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Introduction
Bangladesh is one of the poorest and most densely populated 
countries in the world. More than 140 million people occupy 
the country’s 144,000 km2 of area, consuming rice and fi sh 
as staple foods. Bangladeshi people are popularly referred 
to as “Macche-Bhate Bangali” or “fi sh and rice makes a 
Bengali.” Rice and fi sh have been an essential part of the life 
of Bangladeshi people from time immemorial. Rice farming 
is the single most important livelihood for a vast majority of 
the rural poor. The annual rice production is estimated to be 
26.53 million tonnes1, while fi sh production is 2.32 million 
tonnes2. The demand for rice and fi sh is constantly rising, 
with the population increasing by more than three million 
people each year. However, the land available for rice and 
fi sh farming is not expanding. Nevertheless, fi sh farming in 
rice fi elds offers a solution to this problem, contributing to food 
production and income generation.

The total area of rice fi elds in Bangladesh is about 10.14 
million ha and there are a further 2.83 million ha of seasonal 
rice fi elds where water remains for four to six months of the 
year3,4. These inundated rice fi elds can play an important role 
in increasing fi sh production through integration of aquacul-
ture. There are several positive effects of fi sh farming in rice 
yields. Integrated rice-fi sh production can optimise resource 
use through the complementary utilisation of land and water5. 
Integration of fi sh with rice farming improves diversifi cation, 
intensifi cation, productivity and sustainability6,7,8. Rice-fi sh 
farming is also being regarded as an important approach to 
integrated pest management (IPM).

The adoption of rice-fi sh farming in Bangladesh remains 
rather marginal to date due to socio-economic, environmental, 
technological and institutional constraints9. Traditionally 
wild fi sh have been harvested from rice fi elds. The green 
revolution of agriculture has become a constraint for the 
development of rice-fi sh farming. With the introduction of high 
yielding varieties (HYV) of rice, the pest control strategy has 
preferred chemical pesticides10,11. Nevertheless, reducing 
pesticide has taken place through IPM. The introduction of 
IPM with fi sh farming in rice fi elds becoming popular in many 
Asian countries, such as China, Philippines, Thailand and 
Vietnam12.

In order to increase food production, a small number of 
farmers were encouraged to take up rice-fi sh farming in 
Bangladesh. Nevertheless, a number of issues are important 
for rice-fi sh farming including production technology, socio-
economic and environmental aspects. This paper highlights 
key issues for sustainable rice-fi sh farming, to meet chal-
lenges for food security for the people of Bangladesh.

Methodology
Field research was conducted for a period of six months from 
December 2007 to May 2008. The research design included 
selection of the study area, identifi cation of target groups 
and selection of research tools for data collection (Figure 1). 
The method of data collection depends upon the nature, aim 
and objectives of the study. Selection of particular method 
depends on nature of the research problems, duration of 
fi eldwork and distance of the research site. In order to assess 
the rice-fi sh farming systems relevant to farmers’ concepts 
and understanding, a participatory research method was 
employed. The major advantage of this method is that its 
coverage is much wider. However, one of the major risks is 
that the investigation has to depend solely upon the memory 
of the respondents. This was, however, overcome by applying 
a combination of data collection methods.

The study was conducted in the Mymensingh area of north-
central Bangladesh which is one of the rice bowls of the 
country. Geographically Mymensingh has been identifi ed as 

Silver carp is a common species in rice-fi sh farming systems.



19January-March 2009

Sustainable aquaculture

the most important and promising area for rice-fi sh culture, 
because of favourable resources and climatic conditions, 
such as the availability of low-lying agricultural land, warm 
climate, fertile soil, and cheap and abundant labour. Hydro-
logical conditions are also favourable for rice-fi sh farming 
as this area is located within the monsoon tropics with an 
average annual rainfall of 2,500 mm13. Moreover, conditions 
are highly encouraging for the expansion of rice-fi sh farming 
as the quantity of fi sh seed produced has risen rapidly in 
recent years from around 70 private hatcheries. Nevertheless, 
a small number of farmers (around 100) are involved in 
rice-fi sh farming in Gauripur and Phulpur sub-districts. These 
farmers received training from the Mymensingh Aquaculture 
Extension Project, funded by Danish International Develop-
ment Assistance. Gauripur and Phulpur sub-districts were 
therefore selected for the study.

A combination of participatory, qualitative and quantitative 
methods was employed for primary data collection. A total of 
80 rice-fi sh farmers, 40 in each sub-district, were interviewed 
at their houses and/or farm sites. The interviews, lasting 
about an hour, focused on rice-fi sh farming systems, culture 
practices, productivity and constraints of rice-fi sh farming. A 
Participatory Rural Appraisal tool - focus group discussion 
(FGD) was conducted with rice-fi sh and rice-only farmers 
to obtain qualitative information. FGD sessions were held 
in front of village shops, under large trees, in farmers’ 
houses and on school premises, where participants could 
sit, feel comfortable and were easily observed. Finally, 
cross-check interviews were conducted with district and 
sub-district fi sheries offi cers, agricultural extension offi cers, 
school teachers, researchers, policy makers and relevant 
non-government organisation (NGO) workers. Data from 
questionnaire interviews were analysed using Microsoft Excel 
software to produce descriptive statistics.

Farming systems
There are two types of rice-fi sh farming systems in the 
Mymensingh area depending on the source of fi sh: culture 
and capture. In the capture system, wild fi sh enter the 
rice fi elds from adjacent fl oodplains during the monsoon 
and reproduce in inundated rice fi elds. On the other hand, 
rice fi elds are deliberately stocked with fi sh in the culture 
system. Fish farming in rice fi elds can be broadly classifi ed 
as concurrent (integrated) and rotational (alternate). In the 
concurrent system, rice and fi sh are grown together, while in 
the rotational system they are grown alternately. According 
to the survey, 54% of farmers practiced concurrent rice-fi sh 
farming and the rest (46%) cultured rotationally. In general, 
the concurrent rice-fi sh culture system is practiced in plain-
lands and medium lowlands, while the rotational system is 
performed in deeply fl ooded lowlands. The average farm size 
was found to be 0.33 ha and 0.29 ha in the concurrent and 
rotational system, respectively.

Two types of rice crops are cultivated in the concurrent 
system: boro and aman. Farmers cultivate boro rice during 
the dry season from January to April, and the monsoon 
season aman rice during June to October. The aman rice 
culture takes place in either deep or fl ooded water conditions 
with fi sh, and with a fi sh culture period of around 4 months. 
In the rotational system, farmers produce fi sh during the 
monsoon. Fish fi ngerlings are stocked in May to June and are 
harvested primarily from November to December, a culture 

Rice fi elds are an important environmental landscape in 
Bangladesh.

A typical concurrent rice-fi sh farm.

A typical rotational rice-fi sh farm.
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period of around 5 to 8 months. Rotational farmers avoid 
cultivation of aman rice with fi sh due to high water levels. 
On the other hand, farmers avoid fi sh culture with boro rice 
because of water scarcity and lower availability of fi ngerlings.

A wide range of fi sh species are cultured in rice fi elds. The 
selection of species depends on farming systems. According 
to the survey, concurrent farmers mainly stocked common 
carp (Cyprinus carpio), silver barb (Barbonymus gonionotus), 
Nile tilapia (Oreochromis niloticus) and silver carp (Hypoph-
thalmichthys molitrix). In rotational culture, on the other hand, 
the most common fi sh species stocked were catla (Catla 
catla), rohu (Labeo rohita), mrigal (Cirrhina cirrhosus), silver 
carp (H. molitrix), grass carp (Ctenopharyngodon idella) 
and bighead carp (Aristichthys nobilis). The average annual 
stocking density of fi ngerlings were 2,857 per ha in the 
concurrent system, while it was 4,917 per ha in the rotational 
system. The average size of fi ngerlings stocked varied 
between 4 and 8 cm in the concurrent system, and 6 to 10 cm 
in the rotational system.

Although small-scale fi sh farming in rice fi elds is an extensive 
aquaculture system that relies on the natural food (phyto-
plankton, zooplankton, periphyton, benthos), supplemental 
feeds are used by most respondents. In the concurrent 

system, farmers mainly use on-farm inputs, such as rice bran, 
wheat bran and mustard oilcake. On the other hand, a few 
rotational farmers apply fi shmeal and industrially manufac-
tured pelleted feeds, in addition to on-farm inputs. Farmers 
reported higher fi sh yields when feeding pelleted feed rather 
than on-farm inputs. The most common feeding frequency 
in the rotational system was once a day, while it was once or 
twice a week in the concurrent system. There was a substan-
tial difference in feeding rate among culture systems.

In order to increase rice and fi sh production, a variety 
of fertilisers such as urea, triple super phosphate (TSP) 
and muriate of potash (MP) are used by the farmers. The 
fertiliser quantity used is related to farming system (Table 1). 
Concurrent farmers with two rice crops used less fertilisers on 
an annual basis than did rotational farmers of one rice crop 
because the presence of fi sh increased soil fertility.

The average annual yield of rice was higher in concurrent 
farming compared to rotational farming, because of two rice 
crops. Table 1 shows that concurrent farmers had a higher 
aman rice yield than boro rice as the stocking of fi sh affected 
the aman rice yield positively. Nevertheless, boro rice yield 
was slightly higher in rotational farming than that of concur-
rent farming.

The average annual yield of fi sh reported by respondents 
was 259 kg/ha in concurrent farming, while 1,108 kg/ha in 
rotational farming. The yield of fi sh was higher in rotational 
farming due to higher inputs of fi sh seed, feed and fertiliser. 
In addition, rotational farmers stocked larger fi ngerlings which 
could have a positive effect on survival and growth, and thus 
also the yield. Comparatively larger size fi sh was harvested in 
rotational farming due to longer culture period.

Constraints and opportunities
A number of constraints were reported by respondents for fi sh 
farming in rice fi elds, including lack of technical knowledge, 
natural disasters (fl ood, drought), high production costs 
and poor water quality. Regardless of farming systems, 
42% of respondents identifi ed lack of technical knowledge 
as their single most important constraint. The proportion of 
respondents identifying high production costs was 34%. Cost 
of fi sh farming in rice fi elds was reported to have increased 
signifi cantly in recent years as a result of increased fi sh seed, 
feed, fertiliser and labour cost. The prices of both fi sh fry 
and feed have increased dramatically since fi sh farming has 
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Figure 1. Research design for fi eld survey of rice-fi sh 
farming.

Input and output Concurrent farming Rotational farming
Mean SD Mean SD

Farm size (ha) 0.33 0.11 0.29 0.09
Fish stocking (fi ngerlings/ha/year) 2,857 453 4,917 721
Fish feeding (kg/ha/year) 491 128 1,373 217
Fertilisation (kg/ha/year)
     Urea 177 38 211 39
     TSP 152 42 179 36
     MP 38 12 67 18
Rice yield (kg/ha/ year)
     Boro 4,917 278 4,986 332
     Aman 5,261 312 - -
Fish yield (kg/ha/year) 259 98 1,108 217
SD: standard deviation

Table 1. Inputs and outputs of fi sh farming in rice fi elds by culture systems in 2007.
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become widespread in pond systems. Inadequate fi nance 
can therefore be a signifi cant constraint for fi sh farming 
in rice fi elds. Only 19% and 5% of farmers identifi ed fl ood 
and poor water quality to be the most important constraint, 
respectively. Preventing fi sh escape is very diffi cult during the 
fl ood, especially for small farmers who are reluctant to raise 
their low and narrow dikes. Farmers also reported higher 
fi sh mortality occurred due to poor water quality as a result 
of water pollution, turbidity, low water levels and high water 
temperature. A few concurrent farmers noted that they had 
high fi sh mortalities when their neighbours used pesticides 
indiscriminately.

It seems that rice-only farmers quite unwilling to switch to 
rice-fi sh farming due to lack of technical knowledge. Farmers 
suggested that rice yields decrease due to space occupied by 
refuge. In addition, farmers perceived that fi sh damage rice 
plants and pesticide use for rice crops have negative impacts 
on fi sh production. Rice farmers are also reluctant to adopt 
rice-fi sh farming because of risks. It was found that better-off 
farmers are active in rice-fi sh farming due to the taking risk as 
they described “there is no gain without risk.”

In spite of several constraints, there are opportunities for rice-
fi sh culture development in Bangladesh. A SWOT (strengths, 
weaknesses, opportunities and threats) analysis was carried 
out with farmers to identify for its sustainable development 
(Table 2).

Environmental impacts
Rice-fi sh farming provides a sustainable alternative to rice 
monoculture, if farmers can take advantage of the natural 
productivity of the rice fi eld ecosystem. Concurrent rice-
fi sh farming is ecologically sound and a good method of 
diversifi cation where fi sh regenerate nitrogen and phosphorus 
to improve soil fertility. Fish release nutrients by stirring the 
sediments in rice fi elds. Foraging and movement of fi sh in 
rice fi elds causes the aeration of the water, which increases 
photosynthesis5,14. Fish also predate on fl ies, snails and 
insects, and can help to control malaria mosquitoes and 
water-borne diseases. On the other hand, rice fi elds offer fi sh 
planktonic, periphytic and benthic food. Shading by rice plants 
also maintains the water temperature favourable for fi sh 
during the summer4,15.

There is less use of fertilisers in concurrent rice-fi sh farming 
than rice monoculture. Fish wastes and the extra feed given 
to fi sh increase the amount of organic fertiliser in rice fi elds. 
Moreover, fi sh plays a signifi cant role in controlling pests. 
They eat aquatic weeds and algae, act as hosts for pests and 
compete with rice for nutrients12,16. As a result, farmers need 
less fertiliser and pesticide leading to an improved environ-
ment. Thus, concurrent rice-fi sh farming is an organic method 
that maintains environmental sustainability.

Many fi sh species prefer to reproduce in rice fi elds. Such 
natural aggregations of fi sh in rice fi elds inspire rice-fi sh 
farming for increased productivity. Rice-fi sh interaction can 
indeed increase the rice yield. It has been reported that the 
cultivation of fi sh in rice fi elds increases rice yields by 8 to 
15%17.

Irrigation facilities can help to expand rice-fi sh farming.

Water management is an important issue for raising fi sh in 
rice fi elds.

A farmer with a silver carp - fi sh are an important source of 
animal protein for people in Bangladesh.
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Food security
The switch from rice monoculture to rice-fi sh farming is not 
merely a change in cropping system, more importantly it is a 
shift to production of a more balanced diet (i.e. rice and fi sh). 
Not only the adequate supply of carbohydrate, but also the 
supply of animal protein is therefore a critical factor for the 
health and well-being of farming households. As a result of 
rice-fi sh farming, they are able to eat rice three times a day 
with fi sh. Rice fi elds are potentially a source of protein for fi sh 
farming households. Among the farming systems, concurrent 
farmers had a signifi cantly higher share of fresh fi sh in their 
diet than rotational farmers. In the rotational system, fi sh 
farming was a cash crop and thus 80% of the production 
was sold to local markets while the rest was consumed 
by the households. In contrast, farmers of the concurrent 
system considered fi sh as a secondary farm product in terms 
of economic return. Thus, 40% of the fi sh production was 
consumed by the households while the remaining was sold to 
local markets. It was found that households of farmers tend 
to eat small fi sh than sell them. In addition to animal protein, 
small fi sh are a valuable source of micronutrients, vitamins 
and minerals. Small fi sh has also particular importance for the 
diets of children and lactating mothers to avoid child blindness 
and reduce infant mortality.

In order to meet the soaring demand for food, there is a 
need for increased food production in Bangladesh. However, 
intensive rice monoculture cannot provide a sustainable food 
supply at the cost of long-term environmental sustainability12. 
Among the farming systems, concurrent rice-fi sh farming is 
the best in terms of food supply. Increased rice-fi sh farming 
could be a signifi cant approach to increase food production. 
Concurrent rice-fi sh farming could provide social, economic 
and environmental benefi ts. This farming positively affects the 
rice yield and makes the rice fi eld a more effi cient ecosystem 
for environmentally sound production of rice and fi sh. Thus, 
concurrent rice-fi sh farming offers a sustainable alternative to 
rice monoculture.

If rice-fi sh farming is expanded to 2.83 million ha of seasonal 
fl oodplains in Bangladesh, food production would be 
signifi cantly higher than its present level. Moreover, farmers’ 
income and local food supply will increase substantially. It 
is therefore assumed that integrated rice-fi sh farming can 
ensure food security for the people of Bangladesh.

Sustainability
While there is a great potential for rice-fi sh farming, a number 
of issues were identifi ed affecting its sustainability including 
the lack of technical knowledge of farmers, high production 
costs and natural disasters (fl ood and drought). Moreover, 
rice-fi sh farming technology has not yet contributed substan-
tially to food security in Bangladesh due to its low level of 
adoption. The lower levels of rice-fi sh farming adoption were 
found among poorer households. It seems that the benefi ts 
of rice-fi sh farming technology accumulate to better-off 
farmers unless institutional and organisational support is 
provided to resource-poor farmers. It is therefore worthwhile 
to fi nd means of providing institutional and organisational 
support to poorer farmers, in terms of training facilities and 
extension services for sustainable rice-fi sh farming. Training 
and technical support would help to improve profi tability and 
reduce risks. The provision of low-interest credit would also 
help to reduce risks for resource-poor farmers. Finally, a 
positive government policy can help to promote sustainable 
development of rice-fi sh farming throughout the country.
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Introduction
India’s population of more than 1 billion people may reach 
more than 1.4 billion by the end of 2020 AD, necessitating 
an intensive search for alternative and more effi cient ways 
to produce food. In this search for new food supplies and 
their more equitable distribution, attention is naturally centred 
on the basic agricultural commodities. However, it is clearly 
recognised that these commodities should be supplemented 
by high quality protein food. In this context, aquatic food 
reserves can make an important contribution to supplies 
of protein. The natural water resources of Uttar Pradesh, 
India, consist of approximately 180,000 ha in the form of 
lakes, oxbow lakes, seasonal water logged areas, marshes 
and swamps1. Since time immemorial the fl ood plain lakes 
have provided man with many sources of livelihood. In 
eastern Uttar Pradesh, the lakes Bakhira, Ramgarh, Chilwa, 
Suraha, Reoti, Dah, Konar, Parvati and Leond Tal are some 
of the larger fl ood plains providing lucrative sources of multi 
commodity production.

Leond Tal is a perennial natural lake in the Siddharthnagar 
District, which forms a kind of no mans land. During the 
Mugal Empire period this lake and 80 others were awarded to 
the King of Bansi as ‘Amir-UL-Bahar’ by the Mugal Emperor 
Jahangir, and were know as ‘Nankar’ (the People’s nourish-
ment) during that period, in the area of Sarju River Basin and 
foot hills of Himalayas.

Topography and morphometry
The Leond Tal is surrounded by roads on eastern, western 
and south western sides, with its principal catchment area 
lying in the north and west. The tal lies in a clay-loamy soil 
region of the district and has a thick clayey mud deposition of 
0.6-1.0 m depth at the bottom. The actual water surface area 
of the lake as per the Tahsil map is 327 ha. However, during 
fl ood conditions its surface area can increase 1.5 to 2.0 times. 
The lake is surrounded by the Sohna, Nathar-Deoria villages 
in the north; the Rajawapur, Burhoon and Duferia villages in 
the east; Kathautiaram, Mahua-Buzang villages in the south 
and Kataria, Babu and Leondi villages in the west. The main 
outlet of the lake is Ashadi Nullah, which receives water from 




