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ABSTRACT
The aim of these studies was to determine if reductions in feed inputs and introduction of native
Indian carp, rohu (Labeo rohita) and catla (Catla catla), can increase economic benefits of tilapia
culture in earthen ponds in Bangladesh. Two on-station pond trials were carried out for 150 days
at the Fisheries Field Laboratory, Bangladesh Agricultural University, Mymensingh, Bangladesh.
In the first study, ponds consisting of four treatments (T1, T2, T3, and T4) with four replications
each were stocked with sex-reversed Nile tilapia (Oreochromis niloticus, 5 fish/m2) without (T1)
or with (T2) addition of rohu (0.25 fish/m2) and fed a full daily ration of feed (CP — 35%
protein; 10%–3% body weight/day). Ponds were fertilized weekly (28 kg N and 5.6 kg P
ha/week) in the other treatments and tilapia were grown in the absence (T3) or presence of rohu
(T4) at half the daily feed ration as T1 and T2. Pond water temperature, transparency, dissolved
oxygen, nitrate-nitrogen (NO3–N), nitrite-nitrogen (NO2–N), ammonia-nitrogen (NH3–N),
phosphate-phosphorus (PO4–P) and chlorophyll-a did not vary among treatments, while pH was
slightly lower in T1 than the other treatments, but well within the suitable range for tilapia
growth. A total of 27 genera of phytoplankton and 12 genera of zooplankton were identified from
the pond water samples. Total phytoplankton levels were highest in the T4 and T3 groups. The
survival rates (%) of tilapia were 81.06 ± 1.03, 76.89 ± 1.28, 76.24 ± 2.06 and 75.29 ± 2.45 in T4,
T3, T2, and T1 groups, respectively. The specific growth rate (% day-1) of tilapia was higher in
the T3 (1.87 ± 0.00) and T4 (1.85 ± 0.03) than the T2 (1.76 ± 0.05), and T1 (1.71 ± 0.06) groups
(p < 0.05). Feed efficiency was significantly better in the T3 and T4 groups relative to those
treatment fish fed the full ration (p < 0.05) with feed conversion ratios of 0.49 ± 0.03, 0.47 ± 0.03,
1.13 ± 0.11 and 1.23 ± 0.16, for the T4, T3, T2, and T1 groups, respectively. Gross production of
tilapia was higher in the T4 (5,385.23 ± 276.98a kg ha-1) followed by T3 (5,340.62 ± 156.47
kg/ha), T2 (4,440.99 ± 440.04 kg/ha) and T1 (4,089.83 ± 518.46 kg/ha) groups, respectively.
Rohu gross production was similar among the T2 and T4 groups. A significantly higher net return
(BDT 743,977/ha with benefit cost ratio of 2.92) was found in T3 followed by T4 (BDT
673,750/ha with benefit cost ratio of 2.72), T2 (BDT 286,469/ha with benefit cost ratio of 1.49)
and T1 (BDT 226,675/ha with benefit cost ratio of 1.37) groups, respectively.
In the second study, ponds consisting of three treatments (T1, T2, and T3) with four replications
each were stocked with sex-reversed Nile tilapia (5 fish/m2) with rohu (0.625 fish/m2; T1), with
catla (0.625 fish/m2; T2), or with both rohu and catla (0.32 fish/m2 and 0.31 fish/m2, respectively;
T3). All ponds were fed a half daily ration of feed and ponds were fertilized weekly. Pond water
temperature, transparency, dissolved oxygen, pH, nitrate-nitrogen (NO3–N), nitrite-nitrogen
(NO2–N), ammonia-nitrogen (NH3–N), phosphate-phosphorus (PO4–P) and chlorophyll-a did not
vary among treatments. A total of 30 genera of phytoplankton and 12 genera of zooplankton were
identified from the pond water samples. Total phytoplankton levels were highest in the T1. The
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specific growth rate (%/day) of tilapia was higher in the T2 (1.66 ± 0.05) than in T1 (1.60 ± 0.04),
and T3 (1.54 ± 0.03) groups (p < 0.05). No difference in feed efficiency was found with feed
conversion ratios of 1.47 ± 0.10, 1.41 ± 0.21, and 1.46 ± 0.27 for T1, T2, and T3, respectively.
Gross production of tilapia was higher T2 (7,737.78 ± 646.51 kg/ha) followed by T1 (6,867.11 ±
570.36 kg/ha), and T3 (6,272.23 ± 183.44 kg/ha), respectively. Rohu gross production was higher
in T1 and catla production was higher in T2. There was no significant difference in net return or
benefit cost ratio between treatments.
Based on the higher net return and benefit-cost ratio it may be concluded that pond fertilization
with feeding at half ration is substantially more cost effective over standard full feeding for
growout of tilapia. Addition of major Indian carps to tilapia culture may also provide further
income benefits to farmers as net production of fishes is greater in polyculture than tilapia
monoculture systems regardless of the feeding regimen applied. Since tilapia growth was little
impacted by feeding at half ration and but tended to grow better when polycultured with either
catla or rohu alone compared with rohu-catla combined, it might be preferential to either of them
in polyculture with tilapia. Regardless, the results indicate profits can increase by 200% if tilapia
are grown with native Indian carps and provided half the standard ration level typically used for
tilapia monoculture.
INTRODUCTION
Pond production of fish constitutes almost 85% of total aquaculture output in Bangladesh, with
60% coming from indigenous Indian major carps, Catla (Catla catla) and rohu (Labeo rohita),
and 17% from exotic Chinese carps (Belton et al. 2011). About six to seven carp species are
cultured together on an ad hoc basis, and the fish subsist primarily on primary production (pond
fertilization) with occasional feed inputs of rice bran and oil cake. Because carps are omnivores,
herbivores, planktivores, and/or filter feeders, these fish prefer natural food organisms enhanced
by pond fertilization, fish waste, and feed inputs (Wahab et al. 2002). When cultured together
with other fishes (polyculture), carps enhance dietary household consumption and income
earnings through greater production yields and better nutrient efficiency (Azim et al. 2004). This
constitutes a significant improvement for household dietary nutrition, as 66% of per capita animal
protein intake in Bangladesh comes from fish (Hussain 2009, Belton et al. 2011).
Tilapia (Oreochromis niloticus) was introduced to Bangladesh more than 20 years ago and is now
one of the fastest growing components of the aquaculture sector, ranking 2nd to carps in total
finfish production. Significant work remains to develop better management practices for this
cultivar. Current monoculture practices in Bangladesh require significant feed inputs (Dey et al.
2008, Belton et al. 2011) and high production costs, which limit participation of smaller
homestead farmers. This practice also degrades environmental water quality through nutrient
loading and pond eutrophication. This investigation seeked to promote better management
practices for this industry and greater inclusion by small farms through implementation of a feed
reduction strategy, complimented with cheaper fertilizer application (semi-intensive
management) thereby reducing the costs constraining participation. Also we integrated
polyculture of major Indian carps with tilapia, providing additional sources of income for farming
families throughout Bangladesh and increasing the overall efficiency of the water resources used
to grow fish. We anticipated that tilapia-carp farming under reduced feeding would produce
greater production yields with less cost, thereby significantly increasing economic profitability
for this endeavor. Additionally we anticipated this refined strategy would improve environmental
water quality and enhance dietary nutrition for rural farming families: first, by improving income
earnings potential, which has been identified as a direct link towards improving household
nutrition (FAO 2012), and secondly by generating a more diverse crop for consumption.
Currently, little is known about the production parameters of tilapia cultured with Indian carps,
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despite widespread appeal for these fish in Bangladesh, however tilapia has been previously
cultured with Chinese carps (Abdelghany and Ahmad 2002, El-Sayed 2006), and this integrated
polyculture produced better yields than for tilapia cultured alone (Khouraiba et al. 1991).
In aquaculture, feed is recognized as the dominant cost component of fish farming, representing
50%–70% of the total production costs for small-scale, rural farmers (ADB 2005). Because of
this, any reductions in feed can significantly improve the earned incomes for farmers, and reduce
negative environmental impacts of fish farming. Further, the promotion of semi-intensive tilapia
farming to homesteads practicing extensive farming will be key to enhancing income earning
potential, fish consumption and household nutrition in Bangladesh. It is estimated that even
modest intensification can improve food security by four-fold (Dey et al. 2008, Belton et al.
2011). Previous CRSP work has demonstrated that tilapia grown with both feed and fertilizer is
more efficient than using either input alone (Diana et al. 1994). Monocultured tilapia grown under
reduced feed rations of up to 50% had little impact on production yields (kg), but improved water
quality through reductions in nutrient loading (Diana et al. 1994, Lin and Yi 2003). Further, our
CRSP on-farm trials in the Philippines show that reduced-feeding can improve feed conversion
rates by up to 100% (Bolivar et al. 2010). The present investigation sought to integrate these
strategies with mixed carp polyculture to gain improvements in both tilapia production efficiency
and environmental water quality, while also promoting more sustainable, less intensive farming
practices.

•
•
•

OBJECTIVES
Evaluate production parameters and potential economic and environmental benefits of
reducing feed inputs by half in tilapia-rohu carp polyculture in earthen ponds;
Assess the benefit of adding a second major carp, catla, to tilapia-rohu carp polyculture;
and
Evaluate the potential benefits of tilapia–Indian carp polyculture and feed management
technology to rural household farmers.

MATERIALS AND METHODS
Study 1 — Evaluate production parameters and potential economic and environmental
benefits of reducing feed inputs with adoption of carp (rohu) into the growout of tilapia in
earthen ponds. This study addressed the value of combining feed restriction and fertilization
with polyculture of Indian carps into tilapia farming. It also addressed if the addition of carp
under current practices might provide additional environmental and economic benefits to medium
and small-scale farmers practicing monoculture. Twelve freshwater ponds (100 m2) at
Bangladesh Agricultural University’s (BAU) Fisheries Field Laboratory (on-station) were
stocked with sex-reversed Nile tilapia alone or with rohu at an 8:1 ratio.
Table 1. Experimental design for Study 1.
Parameter
Treatment 1
Rohu
Tilapia
Fertilization
Feeding
Replicates (n)

0
500 (5.0/ m2)
0
Full daily ration
4

Treatment 2

Treatment 3

Treatment 4

25 (0.625/ m2)
500 (5.0/ m2)
0
Full daily ration
4

0
500 (5.0/ m2)
4:1 (N: P)
Half daily ration
4

25 (0.625/ m2)
500 (5.0/ m2)
4:1 (N: P)
Half daily ration
4

In the proposed design, T1 is a control group representing the current practice of tilapia farming.
Although ancillary to our primary objective (semi-intensive farming), we also tested whether
improvements in water quality can be achieved solely through addition of rohu carp (T2).
Inclusion of this treatment group also balanced our experimental design. Treatment 3 (T3)
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examined semi-intensive farming of tilapia through a 50% feed restriction/fertilization strategy,
and whether growth, production yields, and water quality could be further improved with rohu
(T4). Weekly pond fertilization (generally 14% the cost of feed) accompanied the feed reduction
treatments (T3, T4) to promote utilization of pond primary production by both tilapia and carp.
Ponds were dried and limed (2 kg CaCO3) and prepared according to standard procedures.
Treatment 1 and 2 ponds were fertilized initially using inorganic fertilizers, urea and triple
superphosphate (TSP) at a rate of 28 kg N and 5.6 kg P ha/week (4:1 N:P). Treatment 3 and 4
were fertilized initially at a rate of 28 kg N and 5.6 kg P ha/week (4:1 N:P) and weekly thereafter
at a similar rate. The fertilization levels and rate employed are those that were previously
developed by CRSP research activities in numerous countries and encompass those ranges
recommended for tilapia culture (Egna and Boyd 1997, Green and Duke 2006). Other studies
have shown that fertilization every two weeks works as well as weekly at least when using fish at
lower densities (see Egna and Boyd 1997). We fertilized weekly considering the higher density (5
fish/m2) used here and to remain consistent with most studies (Egna and Boyd 1997, El-Sayad
2006, Green and Duke 2006). We also incorporated carp, which likely required additional
primary productivity.
Fish were fed with a pelleted commercial feed (CP Bangladesh, 30% crude protein, 3% fat, 12%
moisture, 8% fiber) initially at around 10% bw/day and titered down to ~3% bw/day during the
final grow-out (10% bw/day for 5–10 g fish, 8% bw/day for 15–60 g fish, 5% bw/day for 60–100
g fish, 3% bw/day for 100–200 g fish). Animals were fed twice daily at the appropriate daily rate
based on treatment groups. Tilapia were subsampled every two weeks by cast net for growth rate
determinations and feeding rate adjustments. Animals were fed twice daily at the appropriate
daily rate based on treatment groups. After 150 days of grow-out, all fish were harvested by
seining and complete draining of the pond. The total weight of fish stocks were recorded at
harvest and a subset of fish were measured for weight and length. Feed conversion ratio (FCR),
feed inputs, specific growth rates, and total production biomass were calculated. A basic marginal
cost-return analysis based on input costs (fertilizers/ feed/ fingerlings) and sales determined if the
reduced feeding-fertilization strategy and/or incorporation of carp can provide cost savings or
additional incomes relative to monocultured tilapia provided daily full feeding rates (Bolivar et al.
2006). We anticipate based on previous work that 50% reduction in feeding combined with
fertilization would prove better than feeding alone at full satiation (Diana et al. 1994, Bolivar et
al. 2010). It was anticipated that the incorporation of carps would also provided additional fish
yield and profits to tilapia culture.
Standard water quality parameters such as water temperature, dissolved oxygen, pH, total
alkalinity, phosphate, total phosphorus, nitrate, nitrite, ammonia, total nitrogen, chlorophyll a,
algae, and zooplankton community were assessed on the spot using meters/sensors as appropriate
or at the Water Quality and Pond Dynamics Laboratory at BAU. Most parameters were measured
weekly and temperature, DO, pH and alkalinity were measured daily (APHA 2012). Treatment
groups were tested for significant differences in growth performance, production yields, and
water quality using two-way analysis of variance (feed regimen; addition of carp, interaction
effects) followed by Tukey’s HSD test.
Study 2 — To assess the benefit of addition of a second major carp catla with tilapia-rohu
polyculture. This experiment further refined the reduced-feeding/fertilization and polyculture
strategy outlined in Study 1. Based on the results of Study 1 we found tilapia production
efficiency was higher with reduced-feeding regimes and addition of rohu alone. We attempted to
further improve our technology by use of a second Indian carp (C. catla) alone or in combination
with rohu. These two carps encompass discrete niches. Rohu feed primarily in the water column
and bottom on algae and vegetation, while Catla are omnivorousm surface feeders preferring

114

zooplankton as adults, although these preferences may shift depending on their life history stage
or whether artificial feeds are present (Rahman et al. 2006). Catla tend to grow faster than rohu,
Therefore greater biomass (production yield) along with further improvements in water quality
may be achieved using catla alone or the combination of both carps.
The experimental design is shown in Table 2. This experiment tested whether the reducedfeeding/fertilization strategy with rohu carp (T1) could be significantly improved by switching to
polyculture with Catla (T2), or in mixed polyculture with both rohu and catla (T3). Twelve ponds
at BAU were used for this second trial. Fish were grown out for 150 days. Feeding rates,
production parameters, water quality, and cost-return analyses were assessed as outlined under
Study 1.
Table 2. Experimental design for Study 2.
Parameter
Treatment 1
Rohu
Catla
Tilapia
Feeding
Fertilization
Replicates (n)

2

25 (0.625/m )
0
500 (5.0/ m2)
Half daily ration
4:1 (N: P)
4

Treatment 2

Treatment 3

0
25 (0.625/m2)
500 (5.0/ m2)
Half daily ration
4:1 (N: P)
4

13 (0.32/m2)
12 (0.31/m2)
500 (5.0/ m2)
Half daily ration
4:1 (N: P)
4

Activity 3 — Disseminate potential benefits of tilapia–Indian carp polyculture and feed
management technology to rural farmer households. We developed and produced two
extension leaflets outlining the advantages of reducing feed ration by half and in incorporating
major Indian carps in culture of tilapia. We also organized a workshop for local farmers in the
Mymensingh region to demonstrate the new feed reduction and polyculture technologies outlined
under studies 1 and 2.
RESULTS AND DISCUSSION
Study 1 - Evaluate production parameters and potential economic and environmental
benefits of reducing feed inputs with adoption of carp (rohu) into the growout of tilapia in
earthen ponds. The water quality parameters recorded in treatments T1, T2, T3 and T4 were found
to be within the suitable range of fish culture (Table 3). Water transparency among the four
treatments ranged from 10.67 to 12.06 cm and did not vary significantly among groups (p >
0.05). Values found among the treatments is similar to that found in other studies (Asaduzzaman
et al. 2006, Kundu et al. 2008). Chlorophyll a ranged from 100.28 to 143.32 µg/L with no
significant differences among the five treatments and was similar to those recorded by Kohinoor
(2000) and Rahman (2000). Chlorophyll a was highest in T3 possibly due to a combination of
higher primary productivity associated with fertilization and absence of carp feeding on
phyotoplankton. The lowest mean value was recorded in T1 likely a result of grazing pressure
from tilapia and the lack of carp and weekly fertilization with inorganic nitrogen or phosphorous.
Four different groups of organisms were identified in the benthos samples collected in this study
(Table 4). These included chirnomid larvae, Oligocheta, mollusks, and unidentified organisms.
Among the benthos communities, only chironomid larvae were found to be significantly different
between treatments (highest in treatment fed full daily ration with no fertilization than in those
fed half ration with pond fertilization; p < 0.1).
During the study period, 27 genera of phytoplankton belonging to six families, Bacillariophyceae
(6), Chlorophyceae (11), Cyanophyceae (6), Euglenophyceae (2), Rhodophyceae (1), and
Xanthophyceae (1), and 12 genera of zooplankton belonging to four groups, Cladocera (4),
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Copepoda (2), Rotifera (5), and crustacean larvae (1), were identified in the experimental ponds
(Table 5). Plankton populations were identified to the genus level (see Table 6). The total
phytoplankton among four treatments ranged from 61.14 ± 7.21 to 85.94 ± 6.70 (× 103 cells/L).
The total zooplankton ranged from 15.28 ± 1.22 to 25.17 ± 3.68 (× 103 cells/L) among the
different treatments. Similar results have been previously reported (Dewan et al. 1991, Wahab et
al. 1995).
For monitoring of growth parameters, weight of 50 tilapia and 10 rohu from each pond was
collected at two-week intervals. In terms of growth and production, the mean stocking weight of
tilapia was same among all four treatments at 8.34 ±1.85 g (Table 7). The harvesting (final)
weight and weight gain of tilapia was significantly higher for T3 and T4 (50% feed and
fertilization: 137.69 ± 2.04 g and 132.57 ± 5.42 g, 129.35 ± 2.04 g and 124.23 ± 5.43 g) than for
T1 and T2 (full feed and no fertilization: 108.96 ± 9.82 g and 116.99 ± 9.04 g, 100.62 ± 9.82 g and
108.64 ± 9.04 g) (Table 7). The highest mean weight gain of tilapia in T3 and T4 could have
resulted from better utilization of natural foods boosted by pond fertilization and the use of
commercial feed. Weight gain of monosex tilapia has been reported as 64.23 ± 2.35 g to 193.58 ±
3.59 g (Siddik et al. 2007), 250.55 ± 2.38 g to 315.92 g ± 1.11 g (Reza 2013), and 118.5 g to
124.0 g (Hossain et al. 2011) and variability might be related to differences in feed, fertilizer, and
quality of fingerlings used in the studies.
In this experiment, the specific growth rate (SGR) of tilapia in T1, T2, T3 and T4 were 1.71 ±
0.06%/day, 1.76±0.05%/day, 1.87±0.00%/day, and 1.85±0.03%/day, respectively, and was
significantly higher in T3 and T4 (Table 7). Siddik et al. (2007) recorded that the specific growth
rate of Nile tilapia ranged from 2.44 ± 0.02%/day to 3.33 ± 0.04%/day. The higher SGR observed
in this study relative to that shown here is likely associated with lower stocking density (3.125
fish/m2).
The feed conversion ratio (FCR) for tilapia was significantly lower for T3 and T4 (50% ration and
fertilization; 0.47 ± 0.03 and 0.49 ± 0.03) than for T1 and T2 (100% ration and no fertilization;
1.23 ± 0.16, 1.13 ± 0.11) (Table 7, Figure 1). Siddik et al. (2007) and Reza (2013) recorded
higher feed conversion ratios for Nile tilapia that varied from 1.61 ± 0.05 to 1.65 ± 0.06 and 1.41
to 1.59, respectively. The variations in FCR values might be due to differences in quality and
amounts of feed given, quality of fingerlings, pond fertilization strategy, or water quality of the
ponds.
The mean survival rates of tilapia were 75.29 ± 2.45%, 76.24 ± 2.06%, 76.89 ± 1.28%, and 81.06
± 1.03% in T1, T2, T3, and T4, respectively, and was significantly higher in T4 than in the other
three treatments (Table 7). Previous studies have shown that survival of sex-reversed Nile tilapia
varied from 84.2 ± 3.1% to 89.3 ± 5.3% (Borski et al. 2011) and 94% to 95% in experimental
ponds (Haque et al. 2010). The variation of survival rate (%) among different treatments might be
related to natural mortality and other factors.
The highest production of tilapia were found in T4 and T4, likely due to the fish’s capacity to
utilize feeds containing high protein content and large quantity of natural foods available in the
pond during the study period (Table 7, Figure 2). Borski et al. (2011) and Hossain et al. (2011)
recorded that the production of Nile tilapia ranged from 3,062 to 3,080 kg/ha and 3,180 to 3,435
kg/ha, respectively, and is likely due to lower stocking densities. Here we found net production
ranged from 3,777 kg/ha to 5,046 kg/ha with a stocking density of 5 tilapia/m2.
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The major input cost variable for culture of tilapia and other fishes is feed. Total expenditures
were nearly twice as high for T1 and T2 with fish that were fed a full daily ration than in T3 and T4
fed at half ration (Table 8, Figure 3). Accordingly, the BCR was significantly higher in T3 and T4.
Carp production and survival was similar whether ponds were fertilized or not and when tilapia
were fed either a full or half daily ration. Hence the addition of carp provided additional crop
while having no impact on tilapia growth.
Collectively these results suggest that feeding at half ration combined with pond fertilization
substantially increases the net return and benefit-cost ratio for growing tilapia whether in
monoculture or in polyculture with rohu. The polyculture of carp with tilapia allows additional
production of fish that can enhance incomes of small-scale farmers.
Study 2 — To assess the benefit of addition of a second major carp catla with tilapia-rohu
polyculture. Water quality variables, e.g., pH, TDS, Temperature, dissolved oxygen, alkalinity,
nitrate-nitrogen, nitrite-nitrogen, phosphate-phosphorus and chlorophyll a did not vary
significantly among the three groups that had either rohu or catla alone or the two combined
(Table 9). The water quality parameters recorded throughout this study were within the suitable
range for fish culture.
Four different groups of benthic organisms were identified in this study: chirnomid larvae,
Oligocheta, mollusks, and organisms that could not be identified (Table 10). There was no
significant difference of benthos between the three treatments.
Plankton populations were identified into genus level (Table 11). During the study period, 30
genera of phytoplankton belonging to five families were identified: Bacillariophyceae (10),
Chlorophyceae (11), Cyanophyceae (6), Euglenophyceae (2), and Rhodophyceae (1); and 14
genera of zooplankton belonging to four groups were identified: Cladocera (4), Copepoda (3),
Rotifera (5) and Protozoa (1). Phytoplankton counts were significantly higher in T1 (polyculture
of rohu and tilapia together leading to lower grazing pressure) while zooplankton counts were
significantly higher in T2 (polyculture of catla and tilapia together). Overall, plankton counts were
lowest for T3 in ponds that had all three species grown together.
Growth parameters of 50 tilapia and 15 rohu and 15 catla from each pond in each treatment were
collected at two-week intervals. The mean stocking weight of tilapia was the same among all
three treatments (9.14 g). The harvesting (final) weight and weight gain of tilapia were
significantly higher in T2 (149.58 ± 11.32 g and 140.44 ± 11.32 g), followed by T1 (133.50 ± 8.80
g and 124.36 ± 8.80 g), and T3 (121.25 ± 7.02 g and 112.11 ± 7.02 g). The highest weight gain
was observed in T2 may have been due to greater uptake of commercial feed (30% CP) and
plankton while the lower weight gain in T3 may have been due to competition for available food
resources among the three species. The specific growth rate (SGR) of tilapia found in T1, T2 and
T3 were 1.60 ± 0.04%/day, 1.66 ± 0.05%/day, and 1.54 ± 0.03%/day, respectively (Table 13). The
variation of SGR was probably due to differences in competition for available food resources
among the different species cultured together in each treatment. There was no difference in tilapia
survival rate among any of the treatments (Table 13) and were similar to those found in other
studies (Borski et al. 2011; Haque et al. 2010).
The feed conversion ratio (FCR) for tilapia in T1, T2 and T3 were 1.47 ± 0.10, 1.41 ± 0.21, and
1.46 ± 0.27, respectively, but no significant difference was found (Table 13). Siddik et al. (2007)
and Reza (2013) recorded that the feed conversion ratio for Nile tilapia varied from 1.61 ± 0.05 to
1.65 ± 0.06 and 1.41 to 1.59, respectively.
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Net production of tilapia was highest in T2 (7,181.09 ± 654.71 kg/ha) followed by T1 (6,273.11 ±
567.89 kg/ha) and T3 (5,689.10 ± 193.30 kg/ha) (Table 13, p < 0.05). The highest production
found in T2 may have been due to greater uptake of commercial feed and natural foods, while the
lower weight gain in T3 may have been due to competition for available food resources among the
three species.
Overall, there were no significant differences in total input costs or return variables between any
of the treatments (Table 14). Although the benefit-to-cost ratio (BCR) was highest for T2, it did
not significantly vary between the other two treatments.
Based on the presented results, a better production and net return may be achieved with
tilapia/catla or tilapia/rohu polyculture when feed is provided at half the daily ration and pond are
fertilized. Either of these polyculture systems leads to nominally higher benefit-to-cost ratios and
is more economical than tilapia raised with rohu and catla together.
Activity 3 — Disseminate benefits of tilapia–Indian carp polyculture and feed management
technology to rural farmer households. Two extension leaflets were produced demonstrating
the advantages of reducing feed ration and of incorporating catla or rohu in culture of tilapia (see
Addendum). The new “Tilapia-Carp Polyculture Technology” also was demonstrated to farmers
through a Farmer’s day workshop held at BAU. Thirty-seven farmers from the Mymensingh area
attended the workshop where the advantages of reducing feed inputs and incorporating carps into
tilapia culture was discussed. The procedure for undertaking the new polyculture-reduced feeding
practice was provided to farmers. Farmers were also brought to the field station at BAU for pondside training. Farmers were very excited about the research and many intend on incorporating the
new culture management practice to their current tilapia monoculture production system.
CONCLUSION
Small-scale farmers often use extensive or improved extensive agricultural practices, where
fertilizer is added to stimulate pond primary production but no additional fish feeds are used. The
promotion of semi-intensive farming practices is a key target for increasing personal household
income and fish consumption and greater food security for impoverished farmers in Bangladesh.
A significant hurdle for the implementation of semi-intensive farming is the cost of feed,
comprising up to 50%–70% of total cost. Further, as local feed formulations often have low
protein content, farmers compensate by overfeeding their fish, leading to poor water quality. One
solution to these issues are to reduce the amount of feed input into the system by providing half
the daily ration along with fertilizing ponds to boost primary production of plankton. Also,
polyculture of tilapia with other valuable fish species such as rohu and catla can help to reduce
feed wastes and help in maintaining good water quality. The results of this investigation indicates
that a higher net return and benefit-cost ratio for tilapia production can be achieved by feeding
fish at 50% the typical daily ration level in fertilized ponds. Addition of the major Indian the
carps, rohu and catla to tilapia culture may also provide further income benefits to farmers as net
production of fishes is greater in polyculture than tilapia monoculture systems regardless of the
feeding regimen applied. Since tilapia growth was little impacted by feeding at half ration but
tended to grow better when polycultured with catla compared to rohu alone or rohu-catla
combined, it might be preferential to use catla in polyculture with tilapia. Regardless, the results
indicate profits can increase by 200% if tilapia are grown with native Indian carps and provided
half the standard ration level typically used for tilapia monoculture. An extension fact-sheet
describing these improved management strategies was produced and a Workshop was provided to
disseminate the results to rural farmers in the Mymensingh region. This research has contributed
to the training of six Masters of Science students who are in the process of finishing their degrees.
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TABLES AND FIGURES
Table 1. Experimental design for Study 1.

Parameter
Rohu
Tilapia
Fertilization
Feeding
Replicates (n)

Treatment 1
0
500 (5.0/ m2)
0
100% Satiation
4

Treatment 2
25 (0.625/ m2)
500 (5.0/ m2)
0
100% Satiation
4

Table 2. Experimental design for Study 2.
Parameter
Treatment 1
25 (0.625/m2)
0
500 (5.0/ m2)
50% Satiation
4:1 (N: P)
4

Rohu
Catla
Tilapia
Feeding
Fertilization
Replicates (n)

Treatment 3
0
500 (5.0/ m2)
4:1 (N: P)
50% Satiation
4

Treatment 2

Treatment 3

0
25 (0.625/m2)
500 (5.0/ m2)
50% Satiation
4:1 (N: P)
4

13 (0.32/m2)
12 (0.31/m2)
500 (5.0/ m2)
50% Satiation
4:1 (N: P)
4

Treatment 4
25 (0.625/ m2)
500 (5.0/ m2)
4:1 (N: P)
50% Satiation
4

Table 3. Water quality parameters from Study 1. Values are mean ± SD. Values with different letters are
significantly different (p < 0.05).
Treatment 1
Treatment 2
Treatment 3
Treatment 4
Dissolved Oxygen (mg/L)

6.31±0.40

6.49±0.28

Temperature (°C)

23.82±0.03

23.88±0.03

b

ab

8.19±0.02

6.73±0.42

6.53±0.46

23.83±0.03
8.26±0.10

a

23.86±0.05
8.27±0.10a

pH

8.04±0.11

Transparency (cm)

12.06±2.33

11.44±0.58

10.67±0.96

10.94±1.32

Total Alkalinity (mg/L)

140.00±24.57

142.52±10.45

143.64±5.46

143.73±6.24

TDS (mg/L)

132.18±26.32

135.34±17.79

134.75±4.74

126.88±11.01

Chlorophyll-a (µg/L)

100.28±25.43

104.27±32.71

143.32±33.36

130.86±33.24

Ammonia (mg/L)

0.626±0.152

0.507±0.058

0.523±0.089

0.582±0.090

Phosphate (mg/L)

1.357±0.184

1.282±0.106

1.215±0.064

1.434±0.200

Nitrite (mg/L)

0.036±0.008

0.052±0.025

0.038±0.016

0.041±0.006

Nitrate (mg/L)

0.310±0.009

0.327±0.022

0.297±0.055

0.346±0.026

Table 4. Benthic organisms identified in Study 1. Values are mean abundance (×103 cells/L) ± SD. Values with
different letters are significantly different (p < 0.05).
Treatment 1
Treatment 2
Treatment 3
Treatment 4
Oligochaeta

217.28±45.80

206.58±36.14
a

316.87±56.96

195.06±42.03
b

261.73±73.66c

Chironomid Larvae

386.83±77.06

Mollusks

69.68±27.76

56.79±14.70

70.78±20.49

53.91±26.13

Unidentified

22.50±15.24

21.81±12.76

17.70±18.41

9.05±9.09
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257.61±50.24

188.89±39.28
c

Table 5. Plankton populations identified in Study 1. Values are mean abundance (×103 cells/L) ± SD. Values with
different letters are significantly different (p < 0.05).
Treatment 1
Treatment 2
Treatment 3
Treatment 4
Bacillariophyceae

21.14±4.36b

22.86±4.42b

28.72±5.94a

27.28±5.95a

Chlorophyceae

27.47±3.86c

29.17±3.63b

34.31±3.09a

33.17±2.98a

Cyanophyceae

5.58±0.88c

8.53±0.88a

6.97±1.17b

7.17±0.84ab

Euglenophyceae

6.72±1.62b

7.86±1.04a

6.53±0.85b

5.53±1.28c

Rhodophyceae

1.94±0.62a

1.39±0.33b

1.17±0.38c

1.44±0.30b

Total Phytoplankton

61.14±7.21c

64.47±4.52c

73.39±5.87b

85.94±6.70a

Copepoda

5.64±0.67

6.31±0.74

5.94±1.01

5.81±0.86

Rotifera

9.39±2.36

10.06±2.36

12.72±4.26

11.19±1.88

Cladocera

2.44±1.07

1.92±0.78

1.97±1.19

2.08±0.98

a

0.28±0.15

c

0.39±0.28b

Protozoan

0.61±0.25

Total Zooplankton

15.28±1.22

16.58±0.86

20.39±2.32

25.17±3.68

Total Plankton

76.42±7.87

81.06±5.00

93.78±7.96

111.11±9.76
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0.67±0.41

a

Table 6. Plankton identified in Study 1.
Family

Genus

Prokaryotes
Bacillariophyceae

Cyclotella
Surirella
Cosmarium
Nitzschia
Navicula

Chlorophyceae

Actinestrum
Ankistrodesmus
Chlorella
Closterium
Volvox
Pediastrum
Scenedesmus
Tetraedon
Ulothrix
Crucigenia
Pleorococcus
Stichococcus

Cyanophyceae

Anabaena
Aphanizomenon
Gomphosphaeria
Microcystis
Oscillatoria

Euglenophyceae

Euglena
Phacus

Rhodophyceae

Hildenbrandia

Eukaryotes
Rotifera

Asplanchna
Brachionus
Filinia
Keratella
Polyarthra
Trichocerca

Cladocera

Diaphanosoma
Sida
Moina

Copepoda

Cyclops
Diaptomus

Crustacea

Nauplius
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108.96±9.82b
100.62±9.82b
75.29±2.45b
1.71±0.06b

Harvesting Weight(g)

Survival Rate (%)

1.23±0.16a

Feed Conversion Ratio (FCR)

NA
NA
NA
NA
NA
NA
NA

Stocking Weight (g)

Harvesting Weight(g)

Weight Gain (g)

Survival Rate (%)

Gross Production (kg/ha)

Net Production (kg/ha)

Specific Growth Rate (SGR)

Rohu

Net Production (kg/ha)

4,089.83±518.46b
3,777.52±52b

Gross Production (kg/ha)

Specific Growth Rate (SGR)

Weight Gain (g)

8.34±1.85

Stocking Weight (g)

Tilapia

Treatment 1

0.55±0.14

73.12±42.14

126.502±52.63

80.56±18.44

35.00±13.76

61.00±13.76

26.60±8.50

1.13±0.11a

4,440.99±440.04b
4,124.67±431.38b

76.24±2.06b
1.76±0.05b

116.99±9.04b
108.64±9.04b

8.34±1.85

Treatment 2

NA

NA

NA

NA

NA

NA

NA

0.47±0.03b

5,340.62±156.47a
5,017.16±151.46a

76.89±1.28b
1.87±0.00a

137.69±2.04a
129.35±2.04a

8.34±1.85

Treatment 3

0.54±0.02

64.78±20.75

116.107±35.13

77.29±22.94

33.33±2.04

59.93±2.04

26.60±8.50

0.49±0.03b

5,385.23±276.98a
5,046.53±272.30a

81.06±1.03a
1.85±0.03a

132.57±5.42a
124.23±5.43a

8.34±1.85

Treatment 4

Table 7. Growth performance outcomes for Study 1. Values are mean ± SD. Values with different letters are significantly different
(p < 0.05). NA = not applicable.
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118,210.14±4,309.44a
NA
43,560.18±555.06a
624,362.60±7,955.90a
932,932.67±77,451.22bc
286,469.43±95,884.41b
1.49±0.11b

118,210.14±4,309.44a
1,885.58±935.91
NA
42,664.53±568.91a
611,524.94±8,154.32a
838,200.68±116,951.37c
226,675.58±110,128.31b
1.37±0.17b

Feed cost (Tk/ha)

Lime Cost (Tk/ha)

Fertilizers cost(Tk/ha)

Labor cost (Tk/ha)

Total Expenditure (Tk/ha)

Gross return (Tk/ha)

Net return (Tk/ha)

Benefit Cost Ratio (BCR)

1,389.38±1,273.01

111,943.93 ±1,587.86a

99,505.71± 1,411.43b

Treatment 2

Fingerlings cost (Tk/ha)

Treatment 1

2.92±0.18a

743,976.95±80,584.80a

1,130,234.07±86,477.25a

386,257.17±6,178.87b

2.72±0.17a

673,749.64±79,583.97a

1,064,254.63±89,098.58ab

390,505.00±10,711.16b

27,244.54±747.29b

6,614.97± 108.02a

6,661.74± 93.55a
26,948.17±431.08b

2,172.28±1457.26

60,407.64± 981.23b

112,737.86±1,833.50a

Treatment 4

1,896.61±1,784.02

62,777.92± 1,074.71b

100,917.14±1,411.43b

Treatment 3

Table 8. Economic analyses from Study 1. Values are mean ± SD. Values with different letters are significantly different (p < 0.05). NA = not
applicable.

Table 9. Water quality parameters from Study 2. Values are mean ± SD.
Treatment 1
Treatment 2
Treatment 3
Temperature (0C)

29.55±0.35

29.70±0.22

29.75±0.19

Transparency (cm)

10.58±0.96

13.58±1.67

11.83±0.58

DO (mg/L)

4.50±0.12

4.38±0.20

4.38±0.15

pH

7.89±0.24

7.79±0.10

7.77±0.22

Alkalinity (mg/L)

112.80±6.22

103.20±7.48

104.05±7.24

TDS (mg/L)

93.36±4.89

90.32±10.44

79.77±7.95

Nitrate (mg/L)

0.067±0.031

0.078±0.035

0.057±0.022

Nitrite (mg/L)

0.034±0.011

0.055±0.024

0.036±0.020

Phosphate (mg/L)

1.22±0.10

2.43±1.19

1.35±0.12

Chlorophyll a (µg/L)

208.80±20.52

169.91±13.75

189.32±13.53
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Table 10. Benthic organisms identified in Study 2. Values are mean abundance (×103 cells/L) ± SD.
Treatment 1
Treatment 2
Treatment 3
Oligochaeta

337.04±122.37

348.15±137.08

360.00±145.33

Chironomid Larvae

336.67±144.64

402.59±247.31

362.22±176.39

Mollusks

147.04±30.44

139.26±27.44

145.19±55.51

Unidentified

59.26±28.48

54.81±15.00

50.06±18.33

Table 11. Plankton populations identified in Study 2. Values are mean abundance (×103 cells/L) ± SD. Values with
different letters are significantly different (p < 0.05).
Treatment 1
Treatment 2
Treatment 3
Bacillariophyceae

8.90 ± 0.39a

6.57 ± 0.39b

5.38 ± 0.28c

Chlorophyceae

10.03 ± 0.49a

7.40 ± 0.49b

6.64 ± 0.55c

Cyanophyceae

3.88 ± 0.30a

2.57 ± 0.31b

1.96 ± 0.21c

Euglenophyceae

3.22 ± 0.22a

2.11 ± 0.22b

1.96 ± 0.19c

Rhodophyceae

0.82 ± 0.07a

0.53 ± 0.12b

0.27 ± 0.05c

Total phytoplankton

26.86 ± 1.59a

19.18 ± 1.03b

16.20 ± 1.90c

Copepoda

0.16 ± 0.33

0.18 ± 0.31

0.13 ± 0.23

b

4.36 ± 0.39

a

2.52 ± 0.38c

Rotifera

3.58 ± 0.43

Cladocera

1.31 ± 0.14a

1.46 ± 0.11a

0.90 ± 0.11b

Protozoan

0.24 ± 0.06

0.26 ± 0.05

0.11 ± 0.06

Total zooplankton

6.77 ± 0.61b

7.90 ± 0.55a

4.79 ± 0.55c

Total plankton

33.62 ± 1.62a

27.07 ± 1.47b

20.99 ± 1.60c
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Table 12. Plankton identified in Study 2
Family

Genus

Prokaryotes
Chlorophyceae

Ankistrodesmus
Botryococcus
Chlorella
Closteridium
Pleurococcus
Pediastrum
Scenedesmus
Tetraeodon
Ulothrix
Zygnema
Volvox

Cyanophyceae

Anabaena
Aphanizomenon
Mycrocystis
Gomphosphaeria
Spirulina
Oscillatoria

Bacillariophyceae

Asterionella
Cyclotella
Cosinodiscus
Diatoma
Fragillaria
Gomphonema
Navicula
Nitzchia
Suirella
Triceratium

Euglenophyceae

Euglena
Phacus

Rhodophyceae

Hildenbrandia

Eukaryotes
Rotifera

Asplanchna
Brachionus
Filinia
Polyartha
Trichocerca

Cladocera

Daphnia
Moina
Bosmina
Sida

Copepoda

Cyclops
Diaptomus
Nauplius

128

Table 13. Growth performance outcomes for Study 2. Values are mean ± SD. Values with different letters are
significantly different (p < 0.05). NA = not applicable.
Treatment 1
Treatment 2
Treatment 3
Tilapia
Stocking Weight (g)

9.14±0.00

9.14±0.00
b

9.14±0.00

149.58±11.32

a

121.25±7.02c

Harvesting Weight (g)

133.50±8.80

Weight Gain (g)

124.36±8.80b

140.44±11.32a

112.11±7.02c

Survival Rate (%)

92.96±2.91

97.41±1.50

94.80±2.59

b

Specific Growth Rate (SGR)

1.60±0.04

1.66±0.05

Gross Production (kg/ha)

6,130.21±443.60

Net Production (kg/ha)

5,710.49±438.71

Feed Conversion Ratio (FCR)

1.47±0.10

a

1.54±0.03c

7,199.18±569.21
b

6,759.36±566.85

5,672.81±214.50
a

1.41±0.21
b

5,244.76±221.47c
1.46±0.27

7,737.78±646.51

a

6,272.23±183.44c

Gross Production (kg/ha)

6,867.11±570.36

Net Production (kg/ha)

6,273.11±567.89b

7,181.09±654.71a

5,689.10±193.30c

Stocking Weight (g)

34.70±0.00

NA

34.70±0.00

Harvesting Weight (g)

146.67±43.96

NA

122.00±9.70

Weight Gain (g)

111.97±43.96

NA

87.30±9.70

NA

88.68±2.11a

Rohu

b

Survival Rate (%)

81.11±2.30

Gross Production (kg/ha)

736.89±221.29a

NA

345.14±22.31b

Net Production (kg/ha)

562.62±220.73a

NA

246.88±23.43b

Specific Growth Rate (SGR)

0.84±0.17

NA

0.75±0.05

Stocking Weight (g)

NA

22.92±0.00

22.92±0.00

Harvesting Weight (g)

NA

108.17±32.41

102.88±9.72

Weight Gain (g)

NA

85.25±32.41

79.96±9.72

Survival Rate (%)

NA

82.34±8.82

Catla

80.64±13.99
a

254.28±42.66b

Gross Production (kg/ha)

NA

538.59±100.36

Net Production (kg/ha)

NA

421.73±112.48a

197.46±34.62b

Specific Growth Rate (SGR)

NA

0.90±0.17

0.89±0.05
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Table 14. Economic analyses from Study 2. Values are mean ± SD. NA = not applicable.
Treatment
Treatment 2
Treatment 3
1
Financial Input
Rotenone (Taka/ha)

8,398

8,398

8,398

Lime (Taka/ha)

2,964

2,964

2,964

Urea (Taka/ha)

9,296

9,296

9,296

TSP (Taka/ha)

7,382.58

7,382.58

7,382.58

Tilapia (Taka/ha)

98,800

98,800

98,800

Rohu (Taka/ha)

12,479.68

NA

6,422

Catla (Taka/ha)

NA

55575

28899

Feed (Taka/ha)

435,462.41

448,127.16

437,151.89

Labor and Others (Taka/ha)

10,000

10,000

10,000

Total Cost (Taka/ha)

584,782.67

640,542.74

609,313.47

Tilapia (Taka/ha)

735,990.84

864,542.48

711,305.85

Rohu (Taka/ha)

73,569.67

NA

35,929

Catla (Taka/ha)

NA

55,080.16

29,907.22

Total Return (Taka/ha)

809,560.51

919,622.65

777,142.07

Net Return (Taka/ha)

224,777.85

279,079.91

167,828.59

Benefit Cost Ratio (BCR)

1.38

1.44

1.28

Financial Return
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Figure 1. Feed conversion ratio (FCR) for tilapia (O. niloticus) in Study 1. The FCR for tilapia in treatments 1 and 2
were significantly higher than in treatments 3 and 4. Values are mean ± SD. Values with different letters are
significantly different (p < 0.05).

Figure 2. Gross and net production parameters for tilapia (O. niloticus) in Study 1. For both parameters, treatments
1 and 2 (100% daily ration without pond fertilization) were significantly lower than treatments 3 and 4 (50% daily
ration with pond fertilization). Values are mean ± SD. Values with different letters are significantly different (p <
0.05).
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Figure 3. Combined total expenditure and net return for tilapia (O. niloticus) and rohu (L. rohita) in Study
1. The total expenditure was significantly higher in treatments 1 and 2 (100% daily feed rations) than in
treatments 3 and 4 (50% daily feed rations). The net return for treatments 3 and 4 were significantly lower
than treatments 1 and 2. Values are mean for treatments. Values with different letters are significantly
different (p < 0.05).
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