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Introduction:

            Integrated farming involves two or more production technologies to function together on parallel footing resulting in enhanced productivity, additional employment, increased income, reduced cost of fish farming, enhanced efficiency in resource utilization and reduced investment risk through diversification of crops. When fish is the major commodity of this system, it is known as integrated fish farming. The principle of integrated fish farming involves farming of fish along with livestock or/and agricultural crops. This type of farming offers great efficiency in resource utilization, as waste or byproduct from one system is effectively recycled. It also enables effective utilization of available farming system for maximizing production. The rising cost of protein rich fish feed and chemical fertilizers as well as the general concern for energy conservation have created awareness in the utilization of rice and other crop fields and livestock wastes for fish culture. Fish culture in combination with agriculture or livestock is a unique and lucrative venture and provides a higher farm income, makes available a cheap source of protein for the rural population, increases productivity on small land holdings and increases the supply of feeds for the farm livestock. Organic wastes to the tune of 40-50 kg are converted into 1 kg of fish ,while pond silt is utilized as fertilizer for fodder crop ,which in turn is used to raise livestock and poultry or as fish feed ,thus achieving complete recycling of waste and provides meat,milk,eggs,fruits,vegetables,mushroom, fodder and grains in addition to fish.

        Integrated fish farming can be broadly classified into two: Agriculture-fish and Livestock-fish systems. Agri based systems include rice-fish integration, horticulture-fish system, mushroom-fish system and sericulture-fish system while livestock-fish system includes cattle-fish system,pig-fish system,poultry-fish system,duck-fish system,goat-fish system,rabbit-fish system,etc. About 5-8 cattle or 40-45 piglets or 1000 poultry birds or 200-300 ducks are sufficient to fertilize a hectare water area to get over 4000 kg of fish without feed or any fertilizer application. Further livestock cum fish farming is considered as an excellent innovation for judicious recycling of organic wastes and optimum production of high class protein at low cost.
Livestock-Fish system:
           Livestock-fish system includes cattle-fish system,pig-fish system,poultry-fish system,duck-fish system,goat-fish system,rabbit-fish system. In this practice,excreta of ducks,chicks,pigs and cattle are either recycled for use by fish or serve as direct food for fish.Hence the expenditure towards chemical fertilizers and supplementary feeds for fish culture is not only curtailed to the barest 
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minimum but also there is economy of space. Integration of fish culture and livestock farming is in vogue in many countries and the income realized has been found to be more than that of exclusive fish farming in ponds.
    The main potential linkages between livestock and fish production concern use of nutrients particularly reuse of livestock manure for fish production. The term nutrients mainly refers to elements such as nitrogen (N) and phosphorous (P) which function as fertilizers to stimulate natural food webs rather than conventional livestock nutrition usage such as feed ingredients, although solid slaughterhouse wastes fed to carnivorous fish fall into the latter category .Both production and processing of livestock generate by–products that can be used for aquaculture. Direct use of livestock production wastes is the most widespread and conventionally recognized type of integrated farming. Production wastes include manure, urine and spilled feed; and they may be used as fresh inputs or be processed in some way before use.
     Use of wastes in static water fishponds imposes limitations in terms of both species and intensity of culture. Stimulation of natural food webs in the pond by organic wastes can support relatively low densities of herbivorous and omnivorous fish but not a large biomass of carnivorous fish. These biological processes are also temperature dependent. The optimal temperature range is between 25-32OC  although waste -fed aquaculture in sub-tropical and temperate zones where temperatures rise seasonally has also been successful. Processing wastes through organisms such as earthworms and insect, larvae that feed on them and concentrate nutrients to produce “ live feeds” is an alternative approach to raising fish needing high levels of dietary animal protein. Livestock processing can also provide a wide variety of wastes that vary from dilute washing water to high value meat and bloodmeal that can be used as high value fish feeds or feed ingredients. If enough of these types of feeds are available, high density and intensive production of carnivorous fish species can be supported. Aquaculture may also provide inputs and other benefits to livestock production. A variety of aquatic plants eg.duckweeds and the aquatic fern Azolla have proven potential as livestock feeds; and invertebrates such as snails and crustaceans can be used for poultry feeds.

     Based on the type of livestock used for integration there are many combinations in livestock- fish systems. The important ones are discussed below.   
Cattle-cum-Fish farming:

               The application of cattle manure for fertilizing nursery, rearing and stocking ponds is an age old practice, probably as old as fish culture itself. But the scientific concept of integration of aquaculture with cattle farming is a new concept. Among all livestock excreta, cow’s excreta is the most abundant one in terms of availability.Cow manure particles sink at 2-6 cm/minute as against 4.3 cm/minute of pig manure thereby providing sufficient time for fish to consume edible portion available in dung. Futhermore , biological oxygen demand of cow manure is lower than that of other livestock manures as it is already decomposed by microorganisms in rumen. Generally, polyculture system of aquaculture is suitable for integrated farming with cattle. The size of the pond may be 0.4 hectares  with a depth of 2 m in average. Organic manure in the form of cattle dung either fresh or in biogas slurry form is applied in the pond.Generally an average cow/ox/buffalo voids about 5 kg of manure per day i.e., about 1800 kg of manure per year.Manuring with cowdung,which is rich in nutrients result in increase of natural food organisms,detritus and bacteria in fish pond.The faeces and urine are extremely beneficial for filter feeding and omnivorous fish such as Catla and Silver carp. Biogas slurry may also be applied in place of raw cow dung into the pond @ 15,000-30,000 lts/hac/year. It has low oxygen demand therefore much safer than raw cow dung. The normal requirement of fresh cattle dung for a fish pond of one hectare is 10,000-15,000 kg .So 5-8 cattle are sufficient to fertilize one hectare of fish pond .In addition to 9,000 kg of milk, about 3000-4000 kg fish/hac/year can also be harvested when stocked with 5000-8000 nos.of fish seed per hectare with ratio of 40:20:30:10 for surface:column:bottom:macro-vegetation feeder where both Indian as well as exotic major carps may be stocked. Pond may be applied with lime @350-500 kg/hec/year. Initial dose may comprise 50% of total amount and rest in 2-3 equal installments as and when required .Cow shed should be built close to fish pond to simplify handling of cow manure.The excreta and the urine are collected separately or can be flushed directly into fish pond. This method saves time and labour. Grown up cow requires about 7000-8000 kg of green grass annually.Grass carp utilizes the leftover grasses which are about 2500 kg.The fine feed wasted  by cows,which consists of grains is also utilized by fish.Digestion of raw cow dung in biogas plants helps in keeping pond environment clean,thereby 20,000-30,000 kg of biogas slurry is recycled in 1 hectare water area to get over 4000 kg of fish without feed or any fertilizer application.
Pig-cum-Fish farming:

           The raising of pigs can be fruitfully blended with fish culture by constructing animal housing units on the pond embankment in such a way that the wastes and washing are drained into the fish pond. The distinguishing features of this system of farming are : i) Fish utilizes both unutilized pig mash(ration) as well as fresh pig manure (containing 70% digestible food for the fish) as its food, ii) Pig dung acts as an excellent fertilizer and raise the biological productivity of the pond water, iii)drastically reduced the cost of inputs required for fish farming and  iv) the expenditure incurred on raising of pigs is largely set off through the sale proceeds of the pig meat. Pig cum fish farming has certain advantages over others. The waste produced by 30-35 pigs is equivalent to 1 tonne of ammonium sulphate. Pigs are fed largely on kitchen waste, aquatic plants and crop wastes. The sale of pig meat bones and bristles after slaughtering, covers cost involved in labour and feed.The system of integration is very common in China,Taiwan,Vietnam,Thailand,Malaysia,

Hungary and some other European countries. In India too, efforts have been made to popularize and several exotic breeds of pig have been introduced to augment production of pigs. The exotic upgraded stock of pigs such as Large White Yorkshire, Landrace and Hampshire are most suitable for raising with fish culture, as they are well known for their quick growth and prolific breeding. They attain slaughter maturity size (60-70 kg) within six months. Thus two crops of exotic and upgraded pigs are raised along with one crop of fish which are cultured for one year. About 40-45 piglets are raised in each crop for a hectare of water area. About two months old weaned piglets are introduced in the pig sties and fattened for 6 months and harvested. Another batch of weaned piglets is then fattened for six months.Pig need clean housing,which should provide adequate protection from adverse climates. Temperature in the pig sties is one of the most important factors to be taken care of as pigs are poorly provided with heat regulating mechanism and sweat only from the snout. So it is difficult to keep them cool in very hot weather. The pigs can be raised under two systems: open air system and indoor system. Generally a single row of pig pens facing the pond is attached to the pens towards the pond so that the pigs get enough air, sunlight,exercise and dunging space. The feed and water troughs are also provided in the run to keep the pens dry and clean. Sometimes pig sties are built over the pond.The washing of the sties containing dung and urine is either directly channelized into ponds or partially decomposed before applying.The boars,sows,and finisher stock are housed separately.Maize,ground nut,wheat bran,fish meal and mineral mix provide base for concentrate feed mixture.The application of pig manure in ponds provides a nutrient base for dense bloom of phytoplankton,which inturn form a base for intense zooplankton development.Zooplankton has an additional food source in bacteria,which thrives on organic fraction of added pig dung.Polyculture of indian major carps i.e., Catla( Catla catla), Rohu(Labeo rohita),Mrigal(Cirhinus mrigala) and exotic  Silver carp( Hypophthalmichthys molithrix),Grass carp( Ctenopharyngodon odella), and common carp( Cyprinus carpio) is undertaken in pig cum fish farming ponds. The stocking rates vary from 8000-8500 fingerlings/hectare and species ratio of 40% surface feeders,20% column feeders, 30% bottom feeders and 10% macro vegetation feeders are preferred for high fish yields. However, the stocking density and species ratio can alter depending upon the soil and water conditions. Half of the quantity is applied before stocking the fish and rest in 2-4 installments as and when necessary to keep the pond alkaline and hygienic. Generally ,no supplementary feed is required for the fish. Aquatic weeds such as Hydrilla,Vellisneria,Najas,Potamogeton,duck weeds etc. or chopped cattle fodder such as Napier grass, maize stovers etc. are provided to the grass carp.
 Poultry-cum-Fish farming: 
                The droppings of chicks rich in nitrogen and phosphorus would fertilize fishponds. Poultry housing, when constructed above the water level using bamboo poles would fertilize fishponds directly. This system utilizes poultry droppings for fish culture. Production levels of 4500-5000 kg/fish/ha could be obtained by recycling poultry manure into fishponds. Broiler production provides good and immediate returns to farmers. Procurement of quality chicks, housing, brooding, feeding and disease management are important for this type of system. In fish poultry integration, birds housed under intensive system are considered best. Birds are kept in confinement with no access to outside. Deep litter is well suited for this type of farming. About 6-8 cm thick layer, prepared from chopped straw, dry leaves, saw dust or groundnut shell is sufficient.

                 Rhode Island Red or Leghorn birds are preferred in poultry-fish system for their better growth and egg laying capacity. The number of chicks used for this system is about 2500/ha. However,  the stocking density of chicks may be increased in the event of increase in the stocking density of fish fingerlings. Egg-type birds are fed with starter 0-8 weeks, grower 8-20 weeks and layer feed 20 weeks onwards, while broilers are fed 0-4 weeks with starter and 4-6 weeks with finisher feed. The deep poultry litter is applied to pond in daily doses at 30-35 kg/ha. One adult chicken produces about 25 kg of compost poultry-manure in a year while 1000 birds can provide sufficient manure for 1 ha water body

                     Fertilization with poultry manure results in a production of 3000-4000 kg fish, 90,000-100,000 eggs and over 2,500 kg meat/ year. A fish production of 10 tonne/ha could be obtained by culturing tilapia, common carp and murrels with a stocking density of 20,000 fingerlings/ha and chick density of 4,000/ha. No chemical fertilisers or supplemental feeds have to be given at any stage. By stocking 5,000 giant fresh-water prawn, Macrobrachium rosenbergii and 1,500 silver carp in one-hectare area, one can harvest 600 kg of prawns and an equal amount of fish in a four-month culture period. 

 Duck-cum-Fish farming: 
          Duck-fish integration is the most common integration in China, Hungary, Germany, Poland, Russia and some parts of India. A fish-pond being a semi-closed biological system with several aquatic animals and plants, provide excellent disease-free environment for ducks. In return ducks consume juvenile frogs, tadpoles and dragonfly, thus making a safe environment for fish. Duck dropping goes directly in pond, which in turn provide essential nutrients to stimulate growth of natural food. This has two advantages, there is no loss of energy and fertilization is homogeneous. This integrated farming has been followed in West Bengal, Assam, Kerala, Tamil Nadu, Andhra Pradesh, Bihar, Orissa, Tripura and Karnataka. Most commonly used breed for this system in India is the ‘Indian runner’.
                 It is highly profitable as it greatly enhances the animal protein production in terms of fish and duck per unit area. Ducks are known as ‘living manuring machines’. The duck droppings contain 25 per cent organic and 20 per cent inorganic substances with a number of elements such as carbon, phosphorus, potassium, nitrogen, calcium, etc. Hence, it forms a very good source of fertilizer in fish ponds for the production of fish food organisms. Besides manuring, ducks eradicate the unwanted insects, snails and their larvae which may be the vectors of fish pathogenic organisms and water-borne disease-causing organisms infecting human beings. Further, ducks also help in releasing nutrients from the soil of ponds, particularly when they agitate the shore areas of the pond.

        For duck-fish culture, ducks may be periodically allowed to range freely, or may be put in screened resting places above the water. Floating pens or sheds made of bamboo splits may also be suspended in the pond to allow uniform manuring. The ducks may be stocked in these sheds at the rate of 15 to 20/Sq.m. It is better if the ducks are left in ponds only until they reach marketable size. Depending on the growth rate of ducks, they may be replaced once in two to three months. About 15-20 days old ducklings are generally selected. The number of ducks may be between 100 and 3,000/ha depending on the duration of fish culture and the manure requirements.

            For culturing fish with ducks, it is advisable to release fish fingerlings of more than 10 cm size, otherwise the ducks may feed on the fingerlings. The stocking density of fingerlings also depends on the size of pond and number of ducks released in it. As the nitrogen-rich duck manure enhances both phyto- and zooplankton production, phytoplankton-feeding silver carp and zooplankton-feeding catla and common carp are ideal for duck-fish culture. The fish rearing period is generally kept as one year and under a stocking density of 20,000/ha, a fish production of 3,000-4,000 kg/ha/year has been obtained in duck-fish culture. In addition to this, eggs and duck-meat are also obtained in good quantity on an annual basis.
Management principles for establishing an integrated fish farm:
      For successful integrated fish farming the following are important:
i. Site selection:

                           The site should have provision for regular supply of good quality water to the farm. The land over which the farm is to be constructed should be fertile with loamy texture to retain water and that farm is approachable for easy transportation of inputs and harvested commodities and free from flood.
ii. Lay out:

         The allocation of land for various components involved in integrated in fish farm is very important. As fish farming will be the major activity ,about 60-65% of land area of farm may be utilized for digging out pond. Depending upon the type of animals to be raised, about 25% of the farm land can be earmarked for crop and fodder production and about 10% of the farm land is normally allocated for construction of animal houses. However livestock housing units may be constructed on the pond embankments or hanging over the pond surface.

iii. Livestock stocking density:

            The number of animals required per unit of water area for fish farming can be calculated using the formula:

 A=M/P      Where,
 A= Number of animals

 M= Manure rate per unit area of fish pond

 P= Manure production per animal

iv. Fish stocking:

         Stocking of adequate numbers of fish is very essential so as to utilize the carrying capacity of pond in terms of enormous quantity of natural fish feed produced through photosynthetic activities of phytoplankton.Mixed farming/multispecies culture/polyculture/stocking of species with diverse feeding habits is therefore very necessary to ensure efficient use of available food resources of pond.

v. Physico-chemical parameters:

            It is absolutely necessary to monitor the important physico-chemical parameters like Dissolved oxygen(DO) and Biochemical oxygen demand(BOD) as thick organic sediment accumulates at the pond bottom,which hasten the depletion of oxygen and enhances the production of the toxic gases and can result in fish kills. Regular assessment of BOD and free ammonia are also required to avoid fish kills in integrated fish farming tanks. Lime application should be done regularly to maintain proper hygienic condition of the pond.
vi. Healthcare:

     The excreta of animals are potential source of transmission of parasitic diseases. As a rule the various animals used in integrated system should be kept clean and healthy to avoid infection. Prophylactic and remedial measures to check the possible transmission of diseases from animals to man via fish need special care.
References:

1. Chan,GL.1985.Integrated farming system. Elsevier science publication,Amsterdam.

2. M.D.Singh.2008. Livestock-Fish farming systems. Proceedings of National Seminar on “ Integrated farming systems relevant to NE Region,CAU,Aizwal.pp. 101-107.

3. NACA,1989. Integrated fish farming in China. NACA Technical manual; 7    Bangkok,Thailand and Asian-Pacific Regional Research and training centre,China.
4. Pauli,G,1998.Upsizing: Integrated biomass system,pp 152-180.Greenleaf publishing,Sheffield,UK.
5. Prein M, 2001.Integration of aquaculture into crop animal system in Asia.Agriculture system,71 pp. 127-146.Elsevier science limited,Amsterdam.

6. http:// www.vuatkerala.ofile://
PAGE  
98

