1. INTRODUCTION
Healthful manpower and proper utilization of available natural resources is necessary for the development of a nation. Nutritious diet has main contribution for producing healthy human resources. Protein is essential nutrient for physical and mental development of the human body. Fish is being famous in the world for best and cheaper source of animal protein. Nepal has comparatively least per capita fish consumption, which is 2.45 kg (DoFD, 2014/2015)
Nepal is a Himalayan kingdom which is situated at an altitude ranging from 60 m to 8848.It is an agricultural country where agriculture has a crucial role for its economy. There is a tremendous pressure of population explosion in the country, which may lead to food shortage or nutrient crisis in the near future, if modern alternatives are not developed. So, an appropriate alternative or remedy for the aforementioned problem can be fish farming.
Approximately 5% of total area of country is occupied by different freshwater aquatic habitat (Bhandari, 1992) where some 187 indigenous fish species are reported to thrive (Rajbanshi, 2005). The Nepal Himalayas are well known for their running and standing waters supporting more than 200 species of fish are described from the Himalaya drainage system of Nepal (Shestha, 1995). Thirteen exotic fish species including crustaceans were introduced by the public and private sector in the country (Pantha, 1994).
Fish farming utilizes ponds, lakes, irrigated paddy field, swamps, reservoirs etc. Fish is a rich source of animal protein containing all essential amino acid. It is the easy solution for solving malnutrition problem prevailing in poor society of the country. Similarly, fish farming is an income generating activity for raising livelihood of poor people.
Fish either fresh or preserved form is the good source of protein. Doctors recommend fish due to the presence of omega-3, fatty acid in fish meat and other nutrients are calcium, iron, vitamin etc. Table 1 gives protein content of various food items.


Table 1. Protein content of various food items.
	S.N
	Food
	Protein per 100 gram

	1
	Fish
	Fresh
	Preserved

	
	· Fatty
	17
	46           

	
	· Non-fatty            
	16
	84

	2
	Meat
	20
	67

	3
	Milk
	3.4
	26

	4
	Eggs
	12
	46

	5
	Rice
	8
	9

	6
	Soyabean
	33
	37

	7
	Cabbage
	2.3
	24

	8
	Potatoes
	2.1
	9



(Source: NARC1989)
Note: These values are approximate. The exact amount of protein in food item varies according to age size quality and how it is cooked and stored.
1.1 Status of fishery resources
Within the political boundary of Nepal, there exist various form of water resources with varied topography, climatic condition and complex ecosystem. The richly endowed resources are in the forms of river, rivulet, stream lakes reservoirs ponds swamps and wetlands and paddy field. (Rajbanshi, 2012).


Table 2. Status of water resources in Nepal
	SN
	Resource
	Estimated area (ha.)
	Coverage%

	1
	Natural water
1. Rivers
2. Lakes
3. Reservoirs
	401500
395000
5000
1500
	49
48.21
0.61
0.012

	2
	Ponds
	7300
	0.89

	3
	Marginal lands in the form of swamps and wetland
	12500
	1.52

	4
	Irrigated paddy field
	398000
	48.57


Source: Rajbanshi, 2012
Though fisheries is the small sector, it is important and certainly contributed to agricultural gross domestic product (AGDP) to some extent.  Per capita fish consumption of the country is increasing slowly and the demand of fish in the country is very high which should be fulfilled by aquaculture. Exploitation of inland water resources is merely the way for development of aquaculture development in the context of our country.
Out of 157.9 million tons of world total annual fish production 66.6 million ton is contributed by aquaculture and 11.6 million tons by inland fisheries and rest 79.7 million tons by marine (FAO, 2014).The total fish production of Nepal is 64900 metric ton in which fish production from aquaculture practice is 43400 metric ton and fish production from capture fisheries is 21500 metric ton. (DoFD, 2014/2015)


Table 3. Summary of fish production of Nepal in the fiscal year 2014/2015
	Particulars
	Pond(Nos.)
	Total area(ha)
	      Fish production(Mt.)
	Yield Kg/Ha

	A. Fish production from aquaculture practice

	
	
	43,400
	

	Pond fish culture
	3,400
	8,600
	37,427
	4,352

	· Mountain
	105
	7
	16.63
	2,376

	· Hill
	2,585
	274
	711.64
	2,597

	· Terai
	31,710
	8,319
	36,698.73
	4,411

	Other area(Ghols)
	
	2,900
	5,220
	1,800

	Paddy cum Fish culture
	
	100
	45
	450

	Cage fish culture
	
	70,000
	350
	

	Enclosure fish culture
	
	100
	140
	1,400

	Trout in raceway culture
	
	12,000
	192
	

	Fish production in public sector
	
	
	26
	

	B. Fish production from capture fisheries
	
	
	21,500
	

	Rivers
	
	3,95,000
	7,110
	18

	Lakes
	
	5,000
	850
	170

	Reservoirs
	
	1,500
	385
	257

	Marginal/swamps/ghols etc
	
	11,100
	5,990
	540

	Lowland irrigated paddy fields
	
	3,98,000
	7,165
	18

	Total fish Production
	
	
	64,900
	


Source: DoFD, 2014/2015
Being a small landlocked country, aquaculture is limited to culture of fresh water species. Carp polyculture is in southern warm water areas contributes highest production in the country. The key to growing popularity of the system in terai is the warmer climatic condition favorable for better fish growth. The existing aqua cultural production can be improved by increasing productivity.
Research should be focused on increasing production by strengthening existing aquaculture practices. Fish species such as tilapia can be included for aquaculture production as it is suitable for warm water zone of terai for better growth and production. 
1.2 Nile Tilapia 
Scientific Classification
Domain: Eukaryota
Kingdom: Metazoa
Phylum: Chordata
Subphylum: Vertebrata
Class: Actinopterygii
Order: Perciformes
 Family: Cichlidae
 Genus: Oreochromis
 Species: niloticus
Tilapia is a common name for a large group of fish species within the family cichlidae. Tilapia is classified into 3 genera: Tilapia, Sarotherodon and Oreochromis based on reproductive behavior (Teichert-Coddington et al. 1997). Nile Tilapia is commercially cultured species around the world under genus Oreochromis.
The Body of Nile Tilapia is elongated, rather deep, strongly compressed and upper and lower profiles about equally convex. It has a long spiny dorsal fin, single nostrils on each side of the snout and interrupted lateral line. Spines are also found in pelvic and anal fin. An interrupted lateral line is seen running from the posterior of the operculum to posterior end of the dorsal fin and second lateral line begins immediately below the tail. There is light black and white mixed color with external appearance, white abdomen with nine longitudinal black stripes on the body surface (Naca, 1989), coloration of body is variable in relation to its distribution (Macingtosh and Little, 1995). There are usually wide vertical bands down the sides of Fry, Fingerling and sometimes adults. There are strong vertical bands on caudal fin and mature male have gray or pink pigmentation in throat region.
Nile tilapia is considered as a suitable freshwater aquaculture species in tropical and subtropical climate worldwide due to its wider range of tolerance to environmental factors (Pillay and Cutty, 2005). It has become a second highest fish product preceded only by carps. It was estimated that Global tilapia production in 2012 was 4.5 million tons with major contribution from China (FAO, 2014 and Fitzsimmon, 2014)
1.3 Tilapia and its potentiality in Nepal
Tilapia is an African fish is used in warm water aquaculture throughout the world. It is the major source of protein in many developing countries. Although endemic to Africa, its worldwide distribution has been widened due to its aquaculture potential, mainly since the 1950s to include much of the tropics and subtropics (Pullin and Maclean, 1992). Nile Tilapia was introduced in Nepal in 1985 and kept at various government farms for its evaluation (Panth, 1993). Two species of Tilapia Oryochromis niloticus and O. mossambicus were introduced in Nepal for the first time from Thailand in 1985 (Shrestha, 1994).
Nile tilapia(Oryochromis niloticus) is the most important fish species on account of its fast growth rate, easy to reproduction, resistant to disease and poor water quality, adaptability to a wide range of culture condition and high consumer acceptability (Macintosh and Little, 1995). It is amongst the most widely cultured fish in tropical and subtropical countries. Worldwide it is named as Aquatic Chicken (Pillay 1999 and Fitzsimmon, 2000).
It has not reached to the farmers to large extent for culture because of its prolific breeding behavior (Shrestha, 2004). In addition there is also lack of hatchery for monosex production in the country. 
Tilapia can be cultured in a wide range of aquaculture system ponds to highly intensive commercial farms, pens, cages, raceways. It requires simple management for its cultivation. Though, production of tilapia in Nepal has passed over a decade, its cultivation has not flourished yet. There is general fear of displacement of indigenous fish species. Swar and Gurung (1988) found the reduction of 42% in the yield of Mystus spp. and puntius spp. after introduction of bighead carp (Aristichthys nobilis), silver carp (Hypothalmichthys molitris) and grass carp (Ctenopharyngodon idella) in the Begnas lake of Pokhara valley but biology of tilapia favors for its cultivation in Nepal. The climatic condition of hilly region can control to an extent the overbreeding activity of fish. The minimum temperature of tolerance for tilapia is 10-11 degree Celsius. It cannot survive below this temperature.
Although, the uncontrolled breeding of tilapia in ponds, which led to excessive recruitment, stunting and a low percentage of marketable-sized fish, dampened the initial enthusiasm for tilapia as a food fish, it governs the second highest rank in fresh water aquaculture production after carp fishes. 
Nile Tilapia is a tropical species that prefers to live in shallow water. The lower and upper lethal temperatures for Nile Tilapia are 11-12°C and 42°C, respectively, while the preferred range is from 31 to 36°C. Tilapias are more tolerant than most commonly cultured freshwater fish to high water temperature, low dissolved oxygen, and high ammonia concentration (Popma and Lovshin, 1996). Sexual maturity in ponds is reached at an age of 5-6 months. The females incubate egg in their mouth and can collect fries in mouth if there is any danger. Thus, it is considered as a prolific breeder and can overpopulate a pond in short time period.
Its farming strategies that prevent overcrowding and stunting includes: 1) cage farming where eggs fall through the mesh to the pond bottom before the female can collect them for brooding; 2) polyculture with a predator fish, such as fingerling largemouth bass, at 400 per acre; and 3) culture of only one sex.
1.4. Common feed ingredients used in aquaculture
Various feed stuffs of plant and animal origin are being used to make supplemental feed for fish. Fish feed ingredients can be categorized as follow:
1.4.1 Ingredients of plant origin: These materials include legumes, miscellaneous fodder plants, roots and tubers, cereal and cereal byproduct, oilcake and oil meal etc.
1.4.2 Feed ingredients of animal origin: These feed stuffs have comparatively high protein quality. Animal protein are rich in essential amino acid especially lysine and methionine that are limiting in most plant protein. These ingredient include meat meals and raw slaughterhouse waste, blood, bone meals, hydrolyzed poultry feather meal, trash fish, fish meal, fish oil, fish silage, shrimp meal, silkworm pupae, other insect larva, milk byproduct etc.
1.4.3 Miscellaneous feed ingredients: They include leaf protein concentrate, cane molasses, brewer’s yeast, and grain distiller by product, fats, bacterial protein, algae, yeast etc
1.5 Linseed oilcake and Mustard oil cake
Linseed meal or Linseed oilcake is the byproduct of oil production from linseed (Linum sps.), also called flaxseed. Linseed meal is a protein rich feed containing 31.5% protein, crude fiber 9.5%, Calcium 0.4% phosphorus 0.8% and ash 6% (Declercq, 2006). Linseed oil is predominantly composed of PUFA, C18:3 (linolenic acid or omega-3), C18:1 (oleic acid or omega-9) and C18:2 (linoleic acid or omega-6) (Mayombo et al. 1997 and Sauvant et al. 2004).The protein profile of linseed meal is relatively poor in Lysine. Supplying these fatty acid to the diet of livestock is being used to alter the fatty acid profile of meat milk and eggs in order to provide health benefits to human consumers. Other benefits include laxative properties and positive effect on the appearance of the skin and hair (Newkirk 2008 and Muir et al. 2003). 
Linseed meal can be a source of protein in fish diets. However, due to its amino acid imbalance and the presence of ant nutritional factors like mucilage, tannins, phytates, cyanogens phytoestrogen (Francis et al. 2001), the use of linseed meal in fish feeds is limited. Protein digestibility is generally low or very low (70% in rainbow trout, 50-55% in Atlantic cod) (Gaylord et al. 2008, Tibbetts et al. 2006).
Mustard or rapeseed is among the major oilseeds in the world and belongs to genus (Brassica sps.). Mustard oil cake is the byproduct which is generated after the extraction of oil from mustard seed. The composition of mustard cake varies with the variety of growing condition and processing method crude protein content varies from about 20%-40%, crude fiber 8.5% , 21% lipid, 8% ash and protein is rich in lysine and sulphur containing amino acid which are limiting in cereal protein (Devi and Devi, 2011). Mustard protein consist of two fraction cruciferin and napin. Mustard oil contain fatty acid like oleic acid, linolenic acid linoleic acid, archidonic acid, erucic acid (Chowdhury et al. 2007)
1.6Objectives 
[bookmark: _Toc386136956]1.6.1 General Objective
To investigate the effect of replacing mustard oil cake with linseed oil cake in fish feed on growth performance of Nile Tilapia.
[bookmark: _Toc386136957]1.6.2 Specific Objectives
1. To explore the growth performance of Nile Tilapia fed with mustard oil cake replaced with different proportion of linseed oil cake.
1. To investigate the production of Nile Tilapia fed with mustard oil cake replaced with different proportion of linseed oil cake in feed.
1. To find the effect on apparent food conversion ratio (AFCR) of Nile Tilapia fed with mustard oil cake replaced with different proportion of linseed oil cake in feed.
1.7 Rational of the study
The present study is an attempt to assess the effect of replacement of mustard oilcake by linseed oilcake in the feed on the growth performance of Nile Tilapia (Oreochromis niloticus) as growth is one of the vital life process. Plant protein contain anti nutritional factors (ANF). Anti-nutrients are defined as substances, that by themselves or through their metabolic activities in living system interfere with food utilization and affect the health and productivity of animals (Makker, 1993),anti-nutrients can be divided into four groups (Francis et al. 2001, Agbo, 2008).
· Factor affecting protein utilization and digestion (trypsin inhibitor, tannins and lectins)
· Factor affecting mineral utilization (phytates, gossypol pigments, oxalate, glucosinolates),
·  Antivitamin
· Miscellaneous (mycotoxin, mimosine, cyanogen, nitrate etc).
Mustard oilcake contain major ANF like tannins, glucosinolates, phytates etc. and linseed oilcake also contain ANF like mucilage (Slominiski et al. 1999), tannins, phytates, antipyridoxine, cyanogen (Francis et al, 2001). However these oilcakes are used as feed ingredients to make supplemental aquafeed in industries.


2. LITERATURE REVIEW
Nile tilapia ingest a wide varieties of natural food organism, including plankton, some aquatic macrophytes, planktonic and benthic aquatic invertebrates, larval fish, detritus and decomposing organic matter. With heavy supplemental feeding, natural food organism typically account for 30-50 percent of its growth. They are often considered filter feeder because they can efficiently harvest plankton from the water. The gill of tilapia secrete a mucous that traps plankton. The plankton rich mucous or bolus is then swallowed. However tilapia do not physically filter the water through gill raker as efficiently as the filter feeder such as gizzard shad and silver carp.
Tilapia are omnivorous with tendency to be herbivorous (Fitzsimmons, 2000). They are also filter feeder (Turker et al. 2003) as they can effectively harvest planktonic organism from water column.
Growth of small size is less dependent on supplementary feed and more dependent on natural food whereas growth of large size tilapia is more dependent on supplementary feed (Mishra, 2002).Smaller size of nile tilapia (˂100 gm) can grow well in natural food based cultured system with 1% feed supplementation, however larger size tilapia (˃ 100 gm) needs 2 % supplementation (Mandal and Shrestha, 2001).
The capability of Nile tilapia for rapid utilization of natural foods, complete feeds or combination of natural and supplement feeds is that it appears to be particulate feeder, selecting individual plankton especially crustaceans from water column at size less than 35gram. (Diana, 1997), but at about 35 gram it makes shift to filter feeding and utilizes phytoplankton and smaller zooplankton like rotifers (Diana et al. 1991).Complete feeding or supplemental feeding with fertilization is essential for large size tilapia production (Diana et al. 1994).Initial pond fertilization during grow out period and feed supplementation once the fish attains 100-150 gram in size is the optimal system to grow large size tilapia efficiently (Diana et al. 1996).
Several studies have been carried out to find suitable feed for farmed tilapia. Many authors described about locally available materials to be used as fish feed and there are several writings about replacing one ingredients with another similar ingredients:
Feeding of Azolla pinnata (75% dried) in the form of solar dried pellet to Nile tilapia gave positive growth rates which was significantly lower than those of the control diet. Control diet was a mixture of fish meal, rice bran, corn starch, corn meal and micro nutrient premix (Almazon, 1986). This result was also supported by Zhang et al. (1987).
When Lemna (Lemna perrpusilla),a duckweed was used as protein source for the fish, there was no significant difference between duckweed and fish meal diets and the specific growth was higher in fish meal diet with 52.8 crude protein than duckweed having 27.7 crude protein(Dhital, 1990). Lemna also showed better growth in static water bodies compared to in circulating water (Santosh, 1987).
Nile tilapia (Oreochromis niloticus) fed with commercial pellet containing soyabean, fish meal, rice bran, corn had high percentage weight gain than fish fed with only Azolla and mortality percentage was higher (10.03%) in commercial pellet feed fed fish as compared to only Azolla fed fish (Castaneres, 1990).
Growth and production of tilapia was better in polyculture with grass carp at 1:1 stocking ratio when fed with napier grass (Pandit et al, 2004).
Linseed meal may be a good alternative plant protein source in Nile tilapia feed (EI-Saidy and Gaber, 2002)
Tilapia doesnot naturally contain high level of omega-3 fatty acid, it can be changed by feed supplementation. Linseed meal can be used for the retention of omega-3 fatty acid in muscles and increasing fatty acid in the diet resulted in increased growth and healthier body composition of tilapia (Tiffany et al. 2015).


Rearing of red tilapia (a mutant hybrid of Oreochromis niloticus and O. mossambicus) and nile tilapia for six month under low input aquaculture where feed supplementation is rice bran along with regular supply of cattle manure resulted average gross production was found to be significantly lower amounted to 3,017 kg/ha in the case of red tilapia, while it was higher, 3,218 kg/ha, in the case Nile tilapia of after six months rearing. (Kohinoor et al. 1999).
Economically using linseed meal is favored for Nile tilapia and common carp (El-Saidy and Gaber 2001, Hossain and Jauncey 1989) compared with SBM, which has the disadvantage of lower protein content, that depending on the processing of LSM (Jauncey, 1982).  
Linseed meal contain mucilage, which lower food digestibility in digestive system of fish (Slomiriski et al. 1999).
In Nile tilapia fingerlings, a mixture of 4 oil meals, including 25% of linseed meal, replaced 75% of fish meal protein (55% of the diet) with no deleterious effect on fish growth.(EI-Saidy et al. 2003).
Linseed meal included at 50% of the diet to replace 100% of fish meal in isonitrogeneous and isocaloric diets tilapia reduced feed intake and growth (Gaber, 2006).
Common carp fed a diet where linseed meal replaced 50% of meat meal protein had lower growth, depressed food conversion ratio, lower protein retention and reduced protein and fat deposition in whole body and fillets (Bergamin et al. 2011).
In rahu fingerlings, fermented linseed meal included at 25%-75% replacement of fish meal protein depressed performance and FCR unless the diet was supplemented with amino acid (lysine and methionine +cysteine) in which case it coud be used to replace 50% 0f fish meal protein.
A prepared feed ( 37.24% fish meal, 15% mustard oil cake, 18.38% rice bran, 18.38% maize, 10% wheat flour and 1% vitamin premix) and another commercial fish feed were fed, each in different treatment gave the result that the best weight gain, specific growth rate, food conversion ratio by prepared feed. There was significant (p < 0.05) variation among the survival rate of fishes which were 75.55% and 90.37% in first and second treatment respectively (Ahmed et al.2013).
Supplemental feeds as rice bran and mustard oil cake in the ratio 1:1 and commercial feed pellet containing 28% protein in two different treatment were fed for nile tilapia and another treatment without supplemental feed, then survival rate in allthree case was high (> 95%) but the highest production was found in pond supplied with commercial feed which was followed by the pond supplied by rice bran and mustard oilcake and least production in pond without supplemental feed (Khan et al. 2008).
Six different experimental diet made by the combination of soybean meal, mustard oilcake, sesame oilcake and linseed oilcake and a control dietery fish meal were fed for labeo rohita for comparing the growth performances, then the result was no significant difference (p > 0.05)  in diets even from the control one for labeo fingerlings and hence all the low cost oilseed which are locally available can be used in combination form as the alternative protein source instead of expensive dietary fish meal for the feed of labeo rohita (Latif et al. 2008).
Soybean meal, if replaced by linseed meal with Yucca schidigera powder extract, methionine and lysine to observe the growth performance then result was that the fish fed on plant protein diets supplemented with Yucca exhibited growth performance not differing significantly from the fish fed on control diet. Linseed level in the diet were significantly influenced the whole body composition of nile tilapia. Also increasing level of linseed increased body moisture content and fat content, while protein content decreased. Soybean could be completely replaced by linseed in nile tilapia diets without adverse effect on growth rate when diet supplemented with Yucca schidigera (Hanafy, 2006).
Soybean meal replaced by raw linseed meal, roasted linseed meal, and autoclaved linseed meal in three different experiment at replacing level 0%, 25%, 75%, and 100%for each experiment, then replacing 25% of soybean meal protein by raw linseed meal protein in tilapia did not significantly affected body weight and body length however the higher replacing levels significantly (p <0.001) decreased body weight, body length, weight gain and specific growth rate. The best food conversion rate was found in 25% raw linseed meal fed fishes. The highest body weight, weight gain and specific growth values were recorded for fishes fed with roasted linseed meal of replcing level 25% and lowest on the fish fed with roasted linseed of replacing level 100%. The best FCR obtained in roasted linseed meal at the replacing level 75%. Similar result as found in roasted linseed meal fed fish was found in autoclaved linseed meal (Soltan, 2005).
Fish meal in the basal diet was replaced by the plant protein mixture (mixture of linseed, sesame, canola, sunflower and cottonseed meal) at the replacing level 0%, 15%, 30%, 45%, 60%, 75%, 90% and 100%. Replacement of 15%, 30%, 45% of fish meal (FM) by plant protein mixture (PPM) did not significantly affected feed intake (FI), feed conversion ratio (FCR), Protien efficiency ratio (PER) while the highest replacing level 60%, 75%, 90% and 100% significantly (p <0.05) reduced these parameters. Growth parameters were relatively parallel to those of FI, FCR, and PER whereas replacement up to 45% exhibited body weight, body length, weight gain, and specific growth rate not differing significantly (p < 0.001) from the fish fed control diet (Soltan et al. 2008).
Replacement of fish meal in the basal diet by linseed at 0%, 25%, 50%, 75% and 100% revealed that there was no significance difference in the growth parameters like body weight SGR, FCR in fish fed with diet replaced 75% by linseed meal from those of fish fed with control diet (0%) (EI-Saidy and Gaber, 2001)








3. MATERIALS AND METHOD
3.1 Study area
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				Figure1: Experimental site
Present experiment was conducted at Corona of Agriculture, Chitrawan- 8, Shankerchowk, Chitwan. Shankerchowk area is known as pocket area for fish production in Chitwan with about 75 Ha land used as fish pond for fish production. The experimentwas conducted in happas fixed in one of the commercial fish production pond. Chitrawan municipality lies 19 km southwest of Bharatpur, headquarter of Chitwan district. Research site was situated at 27˚36’6” N and 84˚18’37” E. Experiment was carried out for 155 days starting from 17 February 2015 to 21 July 2015.
3.2 Culture condition and experimental set up
Nine nylon happa of same size 1.5m × 1.5m × 1.2m were used for experimental purpose. All these happa were suspended in three different cluster in a single pond. Pond was pre-limed and pre- fertilized. Happa in this pond were suspended by tying to bamboo poles with stone pieces as sinkers at the bottom of the happa. Freshwater from a bored tube well was filled in pond at regular interval to maintain the water depth of about 1.2 m in pond and 1m in happa. There were three clusters of happa each having three happa representing three different treatments (cluster replicates). Description of happa in different treatments is shown in table.

Table 4. Happa in different treatments
	Cluster
	T1
	T2
	T3

	1
	3
	1
	2

	2
	4
	6
	5

	3
	7
	9
	8


The experimental design for present research was completely randomize design (CRD) with three feeds as treatment T1 (Feed I), T2 (Feed II) and T3 (Feed III). Each treatment was replicated thrice in different cluster. Altogether 10 fish were stocked in each happa. Thus stocking density was 4.44 fish per sq. metre. Stocking was done on 17th February, 2015.
3.3 Collection of fingerlings 
Fingerlings of O. niloticus of mixed sex were collected from the production pond of “Corona of Agiculture” using a sein. Immediately, after captured they were handpicked and placed in polythene bag containing pond water. Fingerlings were sorted and only uniform sized were selected for stocking. Individual weight of 10 fish were taken and batch weight of fish to be stocked in a happa were also recorded.
3.4 Feed preparation and Feeding
Three experimental diets were formulated using mustard oilcake, linseed oilcake, rice bran, maize flour and wheat flour as diet ingredients which were procured from local market.  Vitamin and Mineral premix (Agrimin) was also mixed in each type of feed at the rate of 1%. Crude protein content of different feed ingredients and formulated feed were analyzed by Kjeldahl method in the laboratory of Department of Aquaculture and Fisheries, Agriculture and Forestry University, Rampur, Chitwan. After analyzing the crude protein content of different ingredients, feed formulation was done using MS-Excel solver. Feed ingredients were mixed according to requirement and feed was prepared. Pre dried ingredients were first ground to a small particle size and mixed thoroughly and pelletized in machine and ingredients used in different feeds is given in table 2.
Table 5.Crude protein content of different feed ingredients
	S. No.
	Ingredients
	Crude Protein Content 

	1
	Mustard Oilcake
	23.05%

	2
	Linseed Oilcake
	22.75%

	3
	Rice Bran
	10.01%

	4
	Maize flour
	9.85%

	5
	Wheat flour
	9.80%


Table 6. Ingredients used in different feeds
	S. No.
	Ingredients
	Inclusion percentage

	
	
	Diet I
	Diet II
	Diet III

	1
	Mustard Oilcake
	60
	30
	0

	2
	Linseed Oilcake
	0
	30
	60

	3
	Rice Bran
	20
	20
	20

	4
	Maize flour
	10
	10
	10

	5
	Wheat flour
	10
	10
	10

	Assumed CP Content
	17.80
	17.71
	17.62

	Analyzed CP Content
	17.60
	17.50
	17.50


After preparation of feed, CP of ready feed were also analyzed. Assumed CP content in table is the CP content as per calculation using solver program while analyzed CP content in table is the actual CP content as per analysis.
Feeding to fingerlings started from next day of stocking in happa. The experimental fish were fed at 3% of their body weight per day for five month continuously. Feed for next month was adjusted according to monthly weight sample. Feeding was done at once early in the morning around 9.00 to 10.00 am.
3.5 Monthly growth check
All fish in a happa were scooped out using scoop net for growth check. Growth check of fish was done monthly during which weight record of individual fish was taken with the help of digital balance. This was done on morning time to avoid stress to fish. Mortality during a month period was also noted during sampling.
3.6 Water quality parameters
Water quality parameters like temperature, dissolved oxygen (DO), pH and transparency in terms of Secchi’s disc reading were studied weekly. Water quality parameters were studied just after sunrise around 6:00 to 7:00 am because water quality at this time is more stressful in culture system. Water quality parameters were studied using various equipment.
Table 7. Instruments used to measure water quality parameters
	SN
	Parameter
	Unit
	Instruments used

	1
	Temperature
	°C
	Thermometer (mercury)

	2
	Dissolved oxygen
	mg/l
	DO meter (11476, Taiwan)

	3
	Transparency
	Cm
	Secchi Disc (locally made, 15 cm diameter)

	4
	pH
	
	pH meter (HANNA, USA)


3.7 Data analysis
Analysis of experimental data was done using the following formulae







3.8 Statistical analysis
The experiment was carried out in completely randomized design (CRD). Statistical analysis was done using SPSS (V 21.0). One way ANOVA was used to test the significant difference between the treatment means of different parameters at 5% confidence level. DMRT was applied to compare the means when there was significant difference among treatment means.

			











4. RESULTS
4.1 Growth pattern
There was no significant difference in growth of fish among different treatments. Growth of fish in different treatment showed almost similar pattern (Figure 2). There was gradual increase in average weight up to April after that it increased rapidly till the end of experiment. Fish in T1 grew up to average final weight of 224.19 g from average initial weight of 5.91 g. Similarly fish grew from average initial weight of 5.10 g and 4.92 g to 231.81g and 224.73 g in T2 and T3 respectively.


Figure 2.Average monthly weight of fish in different treatments


4.2 Daily weight gain
Figure shows the average daily weight gain (DWG) of fish in different treatments during different sampling. There was continuous rise in the value of average daily weight gain for first three month i.e.up to 19 may. Later Average daily weight gain was increased steeply for a month and then sudden fall was observed in all treatments for the last month. Highest average daily weight gain was observed in T3 at June, 20.


Figure 3. Average monthly daily weight gain in different treatments
	





4.3 Apparent feed conversion ratio
The graph shows the Apparent Feed conversion ratio (AFCR) of fish in different treatments during different sampling dates. AFCR at 19th March for T1, T2 and T3 were 1.31, 1.26 and 1.71 respectively.  AFCR of T3 came down but that of T1 and T2 shows similar pattern for the next month i.e. at 18th April. After that FCR of T1, T2 and T3 maintained almost similar level for next three month and that was increased drastically in last month in all treatment. The highest value of AFCR was recorded in T3 at 21st July.


Figure 4. AFCR in different treatments





4.4 Growth and Production
Table 8. Growth and production parameters in different treatment
	Parameters
	T1
	T2
	T3

	Mean stocking weight (g/fish)
	5.10±0.04
	4.92±0.10
	5.91±0.10

	Total stocking weight (g/m2)
	22.65±0.20
	21.85±0.46
	26.25±0.46

	Mean harvesting weight (g/fish)
	224.19±7.44a
	231.81±6.59a
	224.73±5.92a

	Total harvesting weight (g/m2)
	892.98±28.36a
	890.20±52.48a
	864.11±18.19a

	Average DWG (g/day/fish)
	1.41±0.05a
	1.46±0.04a
	1.41±0.04a

	Survival (%)
	90.00±10.0a
	86.67±11.55a
	86.67±5.77a

	Extrapolated GFY (kg/m2/yr)
	2.10±0.07a
	2.10±0.12a
	2.03±0.04a

	Extrapolated NFY (kg/m2/yr)
	2.05±0.07a
	2.04±0.12a
	1.97±0.04a

	Feed conversion ratio
	1.47±0.01a
	1.43±0.06a
	1.55±0.05a


There was no significant difference (p>0.05) in final mean weight, final total weight, average DWG, survival rate, extrapolated gross fish yield(GFY), extrapolated net fish yield (NFY) and Feed conversion ratio in different treatments. Lowest mean stocking weight was 4.73 g in happa (9) of T2 and highest mean stocking weight was 6.09 g in happa(2) of T3. Same trend of data was in similar happa of similar treatment for total stocking weight in which highest value was 27.07g/m2 and lowest value was 21.02 g/m2. Mean harvesting weight was found highest in happa (9) of T2 i.e 244.61g and lowest in happa(7) of T1 which was 212.40g. Similarly total harvesting weight was found maximum 989g/m2 in happa(1) and minimum 811.29g/m2 in happa(6) of  same treatment i.e T2. Among these three treatment, no 100% survival was observed in any of the happa of T3 but 100% survival was found in happa(3) of T1 and happa (1) of T2 where least survival i.e.80% was observed among happa 4 of T1, happa 6 and happa 9 of T2 and happa 2 of T3. Maximum and minimum value of GFY and NFY was observed in same happa 1 and happa 6 of same treatment T2 respectively in which highest value of GFY was 2.33 kg/m2/year and lowest was 1.91 kg/m2/year. Similarly maximum NFY was recorded as 2.28 kg/m2/year and minimum 1.86 kg/m2/year among different treatments. FCR was found highest 1.62 in happa 8 of T3 and lowest 1.32 in happa 1 of T2 among three treatments.
4.5 Water quality

Figure 5. Temperature and dissolved oxygen on different date 
Figure shows temperature and dissolved oxygen in different sampled date. Average temperature and average DO noted during the study was found as 27.07±4.81 and 4.74±0.51 respectively. In the figure, increasing trend of temperature is observed in which highest temperature (32.6˚c) recorded was on 4th July and lowest temperature (19.4˚c) on 3rd March.
According to figure, Dissolved oxygen almost showed similar trend and there was not so considerable fluctuation in DO during study period. However highest value of dissolved oxygen (6.3) was observed on 19th march and lowest value of dissolved oxygen was found in 11th July


Figure 6.pH and Transparency in different date
Figure shows the graphical representation of pH and Transparency versus different sampled date. There was no considerable up and down but approximately similar trend of the value of transparency and pH in graph. However Value of highest transparency was noted in three dates: 3rd March, 2nd May and 26th May but lowest transparency in two dates: 17th February and 26th March. In the same way Highest and lowest pH of water was noted on 19th May and 25th April respectively. Average transparency observed during the study period was 27.2±1.95.






5. DISCUSSION
Present study was carried out to assess the effect of replacing mustard oilcake with linseed oilcake at different levels in feed of Nile tilapia. Mustard oilcake (MOC) in the feed was replaced by linseed oil cake (LOC) at three different level 0%, 50% and 100% to prepare three different types of diets. Replacement of MOC by LOC up to 100% did not significantly (p>0.05) affected the weight, daily weight gain, survival, FCR, GFY and NFY. It supports that linseed meal may be a good alternative plant protein source in Nile tilapia (E. I. Saidy and Gaber, 2002). Hanafy (2006) replaced soybean meal by linseed along with yucca and growth performance not differing significantly influence whole body composition of nile tilapia. Soltan (2005) replaced soybean meal by raw linseed, roasted and autoclaved linseed meal at various levels, then replacing 25% of soybean meal protein by raw linseed meal in tilapia did not significantly affected body weight and body length but higher replacing level significantly decreased body weight, body length, weight gain and SGR. The best food conversion ratio was found in 25% raw linseed meal fed fish. Soltan et al. (2008) also replaced fish meal in basal diet by plant protein mixture (linseed, sesame, canola, sunflower, cotton meal) at various level but replacing up to 45% fish meal by protein mixture did not significantly affected growth parameters like length, weight gain and FCR. Fishmeal protein can be replaced up to 75% by linseed meal protein in fingerling of nile tilapia (E.I. Saidy and Gaber, 2001).
The use of plant-derived materials as oil seed cake and leaf meal is limited by the presence of a wide-variety of anti-nutritional substances, especially cassava leaf and linseed meal, due to cyanogen containing feed materials, have generally shown reduced growth when compared to the respective control (Hossain and Jauncey, 1989). However, dietary cyanide did not depress growth in Nile tilapia (Ng and Wee, 1989). It agree with this present experiment, when Nile tilapia fed on diet totally replaced with linseed meal, It is found that, there is no growth depression.
Also, Growth performance was not found significantly higher by the use of feed where mustard meal was replaced partially or completely by linseed meal. It might be due to inadequate level of phosphorus in linseed meal (NRC, 1993), presence of more anti-nutritional factors (including trypsin inhibitor) (Liener, 1980).
Common carp showed lower growth, depressed FCR lower protein retention and reduced protein and fat deposition in whole body and fillets when fed a diet in which fish meal is replaced by 50% (Bergamin et al, 2011). In contrast to this low level of omega- 3 fatty acid, growth and healthier body composition in tilapia can be increased by the use of linseed in feed supplementation (Tiffany et al. 2015).
The ingredients mustard oil cake linseed oilcake rice bran maize flour and wheat flour which can be browsed from local markets and easily available are used to make pellets as supplementary feed for tilapia as they are economically feasible and available for the farmer.
 All the feed contained analyzed crude protein content as about 18%. Study of monthly growth pattern revealed that it was high in later month in all treatments which might be due to growth of small size is less dependent on natural food  whereas growth of large size tilapia is more dependent on supplementary food (Mishra, 2002). Moreover at about 35 g it makes shift to filter feeding and utilizes phytoplankton and smaller zooplankton like rotifers (Diana et al, 1991). Average final weight was found maximum in second treatment however no significant difference was observed in mean harvesting weight in different treatments. Similarly value of daily weight gain increased for first three month but it was increased abruptly at 4th month and then suddenly fall in last month and the highest average daily weight gain during experimental period was observed in T3 at June 20 but at 21st July it was maximum in T2 but no significant difference by the use of different feed on daily weight gain found. FCR was found highest in third treatment at 21st July.
During experimental period, water quality parameters were found within the suitable range for Nile tilapia. Temperature was found slightly increasing from the date of stocking and the fish growth showed direct relationship with temperature. Tilapia can tolerate wide range of temperature. Average temperature recorded during the period was 27.07˚c±4.81 which is around optimal value (24-27˚c). So there was no any considerable harmful effect of temperature on fish. The maximum temperature 32.6˚c measured on the 4th July and minimum temperature 19.4˚c on 3rd March. Hossain et al. (2005) reported that conditions are highly suited for raising tilapia between April and October when temperature varies from 25°C to 35°C. D.O concentration in water is dependent on water temperature and also the partial pressure of oxygen above the water level. Average dissolved oxygen during the study period was found as 4.74±0.51. This range can be easily tolerated by Tilapia. Although tilapia can survive acute low DO concentration for several hours, tilapia pond should be managed to maintain DO concentration above 1mg/l. Metabolism, growth and possibly disease resistance are depressed when DO falls below this level for prolonged period (Popma, 2005). There was sometime little fluctuation in DO concentration but not less than 3.9 mg/lt on 11thJuly and not more than 6.3 mg/lt during the experiment. Fluctuation in transparency and PH showed similar trend in graph. PH and transparency fluctuated within tolerable limit. Highest and lowest pH of water was observed on 19th May and 25th April. Average transparency observed as 27.2±1.95 during the study. Tilapia can survive in PH ranging from 5-10 but do best in PH ranges from 6-9 (Popma, 2005)











6. CONCLUSION
With the help of some growth parameters, growth performance of Nile tilapia was observed in feeding trials on happa by replacing different level of mustard oilcake by linseed oilcake in the feed in three separate treatments. No significant difference (p>0.05) was found among the growth parameters. Hence linseed oilcake can be used in the culture of tilapia in the place of mustard oil cake as feed supplementation. So linseed meal can be used completely to replace mustard oil cake in tilapia feed.
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Appendices
Appendix-1: Data of weight (all measures in gram) in three different treatments
Treatment: 1

	 5thFalgun (stocking date)
	 5thChaitra
	5th Baisakh 
	5th Jestha 
	5th Asar 
	5th Shrawan 

	Happa
 3
	Happa
 4
	Happa 
7 
	Happa
 3
	Happa
4
	Happa
 7 
	Happa
 3
	Happa
4
	Happa 
7 
	Happa
 3
	Happa
4
	Happa
 7 
	Happa
 3
	Happa 
4
	Happa 
7 
	Happa 3
	Happa 
4
	Happa 7 

	4.4
	5.3
	5.6
	10.6
	6.1
	10.8
	26.9
	17.1
	29.1
	65
	84
	63.1
	140.3
	148.1
	150.3
	227
	242.2
	215.7

	5
	4.1
	5.2
	14.6
	9
	8
	26.7
	33.3
	10
	38.7
	72.2
	64.6
	146.3
	165.4
	155.5
	218.1
	248.2
	218.3

	4.2
	5.1
	5
	10.1
	8.7
	10.5
	21.6
	36.9
	28.9
	35.8
	68.6
	65.3
	131.4
	155.9
	145.4
	204.2
	241.2
	203

	5.2
	6.7
	4.1
	13.2
	11.3
	12.1
	18.8
	31.9
	24
	65.8
	66.3
	37.3
	150.5
	156.1
	150.5
	201.9
	226
	212.9

	5.5
	4.5
	5.6
	8.4
	8.2
	14.6
	37.5
	31.6
	29.1
	67.5
	58.3
	35.3
	153
	157.5
	166.3
	233
	222.7
	202.8

	5.7
	4.1
	5
	9.6
	9.5
	12.6
	21.6
	25.4
	21.4
	57.3
	76
	77.9
	144.6
	168.6
	147.9
	223.6
	237.3
	231.6

	5.6
	5.3
	6.9
	12.6
	14
	10.5
	18
	39
	39.1
	56.8
	70.3
	53.7
	149
	159
	165.7
	233.6
	238.3
	201

	5.1
	4.7
	5.8
	9.4
	13.8
	13.2
	25.4
	28.9
	27.3
	55.9
	64.9
	74.5
	139.3
	151.7
	169.8
	231.8
	247.7
	220.2

	4.1
	5.6
	4.6
	12.1
	13.4
	14.2
	22.6
	
	23.7
	64.8
	
	82.2
	149.8
	
	146.3
	226.9
	
	202.3

	6
	4.9
	4
	10.1
	12.9
	10.3
	22.5
	
	24.5
	63.9
	
	75.9
	130
	
	147.7
	
	
	216.2

	Av.=
5.08
	Av.=
5.03
	Av.=
5.18
	Av.=
11.7
	Av.=
10.69
	Av.=
11.68
	Av.=
24.16
	Av.=
30.512
	Av.=
25.71
	Av.=
57.15
	Av.=
70.07
	Av.=
62.98
	Av.=
143.42
	Av.=
157.78
	Av.=
154.5
	Av.=
222.23
	Av.=
237.93
	Av.=
212.4










Treatment: 2

	5thFalgun (stocking date)
	 5thChaitra
	5th Baisakh 
	5th Jestha 
	5th Asar 
	5th Shrawan 

	Happa
 1
	Happa
 6
	Happa 
9
	Happa
1
	Happa
6
	Happa
9
	Happa
1
	Happa
6
	Happa 
9
	Happa
1
	Happa
6
	Happa
9
	Happa
1
	Happa 
6
	Happa 
9
	Happa 1
	Happa 
6
	Happa 9

	4
	4.2
	5
	12
	11.4
	11.8
	22.4
	26.5
	34
	52
	63.7
	79.8
	142.7
	134.2
	138.6
	217.4
	228.4
	221.2

	5.4
	4
	4.6
	16.3
	11.3
	12.3
	18.6
	25.5
	31.4
	49.8
	57.6
	58.4
	158.7
	148.2
	176.3
	225.5
	223.4
	234.1

	5.7
	5
	4.7
	13.5
	10.3
	14.3
	24.4
	26.1
	24.4
	59.9
	61.3
	79.8
	142.9
	138.7
	191.4
	227.6
	255.7
	267.5

	4.2
	4.7
	4.2
	6.9
	16.1
	13.6
	21.8
	24.9
	19.6
	56.3
	59.9
	64.3
	147
	138.6
	194.2
	233.1
	229.7
	268.9

	4.6
	5.1
	5.2
	7.7
	16.2
	12
	27.6
	24.3
	21.3
	53.2
	45.7
	69.8
	143.1
	147.5
	194.5
	207
	213.8
	255

	4.1
	5.5
	4
	6.8
	9
	10.4
	28.9
	36.4
	20.7
	53.5
	57.7
	56.6
	145
	150
	155.3
	222.7
	204.8
	230.8

	6.5
	4.8
	5.1
	7.8
	13.2
	11.6
	21.5
	29.8
	38.2
	75.6
	58.4
	59.5
	129.1
	147.9
	172.6
	229.5
	247.6
	222.7

	5.6
	5.8
	4.2
	15.3
	8.9
	10.5
	34
	28
	35.7
	59.3
	72.9
	85.9
	139.6
	145.8
	131.5
	212.4
	222
	256.7

	5.3
	5.9
	5.4
	16.2
	12.1
	10.6
	13.9
	37.5
	32.1
	49.3
	77.4
	
	147.3
	144.2
	
	228.7
	
	

	5.5
	4.3
	4.9
	9.7
	
	12.4
	28.3
	
	
	67.1
	
	
	137.8
	
	
	
	
	

	Av.=
5.09
	Av.=
4.93
	Av.=
4.73
	Av.=
11.22
	Av.=
12.05
	Av.=
11.95
	Av.=
24.14
	Av.=
28.77
	Av.=
28.6
	Av.=
57.6
	Av.=
61.62
	Av.=
69.26
	Av.=
143.32
	Av.=
143.9
	Av.=
169.3
	Av.=
222.65
	Av.=
228.17
	Av.=
244.61












Treatment: 3
	5thFalgun (stocking date)
	 5thChaitra
	5th Baisakh 
	5th Jestha 
	5th Asar 
	5th Shrawan 

	Happa
 2
	Happa
 5
	Happa 
8
	Happa
2
	Happa
5
	Happa
8
	Happa
2
	Happa
5
	Happa 
8
	Happa
2
	Happa
5
	Happa
8
	Happa
2
	Happa 
5
	Happa 
8
	Happa 2
	Happa 
5
	Happa 8

	8.5
	8.5
	7.6
	11.1
	12.7
	11.6
	32.8
	35.8
	34.5
	57.5
	61.4
	78.2
	185.5
	152.1
	178.3
	234.6
	221.3
	214.5

	4.2
	4.1
	8.7
	12
	12.4
	12
	25.3
	34.2
	25.3
	63.5
	65.8
	71.9
	177.9
	165.3
	161.3
	235.6
	227.3
	246.4

	3.2
	6.4
	3.2
	11.2
	8.3
	11.2
	25.8
	38
	25.3
	88
	64.8
	89
	174
	143.2
	163.2
	241.5
	243.5
	243.5

	7.7
	8.7
	6.4
	11.9
	10.5
	11.5
	30.9
	23.8
	21.6
	81.2
	76
	62
	165.6
	152.4
	165.2
	220.3
	212.2
	247.6

	4.7
	5.1
	5.9
	12.9
	10.3
	12.8
	29.9
	27.1
	21.7
	85.6
	53.6
	65.4
	172.1
	170.7
	172.3
	230.1
	232.3
	245.6

	6.3
	6.9
	7.2
	14.7
	15.4
	8.4
	25.8
	23.4
	23.5
	61.6
	65.4
	58.1
	167.5
	161.4
	151.4
	229.4
	232.9
	234.5

	3.1
	5.1
	7.1
	11.4
	10.1
	15.3
	34.6
	20.9
	29.7
	65.4
	61.4
	45.8
	183.4
	171.3
	171.3
	257.8
	220.7
	233

	8.5
	3.6
	3.5
	13.2
	11.3
	10.6
	39.5
	23.4
	38.3
	68.5
	56.1
	63.3
	181.8
	145.3
	135.6
	231.4
	219.1
	251.3

	5.9
	5.8
	5.2
	12.3
	9.8
	12.7
	
	28.9
	25.3
	
	56.3
	50.3
	
	173
	145.2
	
	211.4
	221.5

	8.8
	3.1
	4.2
	
	9.8
	11.3
	
	
	24.5
	
	
	45.8
	
	
	
	
	
	

	Av.=
6.09
	Av.=
5.73
	Av.=
5.9
	Av.=
12.3
	Av.=
11.06
	Av.=
11.74
	Av.=
30.57
	Av.=
28.38
	Av.=
26.97
	Av.=
71.41
	Av.=
62.31
	Av.=
62.98
	Av.=
175.97
	Av.=
159.41
	Av.=
160.42
	Av.=
235.09
	Av.=
224.52
	Av.=
214.6





Appendix-2: Water quality parameters

Recording time: 7 am
	Date
	DO
	PH
	Temperature
	Transparency

	5thFalgun
	4.6
	8.5
	20.6
	24

	12thFalgun
	4.7
	8.1
	19.7
	26

	19thFalgun
	5.1
	8.2
	19.4
	30

	26thFalgun
	4.9
	8.2
	20.5
	29

	5thChaitra
	6.3
	8.4
	20.4
	26

	12thChaitra
	4.5
	8.2
	21.8
	24

	19thChaitra
	4.3
	7.7
	24.7
	25

	26thChaitra
	4.9
	7.7
	26.2
	27

	5thBaisakh
	4.8
	7.9
	28.5
	28

	12thBaisakh
	4.9
	7.5
	29.5
	29

	19thBaisakh
	5
	8.2
	29.4
	30

	26thBaisakh
	4.2
	8.5
	30.1
	27

	5thJestha
	5.1
	9.1
	30.5
	26

	12thJestha
	4.9
	8.7
	30.5
	30

	19thJestha
	5.1
	8.3
	32.5
	20

	26thJestha
	4.2
	8.2
	29.5
	28

	5thAsar
	4.1
	8.1
	32.5
	25

	12thAsar
	4.8
	8.5
	32.1
	28

	19thAsar
	4.5
	7.8
	32.6
	25

	26thAsar
	3.9
	7.9
	30.4
	29

	1stShrawan
	4.3
	8.1
	29.7
	26

	
	Ave.=4.74
	Ave.=8.04
	Ave.=27.07
	Ave.=26.76




[bookmark: _GoBack]
Monthly growth
T1	42052	42082	42112	42143	42175	42206	5.0966666666666693	11.14666666666667	26.794166666666687	63.401666666666536	151.91583333333341	224.19027777777777	T2	42052	42082	42112	42143	42175	42206	4.9166666666666714	11.741851851851836	27.172592592592586	62.828240740740739	152.17333333333337	231.81435185185165	T3	42052	42082	42112	42143	42175	42206	5.9066666666666716	11.700000000000001	28.644629629629627	65.567870370370372	165.26944444444445	224.73324074074054	Sampled Date

Average Weight (g)



DWG
T1	42082	42112	42143	42175	42206	0.1951612903225807	0.5215833333333334	1.1808870967741933	2.7660677083333378	2.3314336917562692	T2	42082	42112	42143	42175	42206	0.22016726403823175	0.5143580246913575	1.1501821983273601	2.7920341435185185	2.5690651135005949	T3	42082	42112	42143	42175	42206	0.18688172043010753	0.56482098765432165	1.1910722819593784	3.1156741898148121	1.9181869772998803	Sampled date

Daily Weight Gain (g/fish/day)



AFCR
T1	42082	42112	42143	42175	42206	1.3090761581585568	1.2286700144415221	1.1332680967804079	1.1462543772999918	2.2239252400255212	T2	42082	42112	42143	42175	42206	1.2648904623513335	1.2381807972340331	1.1888465091351521	1.1270794537778939	2.0139687389172871	T3	42082	42112	42143	42175	42206	1.7092430956445468	1.1804342035278288	1.206178736805086	1.1191444418307133	2.5999156012545277	Sampled date

Feed Conversion Ratio



Temp	42052	42059	42066	42073	42082	42089	42096	42103	42112	42119	42126	42133	42143	42150	42157	42164	42175	42182	42189	42196	42205	20.6	19.7	19.399999999999999	20.5	20.399999999999999	21.8	24.7	26.2	28.5	29.5	29.4	30.1	30.5	30.5	32.5	29.5	32.5	32.1	32.6	30.4	29.7	DO	42052	42059	42066	42073	42082	42089	42096	42103	42112	42119	42126	42133	42143	42150	42157	42164	42175	42182	42189	42196	42205	4.5999999999999996	4.7	5.0999999999999996	4.9000000000000004	6.3	4.5	4.3	4.9000000000000004	4.8	4.9000000000000004	5	4.2	5.0999999999999996	4.9000000000000004	5.0999999999999996	4.2	4.0999999999999996	4.8	4.5	3.9	4.3	Sampled Date

Temperature

Dissolved Oxygen (mg/L)



pH	42052	42059	42066	42073	42082	42089	42096	42103	42112	42119	42126	42133	42143	42150	42157	42164	42175	42182	42189	42196	42205	8.5	8.1	8.2000000000000011	8.2000000000000011	8.4	8.2000000000000011	7.7	7.7	7.9	7.5	8.2000000000000011	8.5	9.1	8.7000000000000011	8.3000000000000007	8.2000000000000011	8.1	8.5	7.8	7.9	8.1	Transparency	42052	42059	42066	42073	42082	42089	42096	42103	42112	42119	42126	42133	42143	42150	42157	42164	42175	42182	42189	42196	42205	24	26	30	29	26	24	25	27	28	29	30	27	26	30	28	28	25	28	25	29	26	Sampled Date

pH

Sechhi's disk reading (cm)



37
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