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5.1 Site of the rainbow trout farm 

The site of rainbow trout farm with raceways and hatchery becomes suitable at an 

altitude of 700 to 2000 masl (Pradhan et al., 2008a), in a slope of 2 to 3% permitting 

adequate water with suitable discharge to the raceway ponds (Westers, 2000) and when 

supplied from water resource of spring-fed torrential stream then it is without silt (Rai 

et al., 2008). The site of rainbow trout farm, in the present work, was situated at an 

altitude of 1550 masl, having a slope of 2.5%, and supplied from a water resource of 

spring-fed torrential hill stream.  

5.2 Raceway pond 

The earthen raceway ponds tend to be suitable for the culture of grow outs (Rai et al., 

2008); concrete circular tanks remain suitable for rainbow trout culture but unsuitable 

in automated handling, grading, and harvesting operation (Bromage and Shepherd, 

1990); and cemented raceways become effective in table fish production (Westers, 

2000). In rectangular-shaped raceways, water exchange increases by six times within 

24 hours than in other shapes (Bromage and Shepherd, 1990). Many raceways in 

parallel fashion can be constructed if water resource has no limitations of water supply 

(Westers, 2000 and Rai et al., 2008) but, if water resource has limited water supply then 

raceways in linear fashion are constructed. The raceway ponds, in the present study, 

were cemented on all sides and bottom for effective table fish production, rectangular 

in shape for proper water exchange in 24 hours and constructed in linear fashion 

because of limited water supply from the spring-fed torrential hill stream. 

5.3 Hatchery 

If a hatchery contains five raceways cum tanks then it can accommodate 15 atkins and 

150 incubation cum hatching trays at a time incubating 150,000 fertilized eggs upto sac 

fries. Later on when required, the same number of raceways cum tanks may adjust 10 
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incubation cum hatching cages at a time incubating 10,000 sac fries upto free 

swimming fries (TFS, 2010). The hatchery, in the present work, had five raceways cum 

tanks suitable for incubation and hatching of required number of fertilized eggs upto 

free swimming fries. 

5.4 Rainbow trout culture 

When dissolved oxygen concentration is less than 7 mg L-1 in raceway water then 

extensive rainbow trout culture is done maintaining rainbow trout stocking rate of 5 to 

10 kg m-2. Again, when dissolved oxygen content is in between 7 to 11 mg L-1 then 

semi-intensive cultivation is performed keeping rainbow trout stocking rate of 10 to 20 

kg m-2. Further, when dissolved oxygen level is more than 11 mg L-1 then intensive 

farming is done with rainbow trout stocking rate of 15 to 30 kg m-2 (Basnet et al., 2008; 

Pradhan et al., 2008b and Rai et al., 2008). Because, dissolved oxygen concentration, in 

the present investigation, was in between 7.2 to 10.5 mg L-1 throughout the year, 

therefore semi-intensive rainbow trout culture had been performed keeping rainbow 

trout stocking rate of 10 to 20 kg m-2.  

5.5 Rainbow trout 

Rainbow trout (Page and Burr, 1991; Bhagat, 2002; ITIS, 2017), which is the inhabitant 

of natural waters of glacier, lake, stream and rivers of Central America, is widely 

cultivated cold water fish of the temperate world (Bardach et al., 1972a). However, it 

can also be cultivated in the sub-tropical region of the globe including Nepal, India and 

neighbouring countries if the countries have temperate climate with the availability of 

coldwater resources having high dissolved oxygen. Nepal has temperate climate in hilly 

region and alpine climate in mountainous region (Swar, 2008) having coldwater 

resources with high dissolved oxygen in both the regions, so these parts of the country 

are quite suitable for the cultivation of rainbow trout.  
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5.6 Physico-chemical parameters 

  

5.6.1 Colour of the raceway water 

The colour of the raceway water is due to the presence of metallic ions of iron and 

manganese along with minerals, and soil particles and planktons, if any. The water 

possesses two colours – true colour and apparent colour. The true colour of the water is 

that colour which is seen after the removal of turbidity, that is, solid particles, whereas 

the apparent colour is due to dissolved minerals. The natural colour of the raceway 

water is due to the scattering phenomenon of light in upward direction from water and 

being absorbed en route after passing through it (Bhatnagar and Devi, 2013). The 

raceway water, in the present work, was colourless throughout the year. This was due to 

the absence of mud and detritus in water but due to the presence of ions, minerals, and 

negligible soil particles and planktons.   

5.6.2 Transparency of the raceway water 

The transparency of water of the aquatic habitats is generally related to their depths 

(Boyd and Lichtkoppler, 1979) however, raceway water in raceway, which has a depth 

of 1 m, is not related to the depth but to the turbidity of water pertaining to the ions and 

minerals mixed in it hence, it is clean and clear required by rainbow trout. The raceway 

water, in the present work, was clean throughout the year however it was crystal-clear 

and transparent during November, December, January and February, in the breeding 

season of rainbow trout. This was due to less turbid water during November, 

December, January and February, the mean of which was 10.63 NTU, in the present 

study.  

5.6.3 Taste, flavour and odour of the raceway water 

The water in its pure form is odourless. Many organic and some inorganic chemicals 

impart odour and taste to water. However, some inorganic chemicals may contribute 
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taste without odour (APHA, 2005). The Flavour Rating Assessment (FRA), in the 

present research, confirmed that the raceway water was pure, with watery flavour, and 

being pollution-free throughout the year was odourless and tasty.  

5.6.4 Air temperature 

The air temperature varied considerably throughout the study period. It fluctuated 

monthly, seasonally and annually. Manon and Hossain (2011) reported same trend in 

air temperature. It was low throughout the year due to high altitude of 1550 masl 

because McGregor and Nieuwolt (1998) reported 0.65 °C decrease in air temperature 

per 100 m increase in altitude. In the present work, June and summer were hottest 

month and season respectively due to highest air temperature and January and winter 

coldest month and season respectively due to lowest air temperature. Similar findings 

due to highest and lowest air temperature were shown by Acherjee and Barat (2011). 

The monthly (24 months) and seasonal (eight seasons) variations of air temperature, of 

the present research, was significant (P < 0.01) due to solar radiation, relative humidity 

and rainfall (Wetzel, 2001). The air temperature of the first year (June 2010 to May 

2011) was slightly higher than second year (June 2011 to May 2012) because of more 

relative humidity and less rainfall in the first year but there was insignificant difference 

(P > 0.05) between air temperature of the first year and second year.  

The air temperature had closest relation with water temperature showing similarity 

coefficient (r) of 0.999 and regression (R2) of 0.997. It had significant difference (P < 

0.01) with that of water temperature so that air temperature could change water 

temperature and water temperature vice-versa. According to APHA (2005) and Arain et 

al. (2009), air temperature controls physiological behaviour of water temperature. So, 

air temperature was always higher than water temperature in all statistical indicators 

and had significant difference (P < 0.01) with that of water temperature. Similar results 
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were reported by Acherjee and Barat (2011) and closely matching results were found in 

the present investigation. The air temperature exhibited significant correlation with all 

the parameters – negative with dissolved oxygen, pH, electrical conductivity, total 

alkalinity and total hardness and positive with rest. Rawat et al. (1993), Wetzel (2001) 

and Ayoade et al. (2009) found significant positive correlation of air temperature with 

water temperature just like present investigation.  

5.6.5 Water temperature 

In the present study, January showed lowest water temperature and June highest and 

that winter season exhibited lowest water temperature and summer highest. Pradhan et 

al. (2008b) reported high water temperature from June to October and low from 

December to February in Godawari Fish Farm, Nepal. Similar conclusions due to 

lowest and highest water temperature were reported by Bhagat and Barat (2015a, 2016c 

and 2017b). The water temperature fluctuated considerably throughout the study period 

because of cold water from water resource situated at an altitude of 1550 masl. The 

water temperature was low throughout the year as it depended on air temperature 

(Manon and Hossain, 2011) and altitude (Jacobsen, 2008) because Acherjee and Barat 

(2011) investigated 0.6 °C decrease in water temperature per 100 m increase in altitude. 

The monthly (24 months) and seasonal (eight seasons) fluctuations of the water 

temperature, of the present work, was significant (P < 0.01) due to air temperature 

(Wetzel, 2001) and dissolved oxygen content. The water temperature of the second year 

(June 2011 to May 2012) was slightly lower than water temperature of the first year 

(June 2010 to May 2011) due to low air temperature and high dissolved oxygen 

concentration but there was insignificant difference (P > 0.05) between water 

temperature of the first year and second year. The water temperature was always lower 

than air temperature. Similar results were reported by Acherjee and Barat (2011) and 
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matching results were obtained in the present study. The water temperature varied 

daily, monthly, seasonally and annually. Lawson (2011) reported daily changes; 

whereas Mukhopadhyaya and Dewanji (2002), Pradhan et al. (2008b) and Manon and 

Hossain (2011) monthly and seasonal variations, and that of Manon and Hossain (2011) 

annual fluctuations in water temperature. 

Water temperature below 20 °C is prerequisite for rainbow trout culture as consumption 

of artificial feed decreases above 20 °C resulting into slow growth and eventually death 

if same water temperature prevails for a longer period (Rai et al., 2008). If water 

temperature stays very near limits of suitable range for more than six months, the 

growth rate of rainbow trout will be so poor that the production farm will not be 

commercially viable (YMCL, 1991). So, rainbow trout culture site must have water 

temperature ranging between 10 to 18 °C (Yamazaki, 1991). According to Boyd and 

Tucker (1998) best growth of rainbow trout occurs in a temperature range of 10 °C up 

to 16 °C. 

The water temperature, in the present work, was proper for survival, feeding, breeding 

and growth. Rainbow trout survive at a water temperature range of 0 to 25 °C (Swar, 

2008) but normal feeding and growth occurs between 13 to 18 °C (Rai et al., 2005 and 

2008). Rainbow trout grow well between water temperatures of 10 to 20 °C (Yamazaki, 

1991) but, here in Nepal; it grows best at water temperature of 16 to 18 °C (ATC, 

2001a). The suitable water temperature for breeding of spawners, their spawning, 

incubation of zygote and hatching of eggs is 9 to 14 °C (Gauchan et al., 2008 and Rai et 

al., 2005) because deformed sac fries are reported due to high water temperature during 

spawning (Basnet and Silwal, 1996). The water temperature for fingerling and table 

fish production is 14 to 18 °C (Gauchan et al., 2008) and for the growth of different 

stages of rainbow trout is 16 to 18 °C with large volume of constantly flowing water 
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(Rai et al., 2005 and 2008) advisable rate for which is 50 L min-1 (Santhanam et al., 

1999), that is, 0.83 L sec-1. 

In the present study, water temperature showed significant correlation with all the 

parameters – negative with dissolved oxygen, pH, electrical conductivity, total 

alkalinity and total hardness and positive with rest. Rawat et al. (1993), Wetzel (2001) 

and Ayoade et al. (2009) found significant positive correlation of water temperature 

with air temperature. Because, temperature is a limiting factor in aquatic environment 

(Boyd, 1979 and 1982) therefore, water temperature, in the present investigation, 

directly affected all of the physico-chemical parameters. 

5.6.6 Water velocity 

The water velocity fluctuated monthly, seasonally and annually in the present 

investigation. Acherjee and Barat (2011) reported 0.61 to 1.5 m sec-1 of water velocity 

with its lowest value in November and highest in July and having low range in winter 

and high in summer, however, in the present study, it was 1.5 to 3.5 m sec-1 with its 

lowest range in December and highest in August and having low range in winter and 

high in summer. This might be due to high altitude of 1550 masl in the present 

investigation. The high water velocity during monsoon and low during winter was due 

to rainfall (Wetzel, 2001) which increases water velocity (Bhagat, 1999). Gauchan et 

al. (2008) reported suitable water velocity of 1 m sec-1 in the raceways of Nepal. More 

velocity, seen in the present study, was managed accordingly (Bhagat and Barat, 2015a, 

2016c and 2017b) as per the requirement of different stages of rainbow trout. 

As a rule of thumb, according to YMCL (1991), the water velocity, also called water 

current should be 0.008325 m sec-1, that is, sufficient enough to provide at least one 

complete change of water hour-1, however, according to Westers (2000), there should 

be 0.033 m sec-1, that is, four complete changes of water hour-1 and in the present study, 
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the water velocity was capable to do so just like reported by YMCL (1991) and Westers 

(2000) as per requirement of the different stages of rainbow trout. 

5.6.7 Water discharge 

The mean annual water discharge, in the present work, which varied monthly, 

seasonally and annually was 55.79 L sec-1. Bartoli et al. (2007) reported 190 L sec-1 of 

water discharge in rainbow trout raceway ponds which was quite higher than in the 

present investigation. The suitable water discharge for rainbow trout culture is 10 L sec-

1, that is, 600 L min-1 (Edwards, 1989 and 1990); for the incubation of 10,000 eggs is 

0.5 L sec-1; for the feeding of 1 to 2 g fries, 0.67 L sec-1 and for the rearing of 4 to 5 g 

fingerlings, 0.83 L sec-1 (Rai et al., 2008). In case, if water discharge is not regulated as 

above, then negative correlation between stocking density and growth may occur 

(Bekiroglu et al., 1995). Because, the discharge was quite more than requirement of 

raceways in the present study; hence, it was managed accordingly as per requirement of 

the different stages of rainbow trout (Bhagat and Barat, 2015a, 2016c and 2017b).  

The water discharge depends on slope of the water resource and rainbow trout farm 

including slope of the raceways. It also depends on water velocity (Lampert and 

Sommer, 2007) and fluctuates due to rainfall. Because, the slope of the rainbow trout 

farm, in the present study, was 2.5, the discharge increased when high water velocity 

and heavy rainfall and decreased due to vice-versa (Wedemeyer, 1996). Again, the 

discharge increases due to seasons (Gauchan et al., 2008) being high during monsoon 

and low during winter. Pradhan et al. (2008b) reported highest water discharge in rainy 

season (84 L sec-1) and lowest in winter (32 L sec-1). Similar results were obtained in 

the present work. 
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5.6.8 Turbidity 

If water contains abundant silt or clay particles along with planktons then it is 20 to 25 

NTU (Khanna, 1990) and its level of 26 NTU is lethal to fish (Manon and Hossain, 

2002). The higher turbidity can cause damage to gills (Wedemeyer, 1996 and 

Teodorowicz et al., 2006). The turbidity, in the present work, ranged from 3 to 19 

NTU. Hence, the water in the raceways was crystal-clear without silt or clay but with 

negligible planktons. The water was crystal clear in winter months and less clear in 

summer. The high water velocity (Khanna, 1990), water discharge (Wedemeyer, 1996) 

and rainfall (Lawson, 2011) increases turbidity. The higher the turbidity, lower is the 

dissolved oxygen and lower the turbidity, vice-versa (Lawson, 2001). The raceway 

water was least turbid with high dissolved oxygen, in the present study. 

The turbidity is less in spring-fed water resource due to absence of silt (Pradhan et al., 

2008b). The water in the raceway ponds was carried from spring-fed water resource 

that is why; the water was clean and clear. The similarity coefficient (r) of 0.928 and 

regression (R2) of 0.861 of the water temperature with turbidity, in the present work, 

confirmed its dependency on temperature. 

5.6.9 Relative humidity 

The relative humidity is governed by seasons (Mahmood, 1986; Rahman, 1989). It is 

probably due to low air temperature and high altitude. It fluctuates due to dissolved 

oxygen, free carbon dioxide, nitrate-N and phosphate-P (Lawson, 2011). The relative 

humidity, which ranged from 62.4 to 88.7%, in the present study, was suitable because 

of the suitability in altitude of the research site and temperature, dissolved oxygen, free 

carbon dioxide, nitrate-N and phosphate-P of the raceway water. 
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5.6.10 Rainfall 

The rainfall varied from 0.0 to 503.4 mm in the present study.  According to Schmitz 

(1996) rainfall is influenced by climatic factors, geography and seasons. The monsoon 

showed highest rainfall and winter least or no rainfall. According to Lawson (2011) 

rainfall increases turbidity and governs phosphate, therefore, turbidity, in the present 

research, ranged from 3 to 19 NTU and phosphate 0.001 to 0.027 mg L-1. The results of 

turbidity and phosphate, in the present work, were due to the rainfall. 

5.6.11 Altitude 

The altitude, in the present work, was directly affecting air temperature and water 

temperature and indirectly water velocity and velocity discharge. If altitude will be high 

then air temperature and water temperature will be low and if altitude will be low then 

vice-versa. The water temperature in the altitude more than 1000 masl is suitable for 

rainbow trout farming throughout the year because it is always lower than 20 °C. 

However, water temperature in altitude below 1000 masl may not be suitable for 

rainbow trout farming because in summer, the perennial water may exceed 20 °C which 

has been taken as higher limit. But, if the water comes from glacier then the water 

temperature would be still feasible even at an altitude of 700 masl because the water 

temperature does not exceed 18 °C (Pradhan et al., 2008b). 

The raceways situated at an altitude of 1550 masl, in the present work, were suitable for 

rainbow trout culture because according to Basnet et al. (2008), altitude of 610 to 1750 

masl and according to Pradhan et al. (2008b), altitude more than 1000 masl are suitable 

for rainbow trout culture. 

5.6.12 Water resource  

The water quality variables are highly influenced by climatic factors, geography, 

seasons, environment of their origin and occurrence (Schmitz, 1996). The spring-fed 
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torrential stream which was perennial and which supplied raceways had dissolved 

oxygen range of 6.8 to 11.6mg L-1 (Singh et al., 1991); less turbidity due to the absence 

of silt (Pradhan et al., 2008b); and suitable for rainbow trout culture as it could perform 

all its functions well (Boyd, 1979). 

The water temperature determines the feasibility of rainbow trout farming depending on 

the origin of water resource. The water from glacier is colder than water from spring 

and the water from spring is colder than water from lake. If water comes from glacier, it 

contains suspended solids which are higher during monsoon increasing turbidity, but if 

water comes from spring, it contains comparatively less suspended solids with less 

turbidity than glacier water. The water resource, in the present research, is from spring-

fed torrential stream with dissolved oxygen ranging from 7.2 to 10.5 mg L-1 and 

turbidity 3 to 19 NTU. Again, according to Woynarovich et al. (2011), the temperature 

of spring-fed water has no daily fluctuation and the differences between winter and 

summer are minimal. No daily fluctuations were seen in water temperature, in the 

present work however, the differences between winter and summer were not minimal 

but moderate. This was due to the reason that the site of the water resource was at the 

sub-tropical region but not at the temperate region.  

When raceway water is carried from spring-fed torrential stream, the dissolved oxygen 

level is more than 7 mg L-1 so, semi-intensive farming is done. Again, when raceway 

water is brought from the lake-fed river, the dissolved oxygen level is less than 11 mg 

L-1 therefore semi-intensive rainbow trout culture is performed. Further, when raceway 

water is taken from glacier-fed river, the dissolved oxygen level is more than 11 mg L-1 

so, intensive farming is done (Bhagat and Barat, 2015b, 2016b and 2016d). Because, 

raceway water was from spring-fed torrential stream having dissolved oxygen in 
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between 7.2 to 10.5 mg L-1, in the present research work, semi-intensive rainbow trout 

farming was adopted. 

5.6.13 pH 

The variations in pH values are due to changes in the values of free carbon dioxide, 

carbonate and bicarbonate in water (APHA, 2005; Prasad and Patil, 2008; Agbaire and 

Oyibo, 2009; Joshi et al., 2009; Kalwale and Savale, 2012). The pH above 8.3 converts 

bicarbonates into carbonates (Kara et al., 2004) and pH below 8.3, converts carbonates 

into bicarbonates (Karanth, 1987). It was 7.75 in the aerated raceways of the rainbow 

trout (Clark, 2003). The pH varied in between 6.7 to 7.9 in the present study. 

The suitable range of pH for fish farming is 6.7 to 8.4 (Ellis, 1937); 6.5 to 9.0 (Swingle, 

1967); 6.5 to 8.5 (Svobodova et al., 1993); 6.5 to 9.0 (Lawson, 2001); 7.4 to 8.3 

(Mukhopadhyaya and Dewanji, 2002); 7.0 to 8.1 (Trivedi et al., 2009); neutral or 

slightly alkaline (Manon and Hossain, 2011) and 6.5 to 8.5 (Huet, 1975). The 

preferable range of pH for rainbow trout culture is in between 6.5 to 8.0 with optimum 

range between 7.0 to 7.5 because at higher pH, even low level of ammonia can be 

dangerous and toxic (Bromage and Shephard, 1990 and Sedgewick, 1985). The fish 

mortality occurs below 4 and above 11 and no regeneration occurs below 6 (Lawson, 

2001). The ideal level is 7.0 to 8.5 but above 11.0, it is harmful to fish (Ellis, 1937) and 

below 4.0 detrimental to aquatic life (Ellis, 1937). The ideal level of pH for biological 

activity is higher than 7 and lower than 8.5 (Abowei, 2009). Its lower level disinfects 

water (Trivedi et al., 2009). Its range for fast growth (considering NH3) is in between 7 

to 8.2 (Cakir, 2002). Its optimum range for maximum growth and production of shrimp 

and carp is 6.8 to 8.7 ((Ramnathan et al., 2005). If pH ranges from 4 to 6 (acidic) and 9 

to 10 (alkaline), although fishes will alive but fish growth rate will be reduced (Lawson, 
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2001). In the present work, it was suitable for culture, survival, regeneration, 

disinfection, growth and production of rainbow trout as it was in between 6.7 to 7.9.  

The pH depends on many water quality variables. It is affected by water temperature 

(Rai, 1979). It depends on total alkalinity and fluctuates due to electrical conductivity. 

The high total alkalinity and electrical conductivity increase pH. It increases with 

increased free carbon dioxide and is affected by total alkalinity, surface runoff (due to 

rainfall) and water discharge (Lawson, 2011). The free carbon dioxide influences pH of 

water (Boyd and Tucker, 1998). It is affected by water resource (Fadaeifard, 2012) and 

rainfall (Stoskopf, 1992). Similar correlations of pH with other variables were seen in 

the present work. 

The maximum pH value of 7.9 in January and minimum value of 6.7 in June, in the 

present study, was quite different from maximum value of 7.8 in July and minimum 

value of 6.9 in March of river Buriganga, Bangladesh (Islam et al., 1974) and that of 

maximum value of 8.3 in May and minimum value of 7.3 in September of river Teesta, 

India (Acherjee and Barat, 2011). Its maximum value of 8.1 and 8.2 in December and 

January respectively, in the present study, oppositely coincided with the maximum 

value of 8.2 and 8.3 in July and August respectively (Mukhopadhyaya and Dewanji, 

2002). It was highest in winter, higher in summer and monsoon (Kalwale and Savale, 

2012; Acherjee and Barat, 2011) but in the present study, it was highest in winter, 

higher in post-monsoon, high in pre-monsoon and low in monsoon. 

The pH exhibited similarity coefficient (r) of – 0.912 and regression (R2) of 0.832 with 

that of water temperature confirming that it depended on water temperature. It exhibited 

significant correlation with all the parameters – positive with dissolved oxygen, 

electrical conductivity, total alkalinity and total hardness and negative with rest. Gupta 
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et al. (2009) showed positive correlation of pH with electrical conductivity and total 

alkalinity.  

5.6.14 Electrical conductivity 

The electrical conductivity ranges from 100 to 200 µS cm-1 in the raceways but 

becomes harmful for rainbow trout at 300 µS cm-1. Its average values are generally 

higher than those reported for other studies (ATC, 1999b; Khondker and Kabir, 1995; 

Habib et al., 1997) and lower (52 to 99 µS cm-1) than those reported by Acherjee and 

Barat (2011). It fluctuated from 40 to 204 µS cm-1 in the present study. 

It depends on pH and fluctuates according to nitrate-N, ammonium-N and phosphate-N. 

It is affected by water temperature as the values increases from 2 to 3% per 1 °C 

(Lawson, 2011). In the present investigation, similar findings were obtained of 

electrical conductivity on the dependency of pH and fluctuations due to nitrate-N, 

ammonium-N and phosphate-N as seen in correlation analyses. 

According to Acherjee and Barat (2011), the electrical conductivity is lowest in July 

and highest in May and that, it was lowest during monsoon and highest during pre-

monsoon. In the present study, it was lowest in June and highest in January and that it 

was lowest during monsoon and highest during winter. Lower water volume during 

winter is the cause of high electrical conductivity and high water volume during 

monsoon due to rainfall is the cause of low electrical conductivity (Adebisi, 1980; 

Mishra et al, 1999). 

The electrical conductivity exhibited significant correlation with all the parameters – 

positive with dissolved oxygen, pH, total alkalinity and total hardness and negative 

with rest. Patil et al. (2012) obtained significant correlation with water temperature, pH, 

total alkalinity and total hardness. Mariappan and Vasudevanam (2002), Mondal (2009) 
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and Acherjee and Barat (2011) also obtained significant positive correlation of 

electrical conductivity with dissolved oxygen, pH, total alkalinity and total hardness. 

5.6.15 Dissolved oxygen  

The suitable dissolved oxygen for rainbow trout culture in raceway ponds is 8 mg L-1 

(Huet, 1975) and that of channel catfish and penaeid shrimp, 3 mg L-1 (Lawson, 2011). 

The dissolved oxygen ranges from 6.0 to 10.3 with optimum > 8 mg L-1 (Pradhan et al., 

2008b). In the Himalayan River, it is 7.3 to 11.9 mg L-1 (Acherjee and Barat, 2011). 

The dissolved oxygen, in the present work, ranged in between 7.2 to 10.5 mg L-1 

suitable for the rainbow trout culture.  

According to Huet (1975), the dissolved oxygen is 15 mg L-1 at 0 °C and 8 mg L-1 at 25 

°C. It was 10.5 mg L-1 at 8.4 °C water temperature, 7.9 pH, and 204 µS cm-1 electrical 

conductivity and 7.2 mg L-1 at 21.5 °C water temperature, 6.7 pH and 35 µS cm-1 

electrical conductivity, in the present work. When saturated; it is 9 mg L-1 (Verma et 

al., 1979). It is close to saturation of 10 mg L-1 in unpolluted fresh water (Huet, 1975). 

It ranged in between 7.2 to 10.5 mg L-1 in the raceways, in the present investigation. So, 

water of the raceways, in the present research, was unpolluted and near saturation 

suitable for semi-intensive culture and commercial rainbow trout production. Basnet et 

al. (2008) reported 10 to 11 mg L-1 of dissolved oxygen was required for intensive 

rainbow trout culture. Marcel (1995) stated that dissolved oxygen more than 7 mg L-1 is 

well suited for commercial production of rainbow trout. 

No living organism survives below 0.4 mg L-1 of dissolved oxygen (Ansari, 1986) and 

healthy aquatic organism survives at 5 mg L-1 (Ellis, 1937). Rainbow trout require 7 mg 

L-1 of dissolved oxygen for breeding and proper growth (Rai et al., 2008). The growth 

can be retarded and rainbow trout may die if dissolved oxygen level remains below 7 
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mg L-1 in private and government farms (ATC, 1999a). The dissolved oxygen in the 

present investigation was suitable for survival, breeding, and growth. 

The dissolved oxygen depends on water temperature (Rai, 1979; Boyd and Tucker, 

1998; Manon and Hossain, 2011) and fluctuates according to pH. The high water 

temperature decreases dissolved oxygen (Woyanorovitch, 1975; Khanna, 1980; 

Lawson, 2011) and low water temperature vice-versa (Moss, 1972; Morissette, 1978; 

Kataria, 1996). Similarly, high pH and electrical conductivity increase dissolved 

oxygen and low pH and electrical conductivity vice-versa. Similar fluctuations were 

noticed, in the present study, with the help of regression analyses and correlation 

coefficients. 

The dissolved oxygen increases gradually from September reaching maximum in 

December-January (Islam et al., 1974; Islam and Mendes, 1976; Ali et al., 1989; 

Ehshan et al., 1997; Kalwale and Savale, 2012) and then decreases in July-August 

(George, 1964; Vas and Kumar, 1968; Islam et al., 1974; Islam and Mendes, 1976; Ali 

et al., 1989; Ehshan et al., 1997; Manon and Hossain, 2011; Acherjee and Barat, 2011). 

Same results were found in the present study – highest in January and lowest in July. 

The high values seen in winter and low in monsoon in the present study exactly 

resembled to that reported by Acherjee and Barat (2011). Its high value in winter was 

possibly due to low water temperature and rainfall (Moitra and Bhattacharya, 1965; 

Hancock, 1973; Manon and Hossain, 2011) and low value during monsoon was due to 

cloudy days and heavy rain (Lewis, 1999). 

In the present study, the dissolved oxygen exhibited similarity coefficient (r) of – 0.938 

and regression (R2) of 0.880 with water temperature showing its dependency on it. It 

exhibited significant correlation (P < 0.01) with all the parameters – positive with pH, 

electrical conductivity, total alkalinity and total hardness and negative with rest. Shastri 
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and Pendse (2001) showed significant positive correlation of dissolved oxygen with 

pH. Rawat et al. (1993), Agarwal and Thapaliyal (2005), Joshi et al. (2009a and 2009b) 

and Acherjee and Barat (2011) showed significant negative correlation of dissolved 

oxygen with water temperature and free carbon dioxide. Palatsu et al. (2004) showed 

significant correlation (P < 0.05) of dissolved oxygen with nitrate-N and total 

phosphorus in rainbow trout farm discharging its water in Karasu stream, Turkey. 

5.6.16 Free carbon dioxide 

The free carbon dioxide is 0.6 to 5.8 mg L-1 in Himalayan River (Acherjee and Barat, 

2011). Its lower value in lotic habitats like raceways and river is due to its escape in 

atmosphere due to rapid flow (Mukhopadhyaya, 1996). Its upper acceptable range is 

below 20 ml L-1 above which it is harmful to fish (Lawson, 2011), however, its lower 

range is more harmful when dissolved oxygen is 3 to 5 mg L-1 (Lagler, 1972). It was 6.4 

mg L-1 in the aerated raceways of rainbow trout (Clark, 2003). It ranged between 1.4 to 

4.9 mg L-1 in the present study. 

The free carbon dioxide depends on water temperature and fluctuated due to dissolved 

oxygen, pH and total alkalinity. The high water temperature increases free carbon 

dioxide and less water temperature, vice-versa. The high free carbon dioxide decreases 

dissolved oxygen and low free carbon dioxide, vice-versa (Lawson, 2011). The high pH 

and total alkalinity decrease free carbon dioxide. The higher the turbidity, lower is the 

free carbon dioxide and lower the turbidity, vice-versa (Lawson, 2011).  Same results 

were obtained in the present study.  

Compared to the significant increase in free carbon dioxide concentrations following 

heavy rain, the fluctuations in pH were relatively negative possibly because of the 

similar fluctuation in total alkalinity content in the present study period. The pH 

buffering capacity afforded by total alkalinity has been reported to be important in 
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aquaculture raceways since it reduces the extent to which pH is affected by changes in 

free carbon dioxide concentration due to biological activity (Boyd and Tucker, 1998). It 

was 1.4 mg L-1 at 8.40 °C water temperature, 10.5 mg L-1 dissolved oxygen, 7.9 pH, and 

97 mg L-1 total alkalinity and 4.9 mg L-1 at 21.5 °C  water temperature, 7.2 mg L-1 

dissolved oxygen, 6.7 pH, and 17 mg L-1 total alkalinity, in the present work.  

The free carbon dioxide showed seasonal changes being high in summer and monsoon 

and low during autumn and winter (Islam and Mendes, 1976: Boyd and Tucker, 1998). 

It is double during July than in January (Boyd and Tucker, 1998). According to 

Acherjee and Barat (2011), its lowest value is in January and highest in September and 

that winter is low and monsoon is high. In the present study, it was triple in July than in 

January and was lowest in January but highest in July and that winter was low and 

monsoon high.  

The free carbon dioxide exhibited similarity coefficient (r) of 0.940 and regression (R2) 

of 0.885 with water temperature exhibiting its dependency on it. It showed significant 

correlation (P < 0.01) with all the parameters – negative with dissolved oxygen, pH, 

electrical conductivity, total alkalinity and total hardness and positive with rest. 

Acherjee and Barat (2011) showed significant positive correlation of free carbon 

dioxide with water temperature and water velocity and significant negative correlation 

of free carbon dioxide with pH and total alkalinity. Dhanze et al. (1998) also showed 

significant negative correlation of free carbon dioxide with pH and total alkalinity. 

Boyd and Tucker (1998) showed significant negative correlation of free carbon dioxide 

with dissolved oxygen at (P < 0.05). 

5.6.17 Total alkalinity 

The suitable range of total alkalinity is 80 mg L-1 according to Barret (1953) and 

Swarup and Singh (1979). Its acceptable range for fish and shrimp production is 30 to 
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500 mg L-1 (McNeely et al., 1979; Boyd, 1982; and Abowei and George, 2009); for fish 

production is 50 to 100 mg L-1 (McNeely et al., 1979); for plankton production is 20 to 

50 mg L-1 (Boyd, 1982). Fish mortality occurs at 250 to 500 mg L-1 (Ellis, 1937). The 

high total alkalinity results in physiological stress on aquatic organisms leading to the 

loss of biodiversity (McNeely et al., 1979; Abowei and George, 2009). It is 130 mg L-1 

CaCO3 in the aerated raceways of rainbow trout (Clark, 2003). It varied from 17 to 97 

mg L-1 in the present work. So, it was suitable for rainbow trout culture, production, 

survival, and physiology. 

The total alkalinity acts as anions (Manon and Hossain, 2011). It along with pH and 

total hardness detoxify water and plays a major role to prohibit changes in pH 

(Stoskopf, 1992). At the range of 30 to 400 mg L-1, it acts as buffer because it prevents 

large variations in pH (Lawson, 2011). The total alkalinity less than 20 mg L-1 has low 

buffering and is vulnerable to fluctuations in pH creating stress in fish (Boyd, 1992). It 

is the capacity to neutralize acids to a designated pH (APHA, 2005; Edokpayi, 2005) 

due to bicarbonates, carbonates and hydroxides (McNeely et al., 1979; Abowei and 

George, 2009; Ansa-Asare and Asante, 2000) dissolved in running water from rocks 

(McNeely et al., 1979).   

According to Chakraborty et al. (1959) and Mishra et al. (1998), it is lowest in July and 

highest in January. According to Acherjee and Barat (2011), it is lowest in July and 

highest in January and that it is high in winter and low in monsoon. In the present 

study, it was lowest in June and highest in January and that it was high in winter and 

low in monsoon. Low total alkalinity in monsoon was due to dilution (Bishop, 1972; 

Shastri and Pendse, 2001). 
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5.6.18 Total hardness 

The suitable range of total hardness for growing fish in farming system is 100 mg L-1 

(Stoskopf, 1992). The total hardness > 20 mg L-1 is satisfactory for productivity of 

water body and helps to protect fish against harmful effects of metal ions and pH 

fluctuations (Boyd, 1992). Its suitable range in Himalayan River is 19.4 to 27.1 mg L-1 

(Acherjee and Barat, 2011) and 110.75 to 120.91 mg L-1 (Kalwale and Savale, 2012). 

The total hardness ranged from 11 to 88 mg L-1 in the present investigation.  

The total hardness acts as cations (Manon and Hossain, 2011). It is due to calcium and 

magnesium in water. Because hard water is better than other (Wedemeyer, 1996) hence, 

calcareous water is more preferable by rainbow trout in raceways (Leitritz, 1963). 

However, fishes spend more energy in water with total hardness of 200 mg L-1 but less 

energy in 30 mg L-1 (Stoskopf, 1992). The total hardness was 11 to 88 mg L-1 in the 

present work. 

According to Acherjee and Barat (2011), the lowest value of total hardness is in July 

and highest in January and that it is low in monsoon and high in winter. Also according 

to Mishra et al. (1999), it is low in monsoon and high in winter. In the present study, it 

was lowest in June and highest in January and that it was low in monsoon and high in 

winter (Table 2). Low value of total hardness in monsoon was due to dilution (Ruttner, 

1953; Patralekh, 1994).  

The total hardness was correlated with all the parameters – positive with dissolved 

oxygen, pH, electrical conductivity and total hardness and negative with rest. Acherjee 

and Barat (2011) obtained significant positive correlation with pH, electrical 

conductivity, nitrate-N, chloride and total alkalinity and significant negative correlation 

with water temperature, water velocity and free carbon dioxide. 
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5.6.19 Nitrate-N 

The nitrate-N was suitable indicating neither pollution nor toxicity in raceways. It 

ranges from 0.0 to 1.2 mg L-1 with optimum 0.0 to 0.7 mg L-1 in private and 

government farms of Nepal (Pradhan et al., 2008b). Its suitable range is 0.30 mg L-1 

(Wedemeyer, 1996) to 0.4 mg L-1 and maximum acceptable limit is 1.36 mg L-1 

(Lawson, 2001). Its level over 5 mg L-1 indicates pollution. It becomes toxic at 30 mg 

L-1. It was in between 0.001 to 0.045 mg L-1 in the present study. 

The nitrate-N depends on dissolved oxygen and electrical conductivity. It acts as cation 

and governs electrical conductivity. The dissolved oxygen decreases slightly as nitrate-

N decreases (Lawson, 2011). It fluctuates according to seasons and is highest in 

November (Pradhan et al., 2008b). According to Acherjee and Barat (2011), its lowest 

value is in January and highest in November and that it is low in winter and high in 

post-monsoon. In the present study, it was lowest in December and highest in August 

and that it was low in winter and high in monsoon.  

The nitrate-N exhibited significant correlation (P < 0.01) with all the parameters – 

negative with dissolved oxygen, pH, electrical conductivity, total alkalinity and total 

hardness and positive with rest. Palatsu et al. (2004) showed significant correlation (P < 

0.05) of dissolved oxygen with nitrate-N and total phosphorus in rainbow trout farm 

discharging its water in Karasu stream, Turkey. 

5.6.20 Ammonium-N 

The ammonium-N ranges from 0.25 to 0.35 mg L-1 in Himalayan Lake (Chakraborty, 

1998) and 0.008 to 0.028 mg L-1 in Himalayan River (Acherjee and Barat, 2011). It 

ranged from 0.009 to 0.041 mg L-1 in the present study. 
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The ammonium-N acts as cation and governs electrical conductivity. It varies with 

water temperature, dissolved oxygen and pH (Mannon and Hossain, 2011). Similar 

findings were noticed in the present investigation.  

According to Acherjee and Barat (2011), the lowest value of ammonium-N is in 

January and February and highest value is in September and that it is low in winter and 

high in post-monsoon. According to Chakraborty (1998), it is 0.035, 0.025 and 0.030 

mg L-1 in pre-monsoon, monsoon and post-monsoon respectively in Himalayan Lake. 

In the present study, it was lowest in February and highest in June and that it was low in 

winter and high in monsoon. 

The ammonium-N exhibited significant correlation with all the parameters – negative 

with dissolved oxygen, pH, electrical conductivity, total alkalinity and total hardness 

and positive with rest. Jana and Barat (1984) and Acherjee and Barat (2011) found 

significant positive correlation of ammonium-N with nitrite-N and nitrate-N and 

significant negative correlation of ammonium-N with dissolved oxygen.            

5.6.21 Phosphate-P 

The suitable range of phosphate-P is 0.200 to 0.308 mg L-1 (Kalwale and Savale, 2012) 

and 0.006 to 0.033 mg L-1 (Acherjee and Barat, 2011). Its maximum value which is 

harmful to fish is more than 0.7 mg L-1 (Boaventura et al., 1997). The phosphate-P 

fluctuated in between 0.001 to 0.027 mg L-1 in the present study.  

The phosphate-P depends on water quality variables like rainfall. It acts as cation and 

governs electrical conductivity. It may be due to rocks dissolved in water (McNeely et 

al., 1979). This might be the reason of phosphate-P in raceway water, in the present 

work.  
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According to Acherjee and Barat (2011), the lowest value of phosphate-P is in January 

and highest value in September and that it is low in winter and high in monsoon. In the 

present study, its lowest value was in February and highest value in August and that it 

was low in winter and high in monsoon. The differences in months are due to altitude. 

High value of phosphate-P in monsoon was due to surface runoff (Chakraborty et al., 

1959).  

The phosphate-P had significant correlation (P < 0.01) with all the parameters – 

negative with dissolved oxygen, pH, electrical conductivity, total alkalinty and total 

hardness and positive with rest. Venkateshraju et al. (2010), Patra et al. (2011) and 

Acherjee and Barat (2011) had shown significant positive correlation of phosphate with 

nitrate-N. Palatsu et al. (2004) showed significant correlation (P < 0.05) of dissolved 

oxygen with nitrate-N and total phosphorus in rainbow trout farm discharging its water 

in Karasu stream, Turkey.  

5.6.22 Significance and dependency of physico-chemical 

parameters 

The similarity coefficient (r) of 0.900 and more seen between water temperature and 

turbidity, pH, dissolved oxygen and free carbon dioxide; water velocity and water 

discharge and nitrate-N; water discharge and phosphate-P; nitrate-N and rainfall; 

turbidity and phosphate; pH and dissolved oxygen, total alkalinity and total hardness; 

electrical conductivity and dissolved oxygen, free carbon dioxide, total alkalinity and 

total hardness; dissolved oxygen and free carbon dioxide, total alkalinity and total 

hardness; free carbon dioxide and total alkalinity and total hardness; total alkalinity and 

total hardness; phosphate-P and nitrate-N; nitrate-N and water discharge; and rainfall 

and water discharge was due to their dependency on one another.  
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There was significant difference (P < 0.01) between physico-chemical parameters in 

each year and both the years, however, physico-chemical parameters each of the first 

year (June 2010 to May 2011) were not significantly different (P > 0.05) from the 

second year (June 2011 to May 2012).  

5.6.23 Feasibility and suitability of water quality parameters 

Investigations of this study indicated that all the physico-chemical parameters of the 

raceway ponds were within permissible limits feasible and suitable for rainbow trout 

farming being dependent on one another. However, water velocity and water discharge 

which were more than it was required were maintained as per requirement of the 

different stages of rainbow trout and its culture (Bhagat and Barat, 2015a, 2016c and 

2017b).  

5.7 Rainbow trout brood and breeding  

According to Crandell and Gall (1993), a male rainbow trout spawns at one year and a 

female at two years; according to Cakir (2002), some male matures at one year but 

females later on; according to Hoisty et al. (2012), a female matures at the age of two to 

three years and a male at one to two years within the farm conditions but, a female 

rainbow trout spawns best at the age of four to seven years while a male at three to six 

years (Morrissy, 1973). In the present study, 1.0+ broods (first spawners) and 2.0+ 

broods (second spawners) are used for breeding at small farmers’ level because of their 

constraints in brood management for such a long time of three to seven years. Rainbow 

trout 1.0+ broods (first spawners) and 2.0+ broods (second spawners), in the present 

investigation, bred and spawned as shown by Crandell and Gall (1993), Cakir (2002) 

and Hoisty et al. (2012) but were different from Morrissy (1973). So, 1.0+ broods (first 

spawners) and 2.0+ broods (second spawners) in both the years, in the present research, 

were found successful in their breeding performance. 
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5.7.1 Rainbow trout brood 

Rainbow trout reach sexual maturity in the second year (Hoisty et al., 2012; 

Woynarovich et al., 2011) and spawn during September to February in India 

(Santhanam et al., 1999) and November to February in Nepal and that first spawners 

(1.0+ broods) and second spawners (2.0+ broods), in Nepal, are stripped once a year 

from 1st week of November to the beginning of December (Basnet et al., 2008). Results 

obtained in the present study were similar to Hoisty et al. (2012) because rainbow trout 

reached sexual maturity in the second year. Breeding of first spawners (1.0+ broods) in 

the 1st week of November, 2010 and second spawners (2.0+ broods) in the 3rd week of 

November, 2011 showed similarity with that of Basnet et al. (2008) and Santahnam et 

al. (1999), and also confirmed artificial method of propagation to be the successful 

method of breeding (Bhagat and Barat, 2016b and 2016d) for first and second 

spawners. The stripping of the broods was done only once in the present work. 

Rainbow trout can be bred twice but it is bred only once during breeding season in 

Nepal (Rai et al., 2008) because breeding twice gives poor spawning results with 

mortality of broods, incubated eggs, sac fries, and free swimming fries.  

The quality, quantity and matured eggs and milt can be obtained by careful selection of 

broods because good selection of brood is one of the important aspects to increase the 

rate of hatchability and decrease rate of mortality of offspring. The brood selection, in 

the present research work, was maintained based on selection criteria. Because, 

dissolved oxygen of the raceways, in the present study, ranged in between 7.2 to 10.5 

mg L-1, hence, experimental broods, future broods and rest stages were kept for semi-

intensive culture (Woynarovich et al., 2011). 

The future broods, broods, segregated broods, current broods and gravid broods were 

maintained and bred in two consecutive years (June to November 2010 and June to 
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November 2011) to compare ovulation, milting, fertilization, hatchability (fertilized 

eggs and sac fries), endogenous feeding (sac-fries) and exogenous feeding (free 

swimming fries, fries, and fingerlings) of the same broods in two different ages and 

size.  

The size attained by experimental broods, future broods, broods, segregated broods, and 

current broods before breeding was due to survival, and growth imposed by suitable 

physico-chemical parameters and properly fed artificial feed. There was significant 

difference (P < 0.01) between age and size of the broods and physico-chemical 

parameters in each year. Again, there was significant difference (P < 0.01) between age 

and size of the broods of the first year (June to November 2010) with that of the second 

year (June to November 2011).  

The stocking dimension of the raceways, stocking rate and number of future broods, 

broods, segregated broods, and current broods stocked in water discharge of 0.42 to 

0.63 L sec-1 m-2 were according to semi-intensive farming system of rainbow trout 

(Marcel, 1995), however, difference in stocking rate and number in June to November 

2010 and June to November 2011 in the present investigation were due to the small-

sized broods in November 2010 and larger in November 2011.  

The artificial feed for all stages of broods; brood-wise and monthly-wise change in the 

percentage of crude protein (CP); feeding rate (percentage based on body weight); 

feeding frequency (day-1 or week-1); and water discharge of 6 L sec-1 m-2 maintained, in 

the present research, were according to semi-intensive farming system of rainbow trout 

(Marcel, 1995; Basnet et al., 2008; Rai et al., 2008; Woynarovich et al., 2011), 

however, less consumption of artificial feed (total feed intake) in first year (December 

2010 to May  2011) and more consumption of artificial feed (total feed intake) in 

second year (December 2011 to May 2012) by free swimming fries, fries and 
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fingerlings, in the present research, was due to small-sized broods in November 2010 

and large-sized broods in November 2011.  

The survival of future broods, broods, segregated broods and current broods was 100% 

because there was no competition for feed and space, cannibalism, mortality, trace of 

any disease and parasites except a helminthes Dactylogyrus sp. from which no harm 

was recorded and a bacterium Aeromonas sp. from which also no harm was recorded 

(Raymajhi and Dhital, 2008) but suitable physico-chemical parameters and proper 

artificial feed. The growth of broods was lowest in the month of June (25 g month-1 for 

2010 and 29 g month-1 for 2011) and highest in November (1 g day-1, that is, 7 g week-1 

in 2010 and 1.714 g day-1, that is, 12 g week-1 in 2011). The reason for brood survival 

and growth was suitable physico-chemical parameters and properly fed artificial feed. 

However, more growth of broods of June to November 2011 was due to large-sized 

future broods stocked. Broods were quite active due to suitable physico-chemical 

parameters and properly fed artificial feed. 

The maturity of gonads of future broods, broods, segregated broods, and current broods 

was found in increasing trend during monthly check in June, July, August, September, 

October and 1st (in 2010) and 3rd (in 2011) week of November due to changing in 

external body appearance and colour and internal gonadal development. Length, 

weight, age and ripening of the gonads and maturity of the broods attained were as 

explained by Bhagat and Barat (2016b and 2016d). This was due to artificial feed fed to 

them in appropriate quantity and suitable physico-chemical parameters. 

The external appearance and colour of the body of broods changed relaying complete 

ripening of the gonads leading to gravid broods and their readiness for stripping. Cold, 

clean and highly oxygenated water of the raceways was one of the reasons of ripening 

of the gonads (Basnet et al., 2008). Ripening of the gonads was further due to artificial 
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feed containing appropriate quantity of protein-supplement (animal protein of shrimp 

meal and plant protein of soybean meal and oilcake), energy-supplement (carbohydrate 

of wheat and lipid of soybean meal and oilcake), minerals and vitamins (additives).  

Same number of gravid broods (12 females and 6 males) taken in two different years 

(November 2010 and November 2011) was to maintain uniformity in the breeding 

research. Females ranging 35 to 40.6 cm and 465 to 767 g and males 33.4 to 40.2 cm 

and 412 to 736 g were suitable here in Nepal for stripping in 1st and 3rd week of 

November, 2010 and November 2011 respectively because of their readiness for 

immediate ovulation and milting. 

5.7.2 Length and weight of brood 

Length and weight (total growth and actual growth) of all types of broods were as per 

described by Le Cren (1951). The length and weight (total growth and actual growth) 

was less in the first year (June to November 2010) and more in the second year (June to 

November 2011). This might be due to suitable physico-chemical parameters (suitable 

in the first year and more suitable in the second year) and mainly due to the age of the 

broods (small broods, that is, 1.0+ broods in the first year and large broods, that is, 2.0+ 

broods in the second year), and size of the broods (small-sized first spawners in the first 

year and large-sized second spawners in the second year). There was significant 

difference (P < 0.01) in length and weight (total growth and actual growth) of all types 

of broods in each year. Again, there was significant difference (P < 0.01) between 

length and weight of all types of broods and physico-chemical parameters in each year. 

Further, all types of broods of the first year were significantly different (P < 0.01) from 

all types of broods of the second year. 
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5.7.3 Artificial breeding of rainbow trout 

Stripping was done during 1st week of November 2010 in first spawners (1.0+ broods) 

and 3rd week of November 2011 in second spawners (2.0+ broods) in both females and 

males to collect ova and milt in air temperature of 16.8 °C and 16.4 °C respectively in 

the evening. The stripping was done during evening as the milts and eggs obtained from 

the broods would become more viable and again, the stripping done in air temperature 

mentioned above was suitable and viable for the eggs and milt of rainbow trout (Bhagat 

and Barat, 2016b and 2016d). Stripping done in gravid broods of November 2010 took 

less time and that of November 2011 more. This was due to small-sized broods in 

November 2010 with small-sized and less eggs and less milt, and large-sized broods in 

November 2011 with large-sized and more eggs and more milt. Further, stripping done 

in females and males was easy in November 2011 due to larger-sized broods than in 

November 2010 due to smaller-sized broods. Size of the broods was significant (P < 

0.01) with that of the eggs (weight and number) and milt (volume). Again, size of the 

eggs and milt each of November 2010 was significant (P < 0.01) with that of November 

2011. 

Females and males of first spawners (1.0+ broods) weighing 519.83 g each in average 

for November 2010 spawned 76.25 g eggs and 34 ml milt and females and males of 

second spawners (2.0+ broods) weighing 694.833 g each in average for November 2011 

spawned 117 g eggs and 51.5 ml milt respectively. Shamsopour and Khara (2016) 

recorded similar type of conclusion in three, four and five year rainbow trout broods. 

The fecundity of rainbow trout changed with the age of female broods (Martyshev, 

1983) and male broods.   

Eggs were spherical and yellow-coloured due to the presence of carotenoids containing 

artificial feed supplied to the broods. 146.65 g and 167.42 g eggs kg-1 body weight were 
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extruded which came to be 14.66% and 16.74% and 2947 and 2769 number of eggs and 

that individual eggs were 0.303 cm and 0.050 g and 0.405 cm and 0.06025 g 

respectively in November 2010 and November 2011. Eggs were smaller in size in both 

the years because two to three years old broods were used in present experiment. 

However, the eggs obtained during November 2011 were comparatively larger in size 

than November 2010 because of the size of the broods – larger in November 2011 and 

smaller in November 2010. Egg size of younger and smaller females may be smaller 

than that of the elder and larger ones (Hoisty et al., 2012). In rainbow trout, older and 

weighty females produced eggs with higher size compared to small and younger 

individuals (Gall, 1974). 

According to Basnet et al. (2008) quality and fully matured eggs are spherical, with a 

diameter of 0.3 to 0.35 cm (in first spawners) and 0.35 to 0.40 cm (in second spawners), 

translucent and pale yellow to orange colour due to the presence of carotenoids 

containing artificial feed supplied to the females extruding 1500 to 2600 eggs per kg 

body weight. The stripping of 1600 to 3100 larger eggs kg-1 body weight was reported 

by Hoisty et al. (2012). The diameter of eggs is used as index of gamete quality which 

is influenced by the age of rainbow trout (Gall, 1974). Results obtained in this study 

were slightly different from Basnet et al. (2008) and Hoisty et al. (2012). This was due 

smaller-sized eggs and broods in both the years, in the present study. 

1 g egg (each having 0.303 cm in diameter and 0.04992 g in weight) in November 2010 

was calculated to be 20.03 eggs and 1 g egg (each having 0.41 cm in diameter and 

0.0603 g in weight) in November 2011 was found to be 16.6 eggs, in the present work. 

More number of eggs in November 2010 and less number of eggs in November 2011 

was due to size of the eggs – smaller eggs stripped from smaller broods in November 

2010 and larger eggs stripped from larger broods. The quantity of 1 g eggs is 10 to 18.2 



213 

 

eggs (Hoisty et al., 2012). Similar quantitative results of eggs were reported by 

Shamsopour and Khara (2016).  

The milt obtained after stripping, in the present work, was milky white and cream-

coloured with dense consistency. The quality of the milt is examined on the basis of 

external appearance. When the milt is milky-white and cream-coloured with dense 

consistency then it is of good quality whereas that of poor quality milt is bluish tinge in 

colour with watery consistency.  

Eggs stripping range was 69 to 85 and 94 to 132 g; average weight of eggs per female 

76.3 and 117 g; average total number of eggs by total females (six in each year) 18329 

and 23303; average number of eggs per female 1528 and 1942 for  November 2010 and 

November 2011  respectively. The quantity and the size of eggs increased with the 

increase in the size of broods. Rainbow trout lays 2000 to 2500 mature eggs kg-1 body 

weight of female. Older broods laid larger-sized and higher number of eggs kg-1 body 

weight (Rai et al., 2008). A three to four years female can spawn 3000 to 3500 eggs kg-

1 of body weight of female (Morrissy, 1973), however, breeding performance and 

quality eggs depend on quality of water, artificial feed provided and various other 

management practices. Breeding performance and quality egg depend on the quality of 

water and artificial feed, hence, a rainbow trout breeding in 2 years of age spawn 2000 

eggs kg-1 and a female weighing 1 kg gives in average 1500 to 2000 eggs kg-1 (Huet, 

1975). Similar trends were seen in the present research.  

Milt stripping range was 26 to 41 and 39 to 62 ml; milt percentage 6.85 and 7.48%; milt 

per kg body weight of male 68.5 and 74.84 ml; average milt per male 34 and 51 ml; and 

per ml milt fertilizing 2.24 and 2.27 g of eggs for November 2010 and November 2011 

respectively. 5 to 27 ml milt was exuded by rainbow trout male (Hoisty et al., 2012). 

Büyükhatipoglu and Holtz (1984) observed that second-season spawners of rainbow 
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trout produced milt with better quality than first-season spawners in terms of milt 

volume and sperm concentration. Normally, one male can supply enough milt for the 

eggs of two females (Martyshev, 1983). 1 ml milt comprised 15 million and 20 million 

of spermatozoa in November 2010 and November 2011 respectively. The quantity of 

spermatozoa in 1 ml milt was considerable being 15 million (Schlenk and Kahmann, 

1938) to 20 million (Hoisty et al., 2012). Similar quantitative results of milts were 

reported by Shamsopour and Khara (2016). The quantity of milt increased with the 

increase in the size of broods. 

Length and weight of female broods at breeding; weight of female broods and eggs 

stripped; and weight (g) of female broods, eggs stripped (wt.), eggs stripped (no.), eggs 

stripped (wt. kg-1 body wt.), eggs stripped (no. kg-1 body wt.) and eggs stripped (no. kg-

1 wt.) was significant (P < 0.01) in each year. Similarly, length and weight of male 

broods at breeding; weight of male broods and milt (volume)  collected; weight (g) of 

male broods, milt (volume) and milting (volume kg-1 body wt.) was also significant (P 

< 0.01). 

5.7.4 Fertilization 

In the present work, 34 ml milt fertilized 76.3 g eggs with 1 : 2.24 : : milt : eggs ratio 

and 51.5 ml milt fertilized 117 g eggs with 1 : 2.27 : : milt : eggs ratio for November 

2010 and 2011 respectively. This confirmed that a male can supply enough milt to 

fertilize the eggs collected from two females, in the present research. However, 

according to Hoisty et al. (2012), proportion of sexes in rainbow trout is 3 to 8 female: 

1 male informing that one male can fertilize 3 to 8 females. The reason might be 

smaller-sized broods in the present work.  

Fertilization was done in the evening during 1st and 3rd week of November, 2010 and 

2011 respectively in the air temperature of 14.8 °C and 14.4 °C and water temperature 
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(when water is added in fertilization cum mixing tray) of 13.1 °C and 11.3 °C. The 

fertilization that occurs during morning gives poor results in fertilization percentage 

and developmental process and that which occurs during evening gives better results. 

The fertilization performed in the above mentioned air and water temperature was 

viable for the eggs and milts and suitable for the fertilization percentage and 

developmental process. The fertilization percentage was 92.00 and 92.56% in 1.0+ and 

2.0+ broods in November 2010 and 2011 respectively. The rate of fertilization was used 

as index of gamete quality which is influenced by the age of rainbow trout (Gall, 1974). 

The fertilization percentage of 92.56% in November 2011 was due to large-sized 

broods and low air temperature of 11.3°C. According to Hoisty et al. (2012), the 

fertilization percentage was 85 to 100%. The fertilization percentage of 98% was 

obtained in 3 and 4 years rainbow trout broods (Shamspour and Khara, 2016). The 

difference in fertilization percentage, in the present work, might be difference in water 

quality parameters, artificial feed and age (small broods, that is, 1.0+ broods in the first 

year, that is, November 2010 and large broods, that is, 2.0+ broods in the second year, 

that is, November 2011) and size (small-sized first spawners in the first year, that is, 

November 2010 and large-sized second spawners in the second year, that is, November 

2011) of the broods. However, fertilization percentage of the eggs of the first year 

(November 2010) was not different from the second year (November 2011) hence, 

insignificant (P > 0.05). Artificial feed of rainbow trout influence fecundity because 

shortage of quality feed without sufficient amount of animal protein reduces fecundity 

(Huet, 1975).     

The survival and conversion or growth (increase in length and decrease in weight) of 

fertilized eggs was less in the first year (November to December 2010) than in the 

second year (November to December 2011). It was due to suitable physico-chemical 
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parameters (suitable in the first year, that is, June 2010 to May 2011 and more suitable 

in the second year, that is, June 2011 to May 2012) and mainly due to age of the broods 

(small broods or 1.0+ broods in the first year, that is, June to November 2010 and large 

broods or 2.0+ broods in the second year, that is, June to November 2011) and size of 

the broods (small-sized first spawners in the first year, that is, June to November 2010 

and large-sized second spawners in the second year, that is, June to November 2011). 

The rate of survival and growth of eggs was used as index of gamete quality which was 

influenced by the age of rainbow trout (Gall, 1974). 

Fertilized eggs were bright yellow and unfertilized eggs dull yellow due to starting of 

the developmental process in fertilized eggs and decaying process in unfertilized eggs 

as they start spoiling. Fertilized eggs (g), fertilized eggs (no.) and fertilized eggs (%); 

female broods and fertilized eggs (g), fertilized eggs (no.) and fertilized eggs (%); and 

male broods and fertilized eggs (g), fertilized eggs (no.) and fertilized eggs (%) showed 

significant difference (P < 0.01). Again, broods (female and male), eggs laid (g), eggs 

laid (no.), eggs laid (g kg-1 body wt.), eggs laid (no. kg-1 body wt.) and eggs laid (no. 

kg-1 wt.) of 2010 were different from broods (female and male), eggs laid (g), eggs laid 

(no.), eggs laid (g kg-1 body wt.), eggs laid (no. kg-1 body wt.) and eggs laid (no. kg-1 

wt.) of November 2011 respectively hence, significant (P < 0.01).  

5.7.5 Incubation of fertilized egg 

The incubation of fertilized eggs during incubation period was done in darkness, in the 

present work, as it could give better development and hatching results of sac-fries. 

Incubation period was 25 days in December 2010 and 29 days in December 2011 in 

cumulative water temperature of 272.2 °C days and 269.8 °C days respectively. This 

was due to more water temperature in December 2010 and less in December 2011. The 
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incubation period was less number of days in more water temperature and more number 

of days in less water temperature.  

After each cleaning and before hatching 5818 (2425, 2007, 901 and 485) and 5497 

(1623, 1407, 1270, 696, and 501) incubated eggs were found spoilt and dead resulting 

mortality 58.18% and 54.97% and 4182 and 4503 incubated eggs survived ensuring 

survival 41.82% and 45.03% in December 2010 and December 2011 respectively. Less 

survivability (41.82%) of incubated eggs in December 2010 and more survivability 

(45.03%) in December 2011 were due to more water temperature in December 2010 

and less in December 2011. 

5.7.6 Hatching of sac-fry 

Eyed-eggs seen during last cleaning of incubation trays confirmed hatching of fertilized 

eggs into sac-fries to occur after four days of third cleaning in December 2010 and after 

one day of fourth cleaning in December 2011. This conclusion for hatching of sac fries 

drawn was totally based on observation and experience. Whatsoever, eyed-eggs were 

seen after 21 days in December 2010 and after 28 days in December 2011. According 

to Hoisty et al. (2012), eyed eggs are seen after 18 to 21 days. The difference might be 

due to water temperature.  

The cumulative water temperature from the day of incubation till hatching was 272.2 °C 

days for November-December 2010 and 269.8 °C days for November-December 2011. 

This was due to more water temperature in November-December 2010 and less water 

temperature in November-December 2011. Hence, cumulative water temperature is less 

in more water temperature and more in less water temperature. According to Hoisty et 

al. (2012), egg incubation period was 310 °C days. This was due to less water 

temperature.  
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Hatchability period which was the end of incubation period and release of sac-fries was 

25 days in November-December 2010 and 29 days in November-December 2011. This 

was due to more water temperature in November-December 2010 and less water 

temperature in November-December 2011. Therefore, hatchability period was less 

number of days in more water temperature and more number of days in less water 

temperature. The hatching period of sac fries is 20 to 21 days (Hoisty et al., 2012). The 

difference in hatching period was due to water temperature. The incubation of fertilized 

eggs in the present work was done in dark as it gives better hatching results of sac-fries. 

Because survivability of fertilized eggs was hatchability of sac-fries, hence, it was 

41.82% and 45.03% in December 2010 and 2011 respectively, in the present work. The 

hatching rate of larvae, that is, sac fries, was 96% in three and four years rainbow trout 

broods (Shamspour and Khara, 2016). The smaller eggs might have low hatchability 

with the result of production of less number of sac-fry (Martyshev, 1983). The hatching 

rate had been used as index of gamete quality which is influenced by the age of 

rainbow trout (Gall, 1974). It is advisable to have large-sized eggs of 0.5 cm (0.47 to 

0.56 cm) in diameter for achieving good hatchability and low mortality with effective 

growth performance however in the present study stripped eggs varied from 0.3 to 0.4 

cm in diameter. Again, according to Rai et al. (2008) smaller-sized eggs have low 

hatchability whereas larger-sized eggs higher hatchability. Further, Basnet et al. (2008) 

informed that physico-chemical parameters play an important role in achieving higher 

hatchability. Hence, less hatchability (41.82%) of sac-fries in December 2010 was due 

to small-sized eggs and more water temperature and more hatchability (45.03%) in 

December 2011 was due to large-sized eggs and less water temperature.  

The survival and growth of sac-fries was less in the first year (November to December 

2010) than in the second year (November to December 2011). It was due to suitable 
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physico-chemical parameters (suitable in the first year, that is, June 2010 to May 2011 

and more suitable in the second year, that is, June 2011 to May 2012) and mainly due to 

age of the broods (small broods or 1.0+ broods in the first year, that is, June to 

November 2010 and large broods or 2.0+ broods in the second year, that is, June to 

November 2011) and size of the broods (small-sized first spawners in the first year and 

large-sized second spawners in the second year) and eggs (small-sized in the first year, 

that is, November 2010 and large-sized in the second year, that is, November 2011). 

Martyshev (1983) mentioned that it was not advisable to use eggs collected from 

females spawning for the first time as the roe was comparatively small and yielded 

higher percentage of waste during the period of egg development and that the smaller 

eggs might have low hatchability with the result of production of less sac-fries. No 

waste was obtained during stripping of the female broods, in the present work. This 

might be due to temperature fluctuations throughout the year. Again, according to 

Martyshev (1983) hatchlings obtained from well-fed three years matured female and 

male brood show more survival, growth, and activeness (behaviour) than those not well 

fed but of the same age and also to those well-fed but of two years of age. Similarly, 

sac-fries obtained from well-fed two years matured female and male brood show more 

survival, growth, activeness than those not well fed but of three years age (Martyshev, 

1983). The rate of survival of larvae was used as index of gamete quality which is 

influenced by the age of rainbow trout (Gall, 1974). 

Sac fries were 1.46 and 1.73 cm long, 0.0365 and 0.0434 g in body weight, and with 

0.0136 (37.26% of the wt. of sac fries) and 0.0163 g (37.56% of the weight of sac-fries) 

in yolk-sac weight in 2010 and 2011 respectively. According to Basnet et al. (2008), on 

the first day, immediately after hatching, sac fries were 1.3 to 1.8 cm in length and 0.04 

to 0.05 g in weight and according to Rai et al. (2008), sac-fries were 1.3 to 1.8 cm in 
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length, 0.05 to 0.08 g in body weight and yolk-sac constituted 50 to 60% of the body 

weight. Results obtained in the present investigation were similar to that of Basnet et al. 

(2008) but different from Rai et al. (2008). The difference might be due to brood-size, 

size of eggs, artificial feed and water quality parameters. The size of male however, did 

not influence the size of sac-fries, but descendants of older females fertilized by 

younger males was predominantly masculine (Huet, 1975). Larger the size of eggs 

would have given larger sized sac-fries. The size of the broods (female and male) was 

significant (P < 0.01) with that of the size of the sac-fries.  

Watson (1993) reported hatchling growing period from March to April when eggs 

surrounded by yolk inside yolk-sac nourished the developing egg nucleus but, in the 

present work, it was during November and December. This might be due to suitable 

water temperature (8.6 to 11.2 °C) for hatching of sac-fries in November-December and 

less suitable water temperature (13.4 to 16.5 °C) in March-April in Nepal.  

Size of sac fries was less in the first year (December 2010) and more in the second year 

(December 2011). This might be due to suitable physico-chemical parameters (suitable 

in the first year, that is, June 2010 to May 2011 and more suitable in the second year, 

that is, June 2011 to May 2012) and mainly due to the age of the broods (small broods, 

that is, 1.0+ broods in the first year (June to November 2010) and large broods, that is, 

2.0+ broods in the second year (June to November 2011)  and size of the broods (small-

sized first spawners in the first year and large-sized second spawners in the second 

year) and eggs (small-sized in the first year, that is, November 2010 and large-sized in 

the second year, that is, November 2011). There was day-wise and weight-wise 

significant difference (P < 0.01) in the conversion of eggs into sac fries. There was also 

significant difference (P < 0.01) in between the weight of eggs and sac-fries. 
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5.7.7 Endogenous feeding 

The yolk-sac got absorbed within 5 to 7 days (Martyshev, 1983) and 7 to 8 days 

(Basent et al., 2008). Results obtained, in the present research, resembled former but 

was different from the later. This might be due to difference in water temperature. The 

yolk of yolk-sac fry of rainbow trout weighing 0.08 g was found absorbed in 2 weeks 

(Rai et al., 2008). In the present study, yolk (0.0136 g in 2010 and 0.0163 g in 2011) of 

yolk-sac fry weighing 0.0365 g in December 2010 and 0.0434 g in December 2011 got 

absorbed in 5 and 7 days respectively.  

Endogenous feeding period was 5 days in December 2010 and 7 days in December 

2011. This was due to more water temperature in December 2010 and less in December 

2011. The endogenous feeding period was less number of days in more water 

temperature and more number of days in less water temperature. 

5.7.8 Hatching of free swimming fry 

Hatchability period which was the end of sac-fry stage and release of free swimming 

fries was five days in December 2010 and seven days in December 2011. This was due 

to more water temperature in December 2010 and less water temperature in December 

2011. So, hatchability period was less number of days in more water temperature and 

more number of days in less water temperature. 

Sac-fries were converted into free swimming fries within 5 to 7 days (Martyshev, 

1983). Results found, in the present study, resembled the same because sac fries 

converted into free swimming fries in five days in December 2010 and seven days in 

December 2011. This might be due to resembling water temperature. 

Because survivability of sac-fries was hatchability of free swimming fries, hence, it was 

76.97% in December 2010 and 78.26% in December 2011. According to Shamspour 

and Khara (2016), the rate of survival, that is, hatching was 94.5% in three and four 
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years rainbow trout broods. Hatchlings from three years matured female and male 

broods showed more survival (Martyshev, 1983). The rate of survival, that is, hatching 

was used as index of gamete quality which is influenced by the age of rainbow trout 

(Gall, 1974). Less hatchability in December 2010 and more in December 2011, in the 

present investigation, was due to small-sized eggs of first spawners (1.0+ broods) and 

large-sized eggs of second spawners (2.0+ broods) respectively. According to Basnet et 

al. (2008) hatchability due to eggs of 2.0+ and 3.0+ female broods at Godawari, 

Trishuli, Kakani, and Rasuwa revealed the similar conclusion. 

Sac-fries which were 1.46 cm, 0.0365 g with 0.0136 g yolk-sac in December 2010 and 

1.73 cm, 0.0434 g with 0.0163 g yolk-sac in December 2011 after hatching converted 

into free swimming fries of 1.65 cm and 0.025 g and 1.92 cm and 0.0403 g respectively 

confirming 0.0115 and 0.0131 g yolk of each sac fry spent in the developmental 

process and 0.0021 and 0.0032 g yolk into somatic growth. Small-sized free swimming 

fries in December 2010 and large-sized in December 2011 was due to the size of eggs. 

Larger the size of eggs would have given larger sized free swimming fries. Age 

dependent changes of reproductive efficiency in rainbow trout were studied by 

Shamspour and Khara (2016). The size of the broods (female and male) was significant 

(P < 0.01) with that of the size of the free swimming fries. The setting of sac-fries for 

the endogenous feeding period was done in dark in the present work as it gives better 

development and hatching results of free swimming fries. 

Size of free swimming fries was less in the first year (December 2010) and more in the 

second year (December 2011). This might be due to suitable physico-chemical 

parameters (suitable in the first year, that is, June 2010 to May 2011 and more suitable 

in the second year, that is, June 2011 to May 2012) and mainly due to the age of the 

broods (small broods, that is, 1.0+ broods in the first year or June to November 2010 
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and large broods, that is, 2.0+ broods in the second year or June to November 2011),  

and size of the broods (small-sized first spawners in the first year and large-sized 

second spawners in the second year), eggs (small-sized in the first year, that is, 

November 2010 and large-sized in the second year, that is, November 2011) and sac-

fries (smaller in the first year, that is, December 2010 and larger in the second year, that 

is, December 2011), and free swimming fries (smaller in the first year, that is, 

December 2010 and larger in the second year, that is, December 2011). There was day-

wise and weight-wise significant difference (P < 0.01) in the change of sac-fries into 

free swimming fries. There was also significant difference (P < 0.01) in between the 

weight of sac-fries and free swimming fries. 

The incubated eggs hatch into free swimming fries after 27 to 45 days at 10 to 12 °C 

(Frost and Brown, 1967) however, hatching of free swimming occurs after 30 to 34 

days at 10 °C (Hoisty et al., 2011). Results obtained, in the present study, indicated 

fertilized eggs to hatch into free swimming fries after 30 and 36 days due to water 

temperature of 8.6 and 11.2 °C. The difference in incubation period was due to 

difference in water temperature. The conversion and change of incubated eggs (increase 

in length but decrease in weight) into free swimming fries in the present work followed 

the similar trend shown by Woynarovich et al. (2011) in their graphic representation. 

5.8 Artificial feed 

Experimental brood, future brood, brood, segregated brood, current brood, gravid 

brood, and spent up brood were fed shrimp meals diet however, artificial feed 

formulation was done for free swimming fry, fry and fingerling of rainbow trout to 

curtail feed cost (FC) and thus the production cost (PC). The artificial diet alone is 76% 

of the total variable cost and 40% of the total production cost of rainbow trout (Nepal et 

al., 2002). 



224 

 

5.8.1 Feed formulation 

Three formulated diets, first containing silkworm pupae (nonconventional but cheap 

animal protein), second containing silkworm moths (nonconventional and cheapest 

animal protein), and the third containing synthetic amino acids (unconventional but less 

costly synthetic protein) were evaluated against the diet containing shrimp meals 

(conventional but very costly animal protein) serving as control for nursing, feeding, 

and rearing of free swimming fries, fries and fingerlings respectively. Amongst all the 

diets, silkworm pupae-containing formulated diet, which was natural, non-

conventional, low-cost, and easily available animal proteins has proven better substitute 

to shrimp meals-containing diet without compromising survival and growth. This is due 

to required quantity of amino acids and lipids for rainbow trout present in it (Solomon 

and Yusufu, 2005). 

5.8.2 Artificial feed for brood and free swimming fry, fry and 

fingerling 

Experimental brood were fed shrimp meals containing diet with 35.09% crude protein, 

future brood with 35.09% crude protein, brood with 39.93% crude protein, segregated 

brood with 39.93% crude protein, current brood with 44.95% crude protein, gravid 

brood with 44.95% crude protein and spent up brood with 44.95% crude protein as per 

mentioned in methodology confirming their proper survival and growth. However, free 

swimming fries, fries, and fingerlings were fed formulated silkworm pupae containing 

diet with 45.68% crude protein, silkworm moths containing diet with 46.01% crude 

protein, synthetic amino acids containing diet with 48.47% crude protein, and shrimp 

meals containing diet with 48.27% crude protein respectively as per mentioned in the 

exogenous feeding. According to Pradhan et al. (2008a), the free swimming fries were 

fed dry starter crumble feed containing 45% crude protein, according to Woynarovich 

et al. (2011) earlier stages of rainbow trout are fed artificial feed containing 45% crude 
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proteins and according to Wang et al. (2015), the fingerlings of 100 g were fed 

formulated diet of 48.05% crude protein with fishmeal as animal protein. The 

differences seen in the crude protein percentage is due to composition of the feed 

ingredients while feed formulations taking different animal proteins for different stages 

of rainbow trout. 

5.8.3 Utility assessment and comparison of the formulated 

and control diets of CF1 to PF2 for free swimming fry, fry and 

fingerling during exogenous feeding period   

CF1 to PF2 (crumble feed one to pellet feed two) that had been called total feed intake 

(TFI) and calculated as total protein intake (TPI) fed to the free swimming fries, fries 

and fingerlings was less (27.555 ± 0.01542, 5.396 ± 0.2027, 2.778 ± 0.2012 and 13.348 

± 0.2773 g due to silkworm pupae, silkworm moths, synthetic amino acids, and shrimp 

meals diets respectively) in the first year (December 2010 to May 2011) due to smaller 

size of free swimming fries, fries and fingerlings and more (59.054 ± 0.0192, 10.445 ± 

0.842, 4.591 ± 0.236 and 25.734 ± 0.143 g due to silkworm pupae, silkworm moths, 

synthetic amino acids, and shrimp meals diets respectively) in the second year 

(December 2011 to May 2012) due to larger size of free swimming fries, fries and 

fingerlings. The total feed intake (TFI) and total protein intake (TPI) were significant (P 

< 0.01) in each year. Again, the TFI and TPI each of the first year were significant (P < 

0.01) with that of the second year.  

5.9 Survival and growth of free swimming fry, fry and 

fingerling during exogenous feeding 
 

5.9.1 Survival of free swimming fry, fry and fingerling 

The survival, in the present work, was highest in shrimp meals diet; higher in silkworm 

pupae diet; less in silkworm moths diet; and least in synthetic amino acids diet. 

Survivability of the above mentioned stages revealed shrimp meals diet fed stages to 
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have 91.60 ± 3.65 in the first year (December 2010 to May 2011) and 94.20 ± 0.675% 

in the second year (December 2011 to May 2012) during 150 days of nursing, feeding 

and rearing being significantly superior (P < 0.01) among all the formulated and control 

diets. Survival of shrimp meals diet was comparable to silkworm pupae diet having 

89.80 ± 5.39 in the first year and 91.20 ±1.026% in the second year and silkworm 

moths diet having 79.30 ± 6.77 in the first year and 81.70 ± 2.107% in the second year. 

However, stages fed with synthetic amino acids diet had least survival of 22.10 ± 14.84 

in the first year and 26.30 ± 9.326% in the second year among all the feed treatments. 

There was significant difference (P < 0.01) among formulated and control diets on the 

survival of all the stages. The diets containing natural and animal proteins of silkworm 

pupae, shrimp meals, and silkworm moths were superior on survival to synthetic 

protein of synthetic amino acids. The trend of survivability showed that it increased 

with increased days and months in all the four diets. Therefore, there was day-wise and 

month-wise significant difference on survival (P < 0.01) due to silkworm pupae, 

silkworm moths, synthetic amino acids and shrimp meals diets. 

According to Klontz (1991), the survival was 78%; according to Akbulut et al. (2002), 

the survival of different-sized fingerlings of rainbow trout in 202 days was 89.2 ± 0.1 to 

95.4 ± 0.3%; according to Clark (2003), in the aerated raceways, in the fishmeal diet, 

the survival of the rainbow trout fingerlings was 98.10%; and according to Wang et al. 

(2015), the survival of masu salmon (Oncorhynchus masou) fingerlings in 140 days of 

feeding experiment in fishmeal diet was 91.67 ± 3.06%. The rate of survival of free 

swimming fries, fries and fingerlings of rainbow trout (Oncorhynchus mykiss) in 150 

days of feeding experiment, in the present research, in shrimp meals and silkworm 

pupae diets was comparable with all of the above except Clark (2003) because of 

experiment done in aerated raceways.   
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The survival of free swimming fries, fries, and fingerlings was less in the first year 

(December 2010 to May 2011) than in the second year (December 2011 to May 2012). 

This might be due to suitable physico-chemical parameters (suitable in the first year, 

that is, June 2010 to May 2011 and more suitable in the second year, that is, June 2011 

to May 2012); mainly due to age of the broods (small broods, that is, 1.0+ broods in the 

first year, that is, June to November 2010 and large broods, that is, 2.0+ broods in the 

second year, that is, June to November 2011), and size of the broods (small-sized first 

spawners in the second year, that is and large-sized second spawners in the second 

year), eggs (small-sized in the first year, that is, November 2010 and large-sized in the 

second year, that is, November 2011), sac-fries (small-sized in the first year, that is, 

December 2010 and large-sized in the second year, that is, December 2011), and free 

swimming fries (small-sized in the first year, that is, December 2010 and large-sized in 

the second year, that is, December 2011); and exclusively due to artificial feed 

comprising formulated diets of silkworm pupae, silkworm moths and synthetic amino 

acids and control diet of shrimp meals. According to Rai et al. (2008), the survival of 

rainbow trout during exogenous feeding period depend partially on age of the broods, 

and size of the broods, eggs, sac fries and free swimming fries; mainly on water quality 

variables; and exclusively on artificial feed fed to the free swimming fries, fries, and 

fingerlings of rainbow trout. The difference was due to same raceways with 

insignificant water quality parameters; same broods with significant age and size 

releasing significant-sized eggs, sac fries and free swimming fries; and highly 

significant quantity of feed intake in two consecutive years in the present research.  

There was significant difference on survival of free swimming fries, fries and 

fingerlings due to the diets in each year however, there was insignificant difference on 

survival (P > 0.05) of free swimming fries, fries, and fingerlings of the first year 
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(December 2010 to May 2011) in comparison to that of second year (December 2011 to 

May 2012) due to diets containing silkworm pupae, silkworm moths, synthetic amino 

acids, and shrimp meals.     

There was insignificant difference on survival (P > 0.05) due to shrimp meals diet in 

comparison to the silkworm pupae diet however; there was significant difference on 

survival (P < 0.01) due to shrimp meals diet in comparison to silkworm moths diet and 

synthetic amino acids diet. Again, there was significant difference on survival (P < 

0.01) due to silkworm moths diet on synthetic amino acids diet. It meant that there was 

significant difference (P < 0.01) of silkworm pupae diet and shrimp meals diets on 

survival in comparison to that of silkworm moths diet and synthetic amino acids diet.  

5.9.2 Growth of free swimming fry, fry and fingerling 

5.9.2.1 Total growth (total length and total weight) 

The highest total growth (total length and total weight) of free swimming fries, fries 

and fingerlings was obtained due to silkworm pupae diet (9.70  ± 0.16 cm and 13.792 ± 

0.16 g in the first year (December 2010 to May 2011) and 13.36 ± 0.145 cm and 31.278 

± 0.19 g in the second year (December 2011 to May 2012) being significantly superior 

(P < 0.01) among all the formulated and control diets followed by shrimp meals diet 

(8.52 ± 0.15 cm and 5.446 ± 0.18 g in the first year and 10.61 ± 0.194 cm and 10.962 ± 

0.19 g in the second year and silkworm moths diet (5.90 ± 0.12 cm and 1.582 ± 0.12 g 

in the first year  and 6.77 ± 0.168 cm and 3.195 ± 0.057 g in the second year. The 

lowest total growth in length and weight was obtained due to synthetic amino acids diet 

(3.44 ± 0.14 cm and 0.598 ± 0.087 g in the first year and 5.07 ± 0.214 cm and 1.045 ± 

0.092 g in the second year among all the feed formulations. Here, total growth in length 

and weight increased with increased days and months in all the four diets. So, there was 

day-wise and month-wise significant difference (P < 0.01) on total growth in length and 
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weight of free swimming fries, fries and fingerlings due to silkworm pupae, silkworm 

moths, synthetic amino acids and shrimp meals diets in each year. Again, length and 

weight of free swimming fries, fries and fingerlings in the first year was insignificantly 

different (P > 0.05) from the second year. Length and weight of a fish is of quite 

significance (Subba et al., 2009 and Danieala et al., 2015) to know the production, 

maturity, pattern of growth (Le Cren, 1951) and is equally useful in applied fishery 

management (Pitcher and Hart, 1982). Length and weight, of the free swimming fries, 

fries and fingerlings, in the present research, resembled as per described by Le Cren 

(1951) and explained by Woynarovich et al. (2011). 

Length and weight of free swimming fries, fries, and fingerlings was less in the first 

year (December 2010 to May 2011) and more in the second year (December 2011 to 

May 2012). This might be due to suitable physico-chemical parameters (suitable in the 

first year, that is, June 2010 to May 2011 and more suitable in the second year, that is, 

June 2011 to May 2012); mainly due to the age of the broods (small broods, that is, 1.0+ 

broods in the first year, that is, June to November 2010 and large broods, that is, 2.0+ 

broods in the second year, that is, June to November 2011), and size of the broods 

(small-sized first spawners in the first year, that is, June to November 2010 and large-

sized second spawners in the second year, that is, June to November 2011), eggs 

(small-sized in the first year, that is, November 2010 and large- sized in the second 

year, that is, November 2011), sac-fries (smaller in the first year, that is, December 

2010 and larger in the second year, that is, December 2011), and free swimming fries 

(smaller in the first year, that is, December 2010 and larger in the second year, that is, 

December 2011); and exclusively due to artificial feed (less total feed intake in the first 

year (December 2010 to May 2011) and more in the second year (December 2011 to 

May 2012). The total growth (total length and total weight) of rainbow trout during 
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exogenous feeding period depend partially on age of the broods, and size of the broods, 

eggs, sac fries and free swimming fries; mainly on water quality variables; and 

exclusively on artificial feed fed to the free swimming fries, fries, and fingerlings of 

rainbow trout (Rai et al., 2008). The difference occurred due to same raceways with 

insignificant physico-chemical parameters; same broods with significant age and size 

releasing significant-sized eggs, sac fries and free swimming fries; and highly 

significant quantity of feed intake in two consecutive years in the present work.  

5.9.2.2 Actual growth (difference in length and difference in weight) 

The actual growth (difference in length and difference in weight) of the free swimming 

fries, fries and fingerlings which was less (8.05 ± 0.16 cm and 13.767 ± 0.16 g, 4.25 ± 

0.13 cm and 1.557 ± 0.12 g, 1.79 ± 0.14 cm and 0.573 ± 0.09 g, and 6.87 ± 0.15 cm and 

5.421 ± 0.18 g due to silkworm pupae, silkworm moths, synthetic amino acids, and 

shrimp meals diets respectively) in the first year (December 2010 to May 2011) and 

more (11.44 ± 0.145cm and 31.237 ± 0.19 g, 4.90 ± 0.214 cm and 3.154 ± 0.057 g, 3.15 

± 0.214 cm and 1.004 ± 0.092, and 8.79 ± 0.076 cm and 10.921 ± 0.19 g due to 

silkworm pupae, silkworm moths, synthetic amino acids, and shrimp meals diets 

respectively) in the second year (December 2011 to May 2012) might be due to suitable 

physico-chemical parameters (suitable in the first year, that is, June 2010 to May 2011 

and more suitable in the second year, that is, June 2011 to May 2012); mainly due to 

age of the broods (small broods, that is, 1.0+ broods in the first year, that is, June to 

November 2010 and large broods, that is, 2.0+ broods in the second year, that is, June to 

November 2011), and size of the broods (small-sized first spawners in 2010 and large-

sized second spawners in 2011), eggs (small-sized in the first year, that is, June to 

November 2010 and large-sized in the second year, that is, June to November 2011), 

sac fries (small-sized in the first year, that is, December 2010 and large-sized in the 
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second year, that is, December 2011), and free swimming fries (small-sized in the first 

year, that is, December 2010 and large-sized in the second year, that is, December 

2011); and exclusively due to formulated and control diets of silkworm pupae, 

silkworm moths, synthetic amino acids, and shrimp meals respectively along with total 

feed intake and total protein intake of silkworm pupae, silkworm moths, synthetic 

amino acids, and shrimp meals diets (less consumption of formulated and control diets 

in the first year and more consumption in the second year. According to Rai et al. 

(2008), the actual growth (difference in length and difference in weight) of rainbow 

trout during exogenous feeding period depend partially on age of the broods, and size 

of the broods, eggs, sac fries and free swimming fries; mainly on water quality 

properties; and exclusively on artificial feed fed to the free swimming fries, fries, and 

fingerlings of rainbow trout. The difference happened due to same raceways with 

insignificant physico-chemcal parameters; same broods with significant age and size 

releasing significant-sized eggs, sac fries and free swimming fries; and highly 

significant quantity of feed intake in two consecutive years in the present investigation.   

There was significant difference (P < 0.01) in growth of free swimming fries, fries and 

fingerlings due to all the diets in each year. However, growth due to formulated and 

control diets of the first year was insignificant (P > 0.05) with that of second year.  

The highest growth (difference in length and difference in weight) was obtained due to 

silkworm pupae diet (8.05  ± 0.16 cm and 13.767 ± 0.16 g in the first year, that is, 

December 2010 to May 2011 and 11.44 ± 0.145 cm and 31.237 ± 0.19 g in the second 

year, that is, December 2011 to May 2012) being significantly superior (P < 0.01) 

among all the formulated and control diets followed by shrimp meals diet (6.87 ± 0.15 

cm and 5.421 ± 0.18 g in the first year  and 8.69 ± 0.076 cm and 10.921 ± 0.19 g in the 

second year and silkworm moths diet (4.25 ± 0.13 cm and 1.557 ± 0.12 g in the first 
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year, that is, December 2010 to May 2011 and 4.90 ± 0.214 cm and 3.154 ± 0.057 g in 

the second year, that is, December 2011 to May 2012). The lowest growth (difference 

in length and difference in weight) was obtained due to synthetic amino acids diet (1.79 

± 0.14 cm and 0.573 ± 0.09 g in the first year and 3.15 ± 0.214 cm and 1.004 ± 0.092 g 

in the second year) among all the feed formulations. The diets containing natural and 

animal proteins of silkworm pupae, shrimp meals, and silkworm moths were superior 

on growth to synthetic proteins of synthetic amino acids. 

The feed formulation with silkworm pupae diet had exhibited superiority over all other 

feed formulations against all feed efficiency indicators however; results of survival and 

growth of different stages of rainbow trout were comparable with that of shrimp meals 

diet. Silkworm pupae as diet for fingerlings of common carp and Indian major carp had 

also proven its suitability as substitute of protein and fat of oil cake and rice bran 

(Chakrabarthy et al., 1973). Common carp fed with increasing level of silkworm pupae 

revealed progressive growth with highest growth of 30% (Cheng et al., 2003) in 

comparison to diet containing 30% of fishmeal (Nandeesha et al., 1990). Silkworm 

pupae, although low cost ingredient, has more protein and lipid than shrimp meals 

(Bhuiyan et al., 1989) and rich in amino acid profile than fishmeal (Solomon and 

Yusufu, 2005).  

Results also confirmed that free swimming fries, fries, and fingerlings grew 

exponentially with the three feed formulations containing silkworm pupae, shrimp 

meals, and silkworm moths respectively. The periodic growth of above mentioned 

stages was somewhat stagnant with feed comprised of synthetic amino acids. The 

survival and growth was poorest due to the diet of synthetic amino acids which may be 

due to the absence of animal protein or most of the essential amino acids and less 

amount of lipid. Dietary crude protein could be reduced from 41.26 to 35.52% in the 



233 

 

diets of L. vannamei as long as synthetic amino acids are supplemented (Huai et al, 

2008). Rainbow trout fed fishmeal diet containing 37% crude protein grew as fast as 

those fed 42% crude protein diets supplemented with synthetic amino acids containing 

lysine, methionine, threonine, and tryptophan (Cheng et al., 2003). Reduction (2.7%) of 

dietary digestible crude protein from 27.0 to 23.3% with synthetic amino acids had no 

negative impact on growth performance of Nile tilapia (Botaro et al., 2007). 

In fishes, generally the growth pattern follows the Cube’s law (Brody, 1945; Lagler, 

1952; Begenal and Tesch, 1978). Because, the growth confirmed the yield hence, 

growth of a fish is of vital importance for the confirmation of yield. Here, growth 

increased with increased days and months in all the four diets. So, there was day-wise 

and monthly-wise significant difference on growth (P < 0.01) due to silkworm pupae, 

silkworm moths, synthetic amino acids and shrimp meals diets. According to Parova 

and Rehulka (1997), the growth of rainbow trout having 18.5% lipids was dynamic and 

faster and in the silkworm pupae diet the lipid percent was 12.01%. 

The growth of free swimming fries, fries, and fingerlings was low in the first year 

(December 2010 to May 2011) than in the second year (December 2011 to May 2012). 

This might be due to suitable physico-chemical parameters (suitable in the first year, 

that is, June 2010 to May 2011 and more suitable in the second year, that is, June 2011 

to May 2012); mainly due to age of the broods (small broods or 1.0+ broods in the first 

year, that is, June to November 2010 and large broods or 2.0+ broods in the second 

year, that is, June to November 2011) and size of the broods (small-sized first spawners 

in the first year, that is, June to November 2010 and large-sized second spawners in the 

second year, that is, June to November 2011), eggs (small-sized in the first year, that is, 

November 2010 and large-sized in the second year, that is, November 2011), sac-fries 

(small-sized in the first year, that is, December 2010 and large-sized in the second year, 
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that is, December 2011), and free swimming fries (small-sized in the first year, that is, 

December 2010 and large-sized in the second year, that is, December 2011); and 

exclusively due to the artificial feed in the form of three formulated diets and a control 

diet. Joshi et al. (2008) suggested growth of rainbow trout depended on the condition of 

habitat and quality and quantity of feed. The exogenous feeding and growth parameters 

are: 

5.9.2.2.1 Total feed intake  

The total feed intake (TFI) of silkworm pupae diet was highest (27.555 ± 0.01542 g 

fish-1 in the first year, that is, December 2010 to May 2011 and 59.054 ± 0.0192 g fish-1 

in the second year, that is, December 2011 to May 2012) and synthetic amino acids diet 

lowest (2.778 ± 0.2012 g fish-1 in the first year and 4.591 ± 0.236 g fish-1in the second 

year and shrimp meals diet (13.348 ± 0.2773 g fish-1 in the first year and 25.734 ± 

0.143 g fish-1 in the second year) and silkworm moths diet (5.396 ± 0.2027 g fish-1 in 

the first year and 10.445 ± 0.842 g fish-1 in the second year) in between. The highest 

growth (g fish-1) shown was due to more total feed intake of silkworm pupae diet in 

both the years. 

5.9.2.2.2 Total protein intake  

The total protein intake (TPI) of silkworm pupae diet was highest (11.76 ± 0.066 g in 

the first year, that is, December 2010 to May 2011 and 25.204 ± 0.008 g in the second 

year, that is, December 2011 to May 2012) and synthetic amino acids diet lowest (1.35 

± 0.098 g in the first year, that is, December 2010 to May 2011 and 2.226 ± 0.11 g in 

the second year, that is, December 2011 to May 2012) and shrimp meals diet (6.443 ± 

0.1399 g in the first year, that is, December 2010 to May 2011 and 12.422 ± 0.07 g in 

second year, that is, December 2011 to May 2012) and silkworm moths diet (2.48 ± 

0.096 g in the first year, that is, December 2010 to May 2011 and 4.806 ± 0.04 g in the 
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second year, that is, December 2011 to May 2012) in between. The highest growth in 

both the years was due to total protein intake of silkworm pupae diet. 

5.9.2.2.3 Feed efficiency 

The feed efficiency (FE) of silkworm pupae diet was highest (49.96 ± 0.0113% in the 

first year, that is, December 2010 to May 2011 and 52.898 ± 0.31% in the second year, 

that is, December 2011 to May 2012) and synthetic amino acids diet lowest (20.61 ± 

0.0623% in the first year, that is, December 2010 to May 2011 and 21.753 ± 0.66% in 

the second year, that is, December 2011 to May 2012) whereas shrimp meals diet (40.7 

± 1.442% in the first year, that is, December 2010 to May 2011 and 42.43 ± 0.03% in 

the second year, that is, December 2011 to May 2012) and silkworm moths (28.85 ± 

0.0178% in the first year, that is, December 2010 to May 2011 and 30.21 ± 0.321% in 

the second year, that is, December 2011 to May 2012) in between. Feed efficiency of 

rainbow trout in Japan ranges from 60 to 80% (Tasiro et al., 1974) but it has been found 

lower from 43 to 46% in Nepal (ATC, 2000b). The feed efficiency ranging from 49.96 

to 52.898% in both the years, in the present work, was due to silkworm pupae diet and 

was nearer to feed efficiency in Japan. 

5.9.2.2.4 Protein efficiency ratio 

The protein efficiency ratio (PER) of silkworm pupae diet was highest (1.1705 ± 

0.0003 in the first year, that is, December 2010 to May 2011 and 1.239 ± 0.007 in the 

second year, that is, December 2011 to May 2012) and synthetic amino acids diet 

lowest (0.4255 ± 0.0013 in the first year, that is, December 2010 to May 2011 and 

0.499 ± 0.022 in the second year, that is, December 2011 to May 2012) and shrimp 

meals diet (0.8433 ± 0.03 in the first year, that is, December 2010 to May 2011 and 

0.879 ± 0.012 in the second year, that is, December 2011 to May 2012) and silkworm 

moths diet (0.6273 ± 0.0005 in the first year, that is, December 2010 to May 2011 and 
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0.656 ± 0.008 in the second year, that is, December 2011 to May 2012) in between. The 

protein efficiency ratio was highest due to silkworm pupae diet in both the years. 

5.9.2.2.5 Absolute growth rate 

The highest absolute growth rate (AGR) was obtained due to silkworm pupae diet 

(0.092 ± 0.001 g day-1 and 2.753 ± 0.032 g month-1 in the first year, that is, December 

2010 to May 2011 and 0.208 ± 0.001 g day-1 and 6.248 ± 0.039 g month-1 in the second 

year, that is, December 2011 to May 2012) followed by shrimp meals diet (0.036 ± 

0.001 g day-1 and 1.084 ± 0.034 g month-1 in the first year, that is, December 2010 to 

May 2011  and 0.0713 ± 0.01 g day-1 and 2.134 ± 0.055 g month-1 in the second year, 

that is, December 2011 to May 2012) and silkworm moths diet (0.0103 ± 0.001 g day-1 

and 0.311 ± 0.024 g month-1 in the first year, that is, December 2010 to May 2011 and 

0.021 ± 0.004 g day-1 and 0.631 ± 0.012 g month-1 in the second year, that is, December 

2011 to May 2012). The lowest absolute growth rate was obtained with synthetic amino 

acids diet (0.004 ± 0.0008 g day-1 and 0.115 ± 0.018 g month-1 in the first year, that is, 

December 2010 to May 2011 and 0.007 ± 0.0008 g day-1 and 0.201 ± 0.019 g month-1 

in the second year, that is, December 2011 to May 2012). According to Wang et al. 

(2015), the AGR day-1 due to fishmeal diet was 0.72 ± 0.030 g in 140 days and 0.036 ± 

0.001 g day-1 in the first year (December 2010 to May 2011) and 0.0713 ± 0.01 g day-1 

in the second year (December 2011 to May 2012) in the shrimp meals diet. The reason 

might be large-sized fingerlings stocked in the previous one and small-sized free 

swimming fries stocked in the present work. According to Pradhan et al. (2008a), the 

absolute growth rate due to shrimp meals diet in the culture period of 150 days was 

0.030 g day-1 whereas it was 0.036 g day-1 in the present study in the same duration of 

culture period. The reason might be 45% crude protein in the previous one and 48.27% 

crude protein in the present work. According to Hasan (2001), rainbow trout require 
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11.7% amino acids in its dry diet and according to Robinson and Li (1996), the lipid 

requirement may be about 10%. The highest absolute growth rate, in the present 

investigation, was due to the presence of required amino acids and lipids which was 

nearly 11.7%, that is, 11.1% as shown by Hasan (2001) and more than 10%, that is, 

12.01% as shown by Robinson and Li (1996) in the silkworm pupae diet than other 

diets in both the years. 

5.9.2.2.6 Specific growth rate 

The highest specific growth rate (SGR) was obtained due to silkworm pupae diet (9.18 

± 0.11% daily-wise and 275.34 ± 3.21% monthly-wise in the first year, that is, 

December 2010 to May 2011 and 20.73 ± 0.09% daily-wise and 624.75 ± 3.89% 

monthly-wise in the second year, that is, December 2011 to May 2012) and lowest due 

to synthetic amino acids diet (0.382 ± 0.06% daily-wise and 11.46 ± 1.73% monthly-

wise in the first year, that is, December 2010 to May 2011 and 0.675 ± 0.075% daily-

wise and 20.10 ± 1.851% monthly-wise in the second year, that is, December 2011 to 

May 2012) whereas due to shrimp meals diet (3.614 ± 0.12% daily-wise and 108.42 ± 

3.51% monthly-wise in the first year, that is, December 2010 to May 2011 and 7.125 ± 

0.189% daily-wise and 213.43 ± 5.49% monthly-wise in the second year, that is, 

December 2011 to May 2012) and silkworm moths diet (1.04 ± 0.08% daily-wise and 

31.14 ± 2.43% monthly-wise in the first year, that is, December 2010 to May 2011 and 

2.10 ± 0.041% daily-wise and 63.10 ± 1.165% monthly-wise in the second year, that is, 

December 2011 to May 2012) in between. The specific growth rate increases with 

increasing size of the free swimming fries, fries, and fingerlings (Bromage and 

Shepherd, 1990; GLT, 1998a). The highest specific growth rate was due to silkworm 

pupae diet than other diets in both the years. The SGR day-1 in the fishmeal diet was 

1.36 ± 0.06% (Bulut et al., 2009) in 77 days, 0.48 ± 0.15% (Wang et al., 2015), in the 
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46% crude protein diet was 1.11 ± 0.88 (Akbulut et al., 2002), 1.4 ± 0.0 (Yildiz, 2004) 

whereas it was 3.614 ± 0.12% day-1 in the first year (December 2010 to May 2011) and 

7.125 ± 0.189% day-1 in the second year (December 2011 to May 2012) in the shrimp 

meals diet in the present study. The reason might be different species of rainbow trout 

and habitat in each experiment. 

5.9.2.2.7 Relative growth rate 

The highest relative growth rate (RGR) was obtained due to silkworm pupae diet (3.67 

± 0.0214% daily-wise and 110.14 ± 0.641% monthly-wise in the first year, that is, 

December 2010 to May 2011 and 5.129 ± 0.031% daily-wise and 153.88 ± 0.96% 

monthly-wise in the second year, that is, December 2011 to May 2012) and lowest due 

to synthetic amino acids diet (0.153 ± 0.0115% daily-wise and 4.584 ± 0.3462% 

monthly-wise in the first year, that is, December 2010 to May 2011 and 0.165 ± 

0.015% daily-wise and 4.95 ± 0.454% monthly-wise in the second year, that is, 

December 2011 to May 2012) and due to shrimp meals diet (1.45 ± 0.0234% daily-wise 

and 12.454 ± 0.7013% monthly-wise in the first year, that is, December 2010 to May 

2011 and 1.752 ± 0.045% daily-wise and 52.567 ± 1.35% monthly-wise in the second 

year, that is, December 2011 to May 2012) and silkworm moths diet (0.412 ± 0.0162% 

daily-wise and 12.45 ± 0.485% monthly-wise in the first year, that is, December 2010 

to May 2011 and 0.518 ± 0.009% daily-wise and 15.537 ± 0.28% monthly-wise in the 

second year, that is, December 2011 to May 2012) in between. This was due to 

silkworm pupae diet than other diets in both the years. The RGR month-1 in the 

fishmeal diet was 99.47 ± 44.81% in 140 days (Wang et al., 2015) and 55% month-1 in 

fishmeal diet in the aerated raceways of rainbow trout (Clark, 2003) whereas it was 

52.567 ± 1.35% monthly-wise in the shrimp meals diet in the present study. The reason 
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might be different species and different stocking size of rainbow trout in each 

experiment. 

5.9.2.2.8 Condition factor 

The condition factor (K) of silkworm pupae diet was highest (1.51 ± 0.057 in the first 

year, that is, December 2010 to May 2011 and 1.89 ± 0.19 in the second year, that is, 

December 2011 to May 2012) and of silkworm moths diet lowest (1.33 ± 0.016 in the 

first year, that is, December 2010 to May 2011 and 1.23 ± 0.07 in the second year, that 

is, December 2011 to May 2012) whereas of shrimp meals diet (1.4 ± 0.019 in the first 

year, that is, December 2010 to May 2011 and 1.35 ± 0.126 in the second year, that is, 

December 2011 to May 2012) and synthetic amino acids diet (1.4 ± 0.055 in the first 

year, that is, December 2010 to May 2011 and 1.25 ± 0.08 in the second year, that is, 

December 2011 to May 2012) in between. The K in the fishmeal diet was 1.18 ± 0.06 

(Bulut et al., 2009) in 77 days, 1.18 ± 0.06 in 140 days (Wang et al., 2015), 0.96 ± 0.05 

in aerated raceway ponds of rainbow trout (Clark, 2003), 1.39 ± 0.06 to 1.44 ± 0.08 

(Akbulut et al., 2002), 0.000463 (Klontz, 1991), 1.4 ± 0.0 (Yildiz, 2004)  whereas it 

was 1.4 ± 0.019 in the first year (December 2010 to May 2011) and 1.35 ± 0.126 in the 

second year (December 2011 to May 2012) in the shrimp meals diet in the present 

study. The reason might be different species of rainbow trout, intensive farming 

showing fatness, different-sized fingerlings stocked, and semi-intensive farming in the 

present experiment. Pradhan et al. (2008a) reported condition factor ranging in between 

1.2 to 1.98 in their feeding trials and confirmed that condition factor of 1 tended 

towards fatness and 2 tended towards thinness. Lowest condition factor due to 

silkworm moths diet was because of the presence of 15.85% lipids and highest 

condition factor due to silkworm pupae diet was because of required quantity of 

proteins and lipids in the diets in both the years. 
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5.9.2.2.9 Feed conversion ratio 

Unlike other feed indicators, the feed conversion ratio (FCR) of synthetic amino acids 

diet exhibited highest conversion rate of 4.85 ± 0.0146 in the first year, that is, 

December 2010 to May 2011 and 4.63 ± 0.228 in the second year, that is, December 

2011 to May 2012 and was significantly different (P > 0.01) with that of silkworm 

pupae diet being least of 2.002 ± 0.0003 in the first year, that is, December 2010 to 

May 2011 and 1.9 ± 0.0074 in the second year, that is, December 2011 to May 2012, 

however, conversion rate of 3.47 ± 0.002 in the first year, that is, December 2010 to 

May 2011 and 3.31 ± 0.0376 in the second year, that is, December 2011 to May 2012 

and 2.47 ± 0.0831 in the first year, that is, December 2010 to May 2011 and 2.36 ± 

0.031 in the second year, that is, December 2011 to May 2012 respectively of silkworm 

moths and shrimp meals diets were intermediate. According to Wang et al. (2015), the 

FCR in the fishmeal diet was 1.52 ± 0.15 in 140 days; according to Clark (2003), the 

FCR in the fishmeal diet was 1.42 ± 0.15; according to Akbulut et al. (2002), the FCR 

was 1.37 ± 0.36; according to Bulut et al. (2009), 0.77 ± 0.0 in 77 days, according to 

Klontz (1991) the FCR was 1.06, according to Yildiz (2004) the FCR was 1.2 ± 0.0 

whereas it was 2.47 ± 0.0831 in the first year (December 2010 to May 2011) and 2.36 ± 

0.031 in the second year (December 2011 to May 2012) in the shrimp meals diet in the 

present study. The reason might be different species of rainbow trout in the first 

experiment and intensive farming in the second and third but semi-intensive farming in 

the present work. Feed conversion ratio, in the country Nepal is 2:1, that is, 2 kg feed is 

required to produce one kg of rainbow trout (Shrestha et al., 2007; Rai et al., 2008). 

Similar results were obtained abroad (Bromage and Shepherd, 1990; GLT, 1998a) and 

in this study. Lowest feed conversion ratio was due to proper amount of proteins and 

lipids in silkworm pupae diet than other diets in both the years. 
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5.9.2.2.10 Protein productive value 

The protein productive value of synthetic amino acids diet was highest (48.47 ± 

0.0031% in the first year, that is, December 2010 to May 2011 and 48.47 ± 0.002% in 

the second year, that is, December 2011 to May 2012) and of silkworm pupae diet 

lowest (45.68 ± 0.0009% in the first year, that is, December 2010 to May 2011 and 

45.68 ± 0.001% in the second year, that is, December 2011 to May 2012) whereas of 

shrimp meals diet (48.27 ± 0.001% in the first year, that is, December 2010 to May 

2011 and 48.27 ± 0.002% in the second year, that is, December 2011 to May 2012) and 

silkworm moths diet (46.01 ± 0.002% in the first year, that is, December 2010 to May 

2011 and 46.01 ± 0.002% in the second year, that is, December 2011 to May 2012) in 

between. This was due to crude protein percentage present in the diets in both the years. 

5.9.2.2.11  Highest growth period 

The highest growth period was observed during April 22 to May 6, 2011 for the first 

year (December 2010 to May 2011) and May 5 to May 19, 2012 for the second year 

(December 2011 to May 2012) and lowest during December 7 to December 22, 2010 

for the first year (December 2010 to May 2011) and December 21, 2011 to January 5, 

2012 for the second year (December 2011 to May 2012) whereas it was medium during 

April 7 to April 21, 2011 for the first year (December 2010 to May 2011) and April 20 

to May 4, 2012 for the second year (December 2011 to May 2012). The growth rate 

was calculated maximum (1.8 g day-1) in March, minimum (0.68 g day-1) in September 

and average (1.24 g day-1) in other months when a rainbow trout reaches a weight of 

258 g in 180 days (Joshi et al., 2008). This trend in the growth might be due to required 

water temperature available in both the years. 

5.9.2.2.11  Feed cost  

The feed cost (FC) of the shrimp meals diet was highly costly being NRs 195 kg-1, 

synthetic amino acids diet costly being NRs 170 kg-1, silkworm pupae diet cheaper 
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being NRs 75 kg-1 and silkworm moths diet cheapest being NRs 50 kg-1. The FC (kg-1) 

of shrimp meals, synthetic amino acids, silkworm pupae, and silkworm moths diets in 

both the years (the first year, that is, December 2010 to May 2011 and the second year, 

that is, December 2011 to May 2012) was nearly same due to nearly same price of the 

ingredients. 

5.9.2.2.13 Production cost 

The production cost (PC) kg-1 of rainbow trout fed shrimp meals diet was Nepalese 

Rupees (NRs) 470.55 in the first year (December 2010 to May 2011) and NRs 460.85 

in the second year (December 2011 to May 2012), synthetic amino acids diet NRs 

819.40 in the first year (December 2010 to May 2011) and NRs 772.10 in the second 

year (December 2011 to May 2012), silkworm pupae diet NRs 143.70 in the first year 

(December 2010 to May 2011) and NRs 140.70 in the second year (December 2011 to 

May 2012), and silkworm moths diet NRs 175.05 in the first year (December 2010 to 

May 2011) and NRs 167.00 in the second year (December 2011 to May 2012). 

Different-sized rainbow trout should be graded timely to attain uniform growth and to 

avoid competition and cannibalism. The size category for separation may be 2 to 5g, 10 

to 20g, 50 to 60g, and >100g. Such grading management help feed conversion rate thus, 

decreasing cost of production (Bromage and Shepherd, 1990; GLT, 1998). Decreased 

production cost was due to silkworm pupae diet. The production cost (PC) of rainbow 

trout due to silkworm pupae diet ranging from NRs 140.70 to 143.70 was quite less 

than NRs 460.85 to 470.55 due to shrimp meals in the present research and also less 

than NRs 170 due to shrimp meals as reported by Joshi and Westlund (1996). The PC 

(kg-1) of rainbow trout in the first year (December 2010 to May 2011) was higher than 

the second year (December 2011 to May 2012) due to low feed efficiency and high feed 

conversion rate in the first year (December 2010 to May 2011) and more feed 
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efficiency and low feed conversion rate in the second year (December 2011 to May 

2012).  

5.9.2.2.14 Cost analyses 

The cost analyses (CA) revealed that silkworm moths diet was cheapest with less 

production cost, silkworm pupae diet cheaper with least production cost, synthetic 

amino acids diet costly with highest production cost, and shrimp meals diet very costly 

with high production cost.  

According to Rai et al. (2008), the survival and growth of rainbow trout during 

exogenous feeding period depend partially on age of the broods, and size of the broods, 

eggs, sac fries and free swimming fries; mainly on water quality variables; and 

exclusively on artificial feed fed to the free swimming fries, fries, and fingerlings of 

rainbow trout. Results, in the present experiment, confirmed that the survival and 

growth of rainbow trout during exogenous feeding period depend on suitable physico-

chemical parameters; mainly on age of the broods, and size of the broods, eggs, sac 

fries and free swimming fries; and exclusively on artificial feed. The reason is 

resembling physico-chemical properties in the first and second year; different-sized 

broods, eggs, sac fries and free swimming fries in the first and second year; and 

difference in the quantity of TFI in the first and second year in the present research. 

 

 

 

 




