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Abstract 

An affordable polyculture system was developed and found appropriate for seasonal 
ponds with a mean culture season of <220 days and situate� in poor soil types. The three 
main species used were silver barb, Puntius gonio,iotus, silver carp, Hypophthalmichthys 
molitrix and common carp, Carpio carpio. Pond preparation a nd management was 
dependent upon the use of lime, cow manure, triple super phosphate (TSP) and urea. 
Duck weed, Lemna sp., green vegetable leaves and rice bran were the principle 

supplementary feeds. This system raised production levels from a baseline of 740 kg*ha·1 

to 2,195 kg•ha·1 with a cost benefit ratio of 1:3.8.
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Fig. 1. A map of 
Bangladesh showing 
the boundary (dotted 
line) of the northwest 
region and the area 
(shaded) covered by 
this work. 

ii) the type of species stocked. With the possible exception of catla, Catla

catla, the traditionally favored species, catla, rui, Labeo rohita and mrigal, 

Cirrhinu.s mrigala, do not grow well in seasonal ponds (Nandeesha et al 1994); 

iii) "Aquaculture is for the rich." Many pond owners believe they have to

be wealthy to practice proper aquaculture management. This is because many 

aquaculture extension agencies (including the Department of Fisheries as well 

as Asian Development Bank- and FAO-sponsored programs) t.end to target own

ers of large ponds who are usually both wealthy and well-educated. 

From baseline surveys conducted by the Northwest Fisheries Extension 

Project (NFEP) in 1993, 80% of pond owners could not afford to save. Of 

these, 25% had an average annual income of less than Tk 7,300 (One US$ = 

Taka 40) earned mainly through daily labor. 

In response to the above constraints, the NFEP designed a polyculture 

package of fast-growing exotic fish combined with low-cost pond inputs. This 

strategy aimed to provide a production syst.em that is affordable to all, suitable 

to local pond conditions, consistent with the local market demands and would 

generate a high financial return to the farmer. 

The polyculture model 

Silver carp, Hypophthalmichthys molitrix, is a readily available species 

and is recognized locally for its rapid growth rate. However, it is not a popular 

table fish and has the lowest market price of all hatchery-produced fish (Table 
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Table 2. Composition and density of fish, fertilization and supplementary feeding rates1 . 

Fish Species 

Silver carp 
Silver barb 
Common carp 
Catla 
Rui 

Total 

3,952 
7,410 
1,482 

988 
988 

14,820 

Pond Preparation 
kg·ha·1

Lime 
Urea 
TSP 

247 
50 
25 

Pond management 
kg• ha·1 • day·1

Cow dung 
Urea 
TSP 

3.7 

2.5 

1.2 

Note: Duck weed and/or soft leaves were given at a wet weight rate of 12 kg·ha·1•day·1

at stocking rising by an increment of 2.5 kg•ha·1•day·1 until the harvesting of the silver
barb. 
1Rice bran was given at the rate of 5 kg•ha·1•day-l on the first month, rising by incre
ments of 1 until the third month. The rate increased to IO kg· ha·1 • day-Ion the fourth
month, 12 kg•ha·1 •day· 1 on the fifth and 15 kg•ha·1•day·1 from the six month until har
vest time. 

group following the method described by Grandin (1988), with an additional cri

teria being that they and their family members could not afford to eat rice 
more than once a day for part of the year. Also considered essential was that 

the farmer was sufficiently interested to provide pond management as dictated 

in the production model (Table 2). Experience had shown that, where a pond 

is under joint ownership, there are invariably disputes over its management 

even if all parties are given training. Therefore, no ponds with multiple owners 

were included. Security was also considered and ponds that were out of sight 

of the owner's homestead were not selected. Mean pond size was 0.06 ha rang
ing from 0.016 to 0.134 ha with a mean maximum depth of 2.3 m (range 1.5 
- 4.6 m). All ponds were seasonal.

Each farmer received three one-day training sessions, one each in May 

(pond preparation), July (pond management) and October (disease control and 
marketing) from the local tha,ia fisheries officer and NFEP extension staff. 

One or both of these extension agents also visited the farmers on a weekly 
basis throughout the season to discuss the appearance of the pond water and 

the condition of the fish. Advice with regards to any adjustment of the food and 

fertilizer application rates was given. No water testing apparata were used 

since these were not available to the farmer. Fingerlings, fertilizers and rice 

bran were provided by the Project on the basis of interest-free credit. The pond 
owners were expected to supply fresh vegetable feeds themselves. 

Every farmer kept a record book of all pond inputs and harvesting data , 

including home consumption by weight and species and first sale price. Fish 

were either sold to passersby at the time of harvesting or, more commonly, to 

wholesalers called bapari who retailed the fish through established markets. 

Quantities consumed were priced as though sold to assess the value of the total 

crop. The record book was checked at each visit by the extension officer who 

also kept a log book of all activities for each pond under his or her supervi• 

sion. A sample of all species was weighed at the time of stocking and on four 
other occasions, including partial and final harvesting. Sampling was done us
ing a cast net while both cast and seine nets were used for partial harvesting. 

The final harvest was usually conducted over a week when pond water depth 

had dropped to about one meter. 
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Fish producti-On 

Fig. 2 shows the growth rates for all species over the season. The mean 
stocking date was 8 July 1993 (23 June - 30 July) and the mean final harvest
ing time 24 January 1994 (6 November 1993 - 1 March 1994). A few grass 
carp, Cte,wpharyngodon idella were accidentally introduced with silver barb 
fingerlings in 41 ponds at a mean stocking density of 345 kg· ha·1• The num
ber of silver barb stocked was recalculated from their mean survival rate (Table 
3) in non-affected ponds. The net production between ponds with grass carp and
those without was found not to be significant and consequently data from all
ponds were grouped together. Production data and income are summarized in
Table 4. Mean net daily production was calculated at 11.0 kg· ha·1"day·1. There
was no significant difference between pond size and production.

An attempt was made to estimate standing crop by the mark and recap
ture method at the time of partial harvest. However, the identification of fin 
clips given to a sample of fish in each pond a month before proved too difficult 
to be reliably recognizable. 

The contribution that each species made to total biomass and gross in
come was assessed by dividing stocking density into their respective percent
ages of biomass and income. The result is given in Table 5. 

Average operational costs, income from production and cost-benefit ratios 
are given in Table 6. Some farmers ate a proportion of their fish but the 
amount was low with 7 .6% of the total biomass for silver carp, 4.6% for silver 
barb and 2.8% for common carp. For all other species, the amount was <2.1 %. 
Items such as cow dung and duck weed were usually collected by unemployed 
members of the family at no financial cost to the farmer. However, cow dung 
does have a market value, principally as a fuel, and was priced accordingly at 

Tk. 0.25 per kg . 
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Fig. 2. The growth 
rates for all fish 
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Fig. 3. The reason 
given by pond 
owners for 
culturing selected 
fish species 
expresse d  as a 
percentage of the 
respondents 

Fig. 4. The mean 
monthly air 
tempe rature, 
rainfall and total 
bright sunshine 
from July 1993 to 
January 1994 at 
Saidpur airport. 

The cost-benefit ratio was good particularly when compared to the ponds 
in Mymensingh. Here a CBR of 1:1.68 was recorded which may reflect local 
prices but is also depressed by the high daily input level of cow dung at 13 
times that of the NFEP model. Mustard oil calm is often recommended in 
other fish production models both as feed and fertilizer (Gupta & Rab 1994). 

However, it is expensive (7-10 Tk•kg· 1) compared with rice bran (1-2 Tk·kg·1). 

Since the spread of silver barb as a cultured fish in the area, a market for 
duckweed has been created and duckweed is sold, coincidentally, at the esti
mated rate of 0.25 Tk • kg· 1. For a family dependent upon the earnings of a
day laborer (approx 7,300 Tk·yea1'1), the extra 3,000 Tk realized from a prop
erly-managed average-size pond of 0.06 ha is a considerable bonus. 

Compared to other on-farm activities, aquaculture performed favorably with 
the main, and traditional, crop, rice, particularly following enhanced pond 

management practices (Table 7). The high cash value of plantation crops such 

as mangos should be balanced against the five-year minimum growing period 
before first fruiting of mangos, although the one-year turnaround for bananas 
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would appear to make them a more attractive proposition. However, both man
gos and bananas require well-drained soils, with bananas favoring loamy and 
clay loam soils; such conditions are uncommon in the area (Source: Depart
ment of Agriculture Extension, Dinajpur). Vegetables also gave a high return 
and their inclusion on pond banks is being actively promoted by the NFEP. 

At 26% of the stocking density, silver carp yielded 45% of the harvest and 
38% of the total gross income compared with silver barb, which, at a stocking 
density of 50%, only contributed to 22% of the biomass and 28% of the gross 

return (Table 4). Silver barb performed the worst when its contribution to bio
mass and income is ranked against the other species in the system (Table 5). 
But, with its comparative intrinsic low overall size, this is to be expected. 
However, it is favored by fish farmers for its high price and was ranked sec
ond to rui for taste (Fig. 3). Gupta et al (1992) also cite farmers in the 
Mymensingh area as favoring silver barb for its high market value. The inclu
sion of silver barb in the polyculture system is designed to take advantage of 
the abundance of duckweed for three months of the season. Provided that it is 
not economically antagonistic to the other species, this alone should merit its 
inclusion. Additionally, silver barb is likely to contribute nutrients to the 
aquatic system through feed waste conversion from low-grade feeds such as 
duckweed (Gouthman 1990). 

The growth rate of grass carp noticeably slowed between the third and 
fourth sampling occasions (Fig. 2), which was reversed after the harvest of 
many of the silver barb. This is possibly related to competition for food. The 
minimal growth increase of the remaining silver barb would support this, with 
the larger grass carp possibly competing more successfully for the limited veg
etable feed available over the winter months. It might also indicate that silver 
barb growth rates are more readily depressed by reduced temperatures (Fig. 4). 
The marked decrease in silver carp growth over the winter months also sug
gests this, though the increased amount of sunlight (Fig. 4) would not be a 
limiting factor for phytoplankton production. Catla growth rates were better 
than expected, particularly when compared to silver carp, over the winter 
months between the third sampling and final harvest (Fig. 2). Sukumaran et

al. (1968) reported that catla grows faster than silver carp during winter, with 
the latter reversing the situation as temperatures rise and plankton production 
increases. This suggests that silver carp should also be harvested at the same 
time as silver barb. Considering the higher market price of catla compared to 
silver carp (Table 2), their proportional stocking densities should also be re
viewed. Milstein et al. (1988) and Hepher et al (1989) clearly demonstrated the 
relationship between stocking densities of particular species on the production 
of other species within a polyculture system. The relationships between all the 
species used need further investigation for the possible improvement of the 
NFEP polvculture model. The presence and absence of silver barb within the 
system is currently under investigation, with particular attention being paid to 
the nutrient loading of duckweed, through silver barb, into the food web. 

Published data on such polyculture systems in Bangladesh is scarce and 
a more detailed and varied comparison is, therefore, difficult. It is hoped, 
though, that once pond owners have recognized the potential for increased 
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