



Composite fish farming: An Economic move for Rural empowerment and generating livelihood security
Abstract

This review aims to examine the potential of composite fish farming as a viable economic strategy for rural empowerment and livelihood security, highlighting its benefits, challenges, and opportunities for sustainable development. Poly-species farming, or composite fish farming, has been considered to be extremely profitable as a result of its low input costs. But, it is no longer the case, though, as the price of fundamental inputs has climbed significantly while the market value of fish has stayed relatively constant. These include rice bran, groundnut oil cake, mustard oil cake, excrement from poultry & cows and land. Several conditions, such as good water quality, fish seed, feed, and health management, are necessary to maximise output and the nation's income from offshore fishing and aquaculture. Exotic major carps (Hypophthalmicthys molitrix, Ctenopharyngodon idella, and Cyprinus carpio) and Indian major carps (IMC; Catla catla, Labeo rohita, and Cirrhinus mrigala) are the two types of fish raised in composite fish farms in pond culture systems. This system fills in the gaps in a pond environment by maximising internal resource utilisation, which raises productivity. This is a useful adaptation of the initial three-species IMC polyculture. The most environmentally sound method of raising fish is the polyculture of compatible species. This process maximises the standing crop and gives rural youth more power, all of which improves food and nutritional security by allowing for the effective use of every simple zone existing in the pond's surroundings.
Keywords: fish production, sustainable development, food security, species composition, composite culture, and generating livelihoods.

1. Introduction 

During the last few years, aquaculture has made significant progress in the food sector, as there is increased demand and limited supply of aquaculture products (Beg et al., 2024). In 2022, global production of aquaculture hit a record high of 130.9 million metric tonnes. With 36.5 million algae and 94.4 million aquatic creatures, the world's aquaculture manufacturing hit a current high of 130.9 million metric tonnes in 2022, an increase of 6.6% from 2020. Asia represented 91.4 per cent of the world's production of aquaculture, Using the Caribbean and Latin America (3.3%), North America (0.5%), Oceania (0.2%), Europe (2.7%), Africa (1.9%), and Africa (2.4%) following in order. According to the FAO (2024), the top ten producing countries: Bangladesh, China, Indonesia, India, Vietnam, the Philippines, Chile, Norway, Egypt, and the Republic of Korea, accounted for 89.8% of the entire quantity. 
Indian fisheries and aquaculture is an important sector of food production, providing nutritional security to the food basket, contributing to the agricultural exports and engaging about 14 million people in different activities (Raj et al., 2022). India ranks second in the world for aquaculture production, behind China, and third for fish production globally. Fish production is ranked highest in China and lowest in Indonesia. India produced a record 175.45 lakh metric tonnes of fish in the fiscal year 2022-2023, accounting for 8% of the total value production. The country's Gross Value Added (GVA) is approximately 1.09%, and the agricultural GVA is above 6.724%. The country's roughly 28 million people depend on this sector for their livelihood. (FAO SOFIA,2024).

The industry, which accounts for 6.3% of fish production worldwide, generates 33,441.61 crore rupees in export revenue annually and 1.1% of the GDP from agriculture (DAHDF,2017). Furthermore, auxiliary activities related to fishing employ 14 million people. Over time, there have been notable adjustments in paradigms with regard to the inland sectors and aquaculture's increased contributions. The inland aquaculture industry of the country grew as a result of one of the first large carps to be successfully induced to breed, Cirrhinus mrigala, C. reba, and Labeo rohita, carried out in 1957 by Dr. Hiralal Chaudhuri, the father of the blue revolution. Despite the availability of hatchery-bred seed, major carp farming mainly remained an IMC polyculture, integrating minor carps through combinations of three to four species. With its vast river and canal network spanning around 195.210 miles, comprising 44 medium rivers, 14 large rivers, and several smaller streams and rivers, India has enormous opportunities for the development of freshwater aquaculture. In addition, estimations from the FAO (2014) and the Handbook of Fisheries and Aquaculture (2014) put the pond further tank resources at 2.36 million hectares. Farmers' comprehension and adoption of new technology is directly tied to the development of aquaculture, so it is important that they have access to current, practical, and helpful information on the topic (De HK et al.2013).

Aquaculture production models are quite dynamic; the system cannot be sustained until we evaluate the financial and comprehend the extent of the economic structure of any particular activity (Shiva Kumar et al. 2014). Aquatic animal farming systems are very diverse in terms of culture methods, practices, facilities, and integration with other agricultural activities. Land ponds remain the most common type of facility used for freshwater aquaculture (FAO, 2020). However, in recent years, rapid and significant advances in improving freshwater aquaculture farming systems, integrated with agricultural systems, have resulted not only in higher productivity and better efficiency in the use of resources but also in an impact on the environment (Araujo et al., 2022). Since the beginning of time, people have consumed fish, which is the least exorbitant and most readily digested animal protein, by getting it from natural sources. The global Development of fish eating has improved people's diets by providing a diverse and nutrient-dense food source (Zhou,2017).
According to Edward and Demaine (1997), fish protein is of excellent quality since it offers a rich source of vitamins, minerals, and iodine, as well as amino acids in the amounts and proportions needed for a healthy diet. The scarcity of fish in natural waters has resulted in scientists being forced to employ diverse techniques to enhance their yield, owing to overfishing and pollution. More fish may now be produced and made more readily available for consumption through the use of controlled or artificial fish farming environments. Fish culture is a simple and effective way for farmers to boost their income in tanks, community ponds, or any new body of water. Both talented and unskilled youngsters might find meaningful jobs through it.

Polyculture of compatible fish species is the most ecologically sound fish culture practice, which facilitates efficient utilisation of all ecological zones within the pond environment, enhancing the maximum standing crop (Lutz,2003).
2. Composite fish farming 

Composite fish farming is the most widely used technique for fish culture in the nation. It involves simultaneously cultivating compatible and non-competing fish species by utilising all of the natural niches found in a pond. This technique increases the overall production from a unit area of water. For fish culture, any perennial freshwater pond with a minimum water depth of two metres can be utilised. Nonetheless, the minimum level must not drop below one metre. For short-term fish production, seasonal ponds can also be utilised (ICAR Research Complex for Eastern Region,2013). In the 1970s, the Central Inland Fisheries Research Institute introduced carp composite culture. It involves rearing suitable species of carp, such as together in the same pond are exotic carps (Grass carp, Ctenopharyngodon idella; silver carp, Hypophthalmichthys molitrix; common carp, Cyprinus carpio) and Indian main carps (Catla: Catla catla; Rohu: Labeo rohita; Mrigal: Cirrhinus mrigala). Fish farming for composite carp can employ three different tactics. The first is the low-input or fertiliser-based system, which is primarily used in small community ponds that are accessible and have various applications. It just needs modest financial outlays.

Since aquaculture is generally carried out in communal village ponds with various functions, the degree of adaptability and impact is likewise minimal. These are used as common pool resources, and embracing all the cultural norms that the technology suggests is challenging. Moreover, property and management policies for these water bodies limit the privatisation of aquaculture activities generally and the profits from them specifically. With moderate to high investments in medium- to large-scale private ponds, the second option is a feed-and-fertiliser-based system with a medium input.

Despite challenges with low compensation, restricted access to infrastructure, and a shortage of high-quality input, adoption and effect levels remain strong. High-input, intense feed- and aeration-based systems are the final common approach in composite carp farming. Large private pools with substantial capital and risk tolerance typically use this technique. Adoption of this practice is highly strong because input utilisation is typically higher than suggested levels. Low ecological sustainability, low benefit-cost ratios, and high risk are the results of this. Here, there is a moderate impact. The topic has grown in significance recently in terms of the advancement of human health and agriculture, according to Lakra and Ayyappan's (2003) study.

In composite Fish Culture practices in states like Andhra Pradesh, Odisha  (Himansu Kumar et al., 2022), there was a noticeable disparity in feed costs. When compared between the districts of West Godavari in A.P. and Jagatsinghpur in Orissa, the cost incurred for pelleted feed was  Rs. 86,916.62 and Rs. 40,359.46, whereas for rice bran, including oil cake was  Rs.. 1,41,905.80 and Rs.. 12,398.15, respectively. From this, it is evident that West Godavari carp farming requires higher inputs than Jagatsinghpur District carp farming. It exceeds the research station's production (8 t /ha/yr). That being said, Jagatsinghpur's production of 2.7t/ha/yr was lower than the FFDA demonstration pond's yield of 3t/ha/yr. The commercial feed-based culture system produced the most economic analysis of composite carp culture in India, according to Shiva Kumar et al. (2014), who compared the production and economics of three different types of fish culture methods: the extensive method without feed, the conventional feed-based culture system, and the commercial feed-based culture system. 

2.1. Fish species used in composite aquaculture

According to Lutz (2003), the most environmentally sound method for raising fish is polyculture, which involves growing fish in compatible species and allows for the largest standing crop to be produced while effectively utilising all of the pond's ecological zones. Carp polyculture, or composite culture, was first introduced by the Indian Council of Agricultural Research in the 1970s. It involves the compatible species of Indian major carps (catla: Catla catla; rohu: Labeo rohita; mrigal: Cirrhinus mrigala) and exotic carps coexisting in the same pond. Increased aquaculture productivity as a result of the introduction of three exotic Asian carps, grass carp (Ctenopharyngodon idella), silver carp (Hypophthalmichthys molitrix) and common carp (Cyprinus carpio) into India as a component of composite fish culture (Sinha et al. 1973; Chand et al.2003). In India, carp polyculture has previously undergone extensive testing to determine its production capacity and economic sustainability; as a result, it is well-established. According to Sinha et al. (1985), 4-5 tonnes/ha of production can be achieved annually. In composite fish culture, the species that make up the six species composite culture include rohu (25-30%), catla (10-15%), mrigal (15-20%), silver carp (20-30%), grass carp (5-10%), and common carp (10-20%), according to Ramakrishna et al. (2003). A combination culture of exotic major carps and IMC produced very variable fish yield statistics, ranging from 2060 to 8867 kg/ha/yr. Hussain et al. (2013), Sinha et al. (1973), Lakshmanan et al. (1971) and Chakrabarty et al. (1980).

According to a 2016 study by Das and Mishra, rohu typically exhibits better development than mrigal in composite fish systems. Nevertheless, in every treatment, mrigal showed more growth than rohu. There may be a good reason for the former's greater HBW: mrigal is present in fewer numbers (25% of IMC) than rohu (40% of IMC). The latter may have performed less well due to interspecific competition from silver barb (Haque et al.1998; Jena et al.2007) and the non-availability of a good water column (little over 1 m for the majority of the year, save during the rainy season) (Jhingran 1991; Rahman et al.2008). Olive barb's influence on rohu growth may be limited because their inter-specific competition has little effect on the former's growth (Jena et al.2008)

Based on the fish's feeding habits and compatibility, the following exotic and Indian species of carps have been suggested regarding culture using the combination of innovations for fish culture (Sinha et al. 1985) (Table 1). Catla and silver carp feed on the surface. Silver carp mostly prefer phytoplankton, but catla feeds on zooplankton (Lazzaro,1987). Due to its fast growth and high efficiency as a filter feeder, catla has significant ecological and socioeconomic potential benefits that could significantly influence the ecology of ponds (Milstein, 1992; Milstein et al. 1990).

Through nutrient recycling and faecal production, grass carp boost natural food production in the pond by consuming low-value vegetal waste (Ahmed et al. 2013). As a bottom feeder, mrigal is said to keep an eye on health and culture on farms (Ahmed et al. 2013). According to Dey et al. 2005, common carp grow more quickly and are referred to as bioturbations. But in addition to making food more readily available, it also alters Rohu eating habits and behaviour (Anras et al. 2001).

Table 1: List of fish and their feeding zones and habits for composite carp culture
	Species
	Feeding habit
	Feeding zone

	Indian Major Carps (IMC)

	Catla
	 Zooplankton
	 Surface Feeder

	Rohu
	Omnivorous
	Column Feeder

	Mrigal
	Detritivorous
	Bottom Feeder

	Exotic Carps(EC)

	Silver Carp
	Phyto Plankton
	Surface Feeder

	Grass Carp
	Herbivorous
	Surface, column and marginal areas

	Common Carp
	Detritivorous /Omnivorous
	Bottom Feeder


(Source: Lekshmi et al.2014)

3.Potential

India has abundant aquatic and fisheries resources available to the inland fishing industry. Fisheries and aquaculture development have a lot of room to grow in this industry. Yet because open water areas are not being used to their full capacity, there is a significant discrepancy between actual and potential fish production. The sites and resources for fishing that have potential are vacant. Cultural techniques can coexist peacefully with other farming systems and are often quite environmentally friendly. To maximise the use of aquatic resources, aquaculture techniques might therefore be strengthened and varied.

Low-lying, wet locations and the region beneath ponds and tanks used considering warm water freshwater aquaculture, such as beels, swamps, are not suitable for agricultural use. However, any place with an abundant provide of water can be used for fish farming. The aquaculture industry contributes around 65% of the 10.79 lakh metric tonnes of inland fish produced annually. A Pond size average: 0.6 to 1 hectare can produce more than 5 tonnes/ha/year of fish (Biswas et al.2018). This demonstrates the enormous range of fish culture throughout the nation. There is a tremendous opportunity for the horizontal expansion of composite fish farming, as just 15% of the probable area of tanks and ponds has been exploited thus far (Alikunhi, 1952).

According to Jayashankar (2018), village water bodies (VWBs) use composite fish culture with minimal to moderate inputs, especially organic fertilisers, and feed. In India, the multi-use and multi-ownership of VWBs have changed as a result of entrepreneurial prowess and creative management. Nevertheless, several states in the nation are experiencing a noticeable change in the intensity of their fisheries. The three main issues that fish growers deal with are financing, water scarcity, and poaching. To satisfy the growing demand for fish, VWB's aquaculture must expand sustainably.

Mahapatra et al. (2014) highlight West Bengal as a pioneer in the ornamental fish trade, with Kolkata being the main hub. 85% of India's ornamental fish trade comes from West Bengal, with 90% derived from natural wild collections. Currently, 73 native ornamental species are included in export lists, gaining popularity among local hobbyists. Ghosh et al. (2002) conducted a study on the Galiff Street Market in Hatibagan, Kolkata, the largest wholesale ornamental fish market in Eastern and North-Eastern India. They collected 73 exported species, including 30 classified aquarium fish and 43 non-classified aquarium fish, from the market. The FOB price offered by the exporter for native ornamental fish is significantly high and varies from about 0.06 US$ to 4.825 US$ Mahapatra et al. (2005).

As per the report of Ahmad (2001), the ponds and tanks in Bihar have the potential of producing 0.183 million fish per year. These resources offer a great potential for enhancing fish and shellfish production for domestic and international markets (Singh,2004). The rivers passing through Bihar are important sources for their natural fish population and contribute a major attribute towards capturing fisheries. In both of these resources, there is scope for the development of cage and pen farming. Chand et al. (2021) highlighted the creation of a separate Department of Fisheries in February 2019, merging various fisheries sector schemes into the 'Blue Revolution: Integrated Development and Management of Fisheries Resources, both inland and marine’. The state has 18 hatcheries, one in government, 03 in corporate, and 14 in the private sector, aiming to increase culture fish production through scientific techniques among rural farmers, with around 23,000 trained fish workers. As per the report by Chaudhry and Kumar (2002), the average annual production of fish seed is 350 million, against the basic requirement of 600 million fish fry per year.

De, H. K. et al. (2022) study highlights the vast resources and potential of Andhra Pradesh and Odisha, two key states in eastern India, for freshwater and marine fish production. With 82.5% inland fish production, Andhra Pradesh is the major fish producer in India, offering vast opportunities in the fisheries sector, according to the GOI (2018). Ngasottert et al. 2020) study reveals an acute freshwater fish shortage in Odisha, despite significant production growth over the past decade. The study investigates socio-economic background, adoption behaviour of fish farmers, and compares the cost and returns of carp culture in Andhra Pradesh and Odisha, aiming to develop strategies to increase production and productivity. A coastal district in Andhra Pradesh is known for its rich fisheries resources, including marine, brackish water, reservoirs, and inland fisheries. With a population of 39.3 lakhs, it is considered the aqua hub of Andhra Pradesh. The districts around Kolleru Lake offer opportunities for expansion. Jagatsinghpur District, a coastal district in Odisha, has a population of 11.37 lakh and a production potential of 3.9 lakh metric tonnes in culture fisheries, accounting for 2.8% of Odisha's total freshwater fish production in 2017-18.

4. Pond management

When choosing a pond, the three most important things to consider are whether the soil can hold water, whether there is a sufficient quantity of high-quality water accessible, and whether the pond will not be located in an area that is prone to flooding. Through dewatering, disilting, restoring the barriers, and adding the entrance and outflow, abandoned, Swampy or semi-derelict ponds can be restored for fish culture.

The person may lease the pond or purchase it outright. Site selection, pre-stocking, stocking, and post-stocking procedures are among the technical aspects of composite fish rearing. In fish farming, pond management is crucial both before and after fish seed is stocked. Three categories of management protocols are used in composite fish culture: pre-stocking, stocking, and post-stocking (Alikunhi,1957).

A tried-and-true method for increasing yield and return per unit area is composite fish culture (Chand et al.2003). The regulated breeding of carp in bundhs, or tanks or impoundments where river conditions are reproduced, led to significant advancements in the state of West Bengal in the early nineteenth century (FAO,2014). Information about the current state of composite carp farming in India, some fifty years after the practice was first introduced, is scarce, even at the farm level. Scientific fish farming has not yet gained widespread acceptance, despite technological backing. The causes are numerous and diverse. In India, the foundation of the aquaculture sector is village-level ponds, which are run by the rural community's poorest members (FAO,2013).

4.1. Pre-stocking management

Changes in the management strategies for Indian Major Carp composite farming in the West Bengal district of 24 Parganas (N) were reported by Biswas et al. (2017) Farmers have made a number of changes to the pre-stocking and post-stocking management techniques from those that were first recommended at the practice's beginning in the 1970s, drawing from their personal experiences throughout time. Consequently, the current study was suggested and created in order to evaluate the on-farm use of composite farming and determine the extent to which it has diverged from the initial set of guidelines. Viswanatha et al. (2014) study found that the average water depth in monoculture systems in Andhra Pradesh ranged from 1.60-1.95 m, while in polyculture systems, it ranged from 1.77-2.13 m.

As a result, appropriate management, beginning with pond preparation, is extremely important. The well-known English saying "prevention is better than cure" tells us to pursue preventative approaches, which are perfectly relevant in aquaculture (Chaudhuri,1960).
4.2. Control of aquatic weeds and insects 

Aquatic weeds hinder primary productivity, prevent normal light penetration at the pond bottom, and lessen surface disturbance caused by disturbing the equilibrium of oxygen, creating obstructions for fish and as netting is being done. Due to these factors, the primary phase of pond preparation begins with the removal of aquatic insects and weeds, either by hand, mechanically, or chemically. To control aquatic insects, however, new techniques and approaches must be used Ganguly and Mitra (1961). It is a widely accepted idea and standard malaria prevention technique to spray oil to eradicate the bugs, which rise to the surface in order to breathe. There are various ways to manage predators such as aquatic insects, which are known to seriously harm in nursery ponds, carp fry Alikunhi (1952); Khan and Hussain (1947). Spraying an emulsion of inexpensive washing detergent and mustard or coconut oil in the ratio 56:18 kg/ha on a calm day is a successful way to prevent predatory insects. It should be administered a day or two prior to stocking. This method was created at Cuttack's CIFRI Centre (Pakrasi,1953). Within thirty minutes, the Notonectidae, or back swimmers, perish. However, higher doses result in the death of larvae of water boatman beetles (Family: Corixidae) and insects.

Teapol B-300, a cleaning agent manufactured by Shell Burma, replaces soap within the emulsion (Chatterjee,1970). It has an amber tint that is neutral, is easily soluble in water, does not react with brackish or hard water, and is simple to combine with oil. Teepol should be taken at a dose of 56 kg of mustard oil was used to emulsify 560 ml.

4.3. Manual & mechanical

This is physically pulling aquatic weeds with a hand tool or an electric machine. The traditional method of removal is by hand. The free-floating weeds are collected by hand or pulled ashore using rope nets made of coir or wire. The submerged weeds are either uprooted with bamboo poles with a cross piece at their lower ends, or they are dragged by hand or with hand-drawn bottom rakes (Philipose,1963). According to Swingle and Smith (1947), repeatedly trimming the water lily's leaves can occasionally be beneficial. According to Hickling (1962), pond margin grasses and sedges in Malaysia are routinely mowed down by hand labourers. By chopping off the aerial shoots and soaking the stumps for four weeks, Singh et al. (1976) reported that Typha angustata could be controlled.

Recent years have seen a significant increase in interest in the use of mechanical devices for aquatic weed control. It is common practice to remove rooted, underwater weeds using steel cables, cutting chains, and diesel-operated winches (Mitra,1956). Some places use cutting boats of various kinds equipped with gasoline-powered underwater weed eaters. Mechanical weed treatment requires continuous repetition, much like grass mowing, according to (Blackburn ,1968). Utilising a barge equipped with a conveyor system to lift the plants out of the water and transport them to the shore for disposal, floating weed harvesters have been employed. A device created by Velu (1976), can remove weeds at a pace of 1-1.5 ha/day, depending on the severity of the infestation, both floating and submerged. The mechanical method has some disadvantages, including a high initial cost, the need for a competent operator for handling, and the challenge of shipping and installing heavy machinery in remote locations.

4.4. Control of undesirable and predatory fish
The methods include recurring netting, applying Mahua oil cake at a rate of 2500 kg/ha, or letting the pond substrate dry naturally; maintaining the water's physico-chemical quality; manuring with cow manure, chicken litter, etc.; as well as liming the pond water using quick lime to control its pH (FAO,2009). According to Rath (1993), one of the key variables influencing productivity is the pond's depth. Generally speaking, production level decreases when pond depth increases from 5 to 9 feet (Chakraborty et al. 1975), although productivity generally decreases as pond size increases (Hussain et al. 2011).

The culturable fish species face competition with weed fish (e.g., Puntius sp., Oxygaster sp., Ambassis sp., Amblypharyngodon mola, Colisa sp., Rasbora sp., etc.) for food, space, and oxygen, which can lead to significant issues for fish culture (Huet,1986). Physical approaches such as pond dewatering and desilting, recurrent netting operations, and using hooks and lines with baits to remove undesired fish have been proven to be insufficient and costly (Nandeesha et al. 2013). Farmers employ insecticides such as Nuvan (dichlorvos or 2, 2-dichlorovinyl dimethyl phosphate), Ustaad (cypermethrin), etc., in real-world agricultural settings (Huet,1986).

4.5. Liming

To reach the appropriate pH level, lime is used. In addition, lime acts as a buffer, stops pH fluctuations, increases the soil's resilience to parasites, gets rid of the parasites and accelerates the decomposition of organic materials. Within a culture pond system, lime the application has several advantages, including: (i) neutralising acidity; (ii) raising the bottom soil's pH and improving the availability of supplemental phosphorus fertiliser; (iii) increasing the rate of microbial growth and reducing the build-up of organic debris in the bottoms of ponds and supporting nutrient recycling; (iv) preserving the soil's alkalinity and other physical and chemical properties, which in turn aid in enhance fish and shrimp farming; and (v) enhancing Lemon dosages typically vary from 200 to 250 kg/ha. However, as indicated in Table 2, the actual dosage needs to be determined using the water and soil pH values.

If the pond is new, it must become full of water from several sources, such as a tube well, canal, etc, or from rain once it has been cleared of debrisLekshmiet al. (2014).
Table 2: Doses of lime in relation to the pH of soil
	Soil pH
	4.5-5.0
	5.1-6.5
	6.6-7.5
	7.6-8.5
	8.6-9.5

	Lime (kg/ha)
	2,000
	1,000
	500
	200
	Nil


                                                                                  (Source: Lekshmi et al.2014)
4.6. Fertilisation/Manuring 

According to Chakrabarty et al. (1975), fertilising the pond is a well-accepted method of enhancing fish output and is a significant way to enhance fish farming by improving the pond's fundamental productivity. Once the pond soil quality has been assessed, the fertilisation schedule must be prepared. For optimum effects, a mix of inorganic and organic fertilisers may be employed. Depending on the fish's growth, the pond's available food supply, the pond's physicochemical conditions, and the surrounding climate, the fertiliser schedule needs to be adjusted appropriately.
Viswanatha et al. (2014) study on carp culture ponds in Andhra Pradesh found variation in inputs. The Nellore district had the highest use of poultry manure (5.12 t/acre), while rice bran and groundnut oil cake were not used in West Godavari and East Godavari districts. Fertiliser application was highest in West Godavari (355 kg/acre) and lowest in Prakasham (125 kg/acre). According to Rajeshkumar & Balusamy's (2017) research, the ideal phytoplankton population for fish growth and development is discovered in fish ponds manured with poultry bird droppings. Benthic macroinvertebrates, detritus, zooplankton, and phytoplankton are examples of important natural food sources found in pond water. High plankton abundance encourages the formation of polycultures, primary production, and eutrophic systems. In order to increase primary productivity and produce autotrophic organisms, which lower oxygen supply in ponds, Veronica et al. (2014) emphasised the significance of careful management and controlled input of inorganic and organic fertilisers. Monthly instalments of 1000 kg/ha can be made for organic manuring. You can alternate monthly applications of inorganic fertiliser and organic manure. On the other hand, fish growth and pond production will determine the monthly rate of fertilisation. It is imperative to prevent over-fertilisation, since this could lead to eutrophication (Debnath et al. 2007).

It is necessary to apply organic manure three days following the liming date. For aquaculture ponds, cow dung at 5000 kg/ha of organic manure, or any other kind of comparable manure Value is additionally utilised. After 15 days of organic manuring, inorganic fertilisation should be started. According to the kind of soil fertility shown below (Table 3), different amounts of phosphate and nitrogenous fertilisers would be needed. Nonetheless, any fertiliser containing phosphate and nitrogen might be applied at the specified rate                                                                                                (Lekshmi et al.2014).

Table 3: Application rates of inorganic fertilisers (kg/ha/month)

	Soil fertility status
	Nitrogen (mg/100 g soil)

	Inorganic fertilizers
	High (51-75)
	Medium (26-50)
	Low (upto 25)

	Ammonium sulphate
	70
	90
	140

	Urea
	30
	40
	60

	Soil fertility status
	Phosphorus (mg/100 g soil)

	Inorganic fertilizers
	High (7-12)
	Medium (4-6)
	Low (upto 3)

	Single super phosphate
	40
	50
	70

	Triple super phosphate
	15
	20
	30


                                                                                                (Source: Lekshmi et al.2014)

5.0. Stocking 

5.1. Species selection 

The most prevalent form of fish culture is composite culture, which involves using suitable species of fish to maximise the standing crop by effectively utilising all ecological zones in the pond environment (Lutz, 2003). There are situations where a particular species improves the amount of food available to other species, increasing the overall fish output per unit area. The choice of species is crucial to the operations of any culture. Three or more species must be stocked in a pond to ensure that its various zones and strata are utilised to their full potential. According to Rahman et al. (2006), the ideal combination of two Chinese carp, silver and grass carp, and three Indian carp, Catla catla, Labeo rohita, and Cirrhinus mrigala, is now used in fish production setups.

The choice among species is crucial to all cultural processes. The most popular fish combinations for the composite fish cultivation method in India used to include grass carp, silver carp, common carp, catla, rohu, and mrigal (Huet,1986). After applying fertiliser for 15 days, the pond will be ready for stocking. Hussain et al. (2013) reported on Arunachal Pradesh state in East Siang District fish fingerlings stocked with Fingerlings of Rohu (Labeo rohita), Catla (Catla catla), Mrigala (Cirrhinus mrigala), Grass Carp (Ctenopharyngodon idella), Common Carp (Cyprinus carpio), and Silver Carp (Hypophthalmichthys molitrix) were stocked in a ratio of 2 Catla: 2 Rohu: 1.5 Mrigal: 2 Silver Carp: 1Grass Carp: 1.5 Common Carp (Mahapatra et al. 2006) @ 7000 fingerlings per ha.

5.2. Stocking density and ratio

Five thousand fingerlings can be added to a pond every hectare at an average depth of 2.0-3.0 metres Sinha et al. (1985). That being said, 6,000-12,000 fingerlings per hectare are advised in ponds with 2.5 meters of water on average Rahman et al. (2006). Regardless, the idea behind stocking ratio calculations is to match species combinations in the pond's upper, column, and bottom layers with those that minimise overlap in order to satisfy habitat and food needs. But six feet is the minimum depth required in pond ecology .Necessary for the creation of different layers.
According Prakash et al. (2018), a six-species combination typically has 30% of the total stock planted in the upper layer of the pond, 40% in the column, and 30% in the bottom layer. In every layer, an IMC is paired with an exotic carp that does not engage in competition. For example, the upper layer may have catla, silver carp, the column layer may have rohu and grass carp, as well as the bottom layer may have mrigal, common carp. A hectare should be stocked with 8000 fish fingerlings weighing between 50 and 100 grammes. Nevertheless, if smaller fingerlings are utilised, an appropriate margin for mortality may be added in. Viswanatha et al. (2014) found advanced fingerlings of Rohu and Mrigal in Andhra Pradesh, stocked at 5000/ha under polyculture systems, with a mean weight of 90-170 grams. De, H. K. et al. (2022) research on aquaculture in West Godavari and Jagatsinghpur revealed that fish farmers stock yearlings per hectare, with an average of 2506 yearlings per hectare. These yearlings have a survival rate of over 90%, with each being around 150 g during stocking and 1-1.5 kg at harvesting. In Jagatsinghpur, fingerlings are stocked due to the unavailability of bigger seed material, with an average of 10153 fingerlings per hectare.

According to Lekshmi et al. (2014) to the current model, advanced fingerlings will be stocked and raised for a period of 10 to 12 months. The ratio of 3, 4, or 6 species in a stocking might vary based on the state of the market and seed availability (Table 4).
	Species
	3 species
	4 species
	6 species

	Catla
	4.0
	3.0
	1.5

	Rohu
	3.0
	3.0
	2.0

	Mrigal
	3.0
	3.0
	1.5

	Silver Carp
	-
	-
	1.5

	Grass Carp
	-
	-
	1.5

	Common Carp
	-
	2.0
	2.0


Table 4: Ratio of species combination for composite carp culture

                                                                                      (Source: Lekshmi et al. 2014)

The author has already highlighted the concept based on the stocking of Indian main carps, as there is a strong market demand for fish, particularly for catla, rohu. In comparison to the other fish species used for composite culture, Ahmad et al. (2013); Datta (2014) found that the density of the stockings of common carp, grass carp at a stocking ratio of 1:1.5 produced superior results. The Chinese phrase "Simply one grass carp raises three silver carps" symbolises the efficacy of this method.
5.3. Post-Stocking
5.3.1 Supplementary feeding

Fish require a lot more food than the pond's natural supplies. Rice bran and oilcakes can be combined in a 4:1 ratio to feed fish; the exact ratio depends on the availability of ingredients in the area, changes in price, and the preferences of individual farmers (Ahmad et al.2013). Because of the feed firms' advertising efforts, sinking pellets have become more and more popular in Telangana in response to their convenience. Farmers have started using pellets even if the growth is not significantly different from that obtained with the usual combination (Nandeesha et al. 2013). Reducing feed waste also helps to lower environmental effects. Feed costs make up between 50 and 60 per cent of the expenses incurred during the operation of any kind of aquaculture enterprise.
In aquaculture, particularly in semi-intensive systems, artificial feed has two fundamental purposes: first, it is consumed by the fish directly, and second, it provides nutrients to the surrounding environment, increasing primary productivity and the availability of natural food. The majority of artificial feed is wasted as excrement and uneaten feed. Through their digging and sieving of sediments, benthivorous fish increase the amount of oxygen available in the sediment and cause bottom particles to resuspend. This has a significant effect on the abiotic and biotic aspects of the pond's overlying water column (Hussain et al., 2011).

Because groundnut oil cake (GNOC) is quite expensive, Farmers have attempted to use other sources, such as cake made of cottonseed oil, which is less expensive compared to GNOC. The growth rate of Cake made of cottonseed oil and GNOC can be nearly the same when fed to fish when combined in equal amounts. To distribute the feed, position it at the pond's corners or lower it to the bottom using a feeding tray or feeding bag. As they grow used to this kind of feeding, the fish will eventually congregate in one spot at a certain time for regular feeding, which will minimise feed loss. For fish, feeding rates should be up to 500 g/m2,5-6% of body weight and 3.5% of body weight after that. Usually, the nutrients come from supplements.
6.0. Water Quality Management

Water quality is influenced both directly and indirectly by a wide range of biotic and abiotic elements of aquatic ecosystems. The measurements of these constituents also mirror the intricacies of live species, including the metabolic and physiological activities of aquatic environments. Fish growth is greatly influenced by pH, temperature, and dissolved oxygen (Noor et al., 2010).

According to research by Rajeshkumar & Balusamy (2017), all three ponds' principal water quality parameters, pH, DO, BOD, and COD, remained within ranges that are favourable for fish cultivation. While the values of pH 7.9 to 8.9, DO 4.7 to 8.7 mg/L, BOD 5.1 to 9.2 mg/L, and COD 11.8 to 49.7 mg/L were detected in a pond manured with turkey droppings, the values of DO 4.2 to 6.2 mg/L, BOD 3.3 to 6.2 mg/L, and COD 7.6 to 31.3 mg/L were recorded.

Variations in water temperatures from 29.66 to 30.0 °C, pH from 8.32 to 8.55, and dissolved oxygen from 6.31 to 6.60 mg/L were noted by Ghazala et al. (2011). These values are similar to those noted during the research period. In their research, Chandra et al. (2005) found that the electrical conductivity, pH, total alkalinity, and phosphorus content of the rearing water all affected the fluctuations in fish growth. During the current investigation, no water quality parameter was found to be limiting fish growth performance. During the trial, the physicochemical parameters of the water ponds were found to be within carp-acceptable ranges.

7.0. Management of Diseases

The management of disease in hybridisation fish farming. The most prevalent illnesses, which are brought on by bacteria, are argulus (fish slice), gill rot, tail rot, and red disorders (Hemaraigic Septicaemia). Chemicals or natural sanitisers, like a salt mixture with taurine powder, are used to treat parasite infections like Lernaea. When using water sanitisers in a fish pond in the morning or evening, use two litres per acre of active iodine and one litre per acre of 50% Benzalkonium chloride E. and Terech (2016). The Viswanatha et al. (2014) study revealed that 19% of Andhra Pradesh's culture ponds were infected with Argulus and gill fluke in Indian major carps, 13% with black gill and columnaris, and 41% with black gill, columnaris, and red disease. Pesticides were used to manage these diseases, with the highest application in the West Godavari district and the lowest in the Nellore district. Common pesticides used were butox, nuvan, and ecolax.

8.0. Harvesting

As soon as the fish reach A standard weight of 0.75 to 1.25 kg at the end of their first year, harvesting usually takes place. It is possible to achieve an annual production of 4 to 5 tonnes/ha with appropriate management (Debnath et al. 2007). A total of 2.06 metric tonnes of fish were produced annually (ICAR) with the combination culture of exotic carp and IMC. Goa, India, Extension Folder No. 69, Composite Fish Culture in Ponds, 2014). Over 5 tonnes/ha/year are produced by fish farmers at a more than 15,000 a stocking density individuals/ ha, and wearing more than one or two stockings frequencies (Gabriel et al. 1994).
In addition, the traditional method of harvesting everything at the conclusion of a year-long production cycle has been largely abandoned in favour of several harvesting and stocking operations approaches in the past few years. Partial dewatering, followed by repetitive netting, is the harvesting process. Ponds can occasionally be completely dewatered. Depending on the fish demand and the season, some farmers may also use partial harvesting (Prakash et al. 2018).
9.0. Vertical expansion of fish culture.

Entrepreneurs are currently using a variety of strategies to raise the fish yield per hectare. Important practices include heavy stocking, multiple harvests when the fish reach a size of 500 g, and advanced fingerlings' stocking and yearlings by exciting the fish seed's growth throughout the initial year (Hussain et al. 2013).
As per the suggestion, Prakash et al. (2018), the regular organic manuring of the pond increases its fertility. Other methods that contribute to this process include the use of aerators, multiple stockings and harvests, and combining the practices of animal husbandry with fish farming, such as poultry, dairy, piggeries, or duckeries. The aforementioned techniques can be used to raise the annual fish yield per hectare to 5-7 tonnes per ha.
10. Subsidy

Most state governments use FFDAs to carry out a centrally supported subsidy program for different farmer categories as well as the National Fisheries Development Board (NFDB). You can learn more about this program by visiting the NFDB website or contacting the relevant Fisheries Departments. The program offers financial assistance for a range of expenses, including first-year inputs, building or renovating ponds, and more. Under the IFDS, NSP, and TSP Telangana Satae initiatives, 100% of the funding for fish seed and prawn juveniles is provided by the Pradhan Mantri Matsya Sampada Yojana Scheme (PMMSY). In addition, prawn juveniles and fish seed are stocked in all the state's water bodies according to the water spread area.

11. Proper Customers.
The subsequent types of debtors are qualified to receive subsidies: A single person. An enterprise is a joint business. A community that works together. A team of aquaculturists. The FFDAs offer fish farming training to qualified borrowers; nevertheless, prior knowledge of fish farming is a prerequisite for obtaining a bank loan or subsidy (Prakash et al. 2018).

12. Expenses and Income

Table 5: The financial benefits of raising freshwater carp in one acre
	S. No
	Items
	Rate (Rs./unit)
	Amount (Rs.)

	1
	Capital cost

	2
	Excavation of land (4000 m3 )
	20/m3 
	80,000

	3
	Construction of sluice gate (inlet/outlet)
	-
	35,000 

	4
	Fish seed (3000 fingerlings)
	3.5
	10,500

	5
	Liming (200 kg)
	15
	 3000

	6
	Fertilizers & Manures
	-
	25,000

	7
	Supplementary feeding (FCR=1:1.2) (3600 kg)
	42.5


	 1,53,000

	8
	Other investments

	
	a. chemicals (Active Iodine, BKC)
	10,000

	
	b. Water Quality Sampling and analysis (DO, Ammonia, Nitrate and Hardness, etc.)
	3000

	
	c. Labour
	50,000

	
	Total Cost
	63,000

	9
	Total investment
	
	3,69,500

	10
	Total investment (excluding capital investment)
	3,69,500-80,000
	2,89,500

	11
	Total fish production (Approx. 3000 kg)
	Rs. 150/kg 
	 4,50,000

	12
	Net income/year
	450000-2,89,500
	 1,60,500

	13
	Benefit cost ratio (B: C)
	
	1:1.55

	14
	Net Income per month
	
	20,062.5


13. Conclusion
It's widely recognised that resource- and Fishery farming that is location-specific can significantly increase the standard of living and revenue for primarily marginalised and impoverished farmers. Different regions have different production combinations, rates, and sizes when it comes to fish farming. Fish farming has a significant Possibility of increasing food production supply, enhancing food security, and generating more employment for the nation's hordes of unemployed people.
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