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ABSTRACT

A scaling up experiment on cage-cum-pond culture system of African catfish (Clarias gariepinus) and Nile tilapia (Oreochromis niloticus) with carps, developed by AquaFish CRSP, was conducted using 20 farmers’ earthen ponds (65-370 m2) in Chitwan district of Nepal for 150 days to evaluate the production and profitability of these system. The experiment was conducted in a completely randomized design (CRD) with four treatments replicated five times. The treatments were (1) carps in ponds without cage (control), (2) tilapia at 30 fish/m3 in cage and carps in open pond, (3) catfish at 100 fish/m3 in cage and carps in open pond, (4) tilapia and catfish at 30 and 100-fish/m3, respectively, in separate cages and carps in open pond. Carps were stocked at 1 fish/m2 (silver, common, bighead, rohu, mrigal and grass carp at 4:2:1.5:1:1:0.5 ratio) in all the treatments. The cage occupied about three percent of the pond area. Caged tilapia and catfish were fed with locally prepared pellet feeds (29% crude protein), while no feed or fertilizer was added into open water of treatment ponds. The control ponds were fertilized weekly using diammonium phosphate (DAP) and urea at rates of 4 kg N and 2 kg P/ha/d. 

The results showed that the combined net yields were significantly higher in tilapia-carps (3.0 t/ha/crop) and tilapia-catfish-carp integration system (3.6 t/ha/crop) than control (1.4 t/ha/crop) (p<0.05). The net yields of carps were not significantly different between control and treatments. The cage-cum-pond system increased productivity by 2-3 times. The mean temperature, dissolved oxygen, pH and transparency were not significantly different among treatments. The benefit-cost ratio was significantly higher in the tilapia-carps integration system (7.4) than control (3.3) (p<0.05). This experiment demonstrated that the cage-cum-pond integration with Nile tilapia in cage and carps in open pond is one of the best technologies to increase production and profitability for small farmers.

INTRODUCTION

Rural pond aquaculture in Nepal is typically small-scale and semi-intensive polyculture of Chinese and Indian major carps with an average production of 3.3 t/ha/yr (DoFD, 2009). Increasing fish productivity as well as total production in country is a challenging task and necessary in order to provide for increasing demand for fish as food without increasing import from neighboring countries. Nile tilapia (Oreochromis niloticus) and African catfish (Clarias gariepinus) are the well proven species for aquaculture in many countries but they are newly introduced fish species in Nepal (Shrestha and Bhujel, 1999). The major production system for Nile tilapia is semi-intensive with inorganic or organic fertilizer inputs while African catfish is generally cultured at high stocking densities with intensive feeding (Lin and Diana, 1995; Rai and Lin, 1999). One of the most problematic aspects of intensive catfish culture is its effects on the environment (Lin and Diana, 1995). In most of the countries, Nile tilapia at a size greater than 500 g fetch a much higher price than fish at 250-300 g, the size commonly produced in fertilized pond systems (Yi et al., 1996). In this context, the AquaFish CRSP has developed a high production and eco-friendly technology, so-called integrated cage-cum-pond culture system, especially for tilapia and catfish culture. Different models of integrated cage-cum-pond culture systems has been developed and practiced by AquaFish CRSP suitable for small-scale farmers. 

In the integrated cage-cum-pond culture system, high-valued, feed-response fish species are fed with artificial diets in cages suspended in ponds and filter-feeding fish species are stocked in such ponds to utilize natural foods in form of cage wastes. This integrated system has been developed and practiced using combinations of catfish-tilapia (Lin, 1990; Lin and Diana, 1995) and tilapia-tilapia (Yi et al., 1996; Yi, 1997; Yi and Lin, 2001) at AIT, and in mixed-sex tilapia-tilapia (Shrestha, 2002), sahar-carps (Shrestha et al., 2005) and catfish-carps (Shrestha et al., 2009). These systems have been shown to be effective to increase nutrient utilization efficiency and gross fish production. Compared to of about 25 to 30% in most of the intensive culture systems, the nutrient utilization efficiency could reach more than 50% in integrated cage-cum-pond systems, resulting in the release of lesser amount of nutrients to receiving waters (Yi, 1997). It is one of the highly successful and widely accepted fish culture systems among small scale rural farmers in Thailand, Vietnam and Cambodia (Yi, 1997). This integrated system is environment-friendly because less waste nutrients are released to the environment. The purposes of this study were to adopt the integrated cage-cum-pond culture system in local conditions in Nepal and to assess the production and profitability of different integration models of Nile tilapia and African catfish with carps.

MATERIALS AND METHODS

This experiment was conducted at 20 farmer’s earthen ponds of average 168.5m2 (65-370 m2) sizes for 5 months (12 April 2010 to 12 September 2010) in the subtropical climate of Nepal. The experiment was set up in a Completely Randomized Design (CRD) with one control and three treatments with five replicates each. The treatments were ((1) carps in ponds without cage (control), (2) tilapia at 30 fish/m3 in cage and carps in open pond, (3) catfish at 100 fish/m3 in cage and carps in open pond, (4) tilapia and catfish at 30 and 100 fish/m3, respectively, in separate cages and carps in open pond. Carps were stocked at 1 fish/m2 (silver, common, bighead, rohu, mrigal and grass carp at 4:2:1.5:1:1:0.5 ratio) in all the treatments. The cage occupied about three percent of the pond area. The ponds were completely drained and filled with canal water to 1.4 m and water was added weekly to compensate for evaporation and seepage losses. Ponds were fertilized at the rate of 4 kg N/ha/day and 2 kg P/ha/day for 7 days with diammonium phosphate (DAP) and urea. Prior to filling ponds, cages were placed at the center of the pond 15 cm above the bottom and supported by bamboo poles. A feeding tray was placed in each cage. A wooden plat​form was constructed to connect cages to the bank for feeding, cage monitoring, and water sampling. A wooden depth gauge was fixed in the middle of each pond to measure water depth.        
Tilapia and catfish fingerlings (approximately 48.4 ± 2.5 g and 3.8 ± 0.1 g, respectively) were stocked in cages, while fingerling silver carp (Hypophthalmich​thys molitrix), common carp (Cyprinus carpio), bighead carp (Aristichthys nobilis), rohu (Labeo rohita), mrigal (Cir​rhinus mrigala) and grass carp (Ctenopharyngodon idella), (average weights 3.3 ± 0.8 g, 3.4 ± 0.7 g, 22.3 ± 6.2 g, 3.5 ± 0.6 g, 3.5 ± 0.5 g and 2.1 ± 0.0 g, respectively) were stocked in open ponds. Fish were stocked on 12 April 2010 and harvested on 12 September 2010. About 15% of carps and 100% of tilapia and catfish were sampled, counted and bulk weighed monthly during the experimental period.  

Caged fish were fed once daily at 0900–1000 h, with a locally made pellet feed (rice bran and mustard oil cake 1:1; 29% crude protein) at rates of 3% body weight per day for tilapia and 4% body weight per day for catfish, while no feed or fertilizer was added into open water of the treatment ponds. Feed rations were adjusted based on sampling weights and observed mortality of tilapia and catfish. Con​trol ponds were fertilized weekly using DAP and urea at rates of 4 kg N and 2 kg P/ha/day. The cages and feeding trays were cleaned fortnightly during sampling.                  

Weekly measurements of water quality parameters were conducted at 0800–1000 h starting from 12 April 2010. Water temperature, dissolved oxy​gen (DO), pH, and Secchi disk depth were measured in situ weekly using a DO meter (YSI meter model 50B), pH meter (Pocket pH meter) and Secchi disk, respectively. Simple economic analysis was conducted to determine economic returns of each treatment (Shang, 1990). The analysis was based on market prices in Nepal for harvested fish and all other items, which were expressed in local currency NRs (US$ 1 = 75 NRs). Market prices of harvested tilapia, catfish and carps were 200 NRs/kg. Market prices of tilapia, catfish and carp fingerlings were 4.0, 3.0 and 1.25 NRs/piece, respectively. The market prices of feed was 18 NRs/kg, DAP was 44 NRs/kg, urea was 25 NRs/kg, and cage depreciation was 22.32 NRs/m2cage/year. Data were analyzed statistically by analysis of variance (ANOVA) using SPSS (version 15.0) statistical software (SPSS Inc., Chica​go). Arcsine transformations were performed on percent data. Differences were considered significant at the 95% confidence level (P<0.05). All means were given with ±1 standard error (S.E.).
RESULTS
The initial weight, harvest weight, weight gain, gross fish yield, net fish yield, and survival of tilapia, catfish and carps are presented in Table 1. The survivals of tilapia in cages were ranging from 75.5 - 86.1%. Tilapia grew steadily and slowly at about 0.6 g/day during the entire culture period (Figure 1). FCR was quite high, ranging from 4.8 - 5.8. Net and gross fish yields of tilapia in cage in the tilapia-carp integration system were 0.4 and 0.5 t/ha/crop, respectively. The survivals of catfish in cages were low, ranging from 29.0 to 55.3%. The growth rate of catfish was 0.8 to 1.0 g/day. The growth is steady and slow (Figure 2). FCR was quite high, ranging from 4.5-5.8. Net and gross fish yields of catfish in cage in the catfish-carp integration system were 0.6 and 0.7 t/ha/crop, respectively. The net and gross yield, and survival of carps were not significantly different among treatments (P>0.05). The combined net yields of tilapia, catfish and carps were significantly higher in tilapia-carps (3.0 t/ha/crop) and tilapia-catfish-carp integration system (3.6 t/ha/crop) than control (1.4 t/ha/crop) (p<0.05), whereas there were no significant difference between catfish-carps integration system ((2.7 t/ha/crop) and control (1.4 t/ha/crop) (P>0.05; Table 1).  

The mean temperature, dissolved oxygen, pH and transparency were not significantly different (P>0.05) among treatments (Table 2). Water temperature was 28 °C during at the initial period of the experiment, increased gradually, and reached about 32 °C at the end of the experiment (Figure 3). Lower levels of morning dissolved oxygen (1.1 to 3.0 mg/L) were observed in all treatments during the entire culture period (Figure 2). Most of the water quality parameters showed seasonal and cyclic variation limiting the growth performance of cultured fish. Economic analysis showed that gross revenues were significantly higher in the tilapia-carps and tilapia-catfish-carp integration system than control (p<0.05), whereas the benefit-cost ratio was significantly higher in the tilapia-carps integration system than control (p<0.05; Table 3).

DISCUSSION

The growth of Nile tilapia in cage in the present experiment was relatively low, with  daily weight gain of 0.6 g/fish/day, compared with other integrated cage-cum-pond system (1.0 g/fish/day, Yadav et al. 2007; 1.0 g/fish/day, Shrestha, 2000c; and 4.0 - 4.6 g/fish/day, Yi et al., 1996). Similarly, the daily weight gain of African catfish in the present experiment was 0.8 - 1.0 g/fish/day, which was lower than in outdoor cement tanks (1.1 - 1.7 g/fish/day, Yi et al., 2004; and 1.7 - 1.9 g/fish/day, Long and Yi, 2004), an integrated pen-cum-pond system (2.5 - 2.6 g/fish/day, Yi et al., 2003), and integrated cage-cum-pond system (2.1 - 2.2 g/fish/day, Lin and Diana, 1995; and 1.3 g/fish/day, Shrestha et al., 2009), but higher than those in two other integrated cage-cum-pond systems (0.7 g/fish/day, Uddomkarn, 1989; and 0.8 - 0.9 g/fish/day, Ye, 1991). The higher FCR of tilapia and catfish were caused by higher mortality. The possible reason for lower survival was lower early morning DO and prolonged duration of low DO levels in the case of Nile tilapia, and small stock size and cannibalism in the case of African catfish. 

The extrapolated carp yield in the control ponds in the present study (3.3 t/ha/year) was comparable to the yield of semi-intensive carp polyculture system of Nepal (3.3 t/ha/year, DoFD, 2009). The combined net yields of tilapia, catfish and carps in tilapia-carps (7.3 t/ha/year) and tilapia-catfish-carp integration system (8.8 t/ha/year) in the present study was lower than the production of 8 - 15 t/ha/year in other cage-cum-pond integration systems (Yi et al., 1996; Yi, 1997; Yi and Lin, 2001; Shrestha 2002).

Both the control and cage treatment produced positive net returns ranging from 292,125 NRs/ha in the control, and 586,662 to 786,135 NRs/ha in the cage treatment. There was also a significant increase in net returns for the integrated cage-cum-pond culture system as compared to the semi-intensive culture of carps alone. However, in the present study, on the basis of profitability, the tilapia-carp integration system is the best. Small farmers having a single pond can produce more fish for sale from cages and carps without feeding in ponds for home consumption as well as for sale. This increased production per unit area as well as income by 2 times than the normal pond culture of carps in Nepal.

The cage-cum-pond integrated system was developed to integrate intensive feeding in cages and semi-inten​sive fertilization in open ponds, with fertilizer derived from cage wastes. The similar growth rate of the carps in cage-cum-pond integration compared to the fertilized pond without cages indicated that the nutrients released by the cage are sufficient for production of carps in open pond. This experiment demonstrated that the cage-cum-pond integration with Nile tilapia in cage and carps in open pond is one of the best technologies to increase production and profitability for small farmers.
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Table 1. Individual and combined performance of Nile tilapia, African catfish and carps in different treatments during the 150-day culture period. Mean values with different superscript letters in the same row were significantly different (P<0.05).

	Parameter
	Treatments

	
	Control
	Tilapia-Carp
	Catfish-Carp
	Tilapia-Catfish-Carp

	A. Nile tilapia

Stocking

Total weight (kg/ha)

Mean weight (g/fish)
	-

-
	439.9±24.7

47.9±2.4
	-

-
	215.7±10.8

48.8±2.7

	Harvesting

Total weight (kg/ha)

Mean weight (g/fish)

Weight gain (g/f/d)

Gross yield (t/ha/crop)

Net yield (t/ha/crop)

Survival (%)

FCR
	-

-

-

-

-

-

-
	885.3±143.5

128.8±12.9

0.60±0.08

0.5±0.1

0.4±0.1

75.5±8.1

4.8±1.2
	-

-

-

-

-

-

-
	530.0±50.2

137.0±11.3

0.66±0.08

0.3±0.1

0.3±0.1

86.1±4.8

5.8±0.7

	B. African catfish

Stocking

Total weight (kg/ha)

Mean weight (g/fish)
	-

-
	-

-
	110.7±3.2

3.9±0.1
	58.1±1.7

3.7±0.1

	Harvesting

Total weight (kg/ha)

Mean weight (g/fish)

Weight gain (g/f/d)

Gross yield (t/ha/crop)

Net yield (t/ha/crop)

Survival (%)

FCR
	-

-

-

-

-

-

-
	-

-

-

-

-

-

-
	746.6±213.7

86.0±4.0

0.8±0.0

0.7±0.2

0.6±0.2

29.0±7.0

5.8±0.73
	509.9±141.3

100.2±17.6

1.0±0.2

0.7±0.1

0.8±0.1

55.3±7.8

4.5±1.13

	C. All carps

Stocking

Total weight (kg/ha)
	68.8±15.7a
	69.0±12.6a
	81.7±9.6a
	29.9±3.8b

	Harvesting

Total weight (kg/ha)

Gross yield (t/ha/crop)

Net yield (t/ha/crop)

Survival (%)
	1460.8±299.2a
1.5±0.3a
1.3±0.3a
51.1±11.4a
	1959.8±291.6a
2.0±0.3a
1.9±0.3a
69.3±6.0a
	2168.8±303.1a
2.2±0.3a
2.0±0.3a
61.7±5.2a
	1974.0±369.0a
2.0±0.3a
1.9±0.4a
58.7±8.7a

	D. Combined 

Initial Fish Biomass (kg/ha)

Final Fish Biomass(kg/ha)

Gross Fish Yield (t/ha/crop)

Net Fish Yield (t/ha/crop)
	68.8±15.7d
1460.6±299.4b
1.5±0.3b
1.4±0.3b
	509.0±19.3a
3521.3±814.9a
3.5±0.4a
3.0±0.4a
	192.4±11.2c
2933.3±334.0ab
2.9±0.3ab
2.7±0.3ab
	303.9±12.3b
3930.7±630.3a
3.9±0.3a
3.6±0.3a


Table 2. Mean values and ranges of water quality parameters measured weekly during the experimental period. Mean values with different superscript letters in the same row were significantly different (P<0.05).

	
	Treatments

	Parameter
	Control
	Tilapia-Carp
	Catfish-Carp
	Tilapia-Catfish-Carp

	Temperature (oC)
	30.0±0.1a
(29.8 - 30.2)
	29.7±0.1a
(29.3 - 30.09)
	30.0±0.1a
(29.7 - 30.1)
	29.9±0.1a
(29.7 - 0.1)

	Dissolved oxygen (mg/L)
	1.9±0.1a
(1.6 - 3.0)
	2.0±0.1a
(1.6  - 2.5)
	2.0±0.2a
(1.5 - 2.6)
	1.6±0.1a
(1.1 - 2.6)

	pH
	7.5 
(7.5 - 7.6)
	7.5

(7.5 - 7.6)
	7.5

(7.5 - 7.5)
	7.5

(7.5 - 7.5)

	Secchi depth (cm)
	37.4±1.3a
(34.1 - 41.0)
	40.3±0.6a
(39.0 - 42.5)
	37.3±0.8a
(34.8 - 39.3)
	39.0±1.4a
(33.4 - 41.6)


Table 3. Economic analysis (in NRs) of different treatments during 150-day culture period. Mean values with different superscript letters in the same row were significantly different (P<0.05).

	Parameter
	Treatments

	
	Control
	Tilapia-carps
	Catfish-carps
	Catfish & Tilapia-carps

	Operation cost (NRS./ha)

Cage depreciation
	0.0
	6696.0
	6708.2
	6681.0

	Feed cost
	0.0
	28381.5
	58190.0
	89131.0

	Fish seed
	12535.0
	48684.6
	102551.8
	75500.8

	DAP
	59400.0
	6600.0
	6600.0
	6600.0

	Urea 
	16875.0
	1875.0
	1875.0
	1875.0

	Total 
	88810.0

±9.2b
	92237.1

±4652.9b
	175924.9

±9160.7a
	179787.8

±9567.6a

	Gross Revenue
Fish production (kg/ha)
	1460.8 

± 299.2b
	3521.4           ±814.8a
	2933.4 ±334.1ab
	3930.6        ±630.3a

	Gross revenue (NRs./ha)
	292124.8

±59876.5b
	704259.9

±162978.5a
	586662.0

±401168.0ab
	786135.8

±436139.7a

	Net return (NRs./ha)
	203314.8

±59871.5b
	612022.8

±158823.9a
	410737.1

±61638.1ab
	606348.0

±128319.3a

	Benefit-cost ratio 
	3.3±0.6b
	7.4±1.3a
	3.3±0.3b
	4.5±0.8b
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Figure 1. Growth of Nile tilapia in cages in different treatments during the experimental period. T2 = tilapia-carps integration and T4 = tilapia-catfish-carps integration system.
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Figure 2. Growth of African catfish in cages in different treatments during the experimental period. T3 = catfish-carps integration and T4 = tilapia-catfish-carps integration system.
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Figure 3. Fluctuations in water temperature (at dawn) in different treatments during the experimental period. T1 = control, T2 = tilapia-carps integration, T3 = catfish-carps integration, and T4 = tilapia-catfish-carps integration.
Figure 4. Fluctuations in dissolved oxygen (at dawn) in different treatments during the experimental period. T1 = control, T2 = tilapia-carps integration, T3 = catfish-carps integration, and T4 = tilapia-catfish-carps integration.
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