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6. Agronomic and Aquaculture 
Management

As mentioned earlier rice and fi sh sometimes have 
confl icting requirements. Growing fi sh in the rice 
fi eld does require some modifi cations to the 
management to ensure that the fi sh get their 
necessary requirements and to facilitate fi sh 
survival and growth during certain critical periods. 
This section focuses on the additional or modifi ed 
management interventions that are needed for 
rice-fi sh culture.

6.1 Pre-Stocking Preparation 

Whether the modifi cation is in the form of 
trenches, lateral ponds or higher and wider dikes, 
nothing suggests that one form of modifi cation 
can be considered superior to others. The type of 
modifi cation used is based on a combination of 
different factors: the terrain, soil quality, water 
supply, traditions, exposure to other methods, 
past experiences, relative importance given to 
either rice and fi sh, whether fi ngerling or food fi sh 
is desired and the fi nancial resources available. 
Although generally rice is the main crop in any 
rice-fi sh farming activity, there are exceptions 
where rice is planted or ratooned for the purpose 
of providing forage for the culture organism.

6.2 Water Needs and Management

Water is the most important single factor in any 
agricultural production. Merely supplying 
adequate water to enable a previously non-
irrigated area to produce a dry season crop more 
than doubles the total annual production as rice 
production is often higher during the dry season 
than during the wet season. It is estimated that 
rice requires a minimum of 1 000 mm of water 
per crop, which is inclusive of both 
evapotranspiration and seepage and percolation 
(Singh et al. 1980). This is equal to 10 000 m3 per 
hectare per crop.

Wet rice cultivation uses water either for a 
continuous submergence or intermittent 
irrigation. The latter has advantages, besides 
saving on water, but it may not be the best option 
for rice-fi sh culture since it requires concentrating 
the fi sh in trenches or sumps every time the rice 
fi eld is dry. For rice-fi sh culture it is preferable to 
adopt continuous submergence where the rice 

fi eld is kept fl ooded from the transplanting time 
to about two weeks before harvest.

Continuous fl ooding up to the maximum 
tolerated by rice without affecting its rice 
production is recommended. In most literature 
this is a standing water depth of from 15 to 20 cm 
(Singh et al. 1980; Rosario 1984; Koesoemadinata 
and Costa-Pierce 1992). At that depth, and with 
the fi sh refuge of whatever form having a depth of 
50 cm below fi eld level, the effective water depth 
of 65-70 cm is available to the fi sh in the refuge. 
This is suffi cient to provide the fi sh with a cooler 
area when shallow water over the rice fi eld warms 
up to as high as 40°C. The increased water depth 
means a greater volume of water for rice-fi sh 
farming. Despite the fact that seepage and 
percolation may be higher with deeper standing 
water, fi sh, unlike rice, do not consume water. 
Thus a farm with a rice-fi sh system operates 
similar to an extensive aquaculture system.

6.3 Fertilization

Application of fertilizers, organic or inorganic, 
benefi ts both rice and fi sh. The presence of 
adequate nutrients increases the growth of 
phytoplankton, which may be consumed directly 
by the fi sh or indirectly through supporting 
zooplankton production.

Early speculations indicated that rice-fi sh farming 
might use from 50% to 100% more fertilizers 
than rice farming without fi sh (Chen 1954) 
where the additional fertilizer was deemed 
necessary to support phytoplankton production 
as the base of the fi sh culture food chain. Recent 
reports indicate that the presence of fi sh in the 
rice fi eld may actually boost rice fi eld fertility and 
lower fertilizer needs.

Experiments in China indicate that the organic 
nitrogen, alkaline nitrogen and total nitrogen in 
the soil are consistently higher in fi elds with fi sh 
than in the control fi elds without fi sh (Wu 1995). 
Wu attributed this to the fact that fi sh in the rice 
fi eld consume weeds and are able to assimilate 
30% of the weed biomass. The rest is excreted that 
helps maintain soil fertility since nutrients, 
otherwise locked up in weeds, are released. 
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Further experiments showed that rice-fi sh plots 
require less fertilizer than rice-only plots. On 
average the control plots used 23% more fertilizer 
than the rice-fi sh plots (Li et al. 1995b). In 
summary, the Chinese experiments indicate that 
less, not more, fertilizer is required in rice-fi sh 
farming. 

Fertilizer applied on rice-fi sh farms by 
incorporating the nitrogen fertilizer thoroughly 
in the soil during land preparation results in 
higher rice yields than when broadcast on the 
surface (Singh et al. 1980). Subsequent 
fertilization by applying urea as mudballs or as 
briquettes is a technique found to increase 
fertilizer effi ciency by slowing down the release of 
the fertilizer. This avoids the problem of high 
ammonia concentration in the water, which may 
adversely affect fi sh growth. If the fertilizer is 
broadcast on the surface, the rice fi eld should be 
drained to expose the planted area and confi ne 
the fi sh to the refuge trench or pond. Initial 
fertilization ought to be at the same level as in a 
rice-only farm since at this stage the fi sh are still 
small and cannot be expected to contribute 
signifi cantly to the soil fertility. Less fertilizer 
should be needed in subsequent applications.

No difference has been found between applying 
the phosphorus fertilizer on the surface or 
incorporating it in the soil. However, surface 
application is believed to be better for promoting 
plankton growth in the water. Split applications 
of phosphorus may be better for sustained 
plankton production without hampering rice 
production as long as they are made before 
tillering. If applied at a later time, this should be 
on top of the normal requirements for rice. An 
application rate of 30-50 kg P2O5·ha-1 is often 
reported as optimum for algal growth (Singh et 
al. 1980).

Organic fertilizers benefi t both rice and fi sh. In 
addition to nutrients, the particles can also act as 
substrates for the growth of epiphytic fi sh food 
organisms. Animal manure should be considered 
an input to benefi t the fi sh in addition to 
inorganic fertilizers applied primarily for the rice 
(Sevilleja et al. 1992). Manure should be applied 
several weeks before transplanting and the fi elds 
kept fl ooded for complete decomposition and to 
avoid any toxic effects (Singh et al. 1980). 

Fertilization is a complex issue and varies greatly 
depending on the particular location. Providing 
general statements runs the risk of over-

simplifying the issue, but there is evidence that 
nutrients are more effi ciently utilized in rice-fi sh 
systems compared to rice-only systems, this effect 
being more enhanced particularly on poorer and 
unfertilized soils where the effect of fi sh may be 
greatest (Halwart 1998).

6.4 Rice Varieties 

With the development of HYVs of rice, several 
issues affecting rice-fi sh culture have emerged. 
Among these are concerns about the unsuitability 
of short-stemmed varieties because of the deeper 
standing water required in rice-fi sh farming. This 
may be unfounded. Rosario (1984) listed varieties 
that have been successfully used for rice-fi sh 
farming that included one variety that has a tiller 
height of only 85 cm, and this concern may only 
apply to areas of moderate to deep fl ooding (≥ 50 
cm).

The reduced growing period may be of greater 
concern, as many new varieties mature within 
approximately 100 days or less. With such a short 
culture period for fi sh there is a need to either 
stock large fi ngerlings, with the associated 
problems in fi sh dislodging and eating rice plants, 
or to harvest the fi sh early for further on-growing. 
The result is that this may make rice-fi sh farming 
a less attractive option in areas where large size 
fi sh are preferred. It should be noted here that in 
Southeast Asia small-sized fi sh are highly 
acceptable, particularly so in the Philippines and 
Indonesia.

6.5 The Fish Stock

6.5.1 Species

The fi sh to be stocked in rice fi elds should be 
capable of tolerating a harsh environment 
characterized by: shallow water, high (up to 40°C ) 
and variable temperatures (range of 10°C in one 
day), low oxygen levels and high turbidity (Hora 
and Pillay 1962; Khoo and Tan 1980). Fast growth 
is also mentioned as a desirable characteristic so 
that the fi sh could attain marketable size when 
the rice is ready for harvest.

With such adverse environmental conditions that 
a fi sh could tolerate, it would seem that very few 
of the commercially valuable species are hardy 
enough to qualify. This, however, is not the case. 
A review of rice-fi sh farming practices around the 
world reveals that practically all the major 
freshwater species now being farmed, including a 
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salmonid and even a few brackishwater species, 
have been successfully raised in a rice fi eld 
ecosystem as well as several crustacean species 
(Table 3).

The species farmed in rice fi elds include 37 fi nfi sh 
species (from 16 families) and seven crustaceans 
(from four families). Molluscs, primarily snails 
and some clams are often harvested from rice 
fi elds, but there is little information that these are 
deliberately stocked.11 The same is true with frogs 
and freshwater turtles.

Two groups of fi sh stand out in rice-fi sh farming: 
cyprinids and tilapias. The cyprinids, particularly 
the common carp and the Carassius have the 
longest documented history, having been 
described by early Chinese writers. The common 
carp has fi gured prominently since ancient times 
up to the present and is raised in rice fi elds in 
more countries than the other species. The grass 
carp and silver carp fi gure prominently, 
particularly in China, and the silver barb 
(Barbodes gonionotus) in Bangladesh, Indonesia, 
and Thailand, and the Indian major carps such 
as catla (Catla catla), mrigal (Cirrhinus cirrosus) 
and rohu (Labeo rohita) in Bangladesh and 
India.

The Mozambique tilapia (O. mossambicus) used to 
fi gure prominently in early literature, but is 
increasingly replaced by the Nile tilapia 
(O. niloticus) in many places. The Nile tilapia is 
now as widely used as the common carp in rice-
fi sh farming.

Although rice-fi sh farming of the gouramis, 
specially Trichogaster spp., and climbing perch 
(Anabas testudineus) initially relied on natural 
stock, it is now cultured in Thailand using 
hatchery produced fry.

The crayfi sh (Procambarus clarkii) can also be 
considered a major species in rice fi eld aquaculture 
since these are being raised in hundreds of 
thousands of hectares of rice fi elds in the 
American south. The practice is not widespread, 
mostly in the United States and to a limited extent 
in Spain (Halwart 1998).

Among the many species available for raising in 
rice fi elds, the choice is based on availability, 
marketability or desirability as food. In the 
Philippines, tilapia is the species of choice since 
carp does not have a wide market outside some 
small regional pockets. In Indonesia, people 
prefer common carp and silver barb over tilapia 
and these are therefore the species of choice for 
raising in rice fi elds. In China, people are more 
familiar with the various species of carp. With 
their long history of aquaculture, Chinese farmers 
are aware of the advantages of polyculture over 
monoculture so that polyculture of various 
species of carps seems to be the rule.

6.5.2 Fry and fingerling supply

The availability of seed12 to stock the rice fi elds is 
in many areas a determining factor for the choice 
of culture species. It is also a critical part of any 
type of aquaculture development and is subject to 
the same factors as seed production targeted for 
pond and cage culture.

Hatchery and nursery technologies for most, if 
not all, of the freshwater fi sh species that are 
currently being cultured in rice-fi sh systems are 
well established. However, getting the required 
number of fi ngerlings of the desired species at a 
particular time remains a problem in many 
areas. This is especially acute in countries where 
mass production and distribution are still 
centralized in a government agency rather than 
in the hands of private producers. The issue of 
what is a suitable policy for the promotion of fi sh 
seed for aquaculture development is wide 
ranging and a thorough discussion is not possible 
in this report. Suffi ce it to say that general 
guidelines for the development of fi sh seed 
supply for aquaculture in general also hold true 
for rice-fi sh culture.

Some common problems associated with seed 
production and distribution are seed quality, 
genetics (broodstock quality), hatchery 
management and administration, transportation 
and stocking. It is best to involve as many people 
as possible in decentralized production and 
distribution of fi sh seed. Decentralization 

11 Rice-clam (Hyriopsis cumingii) culture is practiced in Jiangsu Province, P.R. China. Farmers use rice fi elds as nursery for small pearl clams and 
then the small freshwater clams are hanged in ponds, pools, reservoirs or lakes. A rice-fi sh-frog model was tested in Jiangxi Province in early 1984. 
The experiment was conducted to control rice pests and diseases by frogs as well as fi sh. The farmed frogs included the black spotted frog Rana 
nigromaculata, Rana plancyli, Rana tigrina rugulosa, Rana limnocharis, Microhyla butleri, and the toad Bufo bufo gargarizans stocked at rates of 4950/ha 
and 9900/ha (Li Kangmin, pers. comm.)
12 This term includes fi nfi sh fry and fi ngerlings as well as crustacean equivalents, such as post-larvae (PL), zooea or megalop.
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Table 3. List of fi sh and crustacean species recorded as having been or being farmed in rice fi elds.

Scientifi c Name Common Name(s) Countries Where Cultured

A. FINFISH

Family Anabantidae Anabas testudineus Climbing perch Malaysia, Thailand, Indonesia

Family Cichlidae Etroplus maculatus Orange chromide India

Etroplus suratensis Pearl spot/Green chromide India

Oreochromis mossambicus India, China, Taiwan, 
Zimbabwe, Sri Lanka, Malaysia, 
Thailand, Indonesia, Philippines

Oreochromis niloticus Nile tilapia Egypt, Korea, Philippines, 
China, Bangladesh, Thailand, 
Cote d’ Ivoire, Gabon, Tanzania

Paratilapia polleni Madagascar

S. hornorum x S. niloticus hybrid tilapia Brazil

Tilapia macrochir Cote d’ Ivoire

Tilapia melanopleura Pakistan

Tilapia rendalli Malawi

Tilapia zillii Egypt, Philippines

Family Cyprinidae Amblypharyngodon mola India

Aristichthys nobilis Bighead carp China, Thailand, Taiwan

Carassius auratus Goldfi sh China, Japan, Madagascar, 
Vietnam, Indonesia, Italy

Catla catla Catla India, Bangladesh, Indonesia

Cirrhina mrigala Mrigal India, Bangladesh, Indonesia

Cirrhinus reba Reba carp Bangladesh

Ctenopharyngodon idella Grass carp China, Bangladesh

Cyprinus carpio Common carp China, India, Korea, Philippines, 
Indonesia, United States, 
Japan, Thailand, Vietnam, 
Madagascar, Brazil, Italy, 
Bangladesh, Hong Kong, Spain, 
Taiwan, Hungary, Pakistan

Hypophthalmichthys molitrix Silver carp China, India, Korea, Philippines, 
Indonesia, Bangladesh

Labeo bata Bangladesh

Labeo collaris Vietnam

Labeo rohita Rohu India, Bangladesh, Indonesia

Mylopharyngodon piceus Black carp China

Osteochilus hasseltii Indonesia

Puntius gonionotus Minnow/Tawes Vietnam, Thailand, Bangladesh, 
India

Puntius javanicus (=Barbodes 
gonionotus)

Java carp/Silver barb Indonesia, China

Puntius pulchelus Minnow India

Puntius sophore Pool barb India

Puntius ticto Ticto barb India

Rasbora danoconius Slender rasbora India

Tinca tinca Tench Italy

Family Osphronemidae Osphronemus gouramy

Trichogaster pectoralis Snakeskin gourami Malaysia, Pakistan, Indonesia

Trichogaster sp. Thailand

Trichogaster trichopterus Malaysia

Family Helostomatidae Helostoma temmincki Indonesia, Malaysia

continue >
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< continued

Scientifi c Name Common Name(s) Countries Where Cultured

Family Anguillidae Anguilla japonica Japan, Taiwan, India

Family Channidae
Channa striata 
(=Ophiocephalus striatus)

Carnivorous snakehead
Malaysia, Thailand, India, 
Bangladesh

Channa gachua India

Channa punctatus India

Chanos chanos Philippines, Indonesia, India

Ophicephalus maculatus Vietnam, Taiwan

Ophicephalus striatus Snakehead India, Malaysia, Indonesia, 
Philippines, Vietnam

Family Cobitidae Misgurnus anguillicaudatus Loach Japan, Korea, Philippines

Family Centropomidae Lates calcarifer Seabass, baramundi Australia, Thailand, Singapore, 
Philippines, Malaysia, 
Bangladesh, India, Myanmar, 
India, Vietnam, Kampuchea, 
Taiwan, China

Family Mugilidae L. parsia Gold-spot mullet India

L. tade Tade mullet India

Liza sp. India

Mugil cephalus Grey mullet India

Mugil corsula Mullet Bangladesh, India

Mugil dussumieri India

Mugil parsia India

Mugil tarde India

Rhinomugil corsula Corsula India

Family Clariidae Clarias batrachus
India, Thailand, Indonesia, 
Malaysia

Clarias gariepinus China

Clarias macrocephalus Omnivorous catfi sh Malaysia

Family Pangasiidae Pangasius hypophthalmus Sutchi catfi sh Cambodia

Family Ictaluridae Ictalarus lacustris Channel catfi sh United States

Ictalarus punctatus Channel catfi sh United States

Family Siluridae Parasilurus asotus Amur catfi sh Korea, Vietnam

Family Atherinidae Atherina bonariensis Kingfi sh Argentina

Family Curimatidae Prochilodus argentes Curimatá pacu Brazil

Leporinus elongatus Brazil

Prochilodus cearanesis Brazil

Family Pimelodidae

Other species:

Family Heterpneustidae Heteropneustes fossilis Stinging catfi sh India, Bangladesh

Family Pomacentridae C. dimidiatus Chocolatedip chromis India

C. ternatensis Ternate chromis India

Chromis caeruleus Green chromis India

Family Mastacemblidae Macrognathus aculeatus India

Mastacembelus armatus Tiretrack eel India

Mastacembelus panealus Barred spiny eel India

Family Aplocheilidae Aplocheilus panchax Blue panchax India

Family Nandidae Nandus nandus Gangetic leaffi sh India

Family Notopteridae Notopterus notopterus Bronze featherback India

continue >
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< continued

Scientifi c Name Common Name(s) Countries Where Cultured

Family Ambassidae Ambassis nama Elongata glass-perchlet India

Ambassis ranga Indian glassy fi sh India

Family Gobiidae Glossogobius giuris Tank goby India

Pseudapocryptes lanceolatus Vietnam

Family Catostomidae Ictiobus cyprinellus Bigmouth buffalo United States

Family Centrarchidae Micropterus salmoides United States

Family Atherinidae Odontesthes bonariensis Silverside/Pejerrey Argentina

Family Polynemidae Polydactylus sexfi lis Sixfi nger threadfi n Bangladesh

Family Bagridae Mystus gulio Tengra/Long whiskers catfi sh India

Mystus sp. Bangladesh

Family Centrarchidae Lepomis sp. United States

Family Osphronemidae Osphronemus goramy Giant gourami Malaysia

Family Plecoglossidae Plecoglossus altivelis Ayu fi sh Japan

Other species: Beterotris niloticus Cote d’ Ivoire

B. CRUSTACEANS

Family Natantia Macrobrachium dayanum India

Macrobrachium lamarrei India

Macrobrachium mirabile India

Macrobrachium niponensis China

Macrobrachium rosenbergii Vietnam, Bangladesh, Brazil, 
India, Indonesia, China

Macrobrachium rude India

Family Penaeidae Penaeus indicus India, Vietnam

Penaeus merguiensis India

Penaeus monodon India, Bangladesh

Penaeus semisulcatus India

Penaeus stylifera India

Family Metapenaeidae Matepenaeus brevicornis India

Metapenaeus ensis Vietnam

Metapenaeus lysianassa Vietnam

Metapenaeus tenuipes Vietnam

Metapenaues dobsonii India

Metapenaues monoceros India

Family Astacura Procambarus clarkii United States, Japan

Procambarus zonangulus United States

Family Brachyura Eriocheir sinensis River crab China

Other species: Palaemon styliferus India

Parapenaeopsis sculptilis India

Acetes sp. India

Note: Scientific names are listed as originally cited.
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overcomes many problems of distribution and 
spreads the benefi ts of development more evenly. 
Special consideration should be given to the 
participation of women and disadvantaged 
groups such as landless families. 

A fi sh seed network is a group of people producing 
and distributing fi sh seed in an informal but co-
ordinated manner. As seed production and 
distribution develops, people involved in the 
network adopt more specialized roles. These 
networks are also important for information 
exchange. Most government hatcheries experience 
problems with seed distribution because they 
operate outside these informal networks. To 
maximize the opportunities for the poor, the 
following are recommended: promote small 
rather than large hatcheries; train people in the 
skills required for a range of network activities 
such as fry nursing, fi ngerling transportation, and 
hapa manufacturing; and organize micro-credit 
schemes to support people in fi sh seed networks.

6.5.3 Stocking pattern and density

Much like aquaculture using fi shponds, rice-fi sh 
culture may involve the stocking of young fry for 
the production of fi ngerlings (nursery operation) 
or the growing of fi ngerlings into marketable fi sh 
(growout operation). Rice-fi sh farming may 

either be the culture of only one species 
(monoculture) or a combination of two or more 
species of fi sh and crustaceans (polyculture). 
Thus the stocking density varies depending on 
the type of culture as well as the number of 
species used. A fi nal factor determining the 
stocking is the type of modifi cations to rice fi elds 
that has been made and what is considered the 
fi sh culture area. The variation is so great that it is 
diffi cult to provide even generalized guidelines, 
but Table 4 gives some information from several 
countries.

The stocking rate negatively affects the survival 
rate of fi ngerlings (for example, grass carp) and 
average body weight (ABW). At a density of 
15 000 fi ngerlings·ha-1, the survival rate was 3% 
higher than at 30 000 fi ngerlings·ha-1, while the 
ABW was 11.4 g heavier than at 22 500 
fi ngerlings·ha-1 and 20.6 g heavier than at 30 000 
fi ngerlings·ha-1 (Yang et al. 1995).

Polyculture or stocking a combination of species 
makes it possible to take advantage of all the 
available food niches in the rice fi eld ecosystem, 
aside from being able to manage a wider variety 
of pests. For example, a combination of common 
carp and grass carp has been found effective in 
controlling insects, snails and weeds because of 
the different feeding habits of the two species.

Table 4. Stocking densities for rearing fish in rice fields (Gupta et al. 1998; Li and Pan 1992; Sevilleja 1992;Quyen et al. 1992; Costa-Pierce 1992).

Stocking Density (fi sh/ha)

Concurrent Rotational

Monoculture

 Oreochromis niloticus 3 156 to 5 000 10 000

 Cyprinus carpio 3 000 to 3 400

 Barbodes gonionotus 3 017

Polyculture

  O. niloticus + C. carpio
3 000 + 2 000
3 070 total

(6 000 to 10 000) + (4 500 to 
5 000)

 C. carpio + B. gonionotus 4 667 total

 Multispecies (carp+barb+ tilapia) 9 323 total

 C. carpio + C. auratus + C. idella (1 500 to 2 250) + (750 to 1 200) + (300 to 450) 

  O. niloticus + C. carpio + C. idella (6-10 cm: 6 000 to 9 000 or 3 cm: 12 000 to 18 000) + 
(300 to 600) + (150 to 300)

 B. gonionotus + M. rosenbergii 26 000 + (5 000 to 20 000)

Fingerling production

 1-3 cm C. carpio (30 days) 70 000 – 100 000

 3-5 cm C. carpio (50 days) 10 000 – 15 000

 5-8 cm C. carpio (50 days0 6 000 – 10 000

 5- 8 cm C. carpio (50-90 days) 1 500 –3 000

 8-11 cm C. carpio (30 days) 1 000 – 2 000
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Research indicates that although yield increases 
with higher stocking density (positive 
correlation), this should be compared with the 
increased mortality and associated increase in 
costs of stocking. A positive correlation has been 
found between fi sh production and stocking 
density (Gupta et al. 1998). At a mean stocking 
density level of 3 825 fi ngerlings per ha during 
the dry season and 2 948 per ha during the wet 
season in Bangladesh, the average production 
was 233 kg·ha-1 and 118 kg·ha-1 respectively. At 
stocking densities of more than 6 000·ha-1 
during the wet season the mean production 
reached 571 kg·ha-1. On the other hand, a 
negative correlation was found between the 
stocking density and recovery rate such that a 1% 
increase in the stocking density the survival rate 
decreased by 0.14% with an insignifi cant 
decrease in harvest size.

6.5.4 Fish nutrition and supplemental 
feeding

Fish graze and feed on a wide range of plant and 
animal organisms; preferences however vary 
between species as well as with the stage of 
development within species. For example, among 
cyprinids the common carp has the widest range 
in food and can feed on a variety of plant and 
animal matter. Another important factor is the 
presence and abundance of food organisms, for 
example it has been shown that juveniles of the 
rice-consuming aquatic snails P. canaliculata may 
become a major food item of common carp in 
rice fi elds (Halwart et al. 1998). Table 5 provides 
an overview of the diets of different species of 
tilapias (Bowen 1982).

The capability of O. mossambicus and T. zillii to 
consume weeds even in a pond or rice fi eld 
situation has also been reported (Hauser and 
Lehman 1976), with T. zillii regarded as more 
superior as a natural “weedicide”. Although listed 
as a phytoplankton, feeder studies indicate that 
the Nile tilapia may prefer certain categories of 

algae such as fi lamentous cyanobacteria over 
diatoms and green algae (Micha et al. 1996). The 
species is not considered macrophytic but in a 
culture situation the Nile tilapia is known to feed 
on chopped terrestrial plants such as Napier grass 
and aquatic plants including water spinach 
Ipomoea aquatica as well as brans, cassava or 
termites.

The rice fi eld ecosystem is rich in phytoplankton, 
zooplankton, macrophyton, benthos, detritus 
and bacteria. If the different types of natural food 
organisms available in a rice fi eld ecosystem are 
fully exploited by stocking a proper combination 
of fi sh species, Li and Pan (1992) estimated that it 
can support up to a maximum of over 500 kg·ha-1 
of fi sh as shown in Table 6. This estimate of the 
natural carrying capacity of a rice fi eld as an 
aquaculture system is by no means a constant 
fi gure, as it will vary from place to place and from 
season to season. However, to produce more than 
the natural carrying capacity or to ensure that 
adequate nutriments are available at all times, it 
may be necessary to apply supplemental feeds.

Farmers use fertilizers to increase the naturally 
occurring food organisms in the rice fi eld and 
supplements to feed the fi sh directly. The use of 
supplemental feeds is necessary if a certain degree 
of intensifi cation is desired since the natural food 
in a rice fi eld is not suffi cient to support a higher 
biomass of fi sh. Supplemental feeding functions 
in much the same way in rice fi elds as it does in 
fi shponds.

Diana et al. (1996) found that starting 
supplemental feeding late had little effect on the 
fi nal harvest and since fi sh culture in rice fi elds is 
often limited in duration by the rice growing cycle 
(120 days), this has two implications. First, if the 
rice fi eld is used as a nursery for the growing of fry 
to fi ngerlings, feeding may not be necessary for as 
long as the fi eld is adequately fertilized. Second, if 
older fi ngerlings are used to grow food fi sh, 
feeding is essential from the very start.

Species Diet Reference

T. rendalli Macrophytes, attached periphyton Caulton (1976, 1977); Denny et al. (1978)

S. mossambicus
Macrophytes, benthic algae, 
phytoplankton, periphyton, zooplankton, 
fi sh larvae, fi sh eggs, detritus

Bowen (1979, 1980); Man and Hodgkiss 
(1977); Munro (1967); Naik (1973); 
Weatherley and Cogger (1977)

S. aureus Phytoplankton, zooplankton Fish (1955); Spataru and Zorn (1976, 1978)

S. niloticus Phytoplankton Moriarty and Moriarty (1973)

T. zillii Macrophytes, benthic invertebrates Abdel-Malek (1972); Buddington (1979)

Table 5. Diets reported for adult tilapias in natural habitats (Bowen 1982).
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Supplemental feeds often consist of what is 
available in the locality. Consequently rice bran is 
a common supplemental feed in practically all 
rice producing countries. In Bangladesh, wheat 
bran and oil cake are used as well (Gupta et al. 
1999) and in the Philippines, where coconut is an 
important product, copra meal (Darvin 1992) is 
employed. In China, feed may consist of wheat 
bran, wheat fl our, oilseed cakes (rapeseed, 
peanuts, soybeans, for instance), grasses and 
green fodder (Wang and Zhang 1995; Li et al. 
1995; Chen et al. 1998; He et al. 1998); and in 
Malawi, maize bran and napier grass (Chikafumwa 
1996), to name a few examples. Wang and Zhang 
(1995) showed that the use of supplemental 
feeding results in higher survival rate of 67% as 
against 56.1% without supplemental feeding and 
with a corresponding increase in unit yield of 
337.5 kg·ha-1 and only 249 kg·ha-1, respectively.

Carp species Type of Food Potential Fish 
Production (kg·ha-1)

Utilization Rate (%) Food Conversion
Factor 

Potential Fish Production

Ave. Max.

Grass Aquatic Weeds 30 000-53 000 65 120 78 195

Silver Phytoplankton 9.3 70 40 30 59

Bighead Zooplankton 15 25 10 7.5 16

Common Benthos 4 25 45 118.2

Total 160.5 388.2

Add:
  Detritus   
  and
  bacteriaa

48.2
117.2

Grand total 208.7 504.2

a Approximately 30% of total fish production

Table 6. Estimates of fish production from natural food in rice fields (Li and Pan 1992).

Formulated diets in mash, crumble or pellet form 
are now increasingly used because of their greater 
availability. Although more expensive than farm 
by-products, they have the advantage of being 
available at the volume required if needed and are 
more convenient to store, handle and apply.

For more details on the types of supplemental 
feed, the reader is directed to the extensive 
literature on supplemental feeding in semi-
intensive pond aquaculture. In all cases of 
supplemental feeding it should be remembered 
that most feeds either incur a direct cost by having 
to purchase the feed, or an opportunity cost in 
that the input could be put to other uses (for 
example fed to livestock) or sold. In addition, 
when employing supplemental feeds, the water 
quality may become an important issue as it can 
deteriorate rather quickly if the fi eld is “overfed”.




