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GtßbTsegçb 
 mUlehtu  nigbBaðaénkarpÞúHeLIgrbs;RbCakr  mmac 
etñat)aneFVIkarbkRsayenAkñúgGtßbTenH. karmanBgeRcIn nigPaB 
rs;ranmankMritx<s; KWCaktþaEdlGaceFVIeGayRbCakrmmacetñatGac 
pÞúH)an. ktþaTaMgBIrenHeK)andwgfabNþalmkBIkareRbIR)as;CIKImI 
nigfñaMBulsmøab;stVl¥it. dUecññHehIy)anCamankarsikSaGMBI\T§iBl 
énfñaMsmøab;stVl¥it nigCIKImIeTAelIkMNkMeNItBg nigkMritGacrs;ran 
rbs;kUnmmacenAkñúglkçxNÐERsksikr. mü:agvijeToteBlevla 
sMrab;sabsMNabk¾GacCaktþamYyeFVIeGaymmackekIteLIgxøaMgEdr. 
eyIg)andwgfabnÞúHRbCakrmmacenAkñúgRbeTskm<úCa)anekIteLIgCa 
GenøII² nigrektrkUtxøaMgNas;. )atuPUtenHGacmankarTak;TgKñaeTA 
nigeBlevlaénkarsabsMNab nigkarpøas;bþÚrTIlMenArbs;mmac 
etñat. fñalsMNab EdlsabmuneKxusRbRktI Gacpþl;CaTICMrkdl; 
emmmacBg ehIyBgmmacEdlmanenAkñúgsMNab nwgjas;ehIy 
bgárCakUn BUnCaecAeRcIneLIg² ehIyEdlGacQaneTArkbnÞúH 
RbCakredayduM². dUecñHehIysnÞÚgEdlmanmmacetñatEdlCaedIm 
ehtuénbnÞúHRbCakr RtUv)anykmkeFVIkarsikSa. elIsBIenHeyIg)an 
dwgfabnÞúHRbCakrmmacetñatenAkñúgtMbn;GasIuRtUBic KWbNþalmkBI 
karkrCakUnBUnCaecA BIBIreTA bICMnan;ehIyEdlmankarTak;TgeTAnwg 
TMhMRbCakrdMbUg KWCaedImehtuénbnÞúHenH. ehIyedayPaBpÞúHén 
RbCakr mmacetñatenARbeTskm<úCamanlkçN³CabNþúMray):ayenaH 
bBaðaTaMgenH RtUv)aneFVIkarsikSa nigBiPakSaenAkñúgGtßbTenHEdr. 
elIsBIenHkarsikSaGMBIRbsiT§iPaBénstVl¥it manRbeyaCn_kñúgkar 
kMcat;mmacetñatk¾RtUv)anelIkykmkBiPakSaEdr. niyayCarYmktþa 
TaMgGm,amaNEdl)anerobrab;knøgmkenH RtUv)anBiPakSa nig 
sMeyaKedIm,IQaneTArkesckþIsnñidæan nigGnusasn_mYysMrab;kargar 
Gnuvtþn_ nigRsavRCavCabnþeTot. 

ABSTRACT 
The causes and problems of BPH outbreaks are discussed in 
this paper; increased fecundity and survival are factors that 
can lead to outbreaks of brown planthopper populations. 
These two factors are believed to be influenced by the use of 
chemical fertilizers and insecticides. Therefore the effects of 
chemical fertilizers and insecticides on fecundity and sur-
vival of BPH under Cambodian field conditions were stud-
ied. The effect of fertilizer on BPH oöcyte (egg) production 
was examined. Timing of seedbed establishment as a cause 
of brown planthopper outbreaks is one of the most possible 
factors. Outbreaks of brown planthopper in Cambodia are 
very localized and appear to be random. This phenomenon 
may be related to the time of seedbed establishment and 
colonization by migrating or dispersing BPH; rice seedbeds 
that are established early may provide a suitable host for 
BPH to colonize and subsequently to be transplanted into 
fields initiating localized outbreaks. Transplanted rice seed-
lings as a source of initial BPH infestation is examined. Out-
breaks of brown planthopper in tropical Asia are generally 
related to population build up over two or three generations. 
The size of the initial population in a field may enable BPH 
populations to reach outbreaks levels. As outbreaks of BPH 
in Cambodia appear random and localized, it was thought 
these spot outbreaks might be from seedlings infested with 
BPH eggs. Cambodian rice fields have abundant natural 
enemies and these play an important role in reducing BPH 
population density. Field experiments on the relationship 
between BPH establishment and their natural enemies are 
presented. Overall synthesis of my findings, where the dif-
ferent strands of this work are brought together by focusing 
on the effects of host plant nutrition, cultivar reaction, timing 
of crop establishment and predation effects on the growth of 
populations of BPH. This leads to the final conclusions and 
recommendations for further research. 

KEYWORDS: 
Brown planthopper, outbreak, fertilizer, cultivar, fecundity, 
egg production, seed bed, & insecticide. 

1. INTRODUCTION 

O utbreaks occur when the population of a species 
increases in abundance rapidly over a relatively 
short period of time (Berryman 1987). As 

Berryman (1987) points out populations increase when the 
“environment” becomes more favourable for the reproduc-
tion and/or survival of the species and individuals aggregate 
into an area. In tropical Asia outbreaks of BPH have been 
wide spread since the introduction of new high yielding cul-
tivars, chemical fertilizer and pesticides. Since BPH can 
devastate rice fields during an outbreak, this delphacid has 
the potential to cause tremendous economic losses. The 
Cambodian government began documenting pest outbreaks 
in 1991. There has been a BPH outbreak every year in Cam-
bodia since then. Outbreaks of BPH in the Cambodian rice 
agro-ecosystem appear to be localized and patchy within a 
field (Preap et al. 2001a). 
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Most BPH outbreaks in Cambodia have been localized, and 
on a small scale. These localized outbreaks are thought to be 
related to several factors, that alone or together influence 
adult colonization, reproduction and survival of nymphs and 
adults. These factors are related to host plant quality and 
natural enemies and will depend on farming practices such 
as: pesticide application, fertilizer use, host plant cultivar, 
irrigation, and cropping pattern (Fig 1). 

Compared to other countries in the region, for example Viet-
nam (Pham 2001, 2002) and Thailand (Setboonsarng 1993, 
Vongsilabutr 2001), Cambodia suffers relatively little crop 
loss to BPH outbreaks. Compared to Vietnam, high yielding 
cultivars are not widely grown in Cambodia (only 13% of 
the total rice land), but highly BPH-susceptible traditional 
cultivars, such as Eth Chhmoush, are planted by local farm-
ers. Some Cambodian farmers use a high rate of fertilizer, 
but extensive outbreaks are very rare. What are the key fac-
tors that keep BPH outbreaks in Cambodia to a minimum? In 
this works I will discuss the factors that contribute to the 
BPH population changes in the rice agro ecosystem in Cam-
bodia. 

2. MATERIALS AND METHODS 

The effects of chemical fertilizers and insecti-
cides on fecundity and survival of BPH under Cambodian 
field conditions experiments were conducted in farmer fields 
in Samrong district, Takeo province and in CARDI's fields, 
Phnom Penh in wet season 1999. The effect of fertilizer on 
BPH oöcyte (egg) production was examined under glass 
house condition in 1999; I used two rice varieties (IR72 & 
Eth Chhmoush) and two fertilizer rates (low & high) to test 
the egg production. Egg productions from each female were 
counted under binocular and compound microscopes. In wet 
season 2000, I conducted an experiment to examine the ef-
fect of timing of seedbed establishment on brown planthop-
per outbreaks in farmer fields in Samrong district and 
CARDI's fields. Seed beds were established in four times: 
very early, early, normal, and late, compared to the normal 
time of local farmer practices.  

To check the influence of initial number of BPH on trans-
planted rice seedlings as a source BPH population build up 
and outbreak, I conducted and experiment at the same time 
and at the same fields of Samrong and CARDI. 

Further more, Cambodian rice fields have abundant natural 

enemies and these play an important role in reducing BPH 
population density. Thus, field experiments on the relation-
ship between BPH establishment and their natural enemies 
are presented. 

3. EFFECT OF PLANT NUTRITION AND INSECTICIDE 
TREATMENTS ON BPH PRODUCTION AND SURVIVAL 

Host plant nutrition is thought to influence host plant selec-
tion, subsequent insect performance (development, survival, 
growth) and the consequent population growth and dynamics 
(Waloff 1980, Denno & Roderick 1990). If brown planthop-
pers develop on nitrogen-rich host plants more nymphs sur-
vive to become larger and more fecund adults (Denno & 
Roderick 1990, Preap et al. 2001a). 

Host plant quality influences BPH development. BPH that 
develop on susceptible plants produced more eggs and 
nymph survival was much higher than on a resistant cultivar 
(Table 1). Susceptible plants if treated with a high rate of 
fertilizer achieve higher yields but also a higher density of 
BPH, and some times these may reach outbreaks level. In 
general, what is good for the plant is good for the pest (Jahn 
et al. 2001). In irrigated rice fields, herbivores, predators, 
and parasitoids increase in abundance with increasing levels 
of nitrogen fertilizer use (De Kraker et al. 2000, Preap et al. 
2001a). 

Many insect species exhibit higher growth rates and de-
creased development times when their host plant is fertilized 
with high nitrogen levels (Tabashnik 1982, Fisher & Fiedler 
2000, fig.2). Many pests are associated with heavy fertilizer 
application (Chelliah & Subramanian 1972, Reissig et al. 
1986). The use of a resistant cultivar can alleviate this pest 
problem. In Southeast Asia outbreaks of BPH have declined 
in frequency and scale, as framers started to plant resistant 
cultivars such as IR26 and IR36 (Way & Heong 1994). My 
results indicated that BPH developing on a resistant cultivar 
had a smaller body, were less fecund and had poorer survival 
than on a susceptible cultivar (Table 1). Denno & Roderick 
(1990) suggested that a low level of BPH population oc-
curred on resistant cultivars because of chemical com-
pounds. Yoshihara et al. (1979, 1980) and Sogawa (1982) 
indicated that a decarboxilated derivative of aromatic amino 
acids and oxalic acid are inhibitors BPH feeding. Minor 
plant nutrients, such as silicon can increase the resistance of 
rice plants to planthoppers (Chang et al. 2001). 

Fig.1 Summary of factors related to BPH population outbreaks (Denno 1994, Gallagher et al. 1994, Preap et al. 2001a & b, 2002a & 
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The repercussions can be quite serious when we make dras-
tic changes in the agro-ecosystem without understanding the 
consequences. In the mid-1980s BPH outbreaks in Indonesia 

were induced through insecticide applications (Kenmore et 
al. 1985, Kenmore 1996). 

Natural enemies were killed faster than the target pest and 
BPH population became resurgent and reached outbreak 
level. Gallagher et al. (1994), Way & Heong (1994) and 
Settle et al. (1996) consider that the action of natural enemy 
is fundamental to sustainable brown planthopper manage-
ment. The recovery of natural enemies after pesticide appli-
cation was very poor compared to other insect, particularly 
BPH. A week after being sprayed almost all the population 
of natural enemies, other insects and BPH were killed. But 
52 days after being sprayed the population of other insect 
and BPH had recovered better than natural enemies (Fig. 3). 

My results in field cage experiments indicated that each A. 
inustus or P. pseudoannulata; which are very abundant in 
Cambodian rice field ecosystem (Preap et al. 2001a & b); 
can kill up to 97% of BPH in 15 days after spiders were 
introduced into the cage with a ratio of spider to BPH of 
1:24 to 1:57 (Preap et al. 2001b). 

Fig.2 Brown planthopper colony, nymphs & adults 

Table1. Body length, fecundity, eggs laid and nymph survival of brown planthopper (+/- se) on resistant and susceptible cultivars 
treated with low and high fertilizer rates. 

Host plant variety

Fertiliser rate Low High Low High

Body length (mm) 3.74±0.02 3.86±0.01 3.85±0.01 4.34±0.02

Oocytes production (no./female) 101±7 158±8 123±7 338±6

Eggs laid (no. per female) 46±2.3 66±2.5 55±2 72±2

Survival of nymphs (%) 19±1 35±3 28±3 53±4

Resistant (IR 72) Susceptible (Eth Chhmoush) 

Fig.3. The population dynamics of natural enemies, BPH and other insects in plots treated with insecticide. 
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4. COLONIZATION AND INITIAL POPULATION SIZE: 
ARE THESE THE KEY FACTORS FOR LOCALIZED 
POPULATION OUTBREAKS 

The combined effects of high levels of colonization and 
improved performance on nitrogen-rich host plants often 
result in rapid population growth and larger population size. 

After apparently randomly landing into fields BPH macrop-
terous tend to choose high fertilized-plants (Preap et al. 
2001a). They tend to move from plant to plant and selected 
more nutritious plants (susceptible cultivar, high-fertilized) 
on which to feed and, oviposit. Such plants accumulate lo-
cally higher densities. Subsequent populations will be 
higher; nymphs have a higher survival rate and adults are 
more fecund (Sogawa 1970, Denno 1985). 

The BPH population build up depends on the number of 
insects initially infesting the crop and the crop stage infested. 
When the crop was planted with seedlings that had been 
exposed to BPH at a seedling to adult BPH ratio of 27:1 to 
108:1, BPH built up to high numbers and the crop was 
killed. The higher the numbers of infesting insects the sooner 
plants were killed, and high-fertilized plants were killed 
faster than low fertilizer plants (Table 2). Even crops planted 
with seedlings exposed at the lowest BPH density tested, 216 
seedlings to 1 BPH, were seriously affected when the BPH 
population increased to a high level at 72 days after trans-
planting. When colonization started late with a few insects 
(one per hill 22 days after transplanting) on low fertilized 
plants BPH did not increase to a high level and subsequently 
did not affect plant yield. However high fertilizer application 
is favorable for the BPH population increase and these plants 

were seriously affected (Table 2). 

Initial population density on seedlings may be a key factor 
leading to subsequent population increase and local out-
breaks and these outbreaks are closely related to the plant 
quality, crop stage of infestation and natural enemies.  The 
density of the initial population depends on BPH sources, 
weather (particularly wind systems that influences BPH 
migration from longer distance) and the target host plants 
(crop stage and time of crop establishment). 

Some areas (Takeo province) are “outbreak prone” because 
BPH sources are relatively abundant (thousands of hectares 
of rice crop are grown in the dry season and generally de-
velop to the maturing stage by the beginning of the wet sea-
son crop). When seedbeds were established very early, 
which coincides with when BPH migrates from the source 
crops, seedbeds trapped relatively high numbers of macrop-
ters and these formed a high initial colony and subsequently 
increased to outbreak level, especially on high-fertilised 
crops (Preap et al. 2002a). 

In some areas BPH sources are very limited (e.g. CARDI). 
Even seedbeds established very early had very low initial 
colonization and no subsequent population increase. With 
very low incidence at the early stages of a rice crop BPH 
populations are very stable at a low density during season for 
both traditional and modern cultivars. For crops that started 
with a relatively high colonization the population of BPH 
increased to a high level at the 3rd or 4th generation when the 
crop reached the reproductive stage (modern high yielding 
cultivar) and maximum tillering for a traditional cultivar. 

 

Table 2. BPH infestation at different crop stages and the impact of population increase. The crop damage score of 9 indicates very 
high BPH density and all plants were killed, score of 7 is BPH in high density and almost all plants were killed, and score of 3 is 
some BPH were observed and plants were slightly affected 

L o w  fe r t il is e r  ra te

N o . a d u lts  in fe s te d C ro p  s ta g e  o f  in fe s ta t io n

p e r  h i l l C ro p  d a m a g e  s c o re D A T  w h e n  a c h ie v e d

8 S e e d lin g 9 3 2  D A T

4 S e e d lin g 9 3 2  D A T

2 S e e d lin g 9 4 3  D A T

1 S e e d lin g 3 7 2  D A T

1 2 2  d a y s  a f te r  t ra n s p la n t in g 3 7 2  D A T

H ig h  fe r t i l is e r  ra te

N o . a d u lts  in fe s te d C ro p  s ta g e  a t  in fe s ta t io n

p e r  h i l l C ro p  s c o re C ro p  s ta g e

8 S e e d lin g 9 7  D A T

4 S e e d lin g 9 2 2  D A T

2 S e e d lin g 9 4 3  D A T

1 S e e d lin g 7 7 2  D A T

1 2 2  d a y s  a f te r  t ra n s p la n t in g 7 7 2  D A T

A t h ig h e s t  B P H  d e n s ity

A t h ig h e s t  B P H  s ta tu s
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Understanding the impact of these factors on BPH 
population dynamics will enable us to improve BPH 
management in the long term. 

5.1 CROP MANAGEMENT 

Using resistant cultivars, fertilizer, seedbed manage-
ment and other cultural practices all contribute to pest 
control and crop harvest. 

Georghiou (1972) suggested that cultural control methods 
could reduce insect populations. Cultural control methods 
are the modification of certain farm operations to make the 
environment unfavorable for the development and multipli-
cation of the insect pest but favorable for crop production. 
Cultural control of rice pests incorporates crop production 
methods. Farmers use cultural control consciously or uncon-
sciously to improve yield by reducing pest number (Reissig 
et al. 1986).  Proper land preparation can provide a good 
crop and minimise use of herbicides. Herbicide application, 
such as butachlor, quinchlorac or betazone, increased the 
feeding rate of BPH and may also lead to high population 
(Wu et al. 2002). 

The current recommendations for nutrient and pest manage-
ment are woefully inadequate for predicting edaphic effects 
on multiple pests and different cultivars (Jahn et al. 2001). 
For example, applying N to promote recovery following 
stem borer and defoliator damage (Peng 1993, Litsinger 
1994) and to increase grain yield may lead to higher 
planthopper incidence (Cook & Denno 1994, Preap et al. 
2001a). To date, the application of the science of pest man-
agement-nutrient interactions in rice is a simple recommen-
dation to split nitrogen applications, plow straw into the soil 
to increase silicon uptake or apply K during planthopper 
outbreaks (Jahn et al. 2001). 

To avoid a high density of macropters at the seedling stage 
in “outbreak prone areas” the timing of seedbed establish-

ment needs to be considered. If seedlings are infested with a 
relatively high number of BPH (see above discussions) then 
localised outbreaks may occur. For example, at Takeo, Cam-
bodia (“an outbreak prone area”) seedbeds must not be es-
tablished very early because these seedbeds act like a trap 
for catching BPH macropterous adults migrating from older 
dry season crops. These BPH are then transplanted into the 
crop and this population may subsequently increase to a high 
level. The need for seedbed field monitoring with yellow pan 
traps would help growers to make a management decision. 
Control by using insecticides at the seedling stage should be 
used if seedbeds are infested with a relatively high number 
of macropters (yellow pan trap catch more than 2 adults per 
trap per day). This decision can deal with the right target 
with minimum risk to the environment. Small scale use of 
insecticides at the seedling stage in seedbeds will not lead to 
a huge reduction of natural enemies, as would occur after 
transplanting, is economical and most farmers can afford it. 

Using cultural practices such as plant spacing, weeding, 
cropping pattern (synchronous planting or crop rotation), 
fertilizer and irrigation management, in pest control may 
prevent buildup of BPH populations. Farmers can reduce the 
pest population by flooding the field or plowing under the 
stubble after harvest. Using these methods, farmers are able 
to reduce the number of larvae and pupae of rice stem borer 
for instance (Reissig et al. 1986). Cultural control techniques 
should be compatible with other control methods and with 
the needs of the crop. Cultural methods must be cost effec-
tive although their results may not be immediate or as spec-
tacular as insecticide use (Oka 1979). 
Clark et al. (1974) pointed out that cultural methods 
are the priority in controlling pest attack; they are de-
pendable, economical, ecologically sound, and non-
polluting. Some cultural methods are already used to 
combat brown planthopper. Rice is the only suitable 
host for BPH. On alternate hosts, this insect can sur-

5. APPROACHES AND RECOMMENDATION FOR BPH MANAGEMENT 

A long-term strategy for BPH management for both temperate and tropical Asia will rely on: crop management (cultural aspects), 
breeding of new resistant cultivars (genetic aspects), development of new pesticides (biochemical aspects), natural enemy manage-
ment thought proper use of insecticide and improved forecasting systems to better time management intervention (ecological as-
pects) (Fig. 3).  
 

Fig. 3. Long term approaches for BPH management  
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vive but does not multiply well (Mochida & Dyck 
1977). Consequently, during a fallow period, the insect 
population will be much reduced. The population 
phenology of the pest will be disrupted when the rice 
crop is rotated with other crops or there is a fallow 
between two rice seasons (Oka 1979). 
Cultural control methods are not broadly satisfying 
because the same practice may be good for decreasing 
one pest but not for another (Reissig et al. 1986). For 
example farmers drain the field to control case worm, 
Nymphula depunctalis Guenée, but the yield will de-
crease if there is insufficient water supply. Oil applied 
onto the water surface and shaking the plants 
(Kenmore et al. 1984) can kill BPH but has negative 
effects on the plants-physiology. Rotation crop should 
be non-hosts for the insects otherwise rotation may 
increase pest population. 
Synchronous planting and creation of a rice crop free 
period can greatly reduce pest abundance. Pests dis-
perse from field to field and they can maintain high 
population levels and cause great yield losses in a farm 
community where planting times of neighboring fields 
are staggered beyond an interval of 3 to 4 weeks 
(Reissig et al. 1986). Preap et al. (2002a & 2002b) 
found that rice seedbeds established three weeks ear-
lier than normal can lead to a serious yield reduction 
due to the high level of BPH landing into the seedbeds, 
especially in beds treated with high rates of nitrogen 
fertilizer. 
 

5.2 BREEDING OF RESISTANT CULTIVARS 
Controlling BPH with resistant cultivars and insecti-
cides is often not adequate (Oka 1979). IR26 and other 
rice cultivars with the same gene for resistance to BPH 
were reported to be hopper burned in two widely sepa-
rated small areas in the Philippines (IRRI 1975). Soon 
after introduction of the resistant cultivars insecticides 
were used to control rice pests and caused severe out-
breaks of brown planthopper. 

Brown planthopper-cultivars are one of the major 
products of rice pest control research and can go far 
towards reducing the farmer problems (Matteson et al. 
1994). A resistant cultivar can slow down the popula-
tion increase through lowered fecundity, and poorer 
survival (Preap et al. 2001a, 2002b). Tolerance to 
damage is also possible. 
Cultivars containing the Bph1 or Bph2 gene were ini-
tially highly successful in controlling BPH (Cohen et 
al. 1997). In Southeast Asia, BPH outbreaks declined 
in frequency and scale after the planting of these culti-
vars (Way & Heong 1994). Releasing resistant culti-
vars by the International Rice Research Institute 
(IRRI), began with IR26 in 1973, and provided effec-
tive but often only short-term control of BPH. After 
overuse of insecticides, massive outbreaks occurred in 
some areas planted with resistant cultivars (Reissig et 
al. 1982a & b). For example, the cultivar Cisadane 
containing Bph2 was very popular in central Java, but 
became susceptible to N. lugens after the fields were 
intensively treated with insecticides (Kamandulu & 

Bahagiawati 1990).  Planting resistant cultivars would 
be one method to help keep rice production safe from 
BPH attacks, but would not help in the long-term if 
insecticides are widely used and the resistance gene 
overcome (Gallagher et al. 1994, Setboonsarng 1993, 
Vongsilabutr 2001). 
The ‘breakdown’ of resistance genes was accelerated by over 
use of insecticides and the planting of large areas to near 
monocultures of some cultivars, such as IR26 (containing 
Bph1) and IR36 (containing Bph2) (Gallagher et al. 1994, 
Cohen et al. 1997). Diversifying the use of rice cultivars in 
rice production would slow down the break down of resis-
tance genes and outbreaks could be minimised. For example, 
in Cambodia there are more than 3,450 local rice cultivars 
(Sahai et al. 1992, Javier et al. 1999) and outbreaks of brown 
planthopper are very rare and on a small scale (even in sus-
ceptible cultivars). 

5.3 NEW PESTICIDES 

The negative impact of pesticides on rice production 
increased when outbreaks of brown planthopper oc-
curred in many countries in Southeast Asia (Kenmore 
et al. 1985). The outbreaks of this insect pest were 
caused by indiscriminate overuse of insecticides 
(Kenmore et al. 1985, Cohen et al. 1997). Develop-
ment of resistance to various insecticides has been 
reported (IRRI 1970, 1975, Heinrichs 1994, Nagata 
1982, 1999, Nagata et al. 2001). Insecticides do not 
kill BPH eggs, but do kill natural enemies (Reissig et 
al. 1982b) and BPH recovered faster than the natural 
enemy population (Settle et al. 1996, Preap et al. 
2001a, Fig. 2). 
However there are pesticides to control the egg stage 
of this pest. Suzuki et al. (1996) and Yamasaki et al. 
(1999) discovered that S. furcifera eggs laid in leaf 
sheaths and mid ribs of leaf blades suffer considerable 
mortality. The egg mortality reached 77% when a wa-
tery lesion is formed (Suzuki et al. 1996). Benzyl ben-
zoate, which was extracted from the watery oviposi-
tion lesion, exhibited ovicidal activity against S. furcif-
era at concentrations of 6.4 ppm or more (Suzuki 
2002). Thus this new compound would be an effective 
replacement for those products that cannot kill the egg 
stage. However this compound should widely be tested 
on the other planthopper species such as BPH. 
 

5.4 SUSTAINABLE MANAGEMENT AND IMPROVEMENT 
OF FORECASTING SYSTEMS 
BPH is one of the most serious insect pests in rice 
growing countries in Asia both in the sub-tropics and 
temperate regions. This phenomenon may be due to 
inappropriate management strategies and the lack of a 
reliable forecasting system in some countries of Asia.  
The latter in part reflects a lack of information and 
understanding of BPH population dynamics. One can-
not solve the BPH problem alone without a meaning-
ful exchange of information among neighboring coun-
tries and researchers. This is essentially due to long 
distance migration (eg Watanabe et al. 1994, Wata-
nabe 2002). To solve the problem created by this po-
tential pest in every country in the region (e. g. China, 
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Korea, Japan, Thailand, Cambodia, Laos and Vietnam) 
will require sharing information and experience among 
neighboring countries. A network for exchange of in-
formation and databases for BPH is being set up for 
the region. Food and Agriculture Organization (FAO) 
and Rural Development Administration (RDA) are 
funding a project called “Development of Information 
System for Brown planthopper in Asia”. 
However in Southeast Asia outbreaks are localised and 
the detection of initial population at the time of crop 
establishment would be very helpful. The use of yel-
low pan traps to detect macropters immigrating into 
the seedbeds or later crop stages is a very simple tool 
that Cambodian farmers could use.  If the number of 
macropters caught by yellow pan trap is less than 2 per 
trap per day seedlings will be safe for transplanting. 
With 2 or more per trap seedlings are highly infested 
and need to be treated before transplanting or they 
should be discarded. To increase confidence in this 
warning indicator a study over a wider range of loca-
tions and sampling over a wider range of densities is 
needed. 
Cambodian rice ecosystems have an abundance of 
natural enemies (Preap et al. 2001a, 2001b), which 
play an important role in keeping the rice pest situation 
relatively stable compared to some other counties in 
the region. However the role of each natural enemy in 
the population dynamics of BPH is not yet understood. 
Research into maintaining high levels of natural ene-
mies to manage BPH in Cambodian rice fields will be 
indispensable.  
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