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8. Pest Management
8.1 Managing Pests with Fish 
Present

Pest management includes many options falling 
into four major categories: mechanical, chemical, 
cultural and biological. The fi rst is the most widely 
used and the one with the longest tradition, 
together with natural control that is considered 
part of biological control. Weeding is perhaps the 
best example of this, but also includes cultural 
techniques such as water level control. Chemical 
pest management is relatively new and widespread, 
particularly popular for its perceived effectiveness 
and for the fact that it is not labor intensive. 
Unfortunately, insecticide applications in rice 
have been proven to become a major problem 
because they destabilize the ecosystem and trigger 
pest resurgence thus creating an even more critical 
situation than without their use. Biological control 
of pests has a range of applications from favoring 
certain organisms that are predators of certain pests, 
to use of disease resistant rice varieties. Particularly 
when pesticide-related health impairments are 
included, natural control is the most profi table 
option for farmers (Rola and Pingali 1993). An 
integrated approach using various management 
options termed Integrated Pest Management or 
IPM is the preferred choice for plant protection in 
rice,15 and in fact has been adopted as the national 
plant protection strategy by most rice-producing 
countries.

Integrated pest management16 encompasses all 
four management options outlined above and 
attempts to optimize their use. The following 
sections will examine the available options and 
their established or potential impact on fi sh in 
the rice fi eld. The main pest organisms to manage 
are weeds, pathogens and invertebrates (mainly 
snails and insects); although rats and crabs may 
also cause a lot of damage in some areas.

One reason why farmers can no longer catch fi sh 
in their rice fi elds like they used to, especially 
if irrigation comes from river water, is the 
increased use of pesticides. The use of chemicals 

15 Except in organic farming practices.
16 IPM means “the careful consideration of all available pest control techniques and subsequent integration of appropriate measures that discourage the 
development of pest populations and keep pesticides and other interventions to levels that are economically justifi ed and reduce or minimize risks to 
human health and the environment. IPM emphasizes the growth of a healthy crop with the least possible disruption to agro-ecosystems and encourages 
natural pest control mechanisms.” - FAO International Code of Conduct on the Distribution and Use of Pesticides.

is often cited as one of the major constraints 
in the popularization of rice-fi sh farming 
(Koesomadinata 1980; Cagauan and Arce 1992). 
Yet stocking fi sh in rice fi elds actually reduces 
pest infestation, and thus also reduces if not 
eliminates the need for application of herbicides 
and insecticides and particularly molluscicides 
where snail predatory fi sh are cultivated (Waibel 
1992; Cagauan 1995; Halwart 2001a, b, 2004a). 
The practical and economic advantages of using 
fi sh instead of chemicals are often obvious.

The effectiveness of fi sh as a bio-control agent 
depends on how well they are distributed within 
a rice fi eld. If fi sh stay mostly in the pond refuge 
then they cannot be effective in controlling rice 
pests. Halwart et al. (1996) found that in rice 
fi elds provided with a 10% pond refuge, and 
stocked with either C. carpio or O. niloticus, more 
fi sh were present among the rice plants than in 
the pond. Since feeding is a major impulse for 
the diurnal activity of the fi sh, the distribution 
pattern supports the hypothesis that fi sh are 
potentially important in controlling pests.

Although farmers stocking fi sh tolerate a higher 
level of pest infestation before spraying is 
economically justifi ed (Waibel 1992), a high level 
of pest infestation is always a possibility. In such 
a situation, the use of pesticides as well as other 
control methods should be considered based on 
the potential costs and losses in terms of rice yield 
and fi sh harvest. The important characteristics to 
be considered in the selection of any pesticide to 
be applied in a rice-fi sh farm can be summed up 
as follows:

• relative safety to fi sh - should be tolerated 
by fi sh at the recommended dosage effective 
against the target insect species;

• rate of bio-accumulation - should not 
accumulate or persist in rice and should be 
metabolized into non-toxic compounds and 
excreted by fi sh; and

• rate of degradation and persistence - should 
either volatilize, bio-degrade or chemically 
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degrade shortly after its application, preferably 
within a matter of days.

There are of course other factors such as safety 
for humans and livestock and relative effi cacy are 
also important considerations, which, at any rate, 
apply whether or not fi sh are cultured with rice.

There are four major groups of pesticides used in 
rice fi elds: herbicides, insecticides, fungicides and 
molluscicides. Herbicides are considered the least 
toxic and insecticides generally the most toxic to 
humans. Current changes in rice culture including 
high labour costs and increasing nitrogen 
fertlilization appear to be resulting in increased 
herbicide and fungicide use, respectively. Several 
herbicides and fungicides are known to have high 
non-target toxicities and therefore need to be 
critically examined.

Rice-fi sh farmers tend to avoid pesticides, 
mainly because the risk of killing the fi sh is high 
particularly when pesticides with high fi sh toxicity 
are applied. The use of non-toxic or low-toxic 
compounds is viewed cautiously as well since even 
though the consumption of contaminated fi sh is 
not likely to cause immediate death or illness it 
may result in residues and bio-accumulation of 
these so-called “safe” pesticides.

In the aggregate, most countries today favor IPM 
practices and particularly when fi sh are stocked 
in rice fi elds the natural control option has been 
shown to be the most profi table choice for farmers. 
In cases where the use of pesticides may be the 
only option, precautionary measures should be in 
place to safeguard the fi sh17 and other non-target 
organisms as well as the consumers’ health.

8.2 Management of Rice Field 
Weeds

There are several practical options in controlling 
weeds in rice fi elds: land preparation, water depth 
variation, mechanical weeding, herbicide use and 
stocking of herbivorous fi sh. 

At a water depth of 15 cm or more, weed species 
such as Echinochloa crusgalli stop growing and 
most plants die (Arai 1963). Manna et al. (1969) 
also reported how water depth negatively affected 
the incidence of grass weeds and sedges in rice 

17 In order to ensure the safety of the fi sh, most writers recommend that the fi sh be concentrated in the trenches, sumps or ponds prior to spraying and a 
temporary embankment built to prevent the water from the rice fi eld getting into the fi sh refuge. Only when the toxicity of the pesticide has dissipated, 
are the fi sh allowed to return to the rice fi eld.

fi elds. The fact that a rice fi eld stocked with fi sh 
needs a certain water depth generally makes the 
control of weeds easier.

Mechanical weeding is perhaps the most 
frequently used way of controlling weeds, and 
although stirring up the water and causing 
turbidity may affect fi sh growth negatively, the 
frequency is unlikely to signifi cantly impact on 
the fi sh production. It is, however, a very labor 
intensive way of controlling weeds and as such 
often carries a high opportunity cost (particularly 
in areas integrated in a cash economy).

Herbicides are used extensively, but are not 
considered a serious problem in rice-fi sh farming. 
If a herbicide is applied, it is normally done 
immediately after transplanting. Fish are stocked 
10 to 14 days after application (Torres et al. 1992). 
Further, it is also possible to select a herbicide 
which can be tolerated by fi sh even at relatively 
high levels. Cagauan and Arce (1992) together 
with Xiao (1992) listed nine types of herbicides 
being used in rice culture in Asia.

Tests showed that C. carpio, M. rosenbergii, and 
a freshwater clam (Corbicula manilensis) have 
very high tolerance limits for 2,4-D or MCPA 
(Chlorophenoxyacetic acids) (Cagauan and Arce 
1992; Xiao 1992). 2,4-D’s toxicity to aquatic 
organisms depends on the species of organism, 
the formulation of the chemical, and the surface 
water system parameters such as pH, temperature, 
and water chemistry. 2,4-D is readily excreted in 
the urine of animals and does not bio-accumulate. 
However, some authors (for instance Beaumont 
and Yost 1999) maintain that the 2,4-D type 
of herbicides have been associated with cancer, 
citing several writers to support their contention 
that these types of chemicals are tumor promoters. 
2,4-D is currently in a re-registration process with 
the US EPA.

Introducing fi sh to the rice fi eld can reduce 
the amount of weeds in several ways. To the 
herbivorous species of fi sh, weeds are part of 
their diet. To bottom feeding species, weeds just 
happen to be in the way. In the process of looking 
for food, the muddy bottom of a rice fi eld is tilled 
giving little chance for the submerged weeds to 
anchor their roots in the soil thus affecting their 
growth and proliferation. In rice fi elds stocked 
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with B. gonionotus and C. carpio in Bangladesh, 
farmers have observed that weeds are eaten 
directly by the fi sh or are uprooted and die off 
when the soil is disturbed by the browsing fi sh 
- resulting in reduced weed infestation (Gupta et 
al. 1998).

In China, fi sh have been found to be more 
effective in weed control than either manual 
weeding or use of herbicides. C. idellus was 
the most effective species for this purpose and 
especially effective for controlling 21 different 
species of weeds, such as Echinochloa crusgalli, 
Eleocharis yokoscensis, Cyperus difformis, Rotala 
indica, Sagittaria pygmaea, Monochoria vaginalis, 
and Marsilea quadrifolia. The introduction of fi sh 
reduced the amount of weeds in one rice fi eld 
from 101 kg to only 20 kg after fi ve weeks, while 
in an adjacent rice fi eld with no stocked fi sh the 
weed biomass increased from 44 kg to 273 kg 
during the same period (Wu 1995).

C. carpio eat young roots, buds and underground 
stems of weeds in the rice fi eld, although 
ingestion may be incidental rather than deliberate 
as they forage on benthic organisms. Only weeds 
with their roots anchored to the soil (such as 
Cyperaceae and Poaceae families) are foraged but 
not free fl oating weeds (Satari 1962).

O. mossambicus and the Redbelly tilapia (T. zillii) 
can also be used to control weeds. T. zillii is 
especially effective (Hauser and Lehman 1976). 
O. niloticus is not regarded as a weed feeder 
and is more effective in consuming blue-green 
algae (Anon. 1971 as cited by Moody 1992), 
although Magulama (1990) found that it can also 
contribute to the reduction of weeds. Two other 
species found to be effective in weed control are 
B. gonionotus and Trichogaster pectoralis (Khoo and 
Tan 1980).

8.3 Management of Invertebrates

Insects and other invertebrate pests, primarily 
snails and, in certain areas, crabs may cause 
damage to the rice crop during particular growth 
stages. The following section deals primarily with 
the management of insect and snail pests.

The application of pesticides to reduce insects 
and other invertebrates has several consequences 
that are of importance to rice-fi sh culture, since 
some of the pesticides directly affect the fi sh and 
in other cases reduce the food organisms for the 
cultured species.

8.3.1 Management of insect pests

Insect pests may be classifi ed into two general 
types: those that affect rice production and those 
that do not but are nevertheless considered 
as pests because of public health reasons, for 
instance mosquitoes. The effectiveness of fi sh 
in controlling insect pests is infl uenced by 
hydrological, biological and agricultural factors. 
Fish have been shown to play a signifi cant role in 
reducing some insect species populations in rice 
fi elds. Their interaction with benefi cial organisms 
is less clear. It should be noted that insect pest-
predator dynamics are usually well balanced in a 
rice ecosystem that is not disrupted by the use of 
insecticides. Halwart (1994a) concludes that the 
presence of fi sh in fl ooded rice further reinforces 
the stability and balance of pest-predator 
interactions in the ecosystem.

In Bangladesh, the population of useful insects 
such as lady beetle, spider and damsel fl y, was 
5-48% higher in rice-fi sh farms compared to 
rice-only farms 10-12 weeks after transplantation, 
but later on the converse was observed. However, 
pest infestation was 40-167% higher in rice-only 
farms during all stages of rice growth (Gupta et 
al. 1998).

Mosquitoes and midges pass part of their life-cycle 
in the water and while not considered harmful 
to rice plants, they are still considered as pests. 
Some early work on stocking fi sh in rice fi eld was 
mainly aimed at controlling mosquitoes rather 
than producing food fi sh with the exception 
of China where combined raising of Gambusia 
and common carp resulted in the reduction of 
anopheline and culicine larval populations by 90 
and 70%, respectively (WHO 1980 in Pao 1981).
The rice planthoppers and leafhoppers usually 
rest on the middle or lower parts of the rice plants 
to suck plant juices during the day and climb to 
the upper part of the rice plant to feed at night 
or in the early morning. C. carpio and C. idellus 
over 6.6 cm in length were found to be effective 
in reducing planthoppers and leafhoppers, 
respectively (Xiao 1992). C. idellus are the most 
effective fi sh against the hoppers followed by 
C. carpio and O. niloticus (Figure 15). Yu et al. 
(1995) suggest that C. idellus are effective because 
of consuming the outer leaves of the rice plants 
where the planthoppers oviposit their eggs. In 
addition, the fi sh also consume planthoppers 
that fall down in the water. So as not to depend 
purely on chance, Xiao (1995) recommends that 
“a rope be pulled over the rice plants” in order to 
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drive the planthoppers down to the water surface 
where they are accessible to the fi sh. In Vietnam, 
a rice-fi sh farm recorded 3 800 hoppers·m-2 as 
against hundreds of thousands of hoppers·m-2 in 
surrounding infested areas (Tuan 1994).

Yu et al. (1995) report that observations in China 
indicate 47-51% less stemborers in rice-fi sh fi elds 
compared to rice-only fi elds. They also found a 
reduction of between 28-44% in the attack rate 
compared to rice-only fi elds. Magulama (1990) 
observed that whitehead incidence, a clear sign 
of stemborer infestation, in experimental plots 
in the Philippines was 11% in rice-fi sh fi elds 
and 18% in rice-only plots (Figure 16). Halwart 
(1994a) observed low stemborer infestation 
levels in both rice-only and rice-fi sh treatments in 
three consecutive seasons. In the fourth season, 
however, he noted a statistically signifi cant 3% 
reduction in yellow stemborer (Scirpophaga 
incertulas) infestation as whiteheads in rice fi elds 
with O. niloticus and 5% lower with C. carpio 
compared to control fi elds without any fi sh where 
an 18% infestation was prevalent. The control 
mechanism is likely to be predation by fi sh on the 
neonate stemborer larvae which, after hatching, 
often suspend themselves from the rice leaves 
with a silken thread to disperse to other hills.

Conversely, the number of leaffolders 
(Cnaphalocrocia medinalis), sometimes also called 
leaf rollers, was actually higher in rice-fi sh fi elds 
than in rice-only fi elds in China. Rice-fi sh fi elds 
had 90 to 234 leaffolders per 100 hills as against 
12 to 149 in rice-only fi elds. Fish apparently do 
not eat the leaffolder larvae while the presence 
of fi shwaste and deep water may have favored 
oviposition, hatching and feeding of the insect 
larvae. However, Hendarsih et al. (1994) noted 

Figure 15. Effect of different species of fish on rice planthopper nymphs in rice+fish farms. NW -- normal water depth, DW—Water kept at 10 
cm, None – No fish, GCarp – Grass Carp, CCarp – Common Carp, NileT- Nile Tilapia, Mixed – All 3 Species. Shangyu County, Zhejiang Province, 
China (data source: Yu et al. 1995).

Figure 16. Incidence of whiteheads on rice plants in fields stocked 
with Nile tilapia and in fields without fish (data source: Magulama 
1990).
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that damage to rice due to leaffolders was 50% 
lower for Indonesian rice-fi sh farmers, although 
this was not found to be statistically signifi cant.

Chemical insecticides are generally more toxic 
than herbicides and may have to be applied even 
while the fi sh is still growing in the rice fi eld. 
Xiao (1992) maintains that pesticides are not 
incompatible with rice-fi sh culture and that these 
can be applied safely provided the following 
points are followed:

• a suitable type is selected; 
• a safe dosage is used;
• proper delivery methods are used; 
• application period is properly timed; and
• pre-application preparations are undertaken 

to protect the fi sh.

There has been no systematic evaluation of 
the different insecticides as to their toxicity to 
different species of fi sh as well as to their rate of 
bio-accumulation in fi sh. What is available are a 
number of tests on the more prevalent insecticides 
in various places as reviewed by Cagauan and Arce 
(1992) and Xiao (1992) (Tables 12, 13).

It is important to note here that besides the 
statistical signifi cance also the economic 
signifi cance of the data should be considered and 
that, with or without the presence of fi sh, “there 
are no good data to support any use of insecticides 
in tropical irrigated rice” (Settle, pers. comm.).

8.3.2 Management of snails

One of the latest pests to hit the rice fi eld in 
Southeast Asia is the golden apple snail, Pomacea 
canaliculata. This snail, which is of Latin American 
origin, has invaded most of the rice production 
areas in Asia (Halwart 1994b). Two species 
were imported from Florida, USA, in 1980 as a 
potential food and export crop in the Philippines 
with a second batch imported from Taiwan in 
1984 by two separate private groups (Edra 1991). 
Seemingly harmless when fi rst introduced, they 
are now known to be capable of completely 
devastating rice fi elds with newly emerging rice 
plants.

The use of fi sh as a biological control for snails 
has been recognized for some time. The review 
of Coche (1967) lists work done in Uganda, 
Mozambique and the Congo as early as 1952 
to 1957. Then the concern was to control snails 
that serve as intermediate hosts to Schistosoma 

spp., a trematode that causes schistosomiasis - a 
debilitating disease in humans that is also known 
as bilharzia.

To control apple snails, most farmers and 
government agricultural agencies used chemical 
molluscicides, mainly organo-tin compounds. 
Increasing awareness of the hazards posed by 
organo-tins on humans and livestock led to 
banning of these in some countries. In the 
Philippines, the agricultural chemical companies 
have shifted to metaldehydes after their approval 
by relevant authorities. Farmers do not fi nd the 
metaldehydes to be as effective since they are 
applied in bait form and have to be ingested by 
the target snails to cause any damage.

Fish are a far better, biological control option. 
In the Philippines, a three-year program started 
in 1990 as part of the strategic research in the 
Asian Rice Farming Systems Network (ARFSN) 
specifi cally evaluating the potential of O. niloticus 
and C. carpio under laboratory and fi eld (both on-
station and on-farm) conditions (Halwart 1994a). 
Experiments on the feeding response and size-
specifi c predation in a controlled environment 
suggested that common carp is the preferred 
biocontrol agent capable of daily consumption 
rates of up to 1 000 juvenile snails, also feeding on 
larger snails (Figure 17, Halwart et al. 1998). These 
results in combination with new data on the snail 
population ecology resulted in fi eld experiments 
testing combinations of different snail and fi sh 
densities (Figure 18, Halwart 1994a). Results were 
then further tested for their long-term probability 
and robustness by developing a snail population 
dynamics model that identifi ed fi sh in rice as one 
of the key determining snail mortality factors 
(Heidenreich and Halwart 1997; Heidenreich et 

Figure 17. Number of juvenile Pomacea canaliculata snails (less than 
5 days old) consumed per 24 hours by single fish (Cyprinus carpio and 
Oreochromis niloticus) as the initial snail density is varied (Source: 
Halwart 1994a).
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al. 1997). In Indonesia, a preliminary screening 
pointed at four species with potential for snail 
control: C. carpio, O. niloticus, B. gonionotus, 
and O. mossambicus (Hendarsih et al. 1994). 
Among these, C. carpio was identifi ed as the best 
candidate and found to be capable of consuming 
up to 40 young snails in one day, with the other 
three species consuming only 84-87% of that 
number within four days. The fi ndings have 
been applied in Vietnam where IPM has been 
identifi ed by FAO as the most suitable approach 

for snail control with carp being the preferred fi sh 
species for biological control (FAO 1998).

8.4 Management of Diseases

The role of fi sh in a rice fi eld is not limited to 
controlling the proliferation of weeds, snails, and 
some insect pests. In China, the Taoyuan County 
Agricultural Bureau in Hunan province has found 
that raising C. idellus in rice fi elds controlled rice 
sheath blight disease (Xiao 1992). The disease 

Pesticide group/
common name

48-hour LC
50

 (ppm of formulated product)
and toxicity ranka

48-hour LC
50

 
(ppm of formulated product)

O. niloticus O. mossambicus C. carassius O. niloticus O. mossambicus C. carassius

INSECTICIDES

Carbamate

BMPC
5.6 –
6.7 

ht - 28.3 mt 5.4-6.12 - 25.1

Carbaryl 3.10 ht - - - 2.93 - -

Carbofuran 2.27 ht 2.4 ht - - 1.97 1.72 -

MTMC 68.0 mt 52.0 mt - - 50.0 46.9 -

MTMC + Phenthoate 9.56 et - - - - 0.47 - -

PMC 6.05 6.0b - 34.75 - - - -

PMP 59.0 mt - - 3.8 mt 47.1 - 19.6

Organophosphate

Azinphos ethyl 0.028b 0.023b 0.009 - - 0.002

Chlorpyrites 2.0 ht 1.34 - ht 1.3 1.19 -

Diazinon 45.0 mt - 40.7 2.2 - 15.2

Methyl parathion 25.7 mt - 13.4 19.0 - 11.0

Monocrotophos 1.2 ht 47.6 0.31 ht - 33.10 -

Triazophos 5.6 ht - - - -

Organochlorine

Endosulfan 5.8 ht - 1.3 1.3 - 1.6

Synthetic pyrethroid

Permethrin 0.75 et 1.3 ht - -0.75 - -

Cypermethrin 0.63 et - - 0.63 - -

HERBICIDES

2-4-D 

Agroxone (MCPA)

Rilof (piperophos) 27.5 mt

Machete (Butachlor) 1,4 ht 1.3

Modown (bifenox) 149.0 lt 102.0 lt 127.0 102.0

EPTAM D (EPTC) 71.5 mt 49.5 mt 54.4 49.5

Trefl an (trifuralin) 308 lt 170.0 lt 225.0 170.0

a Ranking of pesticides from Koesomadinata and Djadjaredja (1976)  for 48-hour LC
50

:< 1 = extremely toxic (et); 1 – 10 = highly toxic (ht); 10 to 100 = 
moderately toxic (mt); and >100 = low toxic
b 24-hour LC

50

Table 12.  Toxicity of different insecticides and herbicides expressed as 48- and 96-hour LC
50

 to O. niloticus, O. mossambicus, and C. carassius 
tested at the Freshwater Aquaculture Center – Central Luzon State University, Philippines (abridged from Cagauan and Arce 1992).



46 FAO and The WorldFish Center | Culture of Fish in Rice Fields

Table 13. Median tolerance limits (TLM) of common carp (Cyprinus carpio) to various pesticides (abridged from Xiao 1992).

Formulated Product TLM (ppm) 48-hours Toxicity grade

INSECTICIDE Trichlorfon 6.2 medium

Dichlorvos 4.0 medium

Fenitrothion 4.4 medium

Malathion 9.0 medium

Rogor <40.0 low

Methyl Parathion 5.0 medium

Phosmet 5.3 medium

Phenthoate 2.0 medium

Baytex 2.0 medium

Tsumacide 15.3 low

Landrin 38.1 low

Bassa 12.6 low

Etrofolan 4.2 medium

Chlordimeform 15.2 low

Rotenone 0.032 high

Bramaxymil octamoate 0.0 high

BACTERICIDE EBP 5.0 medium

IBP 5.1 medium

Edinphensop 1.3 medium

Oryzon 6.7 medium

Plictran 14.6 low

Thiophanate methyl 11.0 low

Blasticidin >40.0 low

Kasugamycin 100.0 low

CAMA 10.0 medium

Phenazine >10.0 low

Triram 4.0 medium

HERBICIDE 2,4-D >40 low

DMNP 14.0 low

Propanil 0.4 high

Nitrofen 2.1 medium

Benthiocarb 3.6 medium

Amine methanearsonates 3.7 medium

GS 13633 0.86 high

Hedazhuang 34.0 low

Oradiazon 3.2 medium

Prometryne 23.5 low

Glyphosate 119.0 low

Pentachlorophenol 0.35 high

OTHERS Zinc Phosphide 80.0 low

Propargit 1.0 medium

Lime 140.0 low
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incidence index in rice+fi sh plots ranged from 
8.5-34.2 in early rice and 2.4-26.4 in late rice as 
against 24.1-55.0 and 4.7-41.7 in the controls, 
respectively (Figure 19). Similar results were 
observed in Shangyu County, Zhejiang Province 
(Yu et al. 1995) where disease incidence was 
lower by 9.9-19.6% in normal depth rice+fi sh 
plots.

Yu et al. (1995) offered three mechanisms that 
enable fi sh to mitigate the effects of fungal 
infection. First, the fi sh stripped the diseased 
leaves near the bottom of the rice plants that 
therefore diminished the sources of re-infection 
in the fi eld. Second, after the bottom leaves of 
the plants were stripped, improved ventilation 
and light penetration made the microclimate 
unfavorable to the fungus. Third, long-term, 
deepwater conditions prevented any germination 
of spores and re-infection.

Xiao (1992) reports that C. idellus feed directly on 
the sclerotia (compact masses of fungal hyphae 
with or without host tissue) of the sheath blight 
and digest them after 24 hours. Secretions from 
the fi sh also appear to slow down the germination 
of hyphae and reduce infection. However, the 
fi sh are effective only when the infection occurs 
at the water surface. Once the infection spreads 
upward, away from the water surface, the fi sh are 
ineffective.

Figure 18. Abundance of live Pomacea canaliculata snails collected 
two days after rice harvest in 50 m² plots with pond during the wet 
season  (A) and 200m² plots with pond during the dry season (B) at 
low (0.18 snails·m²), medium (0.48 snails·m²and high (1.32 snails/
m²) initial snail infestation levels, Muñoz, Nueva Ecija, Philippines. 
CC = Cyprinus carpio, ON = Oreochromis niloticus, low = 5000 
fi sh·ha-1, high = 10 000 fi sh·ha-1. Bars are means of 3 replications. 
Means within the same snail infestation (low, medium, high) with 
a common letter are not signifi cantly different at the 5% level by 
DMRT (Source: Halwart et al. 1998).

Figure 19. Incidence index of rice sheath blight disease in rice grown 
with fi sh and without fi sh, Tau Yuan Agricultural Bureau, Tao Yuan, 
China (data Source: Xiao 1992).




