plants, while also providing valuable products such as honey, pollen, royal jelly, and wax (Venkatesan et al., 2024; Muhilan et al., 2024a; Rivera Gomis et al., 2019). In addition to honey production, it encompasses pollination services, queen bee rearing, and the generation of by-products like royal jelly and wax (Paitoon Seanbualuang, 2012). With the integration of modern technology, beekeeping has become a source of significant employment, as noted by Abrol (2023), who reported that around 6 million rural families benefit from such initiatives. Continued research and innovation remain essential for improving beekeeping techniques, a point emphasized by Jelena Vapa Tankosic (2020).
Ferguson (2007) examined studies showing that beekeeping activities often encouraged social interaction and cultural practices. Earlier, Abrol (1997) documented extensive research in India on the history of beekeeping, hive and equipment design, foraging behavior, colony migration, breeding, pest and disease control, marketing, pollination, supplier networks, training programs, and economic aspects of honey production.
2.2 BEE SPECIES
Maelnnis (2023) observed a widespread decline in the wild bee species when compared to other honey bee species due to the high density of urban beekeeping techniques and other management practices.  Abou (2014) observed that the foraging behavior is one of the distinctive features of Apis honey bees. Paini (2004) determined a substantial competition for survival, resources, growth, and reproduction was reported between Apis species and native honey bees.
Gard Otis (1996) reported that the genus Apis is mainly comprised of four species, which include A. mellifera, A. cerana, A. Florea, and A. dorsata.
2.3 BEE TAXONOMY
Laurence Packer (2023) determined that bees originated from a specific subset of wasps, a group of small species that hunt trips. There are over 20,000 known bee species in seven recognized biological families. The families are Melittidae, Andrenidae, Halictidae, Stenotritidae, Colletidae, Megachilidae, and Apidae. Jose Padial et al (2010) examined that species taxonomy faces the daunting task of integrating theories, methodologies, and data from disciplines that investigate the origins, boundaries, and evolution of species.
Michael Engel (1999) reported that bees are classified under the class Insecta and belong to the order Hymenoptera. They are placed in the genus Apis, with fossil evidence tracing their earliest appearance to the Eocene-Oligocene boundary in Europe. However, the presence of these ancient honey bees in Europe does not necessarily indicate that the continent is their original place of origin.
Instead, this indicates that these bees were already established in Europe at that time. Only a few fossil remains have been found in South Asia, a region considered to be the original homeland of honey bees. Furthermore, only a few of these deposits have undergone a comprehensive study.  Michener (1942) established that bees are classified within the animal kingdom (Animalia), belonging to the phylum Arthropoda and the subphylum Hexapoda.
2.4 BEE BIOLOGY
Kishan Tej et al (2017) analyzed that the queen's body is significantly larger than that of the other bee castes in the colony. It lays eggs for about 1000 to 1500 eggs per day. Kishan Tej et al (2017) examined that Worker bees build the hive, produce wax, nurture larvae and young bees, and defend the colony. The queen bee will be fed with the royal jelly it produces.   Peter Dearden (2014) determined that the Honey bees belong to the order Hymenoptera and are holometabolous insects that undergo complete metamorphosis.
Hoover et al. (2006) investigated the impact of dietary pollen levels on honey bee larvae and workers, as well as the effects of high or low protein diets on adult bees. Barron et al. (2001) found that in queen-right Apis colonies, worker reproduction is rare, with only a small fraction of workers capable of laying eggs, as supported by the low incidence (1 in 10,000 colonies) of workers with fully developed eggs in their ovaries. Hoover et al. (2006) investigated the impact of dietary pollen levels on honey bee larvae and workers, as well as the effects of high or low protein diets on adult bees.
Barron et al. (2001) reported that in Apis colonies with a queen present, worker reproduction occurs very rarely, with only a tiny proportion of workers able to lay eggs. This is reflected in the extremely low frequency—about 1 in 10,000 colonies—of workers having fully developed eggs in their ovaries. Ratnieks (1998) noted that the ability to control egg fertilization resides exclusively with honey bee queens.
 In the Hymenoptera, Haplodiploidy provides females with an effective means of managing fertilization. The duration of the egg stage in the honey bee is approximately 3 days.
Michelette (1993) analyzed that the majority of the honey bee's feeding and growth occurs during the larval phase. The pigmentation of the eyes and thorax is used to examine the pupal stages. The pupa experiences alterations in the body and compound eye pigmentation following pupal ecdysis. Winston (1991) determined that only mating the queen and being fed by the workers is the drones' sole job. In the beehive, worker bees execute countless, difficult tasks. Occasionally, they will sting their adversaries to death.
Heinz Rembold et al (1980) observed that when larvae go into the prepupal stage, they appear straightened and motionless in their cells, without ecdysis when spinning occurs. The pupal ecdysis signifies the end of this phase. The chromaticity values of the RnL-color, which is separated into three larger groups pink, red-brown, and dark brown coordinated with the observed color stages of the eyes.
Jay (1964) observed the side and end walls of their cells, worker and drone larvae construct fully enclosed cocoons in contrast, queen larvae do not cover the bases of their cells with cocoon material, leaving gaps between the cappings and the cocoons. The cocoons are made up of the secretions from the silk glands, a light yellow, colorless substance, and a more substantial brown substance that is the larvae's excrement, which emerges from the larval anus.
2.5 BEE BEHAVIOR
Abou Shaara (2014) determined that worker bees engage in foraging behavior, which is a notable behavior observed in honey bees, specifically Apis mellifera. Tracking the distribution of flowering plant species has become easier by studying the foraging patterns of honey bees. Their foraging activities can also assist in detecting pest infestations, such as fruit flies. According to Hossam Abou Shaara (2014), this behavior plays an essential role in linking the honey bee colony with its external environment.
Consequently, numerous factors within and outside the colony influence foraging behaviors. It is important to note that foraging behavior not only benefits the colony and facilitates plant pollination but also offers additional advantages.
Michael Hrncir et al (2005) examined that the dancing language is used to transmit information about remote objects.  Van Veen et al (1997) analyzed that Drone bees of all species behaved very similarly and exhibited normal mating behavior.  J B Free et al (1992) determined that the factors vary based on the stage of development of the bee. In this, the Queen bee plays a vital role in the court behavior inside a hive to manage the organization of the colony and interact with each bee by releasing pheromone. One of the components is 9-oxo-trans 2-decanoic acid, which stimulates worker bees to respond aggressively to the complete extract of queen heads. Currie (1987) examined that Drones are attracted to sex pheromones released by a virgin queen. During the time of mating flight, 6-17 drones mate with the queen.  Carlos Stort (1978) noted that a wide range of internal and external factors affect honey bee behavior (Antonio).
2.6 BEE FORAGING
2.6.1 Foraging behaviour
Ogilvie (2017) determined that Bees can adjust their foraging distances according to resource availability, foraging at relatively short distances in resource-rich landscapes instance, bumblebee workers usually forage within 100 meters in flower-abundant mountainous regions, whereas in areas with scarce resources, such as agricultural landscapes, they may travel several hundred meters to even a few kilometres.
Westphal et al. (2006) suggested that the large discrepancy between bees’ flight potential and their actual foraging distances could be influenced by the availability and distribution of floral resources.
Page (1999) determined that Honey bees forage for pollen, nectar, water, and propolis. An individual bee’s choice to collect nectar or pollen, along with its foraging frequency, load size, and recruitment behaviour, is affected by its genetic makeup, developmental stage, and the internal state of the colony.
2.6.2 Foraging distance
Kyle Shackleton et al. (2023) reported that honey bees are central-place foragers capable of traveling significant distances from their nests. Observations of waggle dances have shown that Apis mellifera can forage up to 15 km away, while Apis dorsata may reach 21.8 km. Despite these maximum distances, the typical foraging range usually remains under 3 km and fluctuates considerably with seasonal changes.
Vaudo et al (2016) determined that the type and range of available floral resources may affect bee body condition and health, although this has rarely been studied in wild bees. Esch (1996) analyzed the energy hypothesis, which suggests that foragers estimate the feeder distance (food resource) based on the spent energy during foraging flight is now considered incorrect, and another hypothesis based on optical flow was suggested.
2.7 BEE HIVE
Jabeen Begum (2023) examined the types of bee hives, the life cycle of bees and their hives, signs of a bee hive, and the methods of taking care of the honey bees. Patrice Kasangaki et al (2014) reported that over the years, of structures and designs of bee hives have undergone a transition from natural hives to wooden framed hives. Hasan Sommeijer (1999) reported that the bee hive structures differed with the type of honey bee inhabiting the hives due to the difference in biology.
Currid (1985) observed that the residuals of beehive structures were found in Palestine and other parts of the world, emphasizing the long history of honey collection and usage of bee hives. The archaeological excavations show that honey was collected and stored along with grains in large granaries for increased shelf life.
2.8 COLONY MANAGEMENT
Kishan Tej et al (2017) examined that the Honey bees were managed during the dearth period by providing artificial feeding. sugar is dissolved in water at a 1:1 as sugar syrup to feed honey bees.  Manning (2016) observed that during the dearth period, to improve the productivity of the honey, artificial feeding was given as the pollen substitute. Kaushik (2004) observed that wax moths and wasps are among the most significant pests impacting honey bee colonies. The greater wax moth (Galleria mellonella) and the lesser wax moth (Achroia grisella) are frequently found in beehives. These moths deposit their eggs in small gaps within the hive, and once hatched, the larvae consume beeswax, pollen, and other organic matter present in the hive. Beekeepers often monitor hives for wax moth infestations and take measures to control their populations, such as maintaining strong colonies and keeping hives clean and well-maintained 
Conte (1998) identified that bee hive diseases are caused by a range of pathogens, including bacteria, viruses, fungi, and parasites. Such infections can weaken colonies, resulting in lower honey yields, diminished pollination efficiency, and in severe cases, complete colony collapse. Common diseases include varroosis caused by the Varroa mite, nosema disease caused by microsporidian fungi, foulbrood diseases caused by bacterial infections, chalkbrood caused by a fungal pathogen, and various viral infections
MATERIALS AND METHODS
This field study was conducted on Beekeeping - Commercial Honey Production at Crop Cafeteria, Krishnankovil comes under the Watrap block, Virudhunagar district. The total geographical area of Krishnankovil is 283.5 ha (https://villageinfo.in). The town is situated at 9.5636  N latitude and 77.6822 E longitude (https://indiamapia.com). The town receives an average annual rainfall of 987.7 mm, with a mean temperature of 24.3 °C and a humidity level of 81% (https://www.onefivenine.com).
PURPOSE OF THE STUDY 
 The main purpose of the experiment is to study the commercial production of honey through artificial feeding. 
MATERIALS 
3.1 HIVE DESCRIPTION 
The parts of a beehive include a hive stand, bottom board, brood chamber, super chamber, and inner and outer covers. 
3.1.1 Hive stand 
It is a wooden pole or an iron stand that is static to the ground. 
3.1.2 Bottom board 
It is a separable board that rests on the hive stand. 
3.1.3 Brood chamber 
It is made up of brood frames, which serve to rear honeybee larvae and hold some pollen and honey for their daily nourishment. These frames are placed above the bottom board and are arranged vertically, parallel to each other.
3.1.4 Brood box 
It contains one Queen bee, which lays eggs, placing one egg in each cell of the comb. 
3.1.5 Super chamber 
Once the bees reach adulthood, they are moved to the super chamber, which serves as the honey storage area. Located above the brood chamber, the number of super chambers is increased during the honey flow season to accommodate the larger amounts of nectar collected by the bees.
3.1.6 Queen excluder 
The queen excluder is used to keep the queen bee from entering the super chamber. It is positioned between the brood chamber and the super chamber.
3.2 DIMENSIONS OF BEE HIVE 
3.2.1 Stand 
A stand 16-18 inches high will do. Its upper dimensions should be such as to support the bottom board properly. 
3.2.2 Bottom board 
A hive can be constructed by either taking a piece of wood measuring 550 mm long, 406 mm wide, and 22 mm thick or by joining two wooden boards together, secured in place with wooden rods. Along each end of the longer side, a wooden rod measuring 550 mm long, 22 mm wide, and 22 mm thick is nailed, and another wooden rod measuring 363 mm x 22 mm is nailed at the back. The front is equipped with an entrance rod measuring 363 mm x 22 mm x 22 mm, with a 75 mm long and 22 mm deep entrance in the middle. Additionally, two wooden blocks, each measuring 75 mm x 38 mm x 22 mm, should be prepared for shortening the entrance when necessary. 
3.2.3 Brood chamber 
It is a rectangular box made of 22 mm-thick wood, without a top or bottom. Its exterior length is 500 mm, and its interior length is 456 mm. The exterior breadth measures 406 mm, while the interior breadth is 363 mm. Its height is 238 mm. 
3.2.4 Frame 
The frame consists of a top bar, two sidebars, and a bottom bar.  
(i) Top bar: The Top bar is 475 mm long, 25 mm wide, and 22 mm thick. It is cut to a 9 mm thickness on both sides for a length of 25 mm. It has a groove in the middle of its lower side for fixing the comb foundation sheet.  
(ii) Sidebar: Each is made of 9 mm thick wood and is 226 mm long. The upper part of each is 34 mm wide and the lower part 25 mm wide. Each is cut out from the middle portion at either end to accommodate the top and the bottom bars, respectively. There are four holes in each sidebar for wiring the frame.  
(iii) Bottom bar: 440 mm long, 19 mm wide, and 9 mm thick. The outside measurements of the frame are 440 mm x 228 mm.  
(iv) Two 15 mm staples should be driven into the top bar on opposite sides so that the frames stand 34 mm apart. All frames should be made using either the Hoffman or staple-spaced design.
Table 1: Equipment Used for Beekeeping 
	S. No 
	EQUIPMENT 
	USES 

	1. 
	Smoker 
	They are used to make bees docile and less prone to stinging 

	2. 
	Gloves and a Bee veil 
	They are used for protection 

	3. 
	Extractor 
	They are used to extract honey from the frames of the hive 

	4. 
	Artificial feeders 
	They are used to feed sugar syrup to the bees 

	5. 
	Decapping knife 
	Used to decap the sealed cells of a honeycomb 

	6. 
	Extractor 
	Used for the extraction of honey 


 METHODS 
In the Crop Cafeteria area, the major horticulture crops grown are flowers like 
Jasmine, Tuberose, Hibiscus, Marigold, and Celosia 
3.3 SITE SELECTION 
The apiary site should be rich in bee flora, providing forage for most parts of the year, and should also have a good density of honey flow sources nearby. It should be easily accessible by road and have access to fresh running water. Natural or artificial windbreaks should be present to protect the bees from strong or chilly winds. The site should receive morning and afternoon sunshine, and during the summer, provision of shade should be available, either through artificial structures or the shade of trees. 
HIVE 1: The available bee forage source is flowers such as tuberose, hibiscus, and Amla
HIVE 2: The available bee forage source is Periwinkle 
3.3.1 Hive purchase location 
          The beehives were purchased from Marthandam in Tamil Nadu.
3.3.2 Hive type 
We chose a Marthandam-type bee hive because it is suitable for rearing Indian bees.     
3.3.3 Hive installation 
· After choosing a suitable site, digging is performed manually, and soil, sand, or rock debris is cleared from the solid surface.
· Finally, the hive is placed on top of the stand facing the east direction. 
· The legs of the hive stand should be greased using motor oil, which is an effective barrier against hive invaders. 
3.4 ARTIFICIAL FEEDING 
Artificial feeding of honey bees entails supplying them with alternatives to natural nectar and pollen, which is often needed when natural forage is limited or to enhance their nutrition. Sugar syrup commonly serves as a nectar substitute, while protein-based supplements replace pollen. Several techniques are used for this purpose, including top feeding, pail feeding, frame feeding, baggie feeding, barrel feeding, and the use of pollen patties.
 Frame feeding, for instance, involves inserting feeding frames directly into the hives among the frames. While this method requires opening the hive, it allows for close monitoring of feed consumption. Materials commonly used for artificial feeding include coconut shells or plastic containers. 
3.4.1 Preparation of artificial feeding 
Artificial feeding for honey bees usually involves sugar syrup, prepared by mixing 300 g of sugar with 300 ml of water. This feeding is generally offered every three days, and the feeding container should be cleaned each time to avoid contamination. When natural nectar and pollen are scarce, honey bees can also be provided with alternative feeds such as rice bran syrup, maize syrup, fruit syrup, floral syrup, soybean syrup, pulse syrup, and fish meal syrup.
 These alternative feeding options help sustain honeybee colonies during periods of scarcity. 
3.5 HIVE EXAMINATION FOR PESTS AND DISEASES 
  Bees are highly susceptible to pests and diseases if proper hive management is not carried out, and the relevant pests of honey bees include, 
3.5.1 Ants 
The black ant, Camponotus compressus, and Monomorium spp. are also dangerous enemies of honey bees. They target weak colonies, carrying away honey, pollen, and broods, causing significant damage to the hives. The major pest in the honey bee colony, however, was primarily observed to affect the pupal stage, leading to noticeable damage symptoms. 
Control - Installing ant wells and painting the hive stand legs using motor oil. 
3.6 SUPERING 
 It is a process in which the brood chamber is filled with bees completely, and the super chamber is built either with a comb foundation sheet or an excess comb from the brood chamber. This is done to expedite the comb-building process in the super chamber for honey storage. An empty brood chamber frame is selected, and by using the smoker, the bees' ferociousness is decreased. A knife is then used to cut the empty brood chamber comb, which is placed in the empty super chamber frame and tied with banana pseudostem fiber. Development in the super chamber frame can be observed within 2 days. 
3.7 HONEY EXTRACTION 
Some traditional honey extraction methods can damage the quality of the honey if they are poorly applied. After putting in so much care and effort to produce high-quality honey, it's unfortunate to spoil it with improper extraction methods. 
Methods involving heat, fire, or boiling the honey will result in dark, dirty honey with reduced medicinal value. Only combs containing sealed honey will yield extracted honey that can be stored for a long time without fermenting. It's a wise precaution to separate sealed and unsealed honeycomb into separate buckets. Some combs may contain both sealed and unsealed honey, in which case selection should be based on the predominant type. If most of the honey area is sealed, it's probably safe to add it to the high-quality bucket. If most is unsealed, it's safer to add it to the bucket with an unsealed comb. 
Honey extraction methods don't have to be complicated. The simplest method involves putting the comb into a large bucket and chopping it into very small pieces with a clean knife. The chopped combs are then placed into a nylon mesh, usually tied over a large bucket. Clean, lace curtain material is suitable and easily available. The setup is covered with a sheet of clear plastic or cloth to prevent bees from accessing the honey and then left to drain. This process is mostly completed overnight, but if honey remains, the residue of wax and honey in the cloth can be squeezed out by hand. 
Honey from frame hives is often extracted using a specialized piece of equipment called an extractor. To extract the honey, the thin layer of wax covering the sealed honey is removed using a sharp knife. The uncapped frames are then placed into the baskets in the extractor, and the handle is turned to apply centrifugal force to fling out the honey while preserving the honeycomb. However, if the wax in the supercombs is not wired, they may collapse once the centrifugal force of the extractor is applied, rendering the extractor ineffective. In such cases, frames may be left unwired, and the combs are cut out and extracted using the draining technique described earlier. However, this method removes the purpose of the frame, which is to preserve the comb from year to year. 
3.8 HONEY PACKING 
Offering a well-packaged product to customers is an essential aspect of honey retailing. Even if your honey is of high quality, meaning it has the required moisture content, cleanliness, color, and flavor it may not sell well if poorly packaged. Most liquid honey is retailed in glass or plastic jars, while honeycomb is typically sold in plastic trays. Liquid honey may also be sold in plastic bags, sachets, and straws. 
Glass jars are widely regarded as the most desirable and attractive packaging option for honey. However, they are not always readily available, and their weight and fragility make them less practical. Plastic serves as a good alternative, provided high-quality, food-grade plastic jars with well-fitting lids are used. Plastic jars offer advantages such as coming in various shapes, with squeeze plastic bottles being popular among customers. Additionally, they are lighter in weight, which is crucial for transportation over long distances. It's important to note that poor-quality plastic jars may leak, leaving customers with a negative impression. When filling jars, they should be filled to within 0.5 cm of the lip. Under-filling may give customers the impression of being cheated, while over-filling may cause honey to spill out. Consistency in filling levels across all jars is essential. 
3.8.1 Tamper-evident seals 
Tamper-proof devices are crucial to indicate that the container has remained sealed since it was packed. Plastic lids commonly feature a tearable plastic strip that must be broken to open the jar. If a honey packer lacks tamper-proof lids, they can affix a tamper-proof seal from the lid to the side of the jar, which will tear upon lid removal. Additionally, heat-shrinking plastic security seals are effective in ensuring the integrity of the packaging. 
3.8.2 Labelling 
Labels are a crucial part of honey packaging, serving both informative and promotional purposes. An effective label should be visually appealing, provide all legally required details, and highlight the word “honey” prominently. If the honey comes primarily from a specific plant or flower, this information can also be included. Designing such a label requires creativity, precision, and careful attention to regulatory compliance. This usually includes the net weight - that is, without the jar - the geographic origin of the product, and the name and address of the packer. 
4.0 RESULTS AND DISCUSSION
The apiary established at the KARE Crop Cafeteria, Krishnankovil, successfully maintained multiple Apis mellifera colonies under standard management practices, demonstrating favorable brood growth, foraging activity, and honey production throughout the season. These findings highlight the potential of apiculture to serve as a sustainable rural livelihood option, not only generating income through honey and hive by-products but also improving crop pollination and overall agricultural productivity. Furthermore, the college-based apiary served as a practical training platform, equipping local farmers and students with the technical skills required for successful beekeeping and promoting entrepreneurship in rural communities.4.1 Harvesting of honey. Honey harvesting occurs after a maturation period of three months, using a honey extractor. The extractor typically consists of a drum or container that holds a frame basket. When spun, the centrifugal force flings the honey out of the comb. From one frame, we have collected approximately 100 grams of honey. 
4.1 Marketing  
After honey maturation, it is collected and sold within the college premises. 
4.2 Benefit-cost ratio  
The Benefit-Cost Ratio (BCR) is calculated using the formula:
BCR  = Gross Income / Total Expenditure 
· If BCR > 1, the project is profitable.
· If BCR = 1, the project breaks even (no profit, no loss).
· If BCR < 1, the project is not economically viable.
Table 2: Total expenditure on beekeeping

	S. NO 
	PARTICULARS 
	QUANTITY 
	COST (In Rs) 

	1 
	Hive 
	2 Nos 
	3200

	2 
	Sugar 
	4 kg 
	120

	3 
	Gloves 
	2 Nos 
	50

	4 
	Knife 
	1 
	10

	5
	Grease oil 
	1 l 
	50 

	6 
	Transport 
	 
	300

	Total Expenditure 
	
	3730


 
INCOME GENERATION 
1st harvest (200ml per frame) 
Per hive (5 frames) = Rs.900
2 hives = Rs. 1800
 
2nd harvest (300ml per frame) 
Per hive (5 frames) = Rs. 1350
                 	     2 hives = Rs.2700
Gross income       = 1st harvest + 2nd harvest 
                             = Rs. 4500
BCR                    = Gross Income / Expenditure 
                            = Rs. 4500/Rs 3805                              = 1.18
 BCR >1 Implies It Is Profitable.
CONCLUSION 
Beekeeping is economically viable, yielding a positive return on investment through effective colony management. This practice not only enhances agricultural productivity and biodiversity conservation through pollination but also provides valuable products like honey and beeswax. Our study emphasizes the role of artificial feeding in increasing honey yield, while underscoring the need for careful management to maintain colony health and protect bees from external threats such as lizards, ants, spiders, and birds. Applying grease to hive stands has been shown to prevent ant infestations effectively. Besides its economic value, beekeeping also promotes environmental sustainability, conserves biodiversity, and enhances agricultural productivity. By embracing apiculture, we can promote sustainable practices, enhance environmental stewardship, and benefit bee populations. Ultimately, beekeeping plays a vital role in both ecosystems and human well-being, contributing to local economies and global markets through pollination services and products like honey. This valuable practice has far-reaching positive impacts, making it a rewarding endeavor for those involved. Through the investment of 1 rupee, we have gained 1.18 as the profit up to the 2nd harvest. The BCR ratio would increase by more than 2 in consecutive harvests. This would increase due to the increased yield in each month's harvest, and income would also increase through the byproducts of honey bees, such as beeswax, royal jelly, pollen, and propolis.  
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