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ABSTRACT

Of the nine species of Leptocorisa rice bugs (RBs) in Asia and 
Oceania, L. oratorius is the most important in tropical climates, whereas L. 
acuta and L. chinensis prevail in upland areas or temperate climates. RB 
taxonomy has been clarified only since the 1970s, thus many host and 
distribution records need verification. RBs were a more serious pest in the 

thfirst half of the 20  century when rice fields were interspersed among 
extensive grasslands that were readily located by adults flying distances up to 
24 km. If grasslands were composed of alternative host species, RBs could 
complete several generations before the rice planting season, particularly in 
years when the rains came early and fell intermittently to encourage many 
flushes of grasses. Practices that further favored RB build-up occurred in 
regions where farmers planted both early and long maturing varieties and in 
years when the planting season became extended over 2-5 months. In such 
situations, up to five RB generations could be produced on a single rice crop 
of long-maturing, traditional varieties, particularly where weed control in rice 
fields was lax. Dryland rice is more susceptible than wetland rice cultures 
because of isolated fields that are readily reached by adults and the 
concentrating effect caused by small fields . RB adults can gain nourishment 
from feeding on plant sap to sustain them for a number of weeks, but 
eventually they need to feed on rice endosperm to reproduce. Rice crops are 
only susceptible for about 30 days from flowering through soft dough as RBs 
emigrate at the hard dough stage to seek younger crops. Nymphs are 
particularly vulnerable as they cannot fly to seek new fields, thus their survival 
depends on their mothers ovipositing at the time of panicle exsertion. As more 
land became settled throughout Asia, the ratio of grassland to rice land 
decreased, greatly reducing the frequency of RB outbreaks. Higher-tillering, 
modern varieties also dilute the impact of RB damage, as for a given RB 
density, proportionally more spikelets escape RB feeding. In addition, high 
yielding varieties bear more spikelets per plant thus can compensate better by 
filling younger spikelets during the milk stage. Any agronomic practice that 
increases yield will minimize yield loss from RBs. RBs can pass periods where 
neither rice nor alternative hosts are present by entering quiescence for 
several months or diapause for longer periods depending on the floral 
composition of the local ecosystem. Masses of dormant adults congregate in 
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moist, shady wooded or grassy areas which offer off-season shelter. In 
general, RBs are less of a pest in irrigated multi-crop rice environments 
particularly in areas where suitable shelter is not available and there is an off-
season break between rice crops. RBs have become perennial pests of 
irrigated rice areas that are within dispersal distance to other regions where 
rice is grown during the off-season, where shelter is available, or where the 
period between rice crops is less than a month. RBs are attacked by a range of 
predators and parasitoids that focus mainly on the egg stage. The dispersal 
ability of RBs reduces the impact of natural enemies compared to other rice 
insect pests, thus cultural control methods are needed. Particularly effective 
is for farmers to synchronize the flowering period between fields and to create 
a rice-free period lasting more than two months between rice crops. Most 
insecticide use occurs in Japan to prevent production of pecky rice where rice 
is priced eight times more than the world price. Action thresholds are as low as 

20.5 RBs/m  in Japan, but in other countries thresholds range from 2 to10 
2RBs/m .

INTRODUCTION

  rivastava & Saxena (1967) undertook the last comprehensive review of 

Leptocorisa rice seed bugs (RBs). Fourteen species of Leptocorisa have been recorded, 

and except in small Oceanic islands, several species occur in each country, some 

feeding on rice while others specialize on grassy weeds. RBs are one of the few pests 

that feed directly on developing rice spikelets in the field, thus are the most recognized 

insect pests by farmers. The oldest record in tropical Asia involving RBs was a report 

from Java of a crop failure in 1878 (Koningsberger 1878). In India, Lefroy (1908) 

reported RB outbreaks in rice fields as early as 1886. But the literature contains 

conflicting/ambiguous reports on RB taxonomy, distribution, ecology, damage 

symptoms, and pest status. This review attempts to clarify these disparities.

Rbs are recorded rice pests in diverse rice agroecosystems. Kalshoven (1981) 

concluded that RBs were most important insect pests in wetland rice outside of Java, 

but also noted that their importance in dryland rice. They are also economically 

significant in tidal swamp rice agroecosystems of Kalimantan (Oka & Imam 1984). 

There, farmers plant two rice crops per year and maturation is extended as varieties of 

differing maturities are used. Also, the soil is wet most of the year so alternative host 

grasses flourish. Still today in Japan, RBs cause the greatest economic damage to rice 

where good grain quality commands a high market price. But RBs are only considered 

as minor pests of deep-water rice after floodwater recedes (Catling & Islam 1999). RBs 

are highly mobile and can seek out isolated fields that commonly occur in the drylands 

or in late planted wetland rice. Before transferring to the earliest flowering rice fields in 

the wet season, RBs must first breed on grassy weed alternative hosts. They only have a 

limited window of time in a rice field, as the nymphs must mature before the hard 

dough stage. Their numbers become highest in areas of staggered plantings allowing 

them to continue breeding. Usually, the greatest damage occurs in late-planted fields. 

Farmers readily recognize RBs due to their large size and high visibility as they 

feed on rice panicles in the crop canopy. They also emit a recognizable odor that 

farmers can detect often before actually seeing them. Based on their long history in the 

lore of farmers and their conspicuousness, it is not surprising that RBs rank high in 

farmers' esteem. Uichanco (1921) noted that farmers in Tarlac province in the 

Philippines said that RBs were worse than locusts. In farmer surveys in two dryland 

areas in the Philippines: 1) Claveria (IRRI 1987a) and 2) Batangas (Litsinger et al. 
st th1980a) RBs were ranked 1  and 5 , respectively. In rainfed wetland rice areas, farmers 

st thranked them 1  in Solana in the Cagayan Valley (Litsinger et al. 1982), but 4  in Iloilo 
th ndand 5  in Pangasinan (Litsinger et al. 1980a). In irrigated rice they ranked 2  among 

thrice pests in Koronadal (IRRI 1985) and 4  in Guimba (Fajardo, et al. 2000). On the 

other hand, in Zaragoza, Nueva Ecija, the Philippines' largest rice bowl, RBs were not 

even mentioned by farmers. But in nearby rainfed wetland areas with trees, shrubs and 

tall grass, RBs were considered as the major insect pest (Pineda et al. 1984). In Leyte, 

RBs were considered as the most important rice insect pest and 44% of insecticide 

applications were directed at them (Heong et al. 1992). Most farmers however, do not 

recognize RB damage symptoms (Litsinger et al. 2009b). In the Tanjong Karang 

irrigation system in Malaysia, 38% of farmers could not name any pests, but among 

those that did, farmers ranked RBs first along with Scotinophara black bug (Heong 

1984). 

Surprisingly in some regions, farmers demonstrated detailed knowledge of the 

pest. In Claveria, untrained farmers gave accurate descriptions: “RBs suck the milky 

substance in the grain from panicle exsertion to the milk stage. Damaged spikelets can 

be empty, black, or half-filled and the grain tastes bitter. Attacks occur at night and 

damage can be up to 50%” (Fujisaka et al. 1989). But farmers' understanding of pest 

bionomics is mixed as other factors can cause black spots on spikelets, thus losses 

from RBs are exaggerated. In Kalimantan in a detailed study by an anthropologist, 

farmers knew that both nymphs and adults suck unripe spikelets (Watson & Willis 

1985). Nepalese farmers correctly concluded that RBs underwent a dormant period 

between rice crops in forested areas (Björnsen Gurung 2003). 

Farmers in two irrigated sites in the Philippines were surveyed throughout 6-8 

crop seasons and were asked each time they applied insecticide to recall the target 

pests and whether they made their decision based on the presence of the pest, its 

damage, or acted by prophylaxis (Bandong et al. 2002). In Zaragoza, only 3% of 

farmers directed applications to RBs but 80% of those decisions were prophylactic. In 

Koronadal, another irrigated area, 14% of decisions were to control RBs, and again 

most (94%) applications were prophylactic. In Zaragoza 16% of farmers based their 

decision on damage caused by RBs based on the presence of black spots on glumes or 

unfilled spikelets rather than the presence of RBs. Most of the black spots are caused 

by 'dirty panicle' fungi that are unassociated with the presence of RBs (Lee et al. 1986). 
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Van den Berg & Soehardi (2000) noted that in Indonesia, RBs were a main target for 

insecticide application, much of which was unwarranted.

TAXONOMY AND  DISTRIBUTION

Leptocorisa belongs to the suborder Heteroptera, superfamily , Coreoidea

family Alydidae, subfamily Leptocorisinae, tribe Leptocorisini within the order 

Hemiptera. Species of Leptocorisa have been reported on rice in Africa, but the genus 

was later transferred to Stenocoris, with S. apicalis as the most prominent. 

Leptocorisa species therefore occur principally in Asia and Oceania where Ahmad 

(1965) and Hasegawa (1971) recognized 14 species, nine of which feed on rice. 

Surprisingly, Leptocorisa is not recorded from Korea. The most reported species is L. 

oratorius (F.) followed by L. acuta (Thunberg) and L. chinensis (Dallas). The other six 

species are L. biguttata Walker, L. costalis (Herrich Schaffer), L. pseudolepida 

Ahmad, L. luzonica Ahmad, and L. tagalica Ahmad (Ahmad 1965, Barrion & 

Litsinger 1994), and Sands (1977) added L. solomonesis. Different combinations of 

species occur in individual countries and within regions and islands of those countries 

(Hasegawa 1971).
 
Considerable confusion occurs in the literature dealing with identification of 

the two most prominent RB species, as they have been largely misidentified. 

Historically, L. oratorius was first identified as L. acuta, and confusingly, the 

commonly cited L. varicornis was actually L. acuta (Sands 1977). In Japan there is 

only one species of RB, but it was first referred to as L. acuta then was later changed to 

L. chinensis. Results revealed that the commonality among the three main RB species 

differs by geography and rice culture. L. oratorius is most prevalent in the tropics while 

L. chinensis is more common in the temperate regions of North Asia. The distribution 

of the two main species outside of Japan overlaps in many rice-growing countries. L. 

acuta is more prominent than L. oratorius in dryland rice in mountainous regions of 

tropical Asia. In the wetland areas of NE Thailand, 83 % of RBs collected by sweep net 

were L. oratorius with the balance belonging to L. acuta (Suwat Ruay-aree 1997). In 

Bangladesh the irrigated boro (winter) crop,  60% was comprised of L. oratorius (Islam 

et al. 2003). While in temperate Bhutan, Arida et al. (1988) found that 70% were L. 

acuta. 

An illustrated key to both L. acuta and L. oratorius has been developed 

(Barrion & Litsinger 1981). L. oratorius adults have spots on the ventro-lateral 

segments of the abdomen, whereas L. acuta does not. L. oratorius is longer, 18.5-19 

mm, versus L. acuta at 13-16.3 mm. Cobblah & den Hollander (1992) were able to 

separate the two species based on egg morphology alone. L. acuta eggs are light brown 

and shiny while those of L. oratorius are dark brown to black and dull. But Torres et al. 

(2010) showed significant morphological variability within and among different 

geographical populations of L. oratorius from three Philippine provinces, therefore, it 

is expected that Leptocorisa species will morphologically vary significantly over their 

wide ranges.
 
 The most widely distributed species is L. acuta that occurs in locations where 

L. oratorius has never been recorded. The British Museum has specimens of L. acuta 

from Bhutan, Myanmar, Sri Lanka, China (Fukien), Hong Kong, India, Indonesia, 

Malaysia, Pakistan, Philippines, Sabah, Sarawak, Taiwan, Thailand, Vietnam, 

Australia, Fiji, New Caledonia, New Hebrides, Papua and New Guinea, Samoa, 

Solomon Islands, Tonga, and Irian Jaya (Indonesia) (CIE 1966). There are other 

published records from countries where little rice is grown: Samoa (Hopkins 1927), 

Guam (Schaefer & Zack 2010), and the Andaman Islands (Shah 1989). On the other 

hand, L. oratorius (but not L. acuta) has recently been documented in Iran (Ghahari et 

al. 2010). 

Six species occur in Malaysia as well as in at least one island in the archipelagos 

of both the Philippines and Indonesia (Hasegawa 1971). Within the three countries, L. 

oratorius is the most prevalent in wetland rice along with L. luzonica. But L. acuta and 

L. biguttata occur most commonly on dryland rice. The other three species prefer 

grassy weeds to rice: L. costalis, L. pseudolepida, and L. tagalica (Rothschild 1970a). 

Three species occur in Papua New Guinea, with three feeding on rice (L. oratorius, L. 

acuta, L. solomonensis), while L. discoidalis and L. palawanensis prefer grasses 

(Sands 1977). Interestingly, much larger countries have fewer species. India, for 

example, has only three species, but all feed on rice -- most commonly L. oratorius in 

the tropical southern regions with L. acuta in the north, and including L. 

pseudolepida (Hasegawa 1971). L. chinensis can tolerate a colder climate better than 

L. acuta and dominates in Japan and northern China. L. chinensis is now the only 

species in Japan (Ito 1978), although in the literature there are older records of L. 

acuta. The species distribution map of Srivastava & Saxena (1967) needs 

considerable reworking. 

Sands (1977) declared the most important RB to be L. oratorius as it is more 

attracted to rice and reproduces at higher rates on it. The other two species in Papua 

New Guinea (L. acuta and L. solomonensis) occur more on grasses than on rice. L. 

oratorius oviposits on leaves, whereas L. acuta oviposits on litter, therefore L. acuta is 

more important on dryland rice as its oviposition sites are compromised by flood 

water. 

LIFE HISTORY/BIOLOGY

 Several workers noted that the developmental periods in the life cycle of L. 

oratorius and L. acuta were indistinguishable (Leroy 1908, Corbett 1930, Sands 

1977). The data presented in this section on RB development were based on studies 

carried out in greenhouses and laboratories.
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Temperature for development
Developmental periods of the various RB stages varied among the studies 

reported, most likely due more to the different prevailing temperature regimes than by 

the genetic differences among local biotypes. Often, temperatures were not reported in 

the studies. Yamashita et al. (2005), studying L. chinensis in Southern Japan, noted 

that accelerated developmental periods occurred with increasing temperatures (Table 

1). When the temperature increased 1.7 times, egg development increased 2.2 times, 

nymphal development increased 2.5 times, and the pre-ovipositional period 

decreased 2.6 times. They noted that in a temperate climate the appearance of different 

L. chinensis growth stages can be predicted by temperature. It is important to predict 

and control L. chinensis invasion during the rice heading stage. In particular, the 

thermal requirements (day-degrees) for development are often used in estimating 

developmental periods because temperature has a major influence on the rate at which 

insects develop. Developmental thresholds of 8.1, 10.1 and 9.6 °C were estimated for 

the eggs, nymphs, and pre-oviposition period, respectively. They estimated a heat unit 

requirement of 470 day-degrees for the pre-ovipositional period of individuals that 

had overwintered. In northern India, the threshold of development of L. acuta eggs was 
o ofound to be 13.6 C, while that of the nymphal stages ranged widely from 8.5 to 14.7 C 

(Reji & Chander 2007).

Table 1. Effect of temperature on the development of eggs and nymphs and pre-ovipositional period of 
1adult Leptocorisa chinensis, Hyogo Prefecture, Japan. / 

TEMPERATURE PRE-OVIPOSITIONAL
oC PERIOD

18 47.1 ± 1.9 29.5 ±

NYMPHS  

3.6

22 31.5 ± 1.7 21.2 ± 2.3

25 25.2 ± 2.5 17.3 ± 5.3

30 18.7 ± 2.1 12.4 ± 3.2
 

   

EGGS

14.9 ± 2.6

10.4 ± 1.2

8.7 ± 0.7

6.7 ± 0.7
  

  

DAYS

 

(NO. ± SD)

1 / Insects held at constant temperatures in incubators.
Number of individuals tested eggs: (34-250), nymphs (29-172), pre-ovipositional period (11-20). (After Yamashita et al. 2005)

Sex ratio
Sands (1977) in Papua New Guinea recorded more L. oratorius females than 

males (1.0: 0.75-0.82), but slightly more males were found in L. acuta (1.0: 1.12). 

Rothschild (1970a) in a field study in Sarawak documented a sex ratio of 1.0: 0.76 in 

the first year and 1.0: 0.91 in the second, both favoring females. Samuel (1984) also 

noted more females in Tamil Nadu, India at 1.0: 0.72. Austin (1922) in Sri Lanka 

recorded slightly more males 1.0: 1.06 in the greenhouse and 1.0: 1.03 in the field.
Pre-ovipositional period

The pre-ovipositional period ranged from 18 to 26 days as reported in seven 

studies for a mean of 21.8 days: Domingo et al. (1982) 18 days, Samuel (1984) 19 days, 

Rothschild (1970a) 21 days, Corbett (1930) 22 days, Sands (1977) 23 days, Uichanco 

(1921) 24 days, and Austin (1922) 26 days. Akbar (1958), Misra (1968), and Guimba 

et al. (2006) found that the female starts to lay eggs 3-6 days after mating. But Kalode & 

Yadava (1975) noted that eggs were laid as soon as 17 hours after mating.

Age of crop preferred for oviposition
Van der Goot (1949) also observed greatest egg densities after flowering. Sands 

(1977) remarked that egg masses were most prevalent after heading (panicle 

exsertion). Rothschild (1970a) sampled egg masses in the field, and of the total, 20% 

occurred in both pre-panicle exsertion and flowering with 60% at milk stage. These 

studies do not necessarily show the females' preferred stage. But free-choice tests in 

the greenhouse, which did measure preference, revealed that adults preferred booting 

stage plants for egg laying more than the earlier panicle initiation stage or later at 

flowering (Medrano et al. 1988). Booting stage occurs at the beginning of flowering and 

would seem to be too early, although some spikelets may mature early, allowing second 

stage nymphs to feed on milk stage spikelets. In addition young nymphs may be able to 

survive on plant sap long enough to wait for milk stage grains to appear. 

Oviposition and egg masses
Lefroy (1908) described eggs as being 1 mm long, oval in outline, flattened, and 

slightly concave. Eggs are hard and have a white spot on one end where the egg 

ruptures. Eggs are laid in masses every 3-4 days. Sands (1977) found that freshly laid 

eggs were pale green, but in a few hours they turned shiny dark brown. Cobblah & den 

Hollander (1992) observed both L. acuta and L. oratorius females lowered their 

abdomen until it contacted the substrate. Females then gradually moved forward, 

lowering their abdomens to touch the leaf surface before depositing eggs singly with a 

pause of 5-15 seconds between each one (Sands 1977). Eggs touch one another in 

adjacent rows. Other researchers found eggs were laid 1-10 minutes apart (Akbar 

1958, Cobblah & den Hollander 1992). Sands (1977) and Cobblah & den Hollander 

(1992) noticed L. oratorius laid eggs on living leaves, but L. acuta oviposited on dead 

leaves and twigs on the ground. When caged, L. acuta females oviposited on the sides of 

the cages rather than on plants. Moving up the leaf, the female places each egg in 

contact with the previously laid egg. Thus eggs are laid in 1-3 parallel rows located 

Takeuchi (2007) noted that the prevalence and spread of L. chinensis had been 

increasing in Japan due to global warming. Furthermore, there have been increases in 

the number of areas where the severity of pecky grain damage has intensified 

compared to previous records. Kiritani (2007) and Musolin (2007) concluded that 

every 1 °C rise in mean winter temperature has resulted in a reduction of about 15% in 

winter mortality leading to expansion of geographic range. The effect of global warming 

was an increase in the annual number of generations, and reproductive activity was 

based on more available food. Reiji & Chander (2008) using a simulation model, noted 

that a 0.5 and 2° C rise in daily average caused no effect on L. acuta, but a 3° C 

significantly decreased generation time.
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Takeuchi (2007) noted that the prevalence and spread of L. chinensis had been 

increasing in Japan due to global warming. Furthermore, there have been increases in 

the number of areas where the severity of pecky grain damage has intensified 

compared to previous records. Kiritani (2007) and Musolin (2007) concluded that 
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longitudinally with respect to the midrib. The end of each egg batch is marked by a 

white waxy substance laid on the leaf as the female moved toward the apex. Lefroy 

(1908) noted that the female produces a gummy substance which covers the eggs as 

they are laid, so that even during strong monsoon rains, the eggs adhered to the leaves. 

When there is a second row, the eggs come in contact with those in the parallel row. 

Uichanco (1921) calculated an average of 1.4 rows per egg mass were produced or 5.9 

eggs/row. Wind may cause the female to move and begin a new row in another location. 

Uichanco (1921) noted that each egg batch represented the number of eggs laid by a 

female per day. Each row had 5-20 eggs (Misra 1968, Leroy 1908, Akbar 1958). Austin 

(1922) and Corbett (1930) recorded egg viabilities of 81% and 84%, respectively.

The mean number of eggs per mass measured by various workers were: Austin 

(1922) 7.5 eggs, Uichanco (1921) 8.2 eggs, Cobblah & den Hollander (1992) 9.5 eggs, 

Sands (1977) 10.1 eggs, and Rothschild (1970a) 10.7 eggs/mass giving an average of 

9.2 eggs/mass. Sands (1977) observed that the largest recorded mass containing 32 

eggs may have been the product of two females. In the field he found only 0.9% of 

masses out of 1,023 recorded contained more than 20 eggs. Egg masses generally were 

larger in the field than in indoor caged cultures. In the insectary, Rothschild (1970a) 

found the maximum size of egg masses was 22 eggs, but in the field, up to 27 eggs were 

found. Corbett (1930) likewise noted a maximum size of 16 eggs/mass in the laboratory 

versus 24 in the field. Egg masses of L. chinensis varied in size with each batch ranging 

from 2 to 30 eggs. An average of 13 eggs per mass was noted which is more than that for 

the other two species (Takeuchi & Watanabe 2006).

Oviposition site
Cobblah & den Hollander (1992) conducting cage studies observed that most 

eggs were laid on the upper surface of living leaves with 44% near the tip, 34% in the 

middle and bases, and 20% on the ventral surface, with the final 2% on the panicle and 

the cage itself. They found egg masses were laid at an average of 176 mm from the leaf 

tip with a range of 7-419 mm, mostly near the midrib. From field studies, Uichanco 

(1921) stated that eggs were laid along the midribs of upper leaf surfaces. Corbett 

(1930) concurred, but noted that most eggs were found towards the leaf tips that 

frequently rolled giving them protection. But Van der Goot (1949) reported oviposition 

by L. oratorius and L. acuta occurred on both surfaces of the upper leaves of flowering 

rice and wild grasses. Kalshoven (1981) found eggs were laid almost exclusively on the 

flag leaf and only on plants bearing panicles. Domingo et al. (1982) also noted that 

some single eggs were deposited on grains. This information was corroborated by 

Yokosuka et al. (1991) with L. chinensis that laid eggs predominantly on the nearest 

two leaves below the panicle. 

Oviposition period
In six studies it was noted that females oviposited over periods with an average 

range of 25-65 days: Sands (1977) 25 days, Corbett (1930) 33 days, Samuel (1984) 48 

days, Nayak (1984) 57 days, van der Goot (1949) 60 days, and Uichanco (1921) 65 

days. The mean for these studies was 48 days, but some females oviposited over 108 

days. Rothschild (1970a) dissected mature females and noted small oocytes next to 

developed eggs, thus he concluded that more time was needed for their maturation 

which was the basis for pauses in oviposition between batches. Akbar (1958) noted 

that females laid 12-19 eggs/day intermittently over successive short periods each 

lasting an average of three days, while Kalode & Yadava (1975) recorded 3-23 eggs/day. 

Rothschild (1970a) found that oviposition in the insectary occurred on 74% of days 

during the oviposition period, while figures from Uichanco (1921) and Corbett (1930) 

found oviposition took place over 52% and 54% of days, respectively. Females averaged 

4.6 eggs/day over the egg-laying period based on Corbett's data, while a similar study by 

Uichanco revealed 4.0 eggs/day. Uichanco was correct when he stated that those 

females with the highest rate of oviposition had the shortest egg laying period. The 

regression of Corbett's and Uichanco's data is highly significant (Figure 1). Sands 

(1977) recorded 1.1 eggs/day when RBs fed on grass spikelets, but 2.0 eggs/day when 

fed on rice. The female needs to feed between bouts of oviposition that can last from 25 

to 65 days. This means that females must fly to find younger fields three or more times.

0.0

0.5

1.0

1.5

2.0

2.5

3.0

3.5

4.0

0 10 20 30 40 50 60 70

N
o

.
 

e
gg

s 
/ 

d
ay

 

Oviposi�on period (days)

Y = 7.68 - 0.061 X
r = 0.794
P < 0.0001
F = 15.362
df = 10

Figure 1. Relationship between oviposition rate and oviposition period per female rice bug. Data based on Uichanco 
(1921) and Corbett (1930).
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Fecundity
Sands (1977) remarked that the number of eggs per mass declined with crop 

ageand concluded that egg mass size may have been related to food availability. This 

was confirmed by RBs reared on Echinochloa colona as females laid 5.4 eggs/mass on 

the grass, but 7.3 eggs/mass on rice. Van der Goot (1949) also stated that fecundity on 

Echinochloa was less than on rice. The mean fecundity rate averaged 216 eggs/female 

over four studies: Corbett (1930) 100 eggs, Uichanco (1921) 212 eggs, Samuel (1984) 

268 eggs, and Domingo et al. (1982) 285 eggs/female. Other researchers gave only 

ranges: Hosamani et al. (2009a) 75-137, Shrivastava and Saxena (1967) 250-300, and 

Misra (1968) 64-123 eggs/female. Others reported maximum fecundity for individual 

females: Van der Goot (1949) 359, Sands (1977) 168, and Rothschild (1970a) 123 

eggs. The maximum fecundity in any study for a single female was 569 eggs by 

Domingo et al. (1982). Using Corbett's data, no correlation was found between 
2fecundity and the egg laying period (r  = 0.0994, P = 0.345).

Egg developmental period
Lefroy (1908) noted that all eggs in each cluster matured on same day, but the 

period between clusters varied. In tropical countries the mean egg developmental 

period was 6-8 days (Lefroy 1908, Uichanco 1921, Austin 1922, Corbett 1930, Biswas 

1953, Rothschild 1970a, Sands 1977, Domingo et al. 1982, Nayak 1984, Hosamani 

2009a) for an average of 7.3 days. Ranges were as low as 4 days (Akbar 1958, Misra 

1968). Development is temperature-driven as noted in Indonesia by Van der Goot 

(1949), with 5 days in Bogor at an altitude of 240 m, but in Lembang at 1,220 m eggs 

took 13 days to mature. Sands (1977) compared the egg developmental periods of the 
otwo common species at 27 C with L. oratorius (7.1 days) and L. acuta (8.0 days), but at 

o30 C L. oratorius took 6 days. 

Nymphal developmental period
The nymphs pass through five instars taking a mean of 19-21 days in the most 

detailed studies (Uichanco 1921, Austin 1922, Corbett 1930, Rothschild 1970a, 

Sands 1977, Domingo et al. 1982, Samuel 1984, and Hosamani et al. 2009a). 

Reported ranges were within 17-33 days. Seven other studies reported ranges that only 

spanned from 13 to 25 days each (Biswas 1953, Akbar 1958, Sen Gupta & Behura 

1959, Srivastava & Saxena 1967, Misra 1968, Kalode & Yadava 1975, Nayak 1984). In 

hot weather, nymphs can develop as soon as 13 days, but the mean is nearer to 19 days 

in most locations. Van der Goot (1949) reported 14 days for development in Bogor 

compared to 21 days in Lembang. He noted that first instar nymphs stretched 

motionless for 2 hours, then molted in 1.5 minutes. Developmental periods for 

individual stadia are given in Table 2. Surprisingly the first four stadia each took about 

the same time, but the fifth stadium took considerably longer in each study. Sands 

(1977) noted that the minimum period for a complete generation from egg to egg by L. 

oratorius was 10 days longer on E. colona than on rice. Corbett (1930) compared the 

nymphal developmental period of four RB species on rice: 21 days for L. oratorius, L. 

           

STUDY SPECIES I II III IV V TOTAL

Corbe�

 

(1930) L.

 

oratorius 3.8 2.7 2.9 4.1 7.2 20.7

Rothschild

 

(1970a) L.

 

oratorius 3.0 3.2 3.3 3.7 5.3 18.5

Aus�n

 

(1922) L.

 

oratorius 2.5 3.3 4.0 5.0 6.5 19.5

Hosamani

 

et

 

al.

 

(2009)

  

L.

 

oratorius 4.0 3.3 3.5 3.8 4.2 18.9

mean 3.3 3.1 3.4 4.2 5.8 19.4

Corbe� (1930) L. acuta 3.8 2.9 4.2 3.7 6.6 21.3

DURATION

 
OF

 
EACH

 
NYMPHAL

 
STADIUM

 
(DAYS)

Table 2.  Nymphal developmental periods of Leptocorisa oratorius and L. acuta showing the duration of 
each of the five stadia based on results of four studies.

Hatching is aided by crescent-shaped egg burster jutting from the head of the 

first instar nymph. Austin (1922) noted that neonate nymphs were gregarious, 

remaining near the spot where they hatched. Often the first instar nymphs began to 

feed within an hour or two after hatching, first probing their egg shells and later 

imbibing water droplets or feeding on plant sap by tissue penetration. Corbett (1930) 

noted that neonate nymphs started feeding within 3-4 hours. Neonate nymphs can live 

for 48 hours on the sap of leaves of rice and other grasses. First instars in fact spend 

most of their time on the leaves and not on the panicle. Sands (1977) noted that ecdysis 

took only 90 seconds, but occurred at night when nymphs stop feeding for 5 hours 

before selecting a location where they remain motionless for about 2 hours. Cobblah & 

den Hollander (1992) found that soon after the first molt, nymphs climb to reach the 
rd thpanicle where they remain gregariously until they have molted for the 3  or 4  time. 

Then they head out on their own to feed on tender stems and leaves or any spikelet, 

provided it is in the milk stage. They found species with larger egg clusters dispersed 

sooner. Kalshoven (1981) observed nymphs moved frequently to seek new panicles, 

whereas between11 AM and 5 PM they sought shade. Nymphs remaining on ripening 

spikelets that are in the dough stage and beyond will starve.
 

Total developmental period
A generation is measured as the duration of the egg incubation period plus 

nymphal development period, and the pre-ovipositional period. Using these three 

figures, Rothschild (1970a) found the developmental period lasted 46 days which was 

the same as the results from studies by Domingo et al. (1982) and van der Goot (1949). 

Samuel and Hosamani's data both totaled 45 days, while that of Corbett (1930) totaled 

50 days and Austin (1922) 53 days. The average developmental period in the six 

studies was 48 days.

Number of generations
In tropical Asia, if the rains come early to initiate early weed growth, up to 3 RB 

generations can occur on grasses in uncultivated land before rice, which is 

acuta, and L. lepida, and 22 days for L. chinensis, showing that the Leptocorisa 

species developmental periods were highly similar.
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Fecundity
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the same time, but the fifth stadium took considerably longer in each study. Sands 

(1977) noted that the minimum period for a complete generation from egg to egg by L. 

oratorius was 10 days longer on E. colona than on rice. Corbett (1930) compared the 

nymphal developmental period of four RB species on rice: 21 days for L. oratorius, L. 
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transplanted later, reaches the flowering stage (Srivastava & Saxena 1967). Thus the 

number of generations will vary, as the earlier the rains come, the more time grasses 

have for growth. If the rice flowering period is staggered due to farmers sowing varieties 

of differing growth durations as well as a more prolonged planting season, two more 

generations can occur (Corbett 1930). Lefroy (1908), Drieberg (1909), and Uichanco 

(1921) each reported that five generations could occur under favorable conditions. 

More generations can occur near the equator as RBs are less likely to become dormant. 

Tateishi (1939) noted that 2-3 generations can occur depending on latitude in 

temperate Japan where RBs diapause.

Adult longevity
During maturation, females add 40% to their body weight while males gain 

32% (Rothschild 1970a). A newly emerged female weighs about 34 mg. Lefroy (1908) 

observed that adults live longer and thus are more prevalent than nymphs in the field. 

In one survey, the ratio was 10:1 adults to nymphs (Uichanco 1921). Females live 

longer than males. Adult longevity can be extended as individuals can enter either a 

shallower quiescence or deeper diapause. Rothschild (1970a) reported from insectary 

studies that an adult lived 154 days. Longevity also can be influenced by diet as Austin 

(1922) found that RBs that fed on rice lived twice as long (99 days) as those reared on E. 

colona (46 days). Using Austin's raw data, the difference was significant (P = 0.0003, F 

= 13.83, df = 19). Van der Goot (1949) reported that adults survived for 4-6 months on 

rice and up to 8 months on grass hosts. The shortest periods were noted by Nayak 

(1984) with males living for 43 and females 53 days. Akbar (1958) found males lived 33 

and females 55 days. It can be assumed that in these studies that RBs did not enter 

quiescence or diapause. Corbett (1930) reported that when reared in isolation, females 

lived significantly longer (62 days) than males (48 days). 

RICE BUG COUNTRY REPORTS

We report on the ecology, abundance, and damage caused by RBs in tropical, 

subtropical, and temperate environments in Asia and Oceania. The information shows 

the high degree of variation in local ecology and therefore in RB abundance by location.

Philippines
Uichanco (1921) was the first entomologist to make a comprehensive study of 

the biology and ecology of RBs in detail. He noted that in the early part of the 1900s, 

Filipino farmers reported that RBs normally destroyed up to half of the crop. He 

calculated a loss of 70% on one occasion in a late-planted wet season crop. He noted 

that after 80% of panicles formed, adults made a mass movement to younger crops 

usually in late flowering. He calculated five generations could develop per year, but the 

dry season crop (March-May) was normally spared. Historically, high losses in the 

Philippines have been recorded particularly when a farmer planted out of step with 
2neighbors. In Bohol, RB densities reached 18/m  in an asynchronously planted area 

Table 3. Comparison of rice bug densities assessed over three rice ecosystems, Philippines 1976-91.

ECOSYSTEM

RICEBUG DENSITY

(NO.

 
/M2) 1/

NO. LOCATIONS

 

SAMPLED

NO.

 

CROPS

 
2/

Dryland 1.33 ± 0.32
 

a 4 15

Rainfed
 

wetland
 

1.21 ± 0.34 a 3 13

Irrigated wetland 0.60 ± 0.18 b 4 45

1 2/  Each field was sampled at the milk and soft dough stages of the rice crop by visual count in five random sites of 1 m  area per field 
each measured by a wire quadrat. Data was average per field over the two stages, then fields averaged each crop, and finally all 
crops per ecosystem averaged. Means followed by a different letter are significantly different by LSD test (P ≤ 0.05)
2/  4-8 fields sampled per crop  P = 0.04, F = 3.67, df = 76

Comparing the various crop cultures and locations, it can be noted that seven 

out of the first eight sites across the three main ecosystems that registered highest 

densities were in the rainfed wetlands (Table 4). The site with the highest density was in 
2a second rainfed crop in Oton, Iloilo (6.8 RBs/m ). This was an experimental crop with 

2 about twenty 1,000 m plots per farm in a single crop area, thus RBs became highly 

concentrated at the end of the long wet season. The highest RB density in a single field 
2in the entire study (30/m ) occurred in this crop. We also note that the main wet season 

2single crop in Iloilo registered a relatively high mean RB density of 3.8/m . The single 

rainfed wetland crop was the most dominant rice cropping system before modern 

Green Revolution rice varieties appeared. Planting dates were usually highly staggered, 

but the photosensitive, traditional varieties all matured at about the same time at the 

end of the rainy season. RBs can develop several generations on grasses before land 

which, plus a high rat infestation, led to yields as low as 2.6 t /ha compared to 5.4-6.1 t 

/ha in synchronously planted areas (Justo et al. 1988).
In a larger study spanning 13 crop-years (1979-91), RBs were sampled from 

rice fields in the three main rice ecosystems of the Philippines spanning 11 sites and 73 

crops. The study included four irrigated wetland sites (Litsinger et al. 2005), three 

rainfed wetland sites (Litsinger et al. 2009a), and four dryland sites (Litsinger et al. 

2009b). Irrigated wetland sites were all double cropped. Rainfed wetland sites were 

either the more common single crop with long-maturing, traditional varieties or 

double-cropped with first and second wet season crops accomplished by sowing early 

maturing modern varieties. Dryland rice (also called upland rice) was always a single 

wet season crop. RBs were sampled in a similar manner where fields represented 

replications normally ranging from 4 to 8 per crop. Population means were 

summarized for each site for comparative purposes for modern and traditional 

varieties. When summarized over each of the three ecosystems, the data showed 
2 2similar RB mean densities in both rainfed wetland (1.2/m ) and dryland (1.3/m ) 

environments, but these totals were double that of the multi-crop, irrigated wetlands 
2(0.6/m ) (Table 3). 
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Philippines have been recorded particularly when a farmer planted out of step with 
2neighbors. In Bohol, RB densities reached 18/m  in an asynchronously planted area 

Table 3. Comparison of rice bug densities assessed over three rice ecosystems, Philippines 1976-91.

ECOSYSTEM

RICEBUG DENSITY

(NO.

 
/M2) 1/

NO. LOCATIONS

 

SAMPLED

NO.

 

CROPS

 
2/

Dryland 1.33 ± 0.32
 

a 4 15

Rainfed
 

wetland
 

1.21 ± 0.34 a 3 13

Irrigated wetland 0.60 ± 0.18 b 4 45

1 2/  Each field was sampled at the milk and soft dough stages of the rice crop by visual count in five random sites of 1 m  area per field 
each measured by a wire quadrat. Data was average per field over the two stages, then fields averaged each crop, and finally all 
crops per ecosystem averaged. Means followed by a different letter are significantly different by LSD test (P ≤ 0.05)
2/  4-8 fields sampled per crop  P = 0.04, F = 3.67, df = 76

Comparing the various crop cultures and locations, it can be noted that seven 

out of the first eight sites across the three main ecosystems that registered highest 

densities were in the rainfed wetlands (Table 4). The site with the highest density was in 
2a second rainfed crop in Oton, Iloilo (6.8 RBs/m ). This was an experimental crop with 

2 about twenty 1,000 m plots per farm in a single crop area, thus RBs became highly 

concentrated at the end of the long wet season. The highest RB density in a single field 
2in the entire study (30/m ) occurred in this crop. We also note that the main wet season 
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which, plus a high rat infestation, led to yields as low as 2.6 t /ha compared to 5.4-6.1 t 
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In a larger study spanning 13 crop-years (1979-91), RBs were sampled from 
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NO.

 
CROPS

TOWN PROVINCE CROP VARIETY ECOSYSTEM SAMPLED MEAN/SITE MAX/CROP

Oton Iloilo 2nd MV RWR 4 6.83 13.53

Siniloan Laguna Single MV DRY 3 3.83 4.12

Oton Iloilo Single TV RWR 3 3.76 5.76

Manaoag Pangasinan

 

Single TV RWR 2 2.60 3.54

Manaoag Pangasinan

 

2nd MV RWR 6 2.52 4.78

Solana Cagayan Single TV RWR 3 2.20 4.13

Oton Iloilo

 

1st MV RWR 4 2.09 2.83

Manaoag Pangasinan

 

1st MV RWR 3 1.87 2.46

Guimba Nueva

 

Ecija 1st MV IRR 7 1.33 8.45

Tanauan Batangas Single TV DRY 5 1.31 2.63

Tanauan Batangas Single MV DRY 3 1.28 3.33

Calauan Laguna 2nd MV IRR 8 1.23 1.34

Tupi S

 

Cotabto Single MV DRY 4 1.04 1.26

Koronadal S

 

Cotabto 1st MV IRR 7 1.01 1.30

Claveria Misamis

 

Oriental Single MV DRY 7 0.99 3.36

Koronadal S

 

Cotabto 2nd MV IRR 8 0.90 1.80

Solana

 

Cagayan Single MV RWR 3 0.83 1.46

Manaoag Pangasinan

 

Single MV RWR 6 0.64 1.10

Calauan Laguna 1st MV IRR 9 0.56 1.31

Zaragoza Nueva Ecija 1st MV IRR 12 0.24 0.40

Guimba Nueva Ecija 2nd MV IRR 6 0.18 0.26

Zaragoza Nueva Ecija 2nd MV IRR 11 0.06 0.14

NO.

 
BUGS/M 2

Table 4. Mean rice bug population densities in 11 sites representing irrigated (IRR) and rainfed wetland 
(RWR) as well as dryland (DRY) rice ecosystems and varietal types in the Philippines, 
measured as crop averages by sampling at the milk and soft dough stages of crop 

1development. /

1/ Data are the crop means based on first averaging populations per field then per crop for each site over 
years. Data are ranked by mean density for each site and crop combination. Data were gathered from 
1979 to 91 and separated by varietal type: modern varieties (MV), traditional varieties (TV)

Siniloan is a slash and burn dryland rice area typified by small fields in the 

Sierra Madre mountain range, but near to irrigated rice plains below surrounding 

Laguna de Bay Lake. The growing season for dryland rice is short as farmers grow early 

maturing varieties to escape drought. Sowing is also synchronized as farmers give 

priority to this crop over maize. Siniloan has large grassy areas surrounding sparsely 

sown rice fields where the forest had been previously cleared. Light trap collections 

established that RBs and other irrigated rice pests tended to emigrate from the 

irrigated plains. As dryland rice fields are scattered, there was a concentration effect 
2(3.8 RBs/m ). The other three dryland sites registered three times lower densities (1.0-

21.3 RBs/m ). Tanauan and Tupi are more densely settled and thus less non-cropped 

area is present, plus the rice area is larger which together have a diluting effect on RB 

numbers. Claveria is sparsely settled, but as the soil is highly eroded and acidic, the 

site is dominated by cogon grass Imperata cylindrica, a non-host of RBs.

Yield loss in the four irrigated sites averaged 150 kg/ha during the ripening 

stage, but based on pest densities, loss was most likely due to stemborers and 

leaffolders rather than RBs. Irrigated sites, on the other hand, had the lowest RB 
2densities. Guimba had the highest density among the four sites at 1.3 RBs/m . It lies in 

a rainfed wetland environment, but each village had an electric-powered, deep-well 

pump allowing two rice crops to be grown. Normally, RBs are not common, but in 1984 

wet season the electricity failed and the crop became drought stricken causing many 

fields to suffer severe water stress that concentrated RB densities in the few fields that 
2had some irrigation. A high of 12 RBs/m  was noted on several fields leading to a 16% 

yield loss in the ripening stage that year, but this was shared with stemborers and 

leaffolders that were also numerous. Furthermore, a loss of 38% was recorded in the 

vegetative stage and 15% in the reproductive stage but was not a result of RB 

infestation. 

The other three irrigated sites revealed low RB densities. Calauan and 
2Koronadal averaged 1.0 and 1.2 RBs/m , respectively. The Calauan rice area borders 

Laguna de Bay lake and is bounded by upland coconut plantations. Rice fields in 

Koronadal are surrounded by coconut plantations and maize fields. Neither area has 

extensive non-cropped grasslands. Zaragoza, Nueva Ecija lies in the nation's largest 

rice bowl at the lower end of the Upper Pampanga River Irrigation System that provides 

irrigation to some 90,000 ha. Consequently, fields were planted late in the wet season 

due to delayed water delivery. The fact that we measured the lowest RB density of all 
2sites at 0.06/m  in the second (dry season) crop shows how rare RBs were despite the 

2large rice area. The wet season crop averaged only 0.24 RBs/m , third lowest in the 
2ranking. The overall mean was 0.15 RBs/m . Estoy (1996) worked nearby in Muñoz 

and Talavera and also noted the extremely low RB populations which he attributed to 

undescribed farmer management practices. We propose the reason for the low RB 

densities was the large contiguous double-cropped rice area where farmers were 

forced into synchronized planting by the irrigation system, and having limited grassy 

preparation in adjacent uncropped areas as well as on grassy weeds in the rice crop. 

Rainfed wetland rice is often weedy due to poor land preparation, minimal hand 

weeding, and lack of herbicide usage. The rainfed area of Oton, Iloilo is located upslope 

juxtaposed to an irrigated strip of rice running along the coast. The irrigated double 

crop area served to provide more host plants for RBs in the rainfed rice off season 

which also helps explain the high densities. Iloilo is considered a favorable rainfed 

wetland area due to a long rainy season and the low frequency of typhoons. Double 

cropping with early-maturing modern varieties (IR28, IR36) was successful in most 
2years. The first crop registered a relatively high infestation density (2.1 RBs/m ) despite 

rapid crop establishment by direct seeding methods. The RB population probably 

came from grasses that sprouted in adjacent non-cropped areas during land 

preparation and RBs then concentrated on the few experimental fields. The two sites 

with single crops (Manaoag and Solana) had higher infestation densities on traditional 
2 2varieties (2.2-2.6 RBs/m ) than on modern varieties (0.6-0.8 RBs/m ). Modern varieties 

mature earlier resulting in fewer RB generations as they are photoperiod insensitive.
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NO.

 
CROPS

TOWN PROVINCE CROP VARIETY ECOSYSTEM SAMPLED MEAN/SITE MAX/CROP
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Siniloan Laguna Single MV DRY 3 3.83 4.12
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Manaoag Pangasinan

 

2nd MV RWR 6 2.52 4.78

Solana Cagayan Single TV RWR 3 2.20 4.13
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NO.

 
BUGS/M 2
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(RWR) as well as dryland (DRY) rice ecosystems and varietal types in the Philippines, 
measured as crop averages by sampling at the milk and soft dough stages of crop 

1development. /

1/ Data are the crop means based on first averaging populations per field then per crop for each site over 
years. Data are ranked by mean density for each site and crop combination. Data were gathered from 
1979 to 91 and separated by varietal type: modern varieties (MV), traditional varieties (TV)
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which also helps explain the high densities. Iloilo is considered a favorable rainfed 

wetland area due to a long rainy season and the low frequency of typhoons. Double 

cropping with early-maturing modern varieties (IR28, IR36) was successful in most 
2years. The first crop registered a relatively high infestation density (2.1 RBs/m ) despite 

rapid crop establishment by direct seeding methods. The RB population probably 

came from grasses that sprouted in adjacent non-cropped areas during land 

preparation and RBs then concentrated on the few experimental fields. The two sites 

with single crops (Manaoag and Solana) had higher infestation densities on traditional 
2 2varieties (2.2-2.6 RBs/m ) than on modern varieties (0.6-0.8 RBs/m ). Modern varieties 

mature earlier resulting in fewer RB generations as they are photoperiod insensitive.
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weeds in the fallow rice fields. Thus the number of RB generations was limited to two 

per crop. Also RB densities become highly diluted each cropping season due to good 

weed control practices by farmers, lack of weedy non-cropped land, and 95% of the 

area was devoted to monoculture rice (Loevinsohn et al. 1993). 

The IRRI farm, which is planted to rice year-round in highly staggered fashion, 

sometimes incurs high RB densities. IRRI (1988b) and Morrill et al. (1991) recorded 
2densities as high as 15.8 and 13.5 RBs/m , respectively. Normally populations are 

much lower. For example, on the IRRI Farm, an experiment was established to 

compare insect pest densities in double cropped rice and in a 'rice garden' where rice 

was continuously planted on a weekly basis in 13 plots where all rice stages are in the 

field at the same time ultimately to achieve four crops per year (Pantua 1981). In the 
21978 dry season crop, a mean of 1.1 RBs/m  occurred in the rice garden and 0.7 

2RBs/m  in the double-cropped system. In the following 1979 wet season, a mean of 0.5 
2 2RBs/m  was registered in both crops, while in the 1979 dry season crop 0.3 RBs/m  

2were recorded in the rice garden, but 2.0 RBs/m  in the double-crop check. These 

differences were not significant (P > 0.05). The probable reason why there were no 

significant differences was no insecticide was used thus allowing natural enemies to 

flourish (see section on Natural Biocontrol). 

India
High losses have been reported in the literature over a span of more than 100 

years in India. Lefroy (1908), undertaking the earliest research on RBs, concluded that 

RBs damaged rice over most of India. In the North, RBs were most important in 

September-October, but in the South, losses occurred later (November-December). He 

reported numerous outbreaks, including a 75% loss in Jharkhand in 1871. In Dehra 

Dun (September 1904) fields were so infested such that cattle would not eat the fodder 

and even pigs avoided it due to the offensive odor. It was estimated that a 25% loss 

occurred over 20 villages of Nainital in 1904. McKay (1916) reported from Assam 

where damage was so serious in September-October, 1916, that the rice crop was cut 

and used only as fodder. Pruthi (1953) noted a loss of 10-40% in September-October, 

1952 affecting 2.8-3.2 million hectares. RBs first appeared in large numbers in 

Madhya Pradesh in September 1952, then spread northward. Biswas (1953) reported 

an outbreak in Northern Bengal in the wet season where individual fields suffered 80-

97% loss. Banerjee & Chatterjee (1965) noted that outbreaks occurred every year in 

Northern Bengal from 1955 to61, but especially in 1958. Srivastava & Saxena (1967) 

observed that rice in the monsoon season in the Gangetic plain is normally severely 

attacked, particularly in years of early rains that encouraged grasses to get a head start. 

Israel & Seshagiri Rao (1959) reported that L. acuta was more prevalent in the 

northern states and L. oratorius in the more tropical south. Banerjee & Chatterjee 

(1982) noted in Darjeeling, where hill (dryland) rice is grown on bench terraces at 

1,300 m elevation, that L. acuta caused losses of 25 to55%. Velusamy et al. (1977) 

documented a severe outbreak in January 1976 in the warmer Coimbatore in southern 

2India where densities ranged from 68 to 94 RBs/m . Kalode et al. (1969a) noted that 

when abundant, RBs can cause 10-40% loss. Nelson (2003) reported RBs reached 
213/m  in the same location. In West Bengal, Chakraborty (2011) noted densities as high 

2as 53 RBs/m  causing 34% unfilled spikelets on a late-planted crop. Hosamani et al. 

(2009b) in Karnataka noted higher RB incidence in double-cropped rice where large 

areas of both crops occurred. The rainy season peak was in September-October and 

the season peak was in April-May. The area has extensive alternative host plants which 

allow population build-up early in the monsoon. But heavy rain in the first week of 

October along with cold temperatures caused an abrupt end to RB infestations. Sen 

(1959) observed that in the winter boro crop, 70% of fields totally escaped attack as 

RBs had entered hibernation.

Lefroy (1908) reported that RBs bred on grasses (Eleusine coarcana and 

Echinochloa spp.) which matured in July before rice reached the flowering stage 

(normally September-October) before moving to later-maturing fields. There were up 

to five generations a year. During cold weather in December, RBs entered hibernation 

in dense grasses and shrubs of uncultivated fields or in forests where only adults were 

found until February. L. acuta hibernates in large numbers on grasses at high elevation 

in northern India (Sen 1963). Nymphs, more than adults, succumb to cold 

temperatures. RBs then enter a quiescent state during the dry, hot season (March-

June) only to reactivate when monsoon rains returned. Sen (1959) noted that high RB 

incidence occurred in years where rains were earlier (April-May) than normal and 

falling intermittently. This provided sufficient moisture for grass and millet alternative 

plant hosts to thrive and hence foster more RB generations. 

Bangladesh
Islam et al. (2003) reported RBs can build up over staggered rice crops that 

characterize Bangladesh rice culture beginning with both early monsoon dryland and 

wetland aus plantings, then onto the main aman rainfed season favoring the most 

popular crop, and ending in the winter (boro) dry-season, irrigated crop (October-

March). The locations of these crops were often juxtaposed, thus RBs often can readily 

move from older to younger fields. RB abundance was least in the aman irrigated crop 

probably due to dilution as the rice area rapidly increased and grassy areas get plowed 
2up. Densities over 6 years (1996-2001) were highest in the boro crop (4.2 RBs/m ) 

2 2followed by main wet season rainfed aman (3.4/m ), dryland aus crop (2.1/m ), and 
2 2least in wetland aus (1.0/m ) and early planted irrigated aman (0.7/m ). During the 

winters of 1999 and 2000, thousands of RBs were found on the floor of acacia forest 

plantations in the Tangail District of Dakka division. From there, they transferred to 

the boro rice crop causing considerable damage. Islam et al. (2003) noted that rice 

yield was additionally reduced by 4.4% from breakage during milling as pecky rice 

increased to 29%. RBs may have been favored by the acacia afforestation program 

which created a new refuge for adults to undergo dormancy.

17

Rice Seed Bugs in Asia: A Review JA Litsinger et alPhilipp Ent 29 (1) : 1-103 ISSN 0048-3753 April 2015



16

weeds in the fallow rice fields. Thus the number of RB generations was limited to two 

per crop. Also RB densities become highly diluted each cropping season due to good 

weed control practices by farmers, lack of weedy non-cropped land, and 95% of the 

area was devoted to monoculture rice (Loevinsohn et al. 1993). 

The IRRI farm, which is planted to rice year-round in highly staggered fashion, 

sometimes incurs high RB densities. IRRI (1988b) and Morrill et al. (1991) recorded 
2densities as high as 15.8 and 13.5 RBs/m , respectively. Normally populations are 

much lower. For example, on the IRRI Farm, an experiment was established to 

compare insect pest densities in double cropped rice and in a 'rice garden' where rice 

was continuously planted on a weekly basis in 13 plots where all rice stages are in the 

field at the same time ultimately to achieve four crops per year (Pantua 1981). In the 
21978 dry season crop, a mean of 1.1 RBs/m  occurred in the rice garden and 0.7 

2RBs/m  in the double-cropped system. In the following 1979 wet season, a mean of 0.5 
2 2RBs/m  was registered in both crops, while in the 1979 dry season crop 0.3 RBs/m  

2were recorded in the rice garden, but 2.0 RBs/m  in the double-crop check. These 

differences were not significant (P > 0.05). The probable reason why there were no 

significant differences was no insecticide was used thus allowing natural enemies to 

flourish (see section on Natural Biocontrol). 

India
High losses have been reported in the literature over a span of more than 100 

years in India. Lefroy (1908), undertaking the earliest research on RBs, concluded that 

RBs damaged rice over most of India. In the North, RBs were most important in 

September-October, but in the South, losses occurred later (November-December). He 

reported numerous outbreaks, including a 75% loss in Jharkhand in 1871. In Dehra 

Dun (September 1904) fields were so infested such that cattle would not eat the fodder 

and even pigs avoided it due to the offensive odor. It was estimated that a 25% loss 

occurred over 20 villages of Nainital in 1904. McKay (1916) reported from Assam 

where damage was so serious in September-October, 1916, that the rice crop was cut 

and used only as fodder. Pruthi (1953) noted a loss of 10-40% in September-October, 

1952 affecting 2.8-3.2 million hectares. RBs first appeared in large numbers in 

Madhya Pradesh in September 1952, then spread northward. Biswas (1953) reported 

an outbreak in Northern Bengal in the wet season where individual fields suffered 80-

97% loss. Banerjee & Chatterjee (1965) noted that outbreaks occurred every year in 

Northern Bengal from 1955 to61, but especially in 1958. Srivastava & Saxena (1967) 

observed that rice in the monsoon season in the Gangetic plain is normally severely 

attacked, particularly in years of early rains that encouraged grasses to get a head start. 

Israel & Seshagiri Rao (1959) reported that L. acuta was more prevalent in the 

northern states and L. oratorius in the more tropical south. Banerjee & Chatterjee 

(1982) noted in Darjeeling, where hill (dryland) rice is grown on bench terraces at 

1,300 m elevation, that L. acuta caused losses of 25 to55%. Velusamy et al. (1977) 

documented a severe outbreak in January 1976 in the warmer Coimbatore in southern 

2India where densities ranged from 68 to 94 RBs/m . Kalode et al. (1969a) noted that 

when abundant, RBs can cause 10-40% loss. Nelson (2003) reported RBs reached 
213/m  in the same location. In West Bengal, Chakraborty (2011) noted densities as high 

2as 53 RBs/m  causing 34% unfilled spikelets on a late-planted crop. Hosamani et al. 

(2009b) in Karnataka noted higher RB incidence in double-cropped rice where large 

areas of both crops occurred. The rainy season peak was in September-October and 

the season peak was in April-May. The area has extensive alternative host plants which 

allow population build-up early in the monsoon. But heavy rain in the first week of 

October along with cold temperatures caused an abrupt end to RB infestations. Sen 

(1959) observed that in the winter boro crop, 70% of fields totally escaped attack as 

RBs had entered hibernation.

Lefroy (1908) reported that RBs bred on grasses (Eleusine coarcana and 

Echinochloa spp.) which matured in July before rice reached the flowering stage 

(normally September-October) before moving to later-maturing fields. There were up 

to five generations a year. During cold weather in December, RBs entered hibernation 

in dense grasses and shrubs of uncultivated fields or in forests where only adults were 

found until February. L. acuta hibernates in large numbers on grasses at high elevation 

in northern India (Sen 1963). Nymphs, more than adults, succumb to cold 

temperatures. RBs then enter a quiescent state during the dry, hot season (March-

June) only to reactivate when monsoon rains returned. Sen (1959) noted that high RB 

incidence occurred in years where rains were earlier (April-May) than normal and 
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Sri Lanka
Delpachira &Wickramasinghe (1986) noted that RBs were most common in 

the wet zone lowlands where rice is normally double cropped. Despite claims that RBs 

were the most important rice pest in Sri Lanka (Hutson 1930), only one report of yield 

loss was found and that was only 3% (Srivastava & Saxena 1967). RBs entered a 

quiescent state during the dry hot months of February-May when adults seek weedy 

vegetation, especially where the ground was damp or swampy. Nugaliyadde et al. 

(2000) undertook extensive ecological studies of RBs from 1996 to 98 over seven crops 

and noted that there was a peak of adult abundance in each crop of about equal 

densities. Population peaks generally occurred after flowering and they noted that 

staggered planting led to a long flowering period in each of the crops. There were clear 
2inter-seasonal gaps between the two seasonal peaks ranging from 3.5 to 6.5 RBs/m  

representing the dry fallow periods between the two crops. During the gaps, RB density 
2dropped to 1.1 /m . In the absence of resident populations, RBs infesting the wet 

season crop must have emigrated from other areas. Therefore, it was concluded that 

field populations of RBs were composed of both migrating and resident populations 

that either entered dormancy or bred on grasses in the off season. These observations 

indicated that RBs have the ability to disperse long distances to find rice in flower. A 

close relationship was observed between population densities of RBs on grasses and 

rice. Most grasses in rice and non-rice adjacent areas flower before rice heads. This 

continuous availability of food encourages high populations. They noted that RBs laid 

eggs mostly on rice, as few young nymphs were observed on grasses. But they noted 

that in some areas with less rain, populations on the smaller area of the dry season 

crop were almost nil, indicating they were probably in dormancy.

Indonesia
The earliest report from the literature discussed failed crops in Java due to 

RBs (Koningsberger 1878). In that era, RBs were cited as being the most common 

cause of loss in rice culture in Indonesia. Van der Goot (1949) reported that RB 

outbreaks in the first half of the 1900s affected over 10,000 ha in some years that 

produced losses of 25-50%. In such cases, some 50 or more nymphs could be found on 

a single panicle. L. oratorius was considered to be the most important RB species in 

Indonesia. Dresner (1955, 1958) reported annual losses averaged 10% in wetland and 

20% in dryland rice. The longer the flowering season was prolonged, the greater the 

damage became. Near Lampung in Sumatra, crop losses reached up to 50%. Fields 

that flowered early suffered the most damage as they occupied a smaller area thus 

concentrating the infestation. In Sulawesi, crop failures were reported in earlier times 

(van Halteren 1979). Dry season crops suffered little damage except in mountainous 

areas where RB populations became concentrated due to small and scattered fields. 

Kalshoven (1981) noted that after the start of the rainy season, adults were 

found feeding and breeding on tall grasses before migrating to rice. RBs then produced 

one generation on rice before moving to later-planted fields where they produced 

another generation. A third generation on rice became possible if plantings were 

staggered. Migration did not occur in large swarms however. During the main harvest 

season in Java (May-June), RBs had to rely again on grasses that now were less 

luxuriant. Even with a dry season crop, populations declined as many RBs sought 

shelter in shady and moist areas during the day (on bamboo and Metroxylon palm 

groves, along forest edges, and in coffee and pineapple plantations), but dispersed at 

night to grasses. Adults returned to rice fields in the rainy season when the crop began 

to flower. More recently, van den Berg & Soehardi (2000) found the mean density of L. 
2 2oratorius in farmers' fields in E Java to be 3.5 RBs/ m  in the wet season and 2.6/ m  in 

the dry season in double-cropped irrigated rice.

Malaysia
In the early part of the 1900s, rice was mainly cultivated as a single rainfed 

wetland crop. As planting was normally staggered, flowering could occur from mid-

November to mid-February, thus three RB generations could develop leading to losses 

up to 30% (Corbett 1930). In 1924, outbreaks occurred where some wetland fields 

were almost totally destroyed, forcing farmers to purchase rice as early as six weeks 

after harvest (Barnes & South 1925). There was a period of inactivity during the drier 

parts of the year, forcing adults to migrate to moist shady areas even before flowering 

was over. For example in one area flowering occurred from February to May, but adults 

were rare after April. Forty years later, Lim (1971) still noted that damage was 

exceptionally serious in Perak, Kedah, Negri Sembilan, and Kelantan, and in some 

fields, loss reached 36%. In the irrigated Rice Research Centre in Bumbong Lima 

researchers estimated crop losses ranging from 10 to 20% during outbreaks 

accompanied by Nezara viridula. During outbreaks an astounding density of 275 
2RBs/10 net sweeps (138 RBs/m ) was recorded. Outbreaks were more frequent in 

fields near rubber plantations or jungle areas where weeds and wild grasses were 

plentiful. At times there could be complete crop loss in fields. Ooi (1982a) reported an 

outbreak in 1974-75.

Rothschild (1970a) carried ecological research in Sarawak in a rainfed 

wetland ecosystem where rice was transplanted in October and flowering began in 

February, but the ripening period extended to May due to staggered planting. Mass 

populations of estivating adults were never seen in Sarawak. Populations of mainly L. 

oratorius with only some L. acuta in grasses and the rice fields were common prior to 

flowering. The results of sampling at 3-5-day intervals on an average site revealed egg 

masses on 15% of plants, while the highly mobile adults were found on 40% of plants, 
2and nymphs on 27%. Eggs averaged 18/m  and the number of masses per hill varied 

2 2 2from 1 to 28/m . Adults averaged 6.5/m  and nymphs 6.2/m . During the ripening stage, 

adult numbers dramatically decreased as they emigrated to adjacent plots of younger 

rice plants. Overall, RB density was correlated with the number of milk stage panicles 

per hill. The heaviest infestations during the study period occurred in small isolated 
2 2rice plantings of < 0.8 ha where populations of nymphs at 74/m  and adults at 7.4/m  
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2 2oratorius in farmers' fields in E Java to be 3.5 RBs/ m  in the wet season and 2.6/ m  in 

the dry season in double-cropped irrigated rice.

Malaysia
In the early part of the 1900s, rice was mainly cultivated as a single rainfed 

wetland crop. As planting was normally staggered, flowering could occur from mid-

November to mid-February, thus three RB generations could develop leading to losses 

up to 30% (Corbett 1930). In 1924, outbreaks occurred where some wetland fields 

were almost totally destroyed, forcing farmers to purchase rice as early as six weeks 

after harvest (Barnes & South 1925). There was a period of inactivity during the drier 
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Rothschild (1970a) carried ecological research in Sarawak in a rainfed 
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2and nymphs on 27%. Eggs averaged 18/m  and the number of masses per hill varied 

2 2 2from 1 to 28/m . Adults averaged 6.5/m  and nymphs 6.2/m . During the ripening stage, 

adult numbers dramatically decreased as they emigrated to adjacent plots of younger 

rice plants. Overall, RB density was correlated with the number of milk stage panicles 

per hill. The heaviest infestations during the study period occurred in small isolated 
2 2rice plantings of < 0.8 ha where populations of nymphs at 74/m  and adults at 7.4/m  
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were noted. In an outbreak there were 9.7 nymphs/hill compared to endemic levels of 2 

nymphs/hill. The maximum number of adults per panicle was 9. The highest density 
2sampled in an outbreak reached 89 adults and nymphs/m . 

Thailand
Suwat Ruay-aree (1997) noted in Pathum Thani province in NE Thailand that 

RB abundance on the wet-season rainfed crop was 2-43 times more than that found on 

the dry-season irrigated crop, indicating that RBs entered dormancy.

Laos
Dean (1978) undertook a survey of rice pests in 1974 and remarked how few 

RBs were noted in irrigated rice but that moderate numbers occurred in dryland rice 

areas in the hills. He remarked that these were much lower densities than those found 

in bordering Thailand. At that time, there was only a small area of irrigated, double-

crop rice in Laos. Douangboupha et al. (2006) reported that the situation changed after 

1985 as the government expanded irrigation facilities to allow more dry-season rice. 

Double-rice cropping provided conditions favorable for the carryover of RB from 

season to season. RB densities became higher in the dry season than in the wet season 
2 2reaching a very high density of 1.4/hill which at 20 hills/m  = 28/m  (Figure 2). They 

noted that both brown planthopper Nilaparvata lugens and RBs became much more 

prevalent and produced high insect pest densities in nearby rainfed wetland areas. 

This is in stark contrast to the situation in the Philippines where RBs in irrigated rice 

bowls are rarely noted. During the early part of the wet season, RBs survive on grasses 

adjacent to rice fields or in nearby forests. They then emigrate to rice paddies in late 

August where they produce a second generation, which continues to cause damage 

until November, after which the population usually shows a marked decline, reflecting 

a lack of food after harvest of the rice crop. The remaining survivors, however, either 

find alternate hosts or enter quiescence in nearby forested areas. The population 

carries over to the second dry-season crop where it becomes more abundant than in 

the wet season. 

Vietnam
In Cuu Long Delta of Vietnam, RBs are one of the major pests of rice crop which 

cause considerable yield losses in this irrigated double- or triple-crop area (Nguyen & 

Vo 2005). RBs are more prevalent in rainfed wetland or dryland rice than in irrigated 

rice.

Myanmar
Both L. acuta and L. oratorius are reported from Myanmar (Hasegawa 1971). RBs 

were recorded major pests by Ghosh (1940), but in field surveys in Gyogon in 1967-69 

the pest was not mentioned (Lazarevic & Nyo 1969).

Papua New Guinea
Rice was introduced to Papua New Guinea as a mechanized irrigated crop in 

1967. Dryland rice has been grown since the 1920s in East Sepik by local people in 

small fields, which are kept weed-free. RBs colonize rice fields from the surrounding 

grasslands (Sands 1977). The principal RBs have been L. oratorius, L. acuta, and L. 

solomonensis. The largest dryland rice area is only about 20 ha, thus there is a high 

concentration effect. Sands (1977) compared two areas in Papua New Guinea with and 

without RBs and calculated significantly lower yields in areas where they were present. 

In one site with the highest densities, 99% unfilled spikelets were recorded in a small 

field surrounded by E. colona grasslands. Plant hosts were not present during periods 

of low rainfall causing L. oratorius and L. acuta to enter estivation. He found the period 

from September 1 to October 27 with no adults even though food sources were 

available, indicating they had entered dormancy. He found colonies of dormant adults 

residing in sugarcane fields. Adults resumed activity after this 2-month period. 

Bhutan
Arida et al. (1988) surveyed rice fields in S Bhutan for rice seed bugs using a 

2sweep net. Highest densities recorded were 29.5 and 28 RBs/m  on traditional and 

modern varieties in October-November, 1988.
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Figure 2. Leptocorisa oratorius density at three different ripening stages in double-crop irrigated rice, Vientiane, 
Laos, 200.  DS = dry season, WS = wet season, (data from Douangboupha et al. 2006)
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Japan
In Japan, there is only one RB species, L. chinensis, although earlier reports of 

L. acuta were published indicating misidentification (Hasegawa 1971). In Japan, RB 

adults hibernate in Cryptomeria pine tree forested areas (Tateishi 1939). There are 2-

3 generations per year depending on latitude. Yamashita et al. (2010) noted that 

overwintering RB adults peak in grasses in late June and mid-July, and first generation 

adults peak in late August to produce a second generation which then moves to rice in 

October (Takeuchi & Watanabe 2006). L. chinensis adults are highly mobile and 

readily move to rice fields after heading. Invading females oviposit from heading to the 

milk stage of the crop. Nymphs are commonly found on grasses as well as on rice from 

August to November. Rice spikelets are present for 40 to 50 days in Japanese rice 

fields, long enough for L. chinensis to develop from egg to adult (Takeuchi & Watanabe 

2006). Babaguchi (1971) reported RBs caused severe damage to rice in Kyushu in 

1935 and 1937, in some cases 50% loss (range 10-70%). The earliest and latest 

maturing varieties were the most damaged as they were out of synchrony with their 

neighbors. In recent times RBs are mostly a cosmetic pest and adults are most 

abundant in the early stages of spikelet development, whereas nymphs peak at the 

mid-stage (Takeuchi et al. 2005a, 2005b). The degradation of rice quality due to RB 

feeding is so great that L. chinensis is considered to be the most economically 

important insect pest of rice in Japan and is the main target for insecticide usage. 

BEHAVIOR

Diel Activity
High locomotory activity was observed in L. chinensis adults in Japan during 

the night based on actinograph and video camera data (Ishizaki et al. 2011). They found 

that in both sexes the activity pattern changed with age. Young RB adults (3 and 7 days 

old) spend a lot of time on food plants while their gonads developed. Older individuals 

(14 and 21 days old) with mature gonads engaged in courtship behavior, whereupon 

they initiated locomotory behavior to find mates. 

Lefroy (1908), van der Goot (1949), and Rothschild (1970b) noted that adults 

sought shelter during the hot hours of the day except when overcast. Hassan & Ibrahim 

(1996), using visual counts, found nighttime population densities to be significantly 

higher than during the day. Morrill et al. (1991) sampled two hours after sunrise 

because RBs moved to the bases of plants as ambient temperature increased, making 

them difficult to detect. Austin (1922) concluded that young nymphs were active 

throughout the day feeding on panicles, but older nymphs would seek shelter during 

the hot hours of the day. They also sought shelter at the base of foliage during strong 

winds or heavy rain. 

Plant host selection
To detect a host plant, RBs first have to land on it to determine whether the 

plant is of a preferred species or quality. Gunawardena & Ranatunga (1989) found RBs 

are attracted to host plants probably by odor, based on tests of steam distillates of 

milk-stage panicles. Kainoh et al. (1980) using flight-tunnel experiments, suggested 

that adults can detect the odor of rice plants when they fly close to a rice field, and 

aggregation on the panicles was mainly due to an arrestant effect exerted by the 

panicles at flowering. Adults examine the plant closely through plant surface 

exploration using sensory apparati such as antennae where they walk about or 

antennate and/or dab with the labium tip onto the surface of the plant (Ishizaki et al. 

2011). 

Feeding behavior

Obtaining sustenance
Austin (1922), Akbar (1958), and van Vreden & Ahmadzabidi (1986) reported 

both nymphs and adults were noted to remove sap from leaves and shoots. Slansky & 

Rodriguez (1987) concluded seed-sucking insects such as RBs can satisfy their water 

and probably some nutritional needs from feeding on vegetative plant parts including 

non-hosts. RBs may exhibit this behavior to quench their thirst as well. Corbett (1930) 

noted that first instar RB nymphs fed on plant sap over their first 48 hours. South & 

Birkinshaw (1924) even reported adults feeding on rice seedlings in a nursery. Sen & 

Srivastava (1955) tested demeton, a systemic insecticide, applied to the soil when RB 

adults were caged on the panicles. Over 90% mortality occurred, and when the grains 

were tested for insecticides none was found. The conclusion of these reports of non-

grain feeding is that adults probably imbibe guttation droplets exuded through 

hydathodes on the leaves and the droplets contained the insecticide. Rothschild 

(1970b) and Sands (1977) observed adults imbibing water from dew drops in the early 

morning. Guttation fluid contains sugars and mineral nutrients that would allow RBs 

to survive even on non-hosts but not reproduce. Sands (1977) experimented and found 

that adults survived for 17 days without floral food and stopped or reduced egg laying 

compared to survival for 53 days when provided floral food. Medrano et al. (1988) 

noted that adults could derive partial nourishment and approximately 88% survived 

up to 20 days on 30-day-old plants or on plants at booting stage. Rothschild (1970b) 

noted that when feeding in cages, RBs excreted a clear droplet of honeydew. Medrano et 

al. (1988) found more honeydew was excreted by adults on spikelets at 7 days after 

anthesis.

Developing spikelets are preferred sources of food for RBs. The observation by 

Kalshoven (1981) that RBs do not feed on soft or hard dough grains, but only at milk 

stage was not supported by Litsinger et al. (1998) who found feeding sheaths on all 

stages of grain development. Van Halteren (1979) noted that when rice is in the milk 

stage, RBs come to feed and even will feed on the soft dough stage. Litsinger et al. 

(1998) found males produced more feeding sheaths on milk than hard dough, with soft 

dough in between. Females produced more feeding sheaths on milk and soft dough 

versus hard dough stages. The conclusion is milk stage grains are preferred, but adults 

can feed, albeit more laboriously, on soft and even hard dough stage grains.
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Time of feeding
Corbett (1930) noted that feeding occurs throughout the day, but early morning 

and late evening were the preferred times. Litsinger et al. (1998) measured the time of 

feeding based on feeding sheath deposition per hour at the milk stage of all RB 

nymphal stages and both adult sexes and concluded that most feeding occurred 

between 5 to9 AM followed by 3 to 7 PM. Differences in the results may have been due to 

latitude and season.

Feeding process
Miles (1959, 1964, 1968, 1972) noted that the functional mouth of all 

Heteroptera is at the tip of the long flexible stylet bundle that can reach tissues or fluids 

relatively far from the body. The stylet bundle is composed of the paired mandibles and 

maxillae which are enclosed by the labium and interlocked by means of ridges and 

grooves. Each of the two inner components, the maxillae, has two deep opposing 

grooves forming a double-canal system. Saliva is pumped down the first and fluids are 

sucked up through the second. The direction taken by the stylet bundle can be at least 

partially controlled. The insect forces its stylets deeper into the food, letting them 

follow the path of least resistance. A feeding sheath starts as a viscous liquid discharge 

that flows around the stylets themselves. The fluid then hardens to form a feeding 

sheath which acts as a support to the stylets during penetration. The stylets are 

inserted through a series of forward and backward movements and the sheath 

material is secreted just after a backward movement, and on the next advance, a hole is 

punched through the already gelling substance. The sheath is not formed inside the 

glumes or on leaf tissues, nor even outside a substrate having a soft, porous, or 

indigestible surface. The quantity of saliva released as a result of each probing differs 

with different stages of the bugs and also with the different phases of the developing 

grains. Enzymes are injected to predigest the endosperm even in the hard dough stage 

which is then sucked up. Bowling (1963) found that not all stylet sheaths led to feeding 

thus some were produced as a result of probing behavior. Slansky & Rodriguez (1987) 

reported that generally, the amount of food extracted depends on the amount of saliva 

injected, so the bigger the sheath the greater the intake. Takeuchi et al. (2004a) 

concluded that the location of the feeding sheaths on the grain was species-specific due 

to differences in body position while feeding. 

With Leptocorisa, Ishizaki et al. (2007, 2011) examined the behavioral 

sequences leading up to feeding after plant host selection. The nymphs showed typical 

behavioral phases towards the rice panicles: antennation, extension of the rostrum, 

repeated dabbing with the labium, rostrum placing on the plant surface, stylet 

penetration, and continuous sucking. The RBs first probe and then locate the opening 

in the glumes whereupon they begin the rocking motion. During feeding on the milk 

stage fluid, the tips of the stylets and labium advance together into the food. If the 

endosperm is solid the labium is held outside and only the stylets penetrate. 

Rothschild (1970b) observed bouts of feeding can last 16 hours per day. Sands (1977) 

noted that adults preparing to feed extend their forelegs so that the head is away from 

the plant to allow the stylets to penetrate the glume. The rocking movement enhances 

body pressure. He found feeding averaged 2.2 h per spikelet. 

Mating behavior
Akbar (1958) and Misra (1968) reported males are ready to mate just after 

molting. Sands (1977) noted males during premating that their bodies vibrated 

violently side to side for 2-3 minutes 7-8 times with short intervening rests. Females 

mate when they are 12-15 days old and half of the females copulated for a second time 

after 10-19 days, and sometimes females mate a third time 10 days later. Other 

researchers gave different ranges for the number of days mating was observed: 

Uichanco (1921) 7-25 days, Sands (1977) 9 days, Corbett (1930) 8-29 days, Kalode & 

Yadava (1975) 5 days, and Van der Goot (1949) 3-37 days. Biswas (1953) stated mating 

did not occur at night, but copulation can occur any time of the day (Rothschild 1970a, 

Sands 1977, Uichanco 1921), but Austin (1923) and Kalode & Yadava (1975) noted 

that it occurred mostly in the morning. Duration of copulating ranged from 2 to 10 

hours where partners remained in a tail-to-tail position (Uichanco 1921). Highest 

incidence of mating occurred during flowering stage of the host plant when the adult 

population was high. Dissection of females that were mating showed 60% were ready to 

oviposit, 30% contained well-developed oocytes, and 10% were immature (Rothschild 

1970a). From laboratory rearing, females averaged 13.6 days of age when they first 

mated. Some 50% mated for a second time 17 days later and 21% mated for a third 

time 22 days after that (Austin 1922, Uichanco 1921, Misra 1968). Both sexes can 

multi-task by continuing to feed while mating. 

Oviposition time
Oviposition begins at dusk and carries on through the night (Lefroy 1908, 

Austin 1922, Corbett 1930, Kalode & Yadava 1975). Uichanco (1921) recorded 

oviposition in the insectary from 6 PM to 6 AM. Others put the time in the late afternoon 

and early evening (Kalshoven 1981). Sands (1977) recorded oviposition from 7 to 9 

PM. Van der Goot (1949) concluded RBs do not oviposit on rice plants after flowering. 

On the other hand, Rothschild (1970) noted that eggs were laid up to and during the 

peak milk stage. Nugaliyadde et al. (2000) remarked that mature female densities 

increased abruptly with the onset of flowering and therefore hypothesized that RBs 

respond to the rice plant at heading for ovarian development to synchronize 

development of its progeny so that nymphs mature before rice endosperm becomes too 

hard to enable them to mature before harvest.

Defensive behavior
Austin (1922) remarked that eggs resemble grass seeds, which may serve as 

camouflage. Van Vreden & Ahmadzabidi (1986) noted that the green and white 

coloration of nymphs camouflages them well on rice panicles, making them less 

obvious to predators such as birds. RBs are particularly vulnerable to predation 
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Time of feeding
Corbett (1930) noted that feeding occurs throughout the day, but early morning 

and late evening were the preferred times. Litsinger et al. (1998) measured the time of 

feeding based on feeding sheath deposition per hour at the milk stage of all RB 

nymphal stages and both adult sexes and concluded that most feeding occurred 

between 5 to9 AM followed by 3 to 7 PM. Differences in the results may have been due to 

latitude and season.

Feeding process
Miles (1959, 1964, 1968, 1972) noted that the functional mouth of all 

Heteroptera is at the tip of the long flexible stylet bundle that can reach tissues or fluids 

relatively far from the body. The stylet bundle is composed of the paired mandibles and 

maxillae which are enclosed by the labium and interlocked by means of ridges and 
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partially controlled. The insect forces its stylets deeper into the food, letting them 
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sheath which acts as a support to the stylets during penetration. The stylets are 

inserted through a series of forward and backward movements and the sheath 

material is secreted just after a backward movement, and on the next advance, a hole is 

punched through the already gelling substance. The sheath is not formed inside the 

glumes or on leaf tissues, nor even outside a substrate having a soft, porous, or 

indigestible surface. The quantity of saliva released as a result of each probing differs 

with different stages of the bugs and also with the different phases of the developing 

grains. Enzymes are injected to predigest the endosperm even in the hard dough stage 

which is then sucked up. Bowling (1963) found that not all stylet sheaths led to feeding 

thus some were produced as a result of probing behavior. Slansky & Rodriguez (1987) 

reported that generally, the amount of food extracted depends on the amount of saliva 

injected, so the bigger the sheath the greater the intake. Takeuchi et al. (2004a) 

concluded that the location of the feeding sheaths on the grain was species-specific due 

to differences in body position while feeding. 
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sequences leading up to feeding after plant host selection. The nymphs showed typical 
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stage fluid, the tips of the stylets and labium advance together into the food. If the 
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noted that adults preparing to feed extend their forelegs so that the head is away from 

the plant to allow the stylets to penetrate the glume. The rocking movement enhances 

body pressure. He found feeding averaged 2.2 h per spikelet. 

Mating behavior
Akbar (1958) and Misra (1968) reported males are ready to mate just after 

molting. Sands (1977) noted males during premating that their bodies vibrated 

violently side to side for 2-3 minutes 7-8 times with short intervening rests. Females 

mate when they are 12-15 days old and half of the females copulated for a second time 

after 10-19 days, and sometimes females mate a third time 10 days later. Other 

researchers gave different ranges for the number of days mating was observed: 

Uichanco (1921) 7-25 days, Sands (1977) 9 days, Corbett (1930) 8-29 days, Kalode & 

Yadava (1975) 5 days, and Van der Goot (1949) 3-37 days. Biswas (1953) stated mating 

did not occur at night, but copulation can occur any time of the day (Rothschild 1970a, 

Sands 1977, Uichanco 1921), but Austin (1923) and Kalode & Yadava (1975) noted 

that it occurred mostly in the morning. Duration of copulating ranged from 2 to 10 

hours where partners remained in a tail-to-tail position (Uichanco 1921). Highest 

incidence of mating occurred during flowering stage of the host plant when the adult 

population was high. Dissection of females that were mating showed 60% were ready to 

oviposit, 30% contained well-developed oocytes, and 10% were immature (Rothschild 

1970a). From laboratory rearing, females averaged 13.6 days of age when they first 

mated. Some 50% mated for a second time 17 days later and 21% mated for a third 

time 22 days after that (Austin 1922, Uichanco 1921, Misra 1968). Both sexes can 

multi-task by continuing to feed while mating. 

Oviposition time
Oviposition begins at dusk and carries on through the night (Lefroy 1908, 

Austin 1922, Corbett 1930, Kalode & Yadava 1975). Uichanco (1921) recorded 

oviposition in the insectary from 6 PM to 6 AM. Others put the time in the late afternoon 

and early evening (Kalshoven 1981). Sands (1977) recorded oviposition from 7 to 9 

PM. Van der Goot (1949) concluded RBs do not oviposit on rice plants after flowering. 

On the other hand, Rothschild (1970) noted that eggs were laid up to and during the 

peak milk stage. Nugaliyadde et al. (2000) remarked that mature female densities 

increased abruptly with the onset of flowering and therefore hypothesized that RBs 

respond to the rice plant at heading for ovarian development to synchronize 

development of its progeny so that nymphs mature before rice endosperm becomes too 

hard to enable them to mature before harvest.

Defensive behavior
Austin (1922) remarked that eggs resemble grass seeds, which may serve as 

camouflage. Van Vreden & Ahmadzabidi (1986) noted that the green and white 

coloration of nymphs camouflages them well on rice panicles, making them less 

obvious to predators such as birds. RBs are particularly vulnerable to predation 
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during molting. Sands (1977) observed ecdysis occurred at night time when aerial 

predators are not active. He also noted that nymphs in instars III-V, when disturbed, 

pressed their bodies close to the plant in a defensive posture lying flat and drawing 

forelegs and antennae together with the other legs against the abdomen. Van der Goot 

(1949) found adults reared on wild grasses were of different coloration than those 

reared from rice. Sands (1967) mentioned that coloration of L. solomonensis was 

much darker when fed on Paspalium paniculatum than similar nymphs collected 

from E. colona. The darker coloration blended closely with the purplish color of the P. 

paniculatum flower head. Sands (1977) remarked that nymphs drop to the lower part 

of the plant when disturbed. Upon disturbance adults either fly away or drop down into 

the foliage when they sense danger by an intruder that is within about 1 m. 

Corbett (1930) pointed out that in the field RBs can be detected by their odor 

even before the field is seen. Gupta (1964) noted that when handled or disturbed, 

adults of both sexes and nymphs secrete a defensive chemical from scent glands on the 
th5  abdominal segment. The chemical odor is similar to that of stink bugs such as 

Nezara viridula and probably has a role in repelling predators. Choudhuri & Das 

(1969) and Gunawardena & Bandumathie (1993) studied the chemistry of the 

defensive secretion of L. oratorius which consisted of two major components. Bioassay 

revealed that the secretion elicits alarm responses, alerting and dispersing aggregated 

adults. Interestingly, Neelakanthi & Gunawardena (1994) found that when not feeding 

on rice, the abdominal secretion is different and not as powerful as that produced 

during feeding on the rice crop.

Tropisms
Leptocorisa species are positively phototropic (Srivastava & Saxena 1967), but 

how they are attracted to light is debatable. Rothschild (1970a) noted that at most six 

RBs per night were attracted to the station's light trap with a 125 w mercury vapor lamp 

even during an outbreak. Often, more males than females were caught but numbers 

collected were few. Many were found near the trap but not in it.

Pheromones and semio-chemicals
Leal et al. (1996) pointed out that few of the 35,000 species of Heteroptera 

worldwide have had sexual pheromones identified. The copious defensive secretions 

that contaminated samples have hampered progress on RBs. A defensive alarm 

pheromone from a related species, the bean bug Riptortus clavatus, has been 

identified, as well as an aggregation pheromone that enables second instar nymphs to 

find the host food plant. In addition, bean bug males release semio-chemicals that 

attract both males and females. Interestingly, the case of the RBs is just the opposite, 

i.e. only males are attracted to semio-chemicals that are produced and emitted by both 

males and females. Although L. chinensis females can detect the male attractants, they 

do not elicit any attraction. Thus, both sexes produce attractants, but these are not true 

sex pheromones. 

ECOLOGY

Factors that affect abundance and damage Host plants
Schaefer et al. (1983) noted that most Alydidae develop on legumes, but they 

concluded that the Leptocorisini tribe and particularly members of the Leptocorisinae 

subfamily, feed on Poaceae. Sands (1977) found that wild grasses were less attractive 

to L. acuta and L. oratorius than rice, but L. solomonensis fed equally on rice and 

grasses. He found that L. palawanensis and L. discoidalis preferred native grasses, and  

the latter species cannot develop on rice nor will their females oviposit on rice when 

caged. Sands (1977) also noted that Leptocorisa were found most often where 

Echinochloa colona occurred. L. oratorius, in particular, was most associated with 

wetland areas wherever E. colona was in flower. L. acuta was more common in drier 

areas, often some distance from water, and also fed on Pennisetum purpureum. Both 

Leptocorisa species, however, preferred open areas rather than a shaded forest. 

Echinochloa is a weed of disturbed habitats, but prefers fertile soils and grows along 

irrigation canals and even in flooded rice fields where most other weeds do not grow. L. 

acuta was more abundant along roadsides where paragrass Brachiaria mutica were 

flowering. L. acuta was also associated with Paspalum plicatulum grown as a forage 

crop. All stages of L. acuta were present on it and caused heavy damage. They then 

moved to Digitaria pruriens. Sands (1977) observed that stands of sugarcane act as 

barriers to the movement of Leptocorisa. Slash and burn areas of the forest were sites 

of few RBs as there were no grasses around as rice is planted in only the first two years 

after clearing. The sites will eventually be grasslands until the forest regrows. 

A key to RB ecology and abundance is grassy weeds, but different RB species 

prefer different plant hosts and habitats. Banerjee & Chatterjee (1965) noted that if a 

rice crop is in post-flowering or milk stage, RBs forsake all weed hosts in favor of rice. 

This undoubtedly is because rice grains are much larger and richer in endosperm than 

the much smaller weed seeds. Uichanco (1921) noted wild grasses growing on bunds 

that divide parcels within and between fields and on dikes along irrigation canals as 

well as in the rice fields themselves. After harvest, weeds proliferate during the fallow 

period that potentially forms a life-sustaining bridge between rice crops. Corbett 

(1930) noted weeds germinate after the first rain and mature quickly, thus can support 

breeding populations of RBs before rice reaches the milk stage. Dormancy is 

terminated by the first heavy rain of the monsoon season, but if the RBs are in diapause 

it will take several weeks before they become active. But if they are in quiescence, they 

become active immediately. According to Corbett (1930), RBs leave estivation sites 'in 

swarms' and breed first on grasses and then move into rice fields. But if early rains 

occur to shorten the dry season, RBs can breed for an extra generation or two before 

rice appears. It is in such years that RBs become very damaging. L. oratorius is more 

apt to do this than the other species that occur in Malaysia as L. acuta prefers Digitaria 

longiflora. Sen (1955) noted that RBs in India begin breeding on E. colona from March 
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during molting. Sands (1977) observed ecdysis occurred at night time when aerial 

predators are not active. He also noted that nymphs in instars III-V, when disturbed, 

pressed their bodies close to the plant in a defensive posture lying flat and drawing 

forelegs and antennae together with the other legs against the abdomen. Van der Goot 

(1949) found adults reared on wild grasses were of different coloration than those 

reared from rice. Sands (1967) mentioned that coloration of L. solomonensis was 

much darker when fed on Paspalium paniculatum than similar nymphs collected 

from E. colona. The darker coloration blended closely with the purplish color of the P. 

paniculatum flower head. Sands (1977) remarked that nymphs drop to the lower part 

of the plant when disturbed. Upon disturbance adults either fly away or drop down into 

the foliage when they sense danger by an intruder that is within about 1 m. 

Corbett (1930) pointed out that in the field RBs can be detected by their odor 

even before the field is seen. Gupta (1964) noted that when handled or disturbed, 

adults of both sexes and nymphs secrete a defensive chemical from scent glands on the 
th5  abdominal segment. The chemical odor is similar to that of stink bugs such as 

Nezara viridula and probably has a role in repelling predators. Choudhuri & Das 

(1969) and Gunawardena & Bandumathie (1993) studied the chemistry of the 

defensive secretion of L. oratorius which consisted of two major components. Bioassay 

revealed that the secretion elicits alarm responses, alerting and dispersing aggregated 

adults. Interestingly, Neelakanthi & Gunawardena (1994) found that when not feeding 

on rice, the abdominal secretion is different and not as powerful as that produced 

during feeding on the rice crop.

Tropisms
Leptocorisa species are positively phototropic (Srivastava & Saxena 1967), but 

how they are attracted to light is debatable. Rothschild (1970a) noted that at most six 

RBs per night were attracted to the station's light trap with a 125 w mercury vapor lamp 

even during an outbreak. Often, more males than females were caught but numbers 

collected were few. Many were found near the trap but not in it.

Pheromones and semio-chemicals
Leal et al. (1996) pointed out that few of the 35,000 species of Heteroptera 

worldwide have had sexual pheromones identified. The copious defensive secretions 

that contaminated samples have hampered progress on RBs. A defensive alarm 

pheromone from a related species, the bean bug Riptortus clavatus, has been 

identified, as well as an aggregation pheromone that enables second instar nymphs to 

find the host food plant. In addition, bean bug males release semio-chemicals that 

attract both males and females. Interestingly, the case of the RBs is just the opposite, 

i.e. only males are attracted to semio-chemicals that are produced and emitted by both 

males and females. Although L. chinensis females can detect the male attractants, they 

do not elicit any attraction. Thus, both sexes produce attractants, but these are not true 

sex pheromones. 

ECOLOGY

Factors that affect abundance and damage Host plants
Schaefer et al. (1983) noted that most Alydidae develop on legumes, but they 

concluded that the Leptocorisini tribe and particularly members of the Leptocorisinae 

subfamily, feed on Poaceae. Sands (1977) found that wild grasses were less attractive 

to L. acuta and L. oratorius than rice, but L. solomonensis fed equally on rice and 

grasses. He found that L. palawanensis and L. discoidalis preferred native grasses, and  

the latter species cannot develop on rice nor will their females oviposit on rice when 

caged. Sands (1977) also noted that Leptocorisa were found most often where 

Echinochloa colona occurred. L. oratorius, in particular, was most associated with 

wetland areas wherever E. colona was in flower. L. acuta was more common in drier 

areas, often some distance from water, and also fed on Pennisetum purpureum. Both 

Leptocorisa species, however, preferred open areas rather than a shaded forest. 

Echinochloa is a weed of disturbed habitats, but prefers fertile soils and grows along 

irrigation canals and even in flooded rice fields where most other weeds do not grow. L. 

acuta was more abundant along roadsides where paragrass Brachiaria mutica were 

flowering. L. acuta was also associated with Paspalum plicatulum grown as a forage 

crop. All stages of L. acuta were present on it and caused heavy damage. They then 

moved to Digitaria pruriens. Sands (1977) observed that stands of sugarcane act as 

barriers to the movement of Leptocorisa. Slash and burn areas of the forest were sites 

of few RBs as there were no grasses around as rice is planted in only the first two years 

after clearing. The sites will eventually be grasslands until the forest regrows. 

A key to RB ecology and abundance is grassy weeds, but different RB species 

prefer different plant hosts and habitats. Banerjee & Chatterjee (1965) noted that if a 

rice crop is in post-flowering or milk stage, RBs forsake all weed hosts in favor of rice. 

This undoubtedly is because rice grains are much larger and richer in endosperm than 

the much smaller weed seeds. Uichanco (1921) noted wild grasses growing on bunds 

that divide parcels within and between fields and on dikes along irrigation canals as 

well as in the rice fields themselves. After harvest, weeds proliferate during the fallow 

period that potentially forms a life-sustaining bridge between rice crops. Corbett 

(1930) noted weeds germinate after the first rain and mature quickly, thus can support 

breeding populations of RBs before rice reaches the milk stage. Dormancy is 

terminated by the first heavy rain of the monsoon season, but if the RBs are in diapause 

it will take several weeks before they become active. But if they are in quiescence, they 

become active immediately. According to Corbett (1930), RBs leave estivation sites 'in 

swarms' and breed first on grasses and then move into rice fields. But if early rains 

occur to shorten the dry season, RBs can breed for an extra generation or two before 

rice appears. It is in such years that RBs become very damaging. L. oratorius is more 

apt to do this than the other species that occur in Malaysia as L. acuta prefers Digitaria 

longiflora. Sen (1955) noted that RBs in India begin breeding on E. colona from March 
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to June and then transfer to early maturing millet crops (Panicum miliare, Setaria 

italica, Eleusine coracana) planted in adjacent upland fields before rice flowers. RB 

numbers continue to build up from July to November. Nugaliyadde et al. (2000) 

observed most weeds in Sri Lanka occur in non-rice adjacent areas and RBs move to 

grassy weeds in rice fields during the vegetative stage. Lefroy (1908) found adults 

feeding on Eleusine indica in July then to feed on E. colona in the rice fields before 

eventually transferring to rice at the ripening stage.

Srivastava & Saxena (1967) produced an extensive list of 'host and food plants' 

where readers were led to believe they all were food plants. But this list includes many 

trees where the RBs rest during dormancy and thus are not food hosts. Thus there is a 

need to distinguish between adult feeding hosts, ovipositional hosts, shelter hosts 

while in dormancy, or developmental hosts. A best fitting plant host based on studies 

comparing different plant species would be one in which survival rates of the adults 

and nymphs are highest, the life cycle duration is shortest, and fecundity is highest. 

The plant should also be attractive to ovipositing females. Unfortunately, only a few 

studies make these distinctions.

Developmental plant hosts
Rbs no doubt will feed on all species of wild rice such as Oryza rufipogon as 

reported by Nayak (1984). One would assume that RBs could complete development 

on wild rices, but such studies have not been done to date. A list of other host plants 

was compiled where RBs completed a full generation from egg to egg (Table 5). The list 

comprises 28 species, 14 genera, and 2 families on which L. acuta and/or L. oratorius 

developed. We also included Corbett's (1930) list of plants fed upon by nymphs. Most 

(97%) of the recorded developmental hosts were true grasses (Poaceae) with the 

balance being sedges (Cyperaceae). Some 23% of the records of developmental hosts 

were Echinochloa colona, 13% Echinochloa crus-galli, and 7% Paspalum 

scrobiculatum, with 5% each for Paspalum conjugatum and Sorghum bicolor. Some 

39% of the records of developmental hosts were within the genus Echinochloa with 

21% Paspalum, 10% Digitaria, and 5% each Panicum and Sorghum. A short list of 

hosts from the literature on L. chinensis is also included which comprises only two 

breeding hosts aside from rice: Digitaria ciliaris and Poa annua. Interestingly, 

Echinochloa spp. were noticeably absent from the records of developmental hosts for 

L. chinensis. Ishizaki et al. (2008) concluded that suitable plant species for the 

development of L. chinensis nymphs were restricted to a fraction of all gramineous 

species, but among gramineous plants, summer plant species that bear seeds in 

reproductive season of L. chinensis supported higher survival rates in young nymphs 

compared with spring plant species.

Table 5. Alternate hosts of the three main species of Leptocorisa rice bugs as reported in the literature. A 
host is defined as one that provides sustenance for adults (adult feeding host) or 
developmental host (complete generation egg to egg).
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FAMILY

 

 
ADULT  FEEDING  HOST  

ADULT FEEDINGHOST
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to June and then transfer to early maturing millet crops (Panicum miliare, Setaria 

italica, Eleusine coracana) planted in adjacent upland fields before rice flowers. RB 

numbers continue to build up from July to November. Nugaliyadde et al. (2000) 

observed most weeds in Sri Lanka occur in non-rice adjacent areas and RBs move to 

grassy weeds in rice fields during the vegetative stage. Lefroy (1908) found adults 

feeding on Eleusine indica in July then to feed on E. colona in the rice fields before 

eventually transferring to rice at the ripening stage.

Srivastava & Saxena (1967) produced an extensive list of 'host and food plants' 

where readers were led to believe they all were food plants. But this list includes many 

trees where the RBs rest during dormancy and thus are not food hosts. Thus there is a 

need to distinguish between adult feeding hosts, ovipositional hosts, shelter hosts 

while in dormancy, or developmental hosts. A best fitting plant host based on studies 

comparing different plant species would be one in which survival rates of the adults 

and nymphs are highest, the life cycle duration is shortest, and fecundity is highest. 

The plant should also be attractive to ovipositing females. Unfortunately, only a few 

studies make these distinctions.

Developmental plant hosts
Rbs no doubt will feed on all species of wild rice such as Oryza rufipogon as 

reported by Nayak (1984). One would assume that RBs could complete development 

on wild rices, but such studies have not been done to date. A list of other host plants 

was compiled where RBs completed a full generation from egg to egg (Table 5). The list 

comprises 28 species, 14 genera, and 2 families on which L. acuta and/or L. oratorius 

developed. We also included Corbett's (1930) list of plants fed upon by nymphs. Most 

(97%) of the recorded developmental hosts were true grasses (Poaceae) with the 

balance being sedges (Cyperaceae). Some 23% of the records of developmental hosts 

were Echinochloa colona, 13% Echinochloa crus-galli, and 7% Paspalum 

scrobiculatum, with 5% each for Paspalum conjugatum and Sorghum bicolor. Some 

39% of the records of developmental hosts were within the genus Echinochloa with 

21% Paspalum, 10% Digitaria, and 5% each Panicum and Sorghum. A short list of 

hosts from the literature on L. chinensis is also included which comprises only two 

breeding hosts aside from rice: Digitaria ciliaris and Poa annua. Interestingly, 

Echinochloa spp. were noticeably absent from the records of developmental hosts for 

L. chinensis. Ishizaki et al. (2008) concluded that suitable plant species for the 

development of L. chinensis nymphs were restricted to a fraction of all gramineous 

species, but among gramineous plants, summer plant species that bear seeds in 

reproductive season of L. chinensis supported higher survival rates in young nymphs 

compared with spring plant species.

Table 5. Alternate hosts of the three main species of Leptocorisa rice bugs as reported in the literature. A 
host is defined as one that provides sustenance for adults (adult feeding host) or 
developmental host (complete generation egg to egg).

     

 
PLANT  SPECIES  

 
PLANT  
FAMILY

 

 
ADULT  FEEDING  HOST  

ADULT FEEDINGHOST
AND NYMPHAL

DEVELOPMENTHOST

L.
 
oratorius,

 
L.

 
acuta

 Alloteropsis

 
cimicina

 
Poaceae

 
Rajapakse & Kulasekera

 
1980

  Andropogon

 

annulatus

 

Poaceae

 

Corbe�

 

1930

  Axonopus

 

affinis

 

Poaceae

 

Rajapakse & Kulasekera

 

1980

  Axonopus

 

(=Anastrophus) 
compressus

 

Poaceae

 

Van

 

der

 

Goot

 

1949

  Bothriochloa

 

pertusa

 

Poaceae

 

Rajapakse & Kulasekera

 

1980

  
Brachiaria

 

milliformis

 

Poaceae

 

Rajapakse & Kulasekera

 

1980

  

Brachiaria

 

mu�ca

  

Poaceae

 

Sands

 

1977,

 

Rajapakse & 
Kulasekera

 

1980

 

Corbe�

 

1930

Brachiaria

 

reptans

 

Poaceae

 

Nayak

 

1984

  

Centotheca

 

lappacea

 

Poaceae

 

Corbe�

 

1930

  

Chloris

 

barbata

 

Poaceae

 

Rajapakse & Kulasekera

 

1980

  

Cyperus

 

iria

 

Cyperaceae

 

Chua 1985

 

Nugaliyadde et al. 2000

Cyperus

 

polystachyos

 

Cyperaceae

 

Aus�n

 

1922, Chua 1985

  

Cyperus

 

rotundus

 

Cyperaceae

 

Banerjee & Cha�erjee 1965,

 

Aus�n

 

1922, Chua 1985

 

Misra

 

1968

Dactyloctenium ( = 
Eleusine) aegyp�um 

Poaceae

 

Corbe�

 

1930,

 

Sen & 
Chaudhuri

 

1959,

 

Rajapakse & 
Kulasekera

 

1980, Chua 1985

 

 

Dichanthelium

 

clandes�num

 

Poaceae

 

Rajapakse & Kulasekera

 

1980

   

Digitaria

 

bifasculata? Poaceae

 

Corbe�

 

1930

  

Digitaria

 

chinensis

 

Poaceae

  

Corbe�

 

1930 nymphs

Digitaria

 

ciliaris

 

(marginata) 
Poaceae

 

Corbe�

 

1930, Chua 
1985Nayak

 

1984

 

Morrill

 

et al. 1990

Digitaria

 

compacta ( = 
corymbosa) 

Poaceae

 

Chua 1985

  

Digitaria

 

longiflora

 

Poaceae

 

Rothschild

 

1970a

 

Corbe�

 

1930 nymphs

Digitaria

 

pruriens

 

Poaceae

 

Sands

 

1977

  

Digitaria

 

se�gara

 

(=

 

consanguinea)

  

Poaceae

  

Uichanco 1921, Van der
Goot

 

1949

Digitaria

 

sanguinalis ( = 
sanguinea) 

Poaceae

 

Banerjee & Cha�erjee 1965,

 

Chua 1985

 

Digitaria violascens Poaceae Nayak 1984

Echinochloa colona Poaceae Lefroy 1908, Rothschild 1970a,
Aus�n 1922, Banerjee & 
Cha�erjee 1965, Sen & 
Chaudhuri 1959, Rajapakse & 
Kulasekera 1980

Litsinger et al. 1993, Van
Vreden & Ahmadzabidi
(1986), Nugaliyadde et al.
2000, Estoy 1996,
Uichanco 1921, Morrill et
al. 1990, Sands 1977,
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Zea mays Poaceae Biswas 1953

      

Paspalum dis�chum Poaceae

  

Corbe�

 

1930, Van Vreden
& Ahmadzabidi 1986

Paspalum

 

longifolium

 

Poaceae

  

Corbe�

 

1930 nymphs

Paspalum

 

obiculare

 

Poaceae

 

Chua 1985

  

Paspalum

 

paniculatum

 

Poaceae

  

Sands

 

1977

Paspalum

 

platycaula?

  

Corbe�

 

1930

  

Paspalum

 

plicatulum

 

Poaceae

  

Sands

 

1977

Paspalum

 

scrobiculatum

 

Poaceae

 

Rothschild

 

1970a,

 

Aus�n

 

1922,

 

Nayak

 

1984, Chua 1985

 

Litsinger

 

et al, 1993, Misra
1968,

 

Corbe� 1930.
Kalode & Yadava 1975

Paspalum

 

vaginatum

 

Poaceae

 

Chua 1985

  

Pennisetum

 

glaucum ( = 
Setaria

 

glauca)(= P. 
americanum, = P. 
typhoideum) 

Poaceae

 

Leroy

 

1908,

 

Banerjee & 
Cha�erjee

 

1965,

 

Sen & 
Chaudhuri

 

1959,

 

Rajapakse & 
Kulasekera

 

1980,

 

Rothschild

 

1970a,

 

Kapoor

 

et

 

al.

 

1982

 

Corbe�

 

1930, Kalode & 
Yadava

 

1975

Pennisetum

 

purpureum

  

Poaceae

 

Sands

 

1977

  

Persea

 

americana

 

avocado

 

flowers

 

Lauraceae

 

Van

 

Halteren

 

1979

  

Saccharum

 

officinarum

  

Poaceae

 

Leroy

 

1908,

 

Corbe�

 

1930,

 

Biswas

 

1953,

  
 

Saccharum

 

spontaneum

 

Poaceae

 

Banerjee & Cha�erjee 1965

  

Sacciolepis

 

indica ( = 
angusta) 

Poaceae

  

Corbe�

 

1930 nymphs

Sacciolepis indica ( = 
Panicum indicum) 

Poaceae Corbe� 1930

Setaria barbata ( = 
Panicum barbatum) 

Poaceae Van der Goot 1949

Setaria geniculata Poaceae Chua 1985

Setaria italica Poaceae Leroy 1908, Banerjee & 
Cha�erjee 1965, Sen 1955

Setaria plicata ( = Panicum
plicatum) 

Poaceae Corbe� 1930

Setaria pumila ( = 
rubiginosa) 

Poaceae Corbe� 1930 nymphs

Sorghum  ( = Andropogon) 
bicolor 

Poaceae Lefroy 1908, Corbe� 1930,
Biswas 1953

Van Vreden & 
Ahmadzabidi 1986,
Corbe� 1930, Uichanco
1921

Sorghum bicolor subsp.
ver�cilliflorum

Poaceae Sands 1977

Sorghum ni�dum Poaceae Sands 1977

Sorghum halpense Poaceae Sands 1977

Sorghum vulgare var.
technicum

Poaceae Lefroy 1908

Sporobolus diander Poaceae Rothschild 1970a Corbe� 1930

  

  
  
  

 

 

  

Djuwarso et al. 1985,
Dhuri & Mazagasonkar
1986,

 

Misra 1968, Corbe�
1930,

 

Kalode et al 1969b.,
Kalode & Yadava 1975,
Van

 

der

 

Goot 1949

Echinochloa

 

crus-galli

 

Poaceae

 

Rothschild

 

1970a,

 

Banerjee & 
Cha�erjee

 

1965,

 

Aus�n

 

1922,

 

Rajapakse & Kulasekera

 

1980

 

Litsinger

 

et al. 1993, Van
Vreden & Ahmadzabidi
1986,

 

Estoy 1996,
Uichanco 1921, Morrill et
al.

 

1990,

 

Djuwarso et al.
1985,

 

Corbe� 1930, Van
der

 

Goot

 

1949

Echinochloa

 

frumentacea ( 
= Panicum

 

frumentaceum) 
Poacea

 

Leroy

 

1908, Chua 1985

  

Echinochloa

 

glabrescens ( 
= pilosa) 

Poaceae

 

Chua 1985

 

Litsinger

 

et al. 1993,
Nugaliyadde et al. 2000

Eleusine

 

coracana

 

Poaceae

 

Lefroy

 

1908,

 

Banerjee & 
Cha�erjee

 

1965,

 

Corbe�

 

1930,

 

Sen

 

1955

 

 

Eleusine

 

indica

 

Poaceae

 

Sands

 

1977,

 

Rajapakse & 
Kulasekera

 

1980,

 

Nayak

 

1984

 

Corbe�

 

1930

Eragros�s

 

amabilis

 

Poaceae

 

Aus�n

 

1922,

 

Corbe�

 

1930

  

Eragros�s

 

pilosa

 

Poaceae

 

Chua 1985

  

Fimbristylis diphylla

 

Cyperaceae

 

Aus�n

 

1922

  

Fimbristylis miliacea

 

Cyperaceae

 

Aus�n

 

1922,

 

Corbe�

 

1930

  

Fuirena

 

umbellata

 

Cyperaceae

 

Aus�n

 

1922

  

Isachne

 

globosa ( = 
australis) 

Poaceae

 

Corbe�

 

1930

  

Ischaemum

 

aristatum

 

Poaceae

 

Aus�n

 

1922

  

Ischaemum

 

ciliare

 

Poaceae

 

Corbe�

 

1930

  

Ischaemum

 

mu�cum

 

Poaceae

 

Rajapakse & Kulasekera

 

1980

  

Ischaemum rugosum Poaceae Rothschild 1970a Corbe� 1930 nymphs

Megathyrsus maximus ( = 
Panicum maximum) 

Poaceae Rajapakse & Kulasekera 1980,
Corbe� 1930

Panicum auritum Poaceae Corbe� 1930 nymphs

Panicum sumatrense (=
miliare) 

Poaceae Sen & Chaudhuri 1959, Chua
1985, Sen 1955

Panicum repens Poaceae Rajapakse & Kulasekera 1980,
Chua 1985

Nugaliyadde et al. 2000,
Uichanco 1921

Paspalidium ( = Panicum) 
flavidum

Poaceae Chua 1985 Uichanco 1921, Litsinger
et al. 1993

Paspalidium puncatum Poaceae Rajapakse & Kulasekera 1980

Paspalum conjugatum Poaceae Chua 1985 Van Vreden & 
Ahmadzabidi 1986,
Corbe� 1930,
Uichanco1921

Paspalum dilatatum Poaceae Banerjee & Cha�erjee 1965 Van der Goot 1949
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Zea mays Poaceae Biswas 1953

      

Paspalum dis�chum Poaceae

  

Corbe�

 

1930, Van Vreden
& Ahmadzabidi 1986

Paspalum

 

longifolium

 

Poaceae
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Paspalum

 

paniculatum

 

Poaceae

  

Sands

 

1977
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platycaula?
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1930
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plicatulum

 

Poaceae

  

Sands

 

1977

Paspalum

 

scrobiculatum

 

Poaceae

 

Rothschild

 

1970a,

 

Aus�n

 

1922,

 

Nayak

 

1984, Chua 1985

 

Litsinger

 

et al, 1993, Misra
1968,

 

Corbe� 1930.
Kalode & Yadava 1975

Paspalum

 

vaginatum

 

Poaceae

 

Chua 1985

  

Pennisetum

 

glaucum ( = 
Setaria

 

glauca)(= P. 
americanum, = P. 
typhoideum) 

Poaceae

 

Leroy

 

1908,

 

Banerjee & 
Cha�erjee

 

1965,

 

Sen & 
Chaudhuri

 

1959,

 

Rajapakse & 
Kulasekera

 

1980,

 

Rothschild

 

1970a,

 

Kapoor

 

et

 

al.

 

1982

 

Corbe�

 

1930, Kalode & 
Yadava

 

1975

Pennisetum

 

purpureum

  

Poaceae

 

Sands

 

1977

  

Persea

 

americana

 

avocado

 

flowers

 

Lauraceae

 

Van

 

Halteren

 

1979

  

Saccharum

 

officinarum

  

Poaceae

 

Leroy

 

1908,

 

Corbe�

 

1930,

 

Biswas

 

1953,

  
 

Saccharum

 

spontaneum

 

Poaceae

 

Banerjee & Cha�erjee 1965

  

Sacciolepis

 

indica ( = 
angusta) 

Poaceae

  

Corbe�

 

1930 nymphs

Sacciolepis indica ( = 
Panicum indicum) 

Poaceae Corbe� 1930

Setaria barbata ( = 
Panicum barbatum) 

Poaceae Van der Goot 1949

Setaria geniculata Poaceae Chua 1985

Setaria italica Poaceae Leroy 1908, Banerjee & 
Cha�erjee 1965, Sen 1955

Setaria plicata ( = Panicum
plicatum) 

Poaceae Corbe� 1930

Setaria pumila ( = 
rubiginosa) 

Poaceae Corbe� 1930 nymphs

Sorghum  ( = Andropogon) 
bicolor 

Poaceae Lefroy 1908, Corbe� 1930,
Biswas 1953

Van Vreden & 
Ahmadzabidi 1986,
Corbe� 1930, Uichanco
1921

Sorghum bicolor subsp.
ver�cilliflorum

Poaceae Sands 1977

Sorghum ni�dum Poaceae Sands 1977

Sorghum halpense Poaceae Sands 1977

Sorghum vulgare var.
technicum

Poaceae Lefroy 1908

Sporobolus diander Poaceae Rothschild 1970a Corbe� 1930

  

  
  
  

 

 

  

Djuwarso et al. 1985,
Dhuri & Mazagasonkar
1986,

 

Misra 1968, Corbe�
1930,

 

Kalode et al 1969b.,
Kalode & Yadava 1975,
Van

 

der

 

Goot 1949

Echinochloa

 

crus-galli

 

Poaceae

 

Rothschild

 

1970a,

 

Banerjee & 
Cha�erjee

 

1965,

 

Aus�n

 

1922,

 

Rajapakse & Kulasekera

 

1980

 

Litsinger

 

et al. 1993, Van
Vreden & Ahmadzabidi
1986,

 

Estoy 1996,
Uichanco 1921, Morrill et
al.

 

1990,

 

Djuwarso et al.
1985,

 

Corbe� 1930, Van
der

 

Goot

 

1949

Echinochloa

 

frumentacea ( 
= Panicum

 

frumentaceum) 
Poacea

 

Leroy

 

1908, Chua 1985

  

Echinochloa

 

glabrescens ( 
= pilosa) 

Poaceae

 

Chua 1985

 

Litsinger

 

et al. 1993,
Nugaliyadde et al. 2000

Eleusine

 

coracana

 

Poaceae

 

Lefroy

 

1908,

 

Banerjee & 
Cha�erjee

 

1965,

 

Corbe�

 

1930,

 

Sen

 

1955

 

 

Eleusine

 

indica

 

Poaceae

 

Sands

 

1977,

 

Rajapakse & 
Kulasekera

 

1980,

 

Nayak

 

1984

 

Corbe�

 

1930

Eragros�s

 

amabilis

 

Poaceae

 

Aus�n

 

1922,

 

Corbe�

 

1930

  

Eragros�s

 

pilosa

 

Poaceae

 

Chua 1985

  

Fimbristylis diphylla

 

Cyperaceae

 

Aus�n

 

1922

  

Fimbristylis miliacea

 

Cyperaceae

 

Aus�n

 

1922,

 

Corbe�

 

1930

  

Fuirena

 

umbellata

 

Cyperaceae

 

Aus�n

 

1922

  

Isachne

 

globosa ( = 
australis) 

Poaceae

 

Corbe�

 

1930

  

Ischaemum

 

aristatum

 

Poaceae

 

Aus�n

 

1922

  

Ischaemum

 

ciliare

 

Poaceae

 

Corbe�

 

1930

  

Ischaemum

 

mu�cum

 

Poaceae

 

Rajapakse & Kulasekera

 

1980

  

Ischaemum rugosum Poaceae Rothschild 1970a Corbe� 1930 nymphs

Megathyrsus maximus ( = 
Panicum maximum) 

Poaceae Rajapakse & Kulasekera 1980,
Corbe� 1930

Panicum auritum Poaceae Corbe� 1930 nymphs

Panicum sumatrense (=
miliare) 

Poaceae Sen & Chaudhuri 1959, Chua
1985, Sen 1955

Panicum repens Poaceae Rajapakse & Kulasekera 1980,
Chua 1985

Nugaliyadde et al. 2000,
Uichanco 1921

Paspalidium ( = Panicum) 
flavidum

Poaceae Chua 1985 Uichanco 1921, Litsinger
et al. 1993

Paspalidium puncatum Poaceae Rajapakse & Kulasekera 1980

Paspalum conjugatum Poaceae Chua 1985 Van Vreden & 
Ahmadzabidi 1986,
Corbe� 1930,
Uichanco1921

Paspalum dilatatum Poaceae Banerjee & Cha�erjee 1965 Van der Goot 1949
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L. chinensis
Alopecurus aequalis Poaceae Ito 1978

Beckmannia syzigachne Poaceae Ito 1978

Digitaria ciliaris ( = 
adscendens) 

Poaceae Kainoh et al. 1980, Ito 1978 Ishizaki et al. 2008

Echinochloa crus-galli Poaceae Ito 1978

Echinochloa sp. Poaceae Kainoh et al. 1980

Lolium mul�florum Poaceae Kainoh et al. 1980, Ito 1978

Poa annua Poaceae Ishizaki et al. 2008

Setaria viridis Poaceae Ito 1978

 
 

    

 
 

    

     

       

Table 5 continued…

Those species that were as suitable as rice in terms of ecological fitness in various 

studies conducted were Echinochloa colona as noted by Hutson (1930), Dhuri & 

Mazagasonkar (1986), and Litsinger et al. (1993); Paspalum scrobiculatum, E. 

colona, Setaria glauca as noted by Kalode & Yadava (1975), and E. colona, E. crus-

galli, Paspalum conjugatum, P. distichum, Sorghum bicolor (= Andropogon 

sorghum) as reported by Corbett (1930). Estoy (1996) found that the developmental 

period covered 35 and 39 days from egg laying to reaching adulthood for E. colona and 

E. crus-galli, respectively, which was 10 days more than if bred on rice. RBs were seen 

on these two grassy hosts during the off season. Nugaliyadde et al. (2000) found that 

during the fallow period and vegetative stage of rice, RB adults rest and feed on the 

inflorescence of a number of grasses (E. colona, E. glabrescens, Panicum repens, and 

Cyperus iria) commonly found in association with rice as well as in non-rice habitats. 

They found that these grasses were less fit than rice as hosts, as 38% fewer eggs were 

laid on them and only 7% survived to adulthood compared to 56% on rice.

Adult feeding hosts
 Adults are long lived and need to obtain nutrition from plant hosts to sustain 

themselves. From the world literature, 76 plant species representing 30 plant genera 

were recorded food hosts of adult L. oratorius and L. acuta (Table 5). Most recorded 

hosts fall within Poaceae except three in Cyperus and one on avocado flowers. Of the 

feeding records in all of the studies, 23% belonged to Echinochloa, 14% Paspalum, 9% 

Digitaria, 6% Sorghum, 5% Eleusine, and 4% each Cyperus, Panicum, and Setaria. 

Adult feeding hosts were within Poaceae for 95% of species and 97% of studies. Plant 

hosts that can sustain RBs are especially useful just after adults emerge from 

dormancy and during the period before rice flowers. RBs must time their oviposition to 

the narrow period beginning at panicle exsertion. After rice is harvested, adults also 

need to find food to span the period until a second rice crop begins flowering. If there is 

only one rice crop in the area, adults may become dormant, triggered by climate or an 

absence of food. No grass host can match rice in terms of nutrition and hence survival. 

Austin (1922) noted that adult longevity was greater on rice (99 days) than when fed on 

E. colona (46 days). Kalode & Yadava (1975) noted that adults survived for 68 days on 

rice but only 54 days on E. colona. They found 75% of adults survived on E. colona but 

only 20% on either Setaria glauca or Paspalum scrobiculatum

Oviposition hosts
 Morrill et al. (1990) noted in a choice test that RBs were indiscriminate in the 

selection of plants for oviposition sites as there was no significant difference among the 

eight hosts offered that included rice, Eleusine indica, Echinochloa colona, 

Echinochloa crus-galli, Brachiaria mutica, Paspalum conjugatum, P. paspalodes, 

and Digitaria ciliaris. But after eight days in a no-choice test, L. oratorius deposited 

more than twice as many eggs on rice than on any of the other seven species. But the 

researchers remarked that, in the field, grasses flowered before rice so they provided 

attractive ovipositing sites for early arriving RBs. Also, it was felt that there would be 

little evolutionary significance for proper host selection by ovipositing RBs as the young 

nymphs can move from unsuitable to suitable host plants in most situations. 

Nugaliyadde et al. (2000) noted that RBs laid 38% fewer eggs on E. colona, E. 

glabrescens, Panicum repens, or Cyperus iria compared to rice.

Shelter hosts 
 Adults often seek shelter in the off season, which in semi-tropical and 

temperate areas means temporary reprieve from cold or heat or a favorable place to 

enter dormancy. Forests are ideal for both, but when they are not present, tall grasses 

or shrubby areas often are selected. Srivastava & Saxena (1967) reported RB adults 

aggregated in dormancy on tree crops such as mango, coffee, conifers, mulberry, oil 

palm, rubber, and tea. RBs hibernate on the perennial Bhant bush Clerodendron 

infortunatum in Bihar (Israel & Seshagiri Rao 1959) or on Blumea lacera (an annual 

flowering plant 0.8 m tall) and mango (Sen & Chaudhuri 1959). E. colona provides 

shelter from sweltering heat until the monsoon winds aid in its dispersal to rice fields. 

Sen (1955) noted that the grasses E. crus-galli, Panicum miliare, Setaria italica, 

Pennisetum typhoideum, Sorghum vulgare, Eleusine coractana, and millets helped 

in the rapid multiplication of RBs as they can seek shelter from the heat in these 

grasses.

Resting hosts
 Unfortunately, a number of host records have been reported in the literature 

where RB adults were just resting on a plant and were not noticeably feeding or seeking 

shelter. Rothschild (1970a) noted that mass estivating populations were never seen in 

Sarawak, but individuals were found on dicots such as black pepper and citrus, and 

appeared to just be resting. Morrill et al. (1990), in a choice test where all plants were in 

the flowering stage, noted L. oratorius adults significantly preferred E. crus-galli over 

rice for resting sites. Rice, however, was preferred over Eleusine indica, Echinochloa 

colona, Brachiaria mutica, Paspalum conjugatum, Digitaria ciliaris, and Paspalum 

paspalodes. Singh (1995) recorded L. acuta as a pest of mint simply because it was 

sampled on the crop. Just the mere presence of an insect on a plant does not mean that 

it is serving any particular purpose except a temporary respite (so-called transit 

species) which has little ecological significance and has needlessly expanded the 

purported 'plant host list'.
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Table 5 continued…

Those species that were as suitable as rice in terms of ecological fitness in various 

studies conducted were Echinochloa colona as noted by Hutson (1930), Dhuri & 

Mazagasonkar (1986), and Litsinger et al. (1993); Paspalum scrobiculatum, E. 

colona, Setaria glauca as noted by Kalode & Yadava (1975), and E. colona, E. crus-

galli, Paspalum conjugatum, P. distichum, Sorghum bicolor (= Andropogon 

sorghum) as reported by Corbett (1930). Estoy (1996) found that the developmental 

period covered 35 and 39 days from egg laying to reaching adulthood for E. colona and 

E. crus-galli, respectively, which was 10 days more than if bred on rice. RBs were seen 

on these two grassy hosts during the off season. Nugaliyadde et al. (2000) found that 

during the fallow period and vegetative stage of rice, RB adults rest and feed on the 

inflorescence of a number of grasses (E. colona, E. glabrescens, Panicum repens, and 

Cyperus iria) commonly found in association with rice as well as in non-rice habitats. 

They found that these grasses were less fit than rice as hosts, as 38% fewer eggs were 

laid on them and only 7% survived to adulthood compared to 56% on rice.

Adult feeding hosts
 Adults are long lived and need to obtain nutrition from plant hosts to sustain 

themselves. From the world literature, 76 plant species representing 30 plant genera 

were recorded food hosts of adult L. oratorius and L. acuta (Table 5). Most recorded 

hosts fall within Poaceae except three in Cyperus and one on avocado flowers. Of the 

feeding records in all of the studies, 23% belonged to Echinochloa, 14% Paspalum, 9% 

Digitaria, 6% Sorghum, 5% Eleusine, and 4% each Cyperus, Panicum, and Setaria. 

Adult feeding hosts were within Poaceae for 95% of species and 97% of studies. Plant 

hosts that can sustain RBs are especially useful just after adults emerge from 

dormancy and during the period before rice flowers. RBs must time their oviposition to 

the narrow period beginning at panicle exsertion. After rice is harvested, adults also 

need to find food to span the period until a second rice crop begins flowering. If there is 

only one rice crop in the area, adults may become dormant, triggered by climate or an 

absence of food. No grass host can match rice in terms of nutrition and hence survival. 

Austin (1922) noted that adult longevity was greater on rice (99 days) than when fed on 

E. colona (46 days). Kalode & Yadava (1975) noted that adults survived for 68 days on 

rice but only 54 days on E. colona. They found 75% of adults survived on E. colona but 

only 20% on either Setaria glauca or Paspalum scrobiculatum

Oviposition hosts
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appeared to just be resting. Morrill et al. (1990), in a choice test where all plants were in 

the flowering stage, noted L. oratorius adults significantly preferred E. crus-galli over 

rice for resting sites. Rice, however, was preferred over Eleusine indica, Echinochloa 

colona, Brachiaria mutica, Paspalum conjugatum, Digitaria ciliaris, and Paspalum 
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purported 'plant host list'.
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Role of grasslands and timing of the rainy season
 Sands (1977) noted that heavy damage in Papua New Guinea was related to the 

vast areas of grasslands dominated by E. colona, a preferred host by all five 

Leptocorisa species in the country. Kalshoven (1981) also mentioned the role of self-

sown (volunteer) rice as a host early in the rainy season that supported small numbers 

of adults and nymphs. He also noted that RBs were more abundant in rice areas 

surrounded by extensive grasslands with the appropriate grass hosts being present. 

Claveria in the Philippines would seem to be a site that would favor RBs, as the recently 

deforested areas have been converted to vast open grasslands. But the important 

difference is that the eroded soils are so poor in nutrients that the favored alternative 

hosts of RBs are absent. The major grass is cogon Imperata cylindrica. Therefore, 

grasslands differ in their ability to increase the number of RB generations before the 

rice crop. Rothschild (1970b) saw that grasses only sustained adults during the off 

season in Sarawak. Estoy (1996) undertook monthly monitoring in a rainfed wetland 

site in Carranglan, Nueva Ecija, and found a relatively low RB population in all 

developmental stages on grasses. During the off-season, RBs were commonly seen on 

grassy host plants near fallow rice fields, suggesting that RBs moved from one area to 

another in response to food availability. 

 In monsoon India, the most common grasses were Echinochloa and other 

hosts of RBs. These grasses first germinate in response to early rains, and as the same 

rains cause RBs to terminate hibernation/ estivation, there is ample food for them to 

feed on to start seasonal build-up. Many of the grass species set seed in about a month's 

time after emergence, providing a food host. Srivastava & Saxena (1967) stated that 

light, intermittent rains encouraged more grasses to germinate as each rainfall event 

increases their abundance, therefore the flowering of the grasses becomes staggered to 

extend the period of RB population build-up. The frequency of occurrence and amount 

of rainfall are critical. If rainfall comes as one heavy event, most grass seeds would 

germinate at one time which would not result in high RB density. But if rainfall, even in 

modest amounts, fell over a period of three months or longer, this would generate a 

staggered supply of food for RBs. Therefore, the earlier the onset of rain, the more 

generations RBs can produce in a given year. Akbar (1958) noted in grass-infested rice 

fields that RB densities were three times the number as in weeded rice fields. Sen 

(1961) remarked that if early summer rain occurs in April-May, RBs first feed on wild 

grasses and millets leading to greater damage later to rice. Rajapakse & Kulasekera 

(1980) stated that grasses growing on rice bunds and in fallow fields during the off 

seasons (April-July & November-February) support RBs. Within a month after rice is 

planted, RBs can enter the field to feed on spikelets from early maturing grasses 

growing in the rice fields. Ghose et al. (1960) observed that RBs migrated from nearby 

grasses to rice when it flowers. Sen (1955) stated that in years when RBs are not a pest, 

there were no early or intermittent rains during pre-monsoon period. Shah (1989) 

studied L. oratorius in the Andaman Islands and noted the same trend. Infestations of 

rice were initiated in June and populations peaked during September-November. E. 

crus-galli and E. colona served as important alternative food plants. The presence of 

these weed species in rice fields during fallow periods allowed RBs to undergo more 

generations. In Japan, the same migration from grasses to rice was noted (Takeuchi & 

Watanabe 2006). Adult L. chinensis are highly mobile and move from grasses to rice 

fields after the heading stage. 

 Van der Goot (1949) made an important observation in the 1930s that 

cultivated rice fields were expanding at the expense of grasslands due to a period of 

settlement into new farmlands. As RBs become a pest when the grasses emerge from 

early rains, the destruction of this habitat in favor of rice farms significantly reduced 

their effective area in which to build up over successive generations. The result was 

downgrading RB to a minor pest status. 

Year-round warm weather
 In temperate climates, rice is grown only during the summer as a single crop, 

thus RBs hibernate during the winter. When cold temperatures arrive early in N India, 

RB reproduction stops abruptly before the end of October (Sen 1961). Early cold 

weather, therefore, reduces the overwintering population, and hence the population in 

the coming monsoon season will start from a lower level. Studies in S India showed 
othat high RB populations were correlated with warm temperatures (27-37 C), high 

relative humidity (75-86%), and intermittent showers at the beginning of the main wet 

season (Banerjee & Chatterjee 1965, Singh & Chandra 1967). Studies in locations 

where rice can be grown twice a year showed that RB abundance in the dry season is 

dependent on the temporal-spatial aspects of rice cropping patterns  and the floral 

makeup  of local habitats. If a second rainfed rice crop were planted within one month 

after the main wet season crop, such as in Oton, Iloilo, high densities will probably 

occur as adults can survive on grassy weeds. This can occur in rainfed wetland rice 

ecosystems where farmers need to have a rapid turnaround in order to sow a second 

crop. In irrigated areas there is normally a break of more than two months before the 

dry season crop is grown. In S India, Jayaraman & Velusamy (1977) commented that 

RBs were common on the dry season crop (October-February) in Tirunelveli district in 

Tamil Nadu which came soon after the wet season harvest. In Laos, RBs became a year-

round pest beginning in the 1990s with the expansion of irrigation and double rice 

cropping as there were still ample grassy areas to act as a bridge between rice crops. In 

Bangladesh, a government afforestation project created an acacia forest in former 

grasslands near to rice fields that allowed RBs to hibernate turning it into a greater 

pest. In Sri Lanka RBs can attack the dry season crop as long as a rice crop is planted 

within the dispersal distance of adults that successfully find alternative hosts 

(Nugaliyadde et al. 2000). 

 The story is mixed in the Philippines. Among four irrigated double-cropped 

rice sites, only Calauan had higher RB densities in the dry season than in the wet 

season. In this case, RB populations could have been sustained on non-cropped 
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ecosystems where farmers need to have a rapid turnaround in order to sow a second 
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grasslands in upland areas within the dispersal distance of adults. Koronadal 

recorded about the same densities for each cropping, but densities were lower in the 

dry season in Guimba and Zaragoza in Central Luzon (Table 4). Uichanco (1921) noted 

that RBs were most abundant in November-December at the end of the rainy season 

when photoperiod-sensitive varieties matured about the same time, but the dry season 

crop that reached milk stage in March-May was less attacked. This might have been 

because of the small area that had dry season irrigation as the dominant rice crop at the 

time would have been rainfed wetland rice. Van der Goot (1949) noted that in Indonesia 

that RB densities were lower in the dry season due to reduced grassland areas. More 

recently,van den Berg & Soehardi (2000) came to the same conclusion. In Thailand, RB 

densities were dramatically lower in the dry season (Suwat Ruay-aree 1997). Next door 

in Vietnam, triple-cropped rice areas exhibited low RB densities in the vast rice bowl of 

the Mekong Delta (Nguyen & Vo 2005). We conclude that the presence of alternative 

hosts and a place to seek shelter within the dispersal distance of adults sustained high 

adult populations between rice crops.

Staggered flowering period
 RB feeding begins in earnest at panicle exsertion. From panicle exsertion to 

maturity is about 45 days and RBs will feed on the spikelets and developing endosperm 

for about 30 of those days until the hard dough stage. This is just enough time for a 

generation of RBs to develop as the egg takes 7 days and the nymphs another 19 days. 

Thus Rothschild (1970a) concluded that, barring population buildup on grasses in 

and around rice fields before the rice flowering period, the main population comes 

from a single generation on rice. This period, however, can be extended if flowering is 

staggered among adjacent fields within the dispersal distance of adults. The greater the 

number of days between the first and the last field plantings, the higher the populations 

can build up. This period can be especially long (up to 5 months) in rainfed wetland 

ecosystems due to erratic rainfall, lack of labor for planting, and field-to-field water 

movement down a toposequence. 

 We saw that a RB generation from egg to egg takes about 45 days as the pre-

oviposition period averages 22 days. Kalshoven (1981) described various situations 

that can cause the widest variation in staggered flowering: 1) presence of rice varieties 

of varying maturities  (45 days or longer) in adjacent fields, 2) lack of adequate water 

supply to reach all fields , and 3) labor shortage forcing breaks in the continuity of 

planting. Variation in crop maturity also occurs in farms where the sown seed is a 

mixture of varieties differing in maturity. If the flowering period of varieties planted in 

adjacent fields extends > 45 days, then another generation of RB can develop. 

Population buildup is generally exponential, thus with every multiple of 45 days in 

variation another RB generation is added. When RBs occur in small numbers, the 

damage is of no importance, but if there are large swarms, there is continual re-

infestation to fields just coming into flowering from neighboring fields (van der Goot 

1930). In rainfed wetland areas the difference in planting dates may extend 5 months 

or 150 days, thus providing time for three extra generations. RBs can potentially reach 

2.3 million adults in the third additional generation starting from a single female and 

assuming a fecundity of 212 eggs/female and low natural enemy activity. Outbreaks 

may be expected in such a situation (Srivastava & Saxena 1967, Rothschild 1970b, van 

Halteren 1979, Nugaliyadde et al. 2000). What is important is the date of flowering of 

neighboring fields, not the date of planting or the use of early or late maturing varieties 

per se. The greatest variation will come from farmers planting both early and late 

maturing varieties and in staggered schedules. The brunt of the RB population build-

up will more greatly affect the last fields to flower (Islam et al. 2003). Sometimes if RB 

buildup has been on-going for several generations on grassy hosts, then farmers who 

plant too early suffer due to a concentration effect (Uichanco 1921). Van der Goot 

(1949) noted that when such RB populations move to later flowering varieties, and if 

this period lasts 3 months or more, then high damage occurs on the last flowering 

fields. Thus, highest damage can occur at the beginning or end of flowering, but in 

between, loss is rarely serious due to dilution in a landscape of rice fields.

Juxtaposition of different rice cultures
 Kalshoven (1981) pointed out that often different rice cultures border one 

another such as dryland rice areas being within adult dispersal distances from 

irrigated areas with the result that crops are out of synchrony with each other. In Oton, 

Iloilo we noted the juxtaposition of rainfed wetland and irrigated wetland sites. In 

Guimba, deep well pumps allowed irrigated wetland 'islands' of double-cropped rice 

within a larger rainfed wetland landscape. In Siniloan, a slash and burn dryland rice 

site on a mountain received rice pests from the irrigated plains far below as noted in 

light trap collections. Islam et al. (2003) in Bangladesh reported RBs can disperse year-

round between overlapping rice crops from rainfed and irrigated cultures. In Laos, 

Douangboupha et al. (2006) noted that the build-up in double-crop irrigated rice also 

increased RB incidence in adjacent rainfed wetland sites.

Nearness to adult shelter habitats
 Banerjee & Chatterjee (1965) noted from 1955 to61 that outbreaks occurred 

almost every year in N Bengal particularly in fields bordering reserved forests. 

Kalshoven (1981) and Litsinger et al. (1987b) pointed out that dryland rice and rainfed 

wetland rice often occur in valleys surrounded by forests which provide RB adults 

refugia with an ideal microclimate during dormancy. The main reason why Laos has a 

RB problem in the dry-season rice crop is the nearness to forests which shelter adults 

until the dry season crop is planted. This is in stark contrast to the situation in the 

Philippines where forests mostly have been cut down depriving RBs of such a refuge for 

survival. Kalshoven (1981) also pointed out that marshes near rice fields provide an 

ideal habitat favoring RB population survival in the off season. Aside from providing a 

hibernation site, marshlands are a favorable habitat for RB's most preferred grassy 

hosts due to the fertile alluvial soil. 
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Concentration effect
 The concentration effect is probably the cause of the very high yield losses 

reported during the first half of the twentieth century when the proportion of rice area 

to grassland was at its lowest (eg. Lefroy 1908). Rothschild (1970b) noted that the 

heaviest infestations occurred in small isolated rice plantings of < 2 acres where very 

high populations of nymphs (300,000) and adults (30,000) per acre were noted. This 

situation typifies Papua New Guinea even in recent times. Sands (1977) found that the 

greatest damage was in areas < 20 ha where there was a high concentration effect 

emanating from the surrounding vast areas of favorable grassy alternate hosts. 

Dryland rice fields are more often scattered rather than being contiguous as in 

irrigated rice bowls, and therefore lend themselves to RB concentration. Often, 

research trials that are planted out of phase with the surrounding fields will also be 

severely affected by RBs as well as rats and birds. The common feature of RBs, rats, 

and birds is that they can travel long distances to colonize isolated rice fields. Otanes 

(1925) noted this in Pangasinan in an irrigated dry season crop that was being tested in 

a small area sown after the main wet season crop was harvested. Farmers who witness 

this will rate RB as a serious pest and they mistakenly think this kind of damage can be 

done to any rice field. Farmers instead need to learn not to plant out of step with their 

neighbors. In this situation one or two fields may be heavily damaged, but the far 

majority will essentially escape damage due to the dilution effect.

Dispersal and colonization
 Dispersal occurs when adults fly from grassy areas to rice fields at flowering in 

the early rainy season as well as flying from fields where the rice crop has matured to 

fields that are now flowering. Long distance flights are needed when food sources run 

out and new ones need to be found. RBs also move to and from hibernation/ estivation 

sites which could be far away. Adults take trivial flights within fields to avoid predators 

or to seek new host plants. Kalshoven (1981) observed that adults fly short distances 

during the day but can cover greater distances at night either transferring from 

hibernation sites or grasslands or returning when needed. Ishizaki et al. (2011) noted 

that adults spend much time on food plants during the young, teneral period when they 

are rather sedentary. As they reproductively mature this behavior changes into a 

locomotive mode. Kainoh et al. (1980) reported that adults were observed to feed 

during daytime and to fly actively after sunset. Srivastava & Saxena (1967) commented 

from observations during the day that RBs are particularly active in the evenings 

continue onto early morning. They noted that females were more active fliers than 

males. 

Rice field colonization
 Rice field colonization in more tropical countries originates mostly from grassy 

areas and older rice fields nearby and even far away if forced. Sugimoto & Nugaliyadde 

(1996) found that nymphal development in Sri Lanka took place in rice fields before 

rice flowering when the fields were infested with adults whose ovaries had already 

matured from feeding on grasses (in or around rice fields) or early-flowering rice 

plants. In temperate Japan with a shorter growing season, colonization occurs directly 

from hibernation sites. Kainoh et al. (1980) noted that after hibernation RBs fly to rice 

fields in the flowering stage from mid-July to early August. They noted RBs seldom fly 

into rice fields before flowering but feed more during the day than at night. It was 

postulated that after dormancy, adults are attracted to flowering rice whereupon RBs 

stop flying and begin aggregating on the rice plants at dawn. Rothschild (1970a) 

observed that rice-field colonization appeared to be a gradual process, not a mass 

flight. He also noted that the initial colonization probably came from RBs that bred on 

surrounding grasses. Early colonizers tended to be males, but >80% of colonizing 

females were gravid and ready to oviposit. In a crop that has a limited window of utility, 

arriving ready to oviposit is an adaptive advantage.

Movement from older to younger rice crops
 Kalshoven (1981) noted that once the rice crop matures, adults disperse from 

fields in the late grain maturation stage to fields that were flowering. After 80% of plants 

have produced panicles there is a rapid decline in RBs due to emigration to fields in the 

flowering or milk stages. Sugimoto & Nugaliyadde (1995b) in Sri Lanka noted an 

increase in the number of nymphs in paddy fields after rice flowering, followed by a 

reduction in the number of adults indicating they had dispersed in search of younger 

fields. Israel & Seshagiri Rao (1959) observed large swarms of RBs flying at night 

moving from maturing fields to younger ones in flower. Watanabe et al. (2009) noted 

recently immigrated L. chinensis adults collected at night in flowering stage rice had 

empty guts, but most males were sexually mature. These results indicated that the 

trapped males had actively moved for two possible reasons: to search for food and/or to 

search for mates. Rothschild (1970a) noted there appeared to be a greater exodus 

when the crop matured. Gravid females were found in the field when only a few plants 

started to bloom, having flown from other rice fields or grasslands. Many of them were 

breeding, so when they found a new field they could immediately lay eggs. 

Trivial movement
 Rbs undertake trivial flights during the day. Corbett (1930) noted that adults 

are more easily collected in the morning as their wings become laden with moisture 

and they could not fly. He concluded RBs do not undertake long flights during the day. 

Sands (1977) noted that adults take short flights when disturbed. The mean distance 

covered during each disturbance flight was 1.8 m with a maximum of 7.3 m. Trivial 

flight speed is steady with erratic changes in direction 15-50 cm above the crop. Legs 

are widely spread apart during flight. Sands (1977) observed L. oratorius and L. acuta 

nymphs spent 8 days on a panicle and, as their development period is 20 d, they moved 

to new panicles on adjacent plants once the grains were in hard dough stage as nymphs 

travelled only < 1 m during their lifetime. Estoy (1996) remarked after observation of 

marked insects in non-rice and rice habitats that nymphs moved a mean of 21 cm and 

6 cm, respectively, in said habitats.
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done to any rice field. Farmers instead need to learn not to plant out of step with their 

neighbors. In this situation one or two fields may be heavily damaged, but the far 
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fields that are now flowering. Long distance flights are needed when food sources run 
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during the day but can cover greater distances at night either transferring from 
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that adults spend much time on food plants during the young, teneral period when they 

are rather sedentary. As they reproductively mature this behavior changes into a 

locomotive mode. Kainoh et al. (1980) reported that adults were observed to feed 

during daytime and to fly actively after sunset. Srivastava & Saxena (1967) commented 

from observations during the day that RBs are particularly active in the evenings 

continue onto early morning. They noted that females were more active fliers than 

males. 

Rice field colonization
 Rice field colonization in more tropical countries originates mostly from grassy 

areas and older rice fields nearby and even far away if forced. Sugimoto & Nugaliyadde 

(1996) found that nymphal development in Sri Lanka took place in rice fields before 

rice flowering when the fields were infested with adults whose ovaries had already 

matured from feeding on grasses (in or around rice fields) or early-flowering rice 

plants. In temperate Japan with a shorter growing season, colonization occurs directly 

from hibernation sites. Kainoh et al. (1980) noted that after hibernation RBs fly to rice 

fields in the flowering stage from mid-July to early August. They noted RBs seldom fly 

into rice fields before flowering but feed more during the day than at night. It was 

postulated that after dormancy, adults are attracted to flowering rice whereupon RBs 

stop flying and begin aggregating on the rice plants at dawn. Rothschild (1970a) 

observed that rice-field colonization appeared to be a gradual process, not a mass 

flight. He also noted that the initial colonization probably came from RBs that bred on 

surrounding grasses. Early colonizers tended to be males, but >80% of colonizing 

females were gravid and ready to oviposit. In a crop that has a limited window of utility, 

arriving ready to oviposit is an adaptive advantage.

Movement from older to younger rice crops
 Kalshoven (1981) noted that once the rice crop matures, adults disperse from 

fields in the late grain maturation stage to fields that were flowering. After 80% of plants 

have produced panicles there is a rapid decline in RBs due to emigration to fields in the 

flowering or milk stages. Sugimoto & Nugaliyadde (1995b) in Sri Lanka noted an 

increase in the number of nymphs in paddy fields after rice flowering, followed by a 

reduction in the number of adults indicating they had dispersed in search of younger 

fields. Israel & Seshagiri Rao (1959) observed large swarms of RBs flying at night 

moving from maturing fields to younger ones in flower. Watanabe et al. (2009) noted 

recently immigrated L. chinensis adults collected at night in flowering stage rice had 

empty guts, but most males were sexually mature. These results indicated that the 

trapped males had actively moved for two possible reasons: to search for food and/or to 

search for mates. Rothschild (1970a) noted there appeared to be a greater exodus 

when the crop matured. Gravid females were found in the field when only a few plants 

started to bloom, having flown from other rice fields or grasslands. Many of them were 

breeding, so when they found a new field they could immediately lay eggs. 

Trivial movement
 Rbs undertake trivial flights during the day. Corbett (1930) noted that adults 

are more easily collected in the morning as their wings become laden with moisture 

and they could not fly. He concluded RBs do not undertake long flights during the day. 

Sands (1977) noted that adults take short flights when disturbed. The mean distance 

covered during each disturbance flight was 1.8 m with a maximum of 7.3 m. Trivial 

flight speed is steady with erratic changes in direction 15-50 cm above the crop. Legs 

are widely spread apart during flight. Sands (1977) observed L. oratorius and L. acuta 

nymphs spent 8 days on a panicle and, as their development period is 20 d, they moved 

to new panicles on adjacent plants once the grains were in hard dough stage as nymphs 

travelled only < 1 m during their lifetime. Estoy (1996) remarked after observation of 

marked insects in non-rice and rice habitats that nymphs moved a mean of 21 cm and 

6 cm, respectively, in said habitats.
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Long distance flight
 How far can RBs disperse? Rothschild (1970a) observed RBs in the middle of a 

forest with no host plants around which convinced him that adults can be highly 

dispersive. Tsunoda & Moriya (2008) noted in laboratory studies with a flight mill and 

speed sensor that L. chinensis could fly up to 24 km. But Ito (1978) recorded L. 

chinensis on a weather ship in the middle of the Sea of Japan 500 km from shore. 

Bowden (1973) surmised that RBs may migrate from Thailand to Laos on winds 

emanating from the Inter-Tropical Convergence Zone weather front from March to May 

before the development of the SW monsoon. Sen (1959) noted RBs generally disperse 

far and wide by monsoon air currents from July to August in India. Reynolds et al. 

(1999) describe the use of a net held aloft 150 m above a site in West Bengal, India. The 

sampling took place during four periods of the year: March, May, October, and 

November. Five L. acuta adults were collected in October after midnight, indicating 

they should have been aloft for at least 7 hours. Nugaliyadde et al. (2000) concluded 

that the only way to explain high RB densities was by considering their ability to 

disperse long distances from grasslands during the off-season to seasonal rice fields. 

Dormancy 
 Lefroy (1908) was the first to report dormancy in RBs. He noted that after 

winter hibernation in N India from December to February, RBs enter dormancy from 

March to July when the adults disappeared from the fields and were found in dense 

grass in uncultivated land. Only adults were found in these habitats and were inactive 

from December to June. Van der Goot (1949) found that RB populations declined in 

the dry season both on grasses and irrigated rice, indicating that they had moved to 

seek shelter in more favorable habitats. He found the adults in masses of hundreds in 

resting sites, and even if it rained, they remained there. This occurred over a period of 

several weeks. Rothschild (1970a) remarked that dense populations of adults in 

dormancy were never seen in Sarawak, but individuals were found on shelter hosts. He 

noted after harvest that adults could survive on ratoon rice well into the dry season for 

six months (May-October). Such adults did not reproduce indicating they were in 

dormancy. The presence of RBs on the ratoon rice in Muñoz and Talavera suggested 

that there was a small breeding population, but it probably died out eventually (Estoy 

1996). Corbett (1930) noted RBs were inactive during the dry season in Peninsular 

Malaysia. In Sri Lanka Hutson (1930) noted that strong hot winds from the SW 

monsoon caused RBs to vanish from the field. 

 L. acuta was noted to become dormant in shrub grasslands in Australia in 

mixed clusters with another alydid Noliphus erythrocephalus (Monteith 1982). During 

the dry season, open grasslands become a harsh environment for insects that seek 

moist and shady microhabitats to pass the hot season. He noted that these insects 

stayed in a semi-quiescent state for several months. Hutson (1930) observed that 

females, if supplied with food, can remain for periods of 2-10 weeks during the hot 

months without ovipositing by seeking tall grass as shelter in moist habitats 

particularly during droughts while the normal pre-oviposition period is 3 weeks. 

Adults seek shelter in areas of higher humidity to avoid desiccation. As soon as rains 

come, they fed actively, mated, and laid eggs. This indicates that the females were 

waiting for better conditions of food and weather. Barnes & South (1925) in Malaysia 

observed RBs after harvest were resting on shrubs and grasses including lantana but 

were not feeding. They remained so until the next rice crop. The dormancy sites were in 

rubber estates and patches of jungle where RBs were found resting on resam 

Dicranopteris linearis trees and keduduk Melastoma malabathricum shrubs. One 

swarm was observed to remain for four months.

 Research has shown that there are two states of dormancy that RBs can enter. 

One is in direct response to extreme temperatures manifested by stopping body 

movements but quickly reverses upon exposure to cooling or warming temperatures -- 

a condition known as quiescence. True diapause is triggered on and off by cues from 

the environment and not in response to a direct stimulation such as temperature. Ito & 

Nik Mohd Noor (1993) found that when L. oratorius adults were deprived of food they 

ceased oviposition, became tolerant to starvation, and their oxygen consumption rate 

decreased, but they did not accumulate lipid which is indicative of a true diapause. 

Their oxygen consumption rate again increased when they were allowed to resume 

feeding. Therefore, it was concluded that food limitation induced quiescence in the 

adult. On the other hand, diapause was induced by short daylengths (critical 

photoperiod was 12 hours light (L): 12 hours dark (D)), leading to immature ovaries, 

hypertrophied fat bodies, lipid accumulation and low oxygen consumption rate even 

when food was available. But in the study area in Alor Setar, Malaysia (latitude 6.1° N), 

most RBs probably did not enter diapause at any time of the year because the shortest 

outdoor daylength including civil twilight was longer than the critical daylength for 

diapause induction. In fact both nymphs and adults occur in the dry season crop in 

Alor Setar from December to February when the daylength is shortest. The adults, 

therefore, must be just wandering around seeking food. 

 In Japan, Yamashita et al. (2010) found both the nymphal and adult stages of L. 

chinensis entered reproductive diapause stimulated by short days (12L: 12D). Both 

sexes entered diapause but there were differences not only in retention of 

responsiveness to photoperiod and temperature, but also in the food requirement and 

timing of the resumption of reproductive development after hibernation (Tachibana & 

Watanabe 2007, 2008). For diapause termination, female L. chinensis required not 

only a long-day photoperiod (> 13.75 hours), but > 40 days at temperatures of 20°C or 

higher and also threshold temperatures before initiating oviposition. Females 

remained sensitive to photoperiod even after passing through a winter. Diapausing 

females transferred to a condition physically favorable for promoting gonad 

development that required food intake to resume development, but not the males.
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they should have been aloft for at least 7 hours. Nugaliyadde et al. (2000) concluded 

that the only way to explain high RB densities was by considering their ability to 
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March to July when the adults disappeared from the fields and were found in dense 
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noted after harvest that adults could survive on ratoon rice well into the dry season for 
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Malaysia. In Sri Lanka Hutson (1930) noted that strong hot winds from the SW 

monsoon caused RBs to vanish from the field. 

 L. acuta was noted to become dormant in shrub grasslands in Australia in 

mixed clusters with another alydid Noliphus erythrocephalus (Monteith 1982). During 

the dry season, open grasslands become a harsh environment for insects that seek 

moist and shady microhabitats to pass the hot season. He noted that these insects 
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observed RBs after harvest were resting on shrubs and grasses including lantana but 

were not feeding. They remained so until the next rice crop. The dormancy sites were in 

rubber estates and patches of jungle where RBs were found resting on resam 

Dicranopteris linearis trees and keduduk Melastoma malabathricum shrubs. One 

swarm was observed to remain for four months.

 Research has shown that there are two states of dormancy that RBs can enter. 

One is in direct response to extreme temperatures manifested by stopping body 

movements but quickly reverses upon exposure to cooling or warming temperatures -- 

a condition known as quiescence. True diapause is triggered on and off by cues from 

the environment and not in response to a direct stimulation such as temperature. Ito & 

Nik Mohd Noor (1993) found that when L. oratorius adults were deprived of food they 

ceased oviposition, became tolerant to starvation, and their oxygen consumption rate 

decreased, but they did not accumulate lipid which is indicative of a true diapause. 

Their oxygen consumption rate again increased when they were allowed to resume 

feeding. Therefore, it was concluded that food limitation induced quiescence in the 

adult. On the other hand, diapause was induced by short daylengths (critical 

photoperiod was 12 hours light (L): 12 hours dark (D)), leading to immature ovaries, 

hypertrophied fat bodies, lipid accumulation and low oxygen consumption rate even 

when food was available. But in the study area in Alor Setar, Malaysia (latitude 6.1° N), 

most RBs probably did not enter diapause at any time of the year because the shortest 

outdoor daylength including civil twilight was longer than the critical daylength for 

diapause induction. In fact both nymphs and adults occur in the dry season crop in 

Alor Setar from December to February when the daylength is shortest. The adults, 

therefore, must be just wandering around seeking food. 

 In Japan, Yamashita et al. (2010) found both the nymphal and adult stages of L. 

chinensis entered reproductive diapause stimulated by short days (12L: 12D). Both 

sexes entered diapause but there were differences not only in retention of 

responsiveness to photoperiod and temperature, but also in the food requirement and 

timing of the resumption of reproductive development after hibernation (Tachibana & 

Watanabe 2007, 2008). For diapause termination, female L. chinensis required not 

only a long-day photoperiod (> 13.75 hours), but > 40 days at temperatures of 20°C or 

higher and also threshold temperatures before initiating oviposition. Females 

remained sensitive to photoperiod even after passing through a winter. Diapausing 

females transferred to a condition physically favorable for promoting gonad 

development that required food intake to resume development, but not the males.
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Survivorship
 This section reviews the main causes of RB mortality in the field. Rothschild 

(1970a) conducted mark and recapture experiments in Sarawak and found some 

adults could survive up to a month in the field. The mean period of survival was 19 days 

in field cages, but only 13 days for both sexes in the open field. While insectary trials 

showed adults could live over 100 days, Uichanco (1921) noted females died within 2.4 

days after oviposition ceased, indicating that natural mortality occurs after egg laying. 

The discrepancy between longevity in cages in greenhouses and that in the field is 

considerable. Rothschild (1970a) put the figure at 93% mortality from egg to last instar 

nymph. He found most mortality occurred in the egg and young nymphal stages due to 

egg parasitoids and predators. He concluded that not all mortality was strictly 

attributable to biological factors. Corbett (1930) reported that dew inhibited flying, 

thus facilitating mortality by predators. Nymphs are similarly vulnerable during 

ecdysis. Thus mortality can be attributed to both abiotic and biotic causes. Rothschild 

(1970a) concluded that early maturing rices caused high mortality of nymphs when the 

crop ripens before the nymphs attain adulthood.

Weather (abiotic) factors 
 Hutson (1930) opined that heavy rainfall must be inflicting high mortality on 

nymphs. Biswas (1953) found pelting rain drops during monsoon storms killed many 

RBs, particularly the nymphs that could not seek protective shelter under trees. 

Rothschild (1970a) noted that RB populations were much lower in 1968 than in 1967, 

and he concluded that high rainfall in March 1968 might have contributed to that. 

Singh & Chandra (1967) stated heavy downpours washed RBs off of the foliage. Misra 

(1968) noted that eggs laid after mid-November did not hatch in N India when 
otemperatures fell from 13.8 to 9.4 C from November to December. Uichanco (1921) 

noted that nymphs were very sensitive to relative humidity. Sands (1977) found that 

when the relative humidity was < 70% no nymphs emerged from eggs. Hutson (1930) 

reported RBs were present most of the year in any given district except when there were 

strong dry winds during the SW monsoon. There is anecdotal evidence that low 

humidity may cause high RB mortality or force the population to enter dormancy. An 

interesting observation was reported by Biswas et al. (1982) who noted that water-

stressed rice plants had higher RB densities than non-stressed. This might have been 

due to better nutrition as stressed plants mobilize sugars and proteins from storage 

sites (Williams 1970).

Natural (biotic) biocontrol

Parasitoids
 Rothschild (1970a) reared out an unidentified tachinid fly from caging several 

thousand field-collected RB adults, and Cendaña and Calora (1967) likewise found in a 

few occasions an unidentified tachinid that oviposited in nymphs and emerged from 

the adult. Aside from these two isolated reports, the main RB parasitoids attack eggs. 

In tropical Asia, Barrion et al. (1981) reported three egg parasitoids: two scelionids 

Gryon (= Hadronotus) nixoni (= flavipes) and Telenomus camperei as well as an 

encyrtid Ooencyrtus malayensis with the former being by far the most prevalent. On 

the other hand, in temperate China, Zhang et al. (2005) found two egg parasitoids of L. 

chinensis - Ooencyrtus nezarae and O. utetheisae, but rates of parasitism were not 

reported. In Japan, three egg parasitoids occur: Gryon japonicum, Gryon nigricorne, 

and Ooencyrtus nezarae (Takeuchi & Watanabe 2006). When they set out sentinel eggs 

of L. chinensis in the field for 3 months at 4-day intervals, the mean rate of parasitism 

was < 1% suggesting that egg parasitoids were not major factors causing mortality of L. 

chinensis. 

 In a life table study, the greatest mortality (> 90%) occurred between the egg 

and last nymphal stadium where 45% came from egg parasitism. Egg parasitism came 

from the scelionid egg parasitoid G. nixoni in both endemic and epidemic populations 

(Rothschild 1970a). Females parasitize newly laid eggs and adult parasitoids can 

emerge in 10 days. The life cycle takes only 16 days. G. nixoni is a solitary parasitoid 

and can complete three generations to RB's one. Attack rate was high even in a field 

where 1 RB egg mass/200 hills occurred. Parasitism ranged from 13 to 75% on a 

monthly basis. High rates of parasitism occur in high RB densities, thus Rothschild 

concluded egg parasitoids cannot prevent high host pest densities, but rather take 

advantage of them when they occur. The rapid mobility of RBs makes them a moving 

target for any parasitoid. The crop itself is only a temporary habitat. Rothschild 

(1970c) reported G. nixoni females palpitate each egg along a row to detect if the egg 

was already parasitized. In Sarawak only one rice crop is grown annually so Gryon can 

only find large numbers of host eggs during the heading period between March and 

May; for the remaining 8-9 months the parasitoid must be limited to seeking its hosts 

among sparse populations. Multi-parasitism with G. nixoni did occur with an 

unidentified encyrtid in only 2 of the > 5,000 eggs held for observation. He noted 

significant parasitism also occurred in dryland rice fields but he did not measure the 

extent. Corbett (1930) in Peninsular Malaysia recorded 11% egg parasitism from 

January to March 1929 (range 1-26%). Lim (1971) noted a similar range in W 

Malaysia. In Indonesia, van der Goot (1949) found the mean seasonal parasitism over a 

number of years varied from 6 to 16 % (highest 26 %). In Sri Lanka, Nugaliyadde et al. 

(2000) in double-cropped rice noted 14% of egg masses were parasitized, but only 5% 

of eggs. They felt that the low rate of parasitism could have been due to the use of 

insecticides by farmers. From Bangladesh, Islam et al. (2003) reported 21% egg 

parasitism on boro rice in 1998 but only 5% in 1999. Rai (1981) recorded 16% 

parasitism in Maharashtra, India. Sands (1977) found egg mass parasitism of 49% and 

egg parasitism of 23% (0-39%) in Papua New Guinea. In the Philippines, Uichanco 

(1921) reported a maximum of 25% egg parasitism. Pantua & Litsinger (1981) 

employed the sentinel method on the IRRI Farm where eggs were obtained from a 

colony and attached to plants in the field in the milk stage. Parasitism was compared in 
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(1970a) conducted mark and recapture experiments in Sarawak and found some 

adults could survive up to a month in the field. The mean period of survival was 19 days 

in field cages, but only 13 days for both sexes in the open field. While insectary trials 

showed adults could live over 100 days, Uichanco (1921) noted females died within 2.4 

days after oviposition ceased, indicating that natural mortality occurs after egg laying. 

The discrepancy between longevity in cages in greenhouses and that in the field is 

considerable. Rothschild (1970a) put the figure at 93% mortality from egg to last instar 

nymph. He found most mortality occurred in the egg and young nymphal stages due to 

egg parasitoids and predators. He concluded that not all mortality was strictly 

attributable to biological factors. Corbett (1930) reported that dew inhibited flying, 

thus facilitating mortality by predators. Nymphs are similarly vulnerable during 

ecdysis. Thus mortality can be attributed to both abiotic and biotic causes. Rothschild 

(1970a) concluded that early maturing rices caused high mortality of nymphs when the 

crop ripens before the nymphs attain adulthood.

Weather (abiotic) factors 
 Hutson (1930) opined that heavy rainfall must be inflicting high mortality on 

nymphs. Biswas (1953) found pelting rain drops during monsoon storms killed many 

RBs, particularly the nymphs that could not seek protective shelter under trees. 

Rothschild (1970a) noted that RB populations were much lower in 1968 than in 1967, 

and he concluded that high rainfall in March 1968 might have contributed to that. 

Singh & Chandra (1967) stated heavy downpours washed RBs off of the foliage. Misra 

(1968) noted that eggs laid after mid-November did not hatch in N India when 
otemperatures fell from 13.8 to 9.4 C from November to December. Uichanco (1921) 

noted that nymphs were very sensitive to relative humidity. Sands (1977) found that 

when the relative humidity was < 70% no nymphs emerged from eggs. Hutson (1930) 

reported RBs were present most of the year in any given district except when there were 

strong dry winds during the SW monsoon. There is anecdotal evidence that low 

humidity may cause high RB mortality or force the population to enter dormancy. An 

interesting observation was reported by Biswas et al. (1982) who noted that water-

stressed rice plants had higher RB densities than non-stressed. This might have been 

due to better nutrition as stressed plants mobilize sugars and proteins from storage 

sites (Williams 1970).

Natural (biotic) biocontrol

Parasitoids
 Rothschild (1970a) reared out an unidentified tachinid fly from caging several 

thousand field-collected RB adults, and Cendaña and Calora (1967) likewise found in a 

few occasions an unidentified tachinid that oviposited in nymphs and emerged from 

the adult. Aside from these two isolated reports, the main RB parasitoids attack eggs. 

In tropical Asia, Barrion et al. (1981) reported three egg parasitoids: two scelionids 

Gryon (= Hadronotus) nixoni (= flavipes) and Telenomus camperei as well as an 

encyrtid Ooencyrtus malayensis with the former being by far the most prevalent. On 

the other hand, in temperate China, Zhang et al. (2005) found two egg parasitoids of L. 

chinensis - Ooencyrtus nezarae and O. utetheisae, but rates of parasitism were not 

reported. In Japan, three egg parasitoids occur: Gryon japonicum, Gryon nigricorne, 

and Ooencyrtus nezarae (Takeuchi & Watanabe 2006). When they set out sentinel eggs 

of L. chinensis in the field for 3 months at 4-day intervals, the mean rate of parasitism 

was < 1% suggesting that egg parasitoids were not major factors causing mortality of L. 

chinensis. 

 In a life table study, the greatest mortality (> 90%) occurred between the egg 

and last nymphal stadium where 45% came from egg parasitism. Egg parasitism came 

from the scelionid egg parasitoid G. nixoni in both endemic and epidemic populations 

(Rothschild 1970a). Females parasitize newly laid eggs and adult parasitoids can 

emerge in 10 days. The life cycle takes only 16 days. G. nixoni is a solitary parasitoid 

and can complete three generations to RB's one. Attack rate was high even in a field 

where 1 RB egg mass/200 hills occurred. Parasitism ranged from 13 to 75% on a 

monthly basis. High rates of parasitism occur in high RB densities, thus Rothschild 

concluded egg parasitoids cannot prevent high host pest densities, but rather take 

advantage of them when they occur. The rapid mobility of RBs makes them a moving 

target for any parasitoid. The crop itself is only a temporary habitat. Rothschild 

(1970c) reported G. nixoni females palpitate each egg along a row to detect if the egg 

was already parasitized. In Sarawak only one rice crop is grown annually so Gryon can 

only find large numbers of host eggs during the heading period between March and 

May; for the remaining 8-9 months the parasitoid must be limited to seeking its hosts 

among sparse populations. Multi-parasitism with G. nixoni did occur with an 

unidentified encyrtid in only 2 of the > 5,000 eggs held for observation. He noted 

significant parasitism also occurred in dryland rice fields but he did not measure the 

extent. Corbett (1930) in Peninsular Malaysia recorded 11% egg parasitism from 

January to March 1929 (range 1-26%). Lim (1971) noted a similar range in W 

Malaysia. In Indonesia, van der Goot (1949) found the mean seasonal parasitism over a 

number of years varied from 6 to 16 % (highest 26 %). In Sri Lanka, Nugaliyadde et al. 

(2000) in double-cropped rice noted 14% of egg masses were parasitized, but only 5% 

of eggs. They felt that the low rate of parasitism could have been due to the use of 

insecticides by farmers. From Bangladesh, Islam et al. (2003) reported 21% egg 

parasitism on boro rice in 1998 but only 5% in 1999. Rai (1981) recorded 16% 

parasitism in Maharashtra, India. Sands (1977) found egg mass parasitism of 49% and 

egg parasitism of 23% (0-39%) in Papua New Guinea. In the Philippines, Uichanco 

(1921) reported a maximum of 25% egg parasitism. Pantua & Litsinger (1981) 

employed the sentinel method on the IRRI Farm where eggs were obtained from a 

colony and attached to plants in the field in the milk stage. Parasitism was compared in 
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continuous planting plots of a rice garden and at the same time in the double cropping 

in the 1978 dry season. Egg parasitism in the continuous planting was 23%, but only 

half of that (11%) occurred in the biannual planting. In a second study on the IRRI 

Farm, sentinel potted plants were placed in transplanted and direct seeded fields 

during the booting stage monthly for 11 months during 1987. The result was an 

average of 21% parasitized eggs in transplanted rice and 18% in direct seeded rice 

culture (IRRI 1988a). Morrill et al. (1990) recorded parasitism of RBs in three 

locations. On irrigated rice in Palawan, 36% egg masses but only 18% of eggs were 

parasitized and in Laguna province, 36% of egg masses were parasitized but only 9% of 

eggs. In Tanauan, Batangas on dryland rice, 47% of egg masses and 21% of eggs were 

parasitized. Morrill & Almazon (1990) compared egg parasitism in plant hosts with 

non-hosts. Of the three non-breeding host weeds, two of them (Eleusine indica and 

Brachiaria mutica) were significantly avoided by G. nixoni, but parasitized egg masses 

on Paspalum paspalodes, the third non-host, were readily found. Egg masses on rice 

were the most parasitized as well as closely related hosts E. crus-galli and E. colona. 

Taking only parasitized egg masses, parasitism rates were no different among plant 

species. 

 Rothschild (1970c) noted that female G. nixoni appeared to be very efficient in 

locating eggs, but rarely attacked more than half of the eggs in a mass. He noted a 

positive correlation of egg parasitism with egg mass size which was confirmed by 

Sands (1977). Elec et al. (1990) in a laboratory study noted a delayed density-

dependent relationship between egg mass density and percent egg parasitism. Egg and 

egg mass parasitism increased with host density. The functional response of G. nixoni 

followed Holling's Type 2 curve (Holling 1973) for egg masses where, as prey density 

increased, the parasitoid's time was increasingly spent on handling prey than 

searching for new prey. This causes parasitism to reach a plateau as handling time is 

constant. Handling time is mostly spent palpitating eggs to be sure they are not already 

parasitized. An hypothesis is put forth that the parasitoid leaves an egg mass to search 

for others when a certain number of eggs have been found to be already parasitized. 

Thus high rates of parasitism can only be attained under high RB densities which occur 

at milk stage. Before the heading stage there are very low RB populations in the field 

and most of the time the parasitoid is occupied in searching (Rothschild 1970a). 

Mutual interference between searching parasitoids appears to be enhanced at low host 

density. No hyperparasitism was noted in any study.

Predation
 Rothschild (1970a) concluded that predators caused 40% mortality of RBs. 

Key predators were identified by the precipitin test and included spiders, a dragonfly 

Neurothemis fluctuans, a sword cricket Anaxipha, a katydid Conocephalus, and 

ladybeetles. Web-spinning spiders such as Argiope were noted in the field to prey on 

adults while Thomisus and the tetragnathid Eucta sp. were seen feeding on nymphs. 

Rothschild noted that RB adults made up 12% of the prey in spider webs in the field. He 

reckoned that about one third of natural enemies at the ripening stage of the crop were 

those of RBs in endemic populations, but would be more during outbreaks. An IRRI 

Farm study in 1987 found an average of 41% of eggs were attacked by predators in 

transplanted rice and 38% in direct seeded rice using sentinel plants laden with RB 

eggs (IRRI 1988a). This figure closely agrees with that of Rothschild above. We now 

examine each group of predators.

Tiger beetles. Lefroy (1908) found the tiger beetle Cicindela sexpunctata active in the 

field when rice was in the ripening stage and remarked that the predator destroyed RB 

adults 'in numbers'. From this early date, tiger beetles were often mentioned as 

important predators in the Indian subcontinent and even in Malaysia where Corbett 

(1930) noted a different species (C. annulentus). Tiger beetles were absent, however, in 

Sri Lanka (Austin 1922). But a detailed ecological study, undertaken by Sinu et al. 

(2006) in Karnataka, India, noted that adults look for prey on the ground and not in a 

rice canopy and thus concluded that the role of tiger beetles as natural enemies of RBs 

needed to be reassessed.

Orthoptera. The katydid Conocephalus longipennis is a common egg predator of RBs 

in tropical Asia and causes characteristic damage to eggshells, thus its presence can be 

determined (Rothschild 1970a, Manley 1985, Ito et al. 1995). In the Philippines, Rubia 

et al. (1990) found C. longipennis consumed about 2 RB adults per day in cage studies. 

In Malaysia, Ito et al. (1995) recorded 43% egg predation from sentinel exposure for 3-5 
thdays (range 12-83%). Subsequent laboratory studies found adults and 4  instar 

ndnymphs consumed >50 eggs/day over a 4-day period, but 2  instar nymphs did not 

feed on eggs. Sampling showed the katydid was 14-45 times more abundant than L. 

oratorius (6-10 vs 0.2-0.6/net sweep). Two katydid species were recorded in Papua 

New Guinea by Pitkin (1980): C. redtenbacheri and C. semivittatus vittatus. Sands 

(1977) confirmed that katydids were egg predators but did not measure the 

percentage. In Sarawak, Rothschild (1970a) noted that the katydids reduced RB egg 

densities by a mean of 28% with a high of 67% in some locations. In a laboratory study, 

a katydid consumed 16 per day over an 11-day period. Evidence suggests that 

predation levels were inversely host-density dependent. 

 In the study of Conocephalus chinensis in Japan by Takeuchi & Watanabe 

(2006) where sentinel egg masses were exposed for seven days in the field, egg 

predation ranged from 80 to 100%. This intense pressure of natural enemies against 

populations of L. chinensis in rice fields was not expected because adults of L. 

chinensis are highly mobile and their density is very low before the heading stage. 

Conocephalus has a dual role as a beneficial predator as well as a pest where it feeds on 

spikelets in young panicles (Barrion & Litsinger 1987, Manley 1985). Manley (1985) 

concluded that katydids feed on flowers and later they feed on young grains, but early 

in the growing cycle they are active predators. Conocephalus field density was 

estimated at 20,000/ha. Rothschild (1970a) also noted Conocephalus fed on milk 
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continuous planting plots of a rice garden and at the same time in the double cropping 

in the 1978 dry season. Egg parasitism in the continuous planting was 23%, but only 

half of that (11%) occurred in the biannual planting. In a second study on the IRRI 

Farm, sentinel potted plants were placed in transplanted and direct seeded fields 

during the booting stage monthly for 11 months during 1987. The result was an 

average of 21% parasitized eggs in transplanted rice and 18% in direct seeded rice 

culture (IRRI 1988a). Morrill et al. (1990) recorded parasitism of RBs in three 

locations. On irrigated rice in Palawan, 36% egg masses but only 18% of eggs were 

parasitized and in Laguna province, 36% of egg masses were parasitized but only 9% of 

eggs. In Tanauan, Batangas on dryland rice, 47% of egg masses and 21% of eggs were 

parasitized. Morrill & Almazon (1990) compared egg parasitism in plant hosts with 

non-hosts. Of the three non-breeding host weeds, two of them (Eleusine indica and 

Brachiaria mutica) were significantly avoided by G. nixoni, but parasitized egg masses 

on Paspalum paspalodes, the third non-host, were readily found. Egg masses on rice 

were the most parasitized as well as closely related hosts E. crus-galli and E. colona. 

Taking only parasitized egg masses, parasitism rates were no different among plant 

species. 

 Rothschild (1970c) noted that female G. nixoni appeared to be very efficient in 

locating eggs, but rarely attacked more than half of the eggs in a mass. He noted a 

positive correlation of egg parasitism with egg mass size which was confirmed by 

Sands (1977). Elec et al. (1990) in a laboratory study noted a delayed density-

dependent relationship between egg mass density and percent egg parasitism. Egg and 

egg mass parasitism increased with host density. The functional response of G. nixoni 

followed Holling's Type 2 curve (Holling 1973) for egg masses where, as prey density 

increased, the parasitoid's time was increasingly spent on handling prey than 

searching for new prey. This causes parasitism to reach a plateau as handling time is 

constant. Handling time is mostly spent palpitating eggs to be sure they are not already 

parasitized. An hypothesis is put forth that the parasitoid leaves an egg mass to search 

for others when a certain number of eggs have been found to be already parasitized. 

Thus high rates of parasitism can only be attained under high RB densities which occur 

at milk stage. Before the heading stage there are very low RB populations in the field 

and most of the time the parasitoid is occupied in searching (Rothschild 1970a). 

Mutual interference between searching parasitoids appears to be enhanced at low host 

density. No hyperparasitism was noted in any study.

Predation
 Rothschild (1970a) concluded that predators caused 40% mortality of RBs. 

Key predators were identified by the precipitin test and included spiders, a dragonfly 

Neurothemis fluctuans, a sword cricket Anaxipha, a katydid Conocephalus, and 

ladybeetles. Web-spinning spiders such as Argiope were noted in the field to prey on 

adults while Thomisus and the tetragnathid Eucta sp. were seen feeding on nymphs. 

Rothschild noted that RB adults made up 12% of the prey in spider webs in the field. He 

reckoned that about one third of natural enemies at the ripening stage of the crop were 

those of RBs in endemic populations, but would be more during outbreaks. An IRRI 

Farm study in 1987 found an average of 41% of eggs were attacked by predators in 

transplanted rice and 38% in direct seeded rice using sentinel plants laden with RB 

eggs (IRRI 1988a). This figure closely agrees with that of Rothschild above. We now 

examine each group of predators.

Tiger beetles. Lefroy (1908) found the tiger beetle Cicindela sexpunctata active in the 

field when rice was in the ripening stage and remarked that the predator destroyed RB 

adults 'in numbers'. From this early date, tiger beetles were often mentioned as 

important predators in the Indian subcontinent and even in Malaysia where Corbett 

(1930) noted a different species (C. annulentus). Tiger beetles were absent, however, in 

Sri Lanka (Austin 1922). But a detailed ecological study, undertaken by Sinu et al. 

(2006) in Karnataka, India, noted that adults look for prey on the ground and not in a 

rice canopy and thus concluded that the role of tiger beetles as natural enemies of RBs 

needed to be reassessed.

Orthoptera. The katydid Conocephalus longipennis is a common egg predator of RBs 

in tropical Asia and causes characteristic damage to eggshells, thus its presence can be 

determined (Rothschild 1970a, Manley 1985, Ito et al. 1995). In the Philippines, Rubia 

et al. (1990) found C. longipennis consumed about 2 RB adults per day in cage studies. 

In Malaysia, Ito et al. (1995) recorded 43% egg predation from sentinel exposure for 3-5 
thdays (range 12-83%). Subsequent laboratory studies found adults and 4  instar 

ndnymphs consumed >50 eggs/day over a 4-day period, but 2  instar nymphs did not 

feed on eggs. Sampling showed the katydid was 14-45 times more abundant than L. 

oratorius (6-10 vs 0.2-0.6/net sweep). Two katydid species were recorded in Papua 

New Guinea by Pitkin (1980): C. redtenbacheri and C. semivittatus vittatus. Sands 

(1977) confirmed that katydids were egg predators but did not measure the 

percentage. In Sarawak, Rothschild (1970a) noted that the katydids reduced RB egg 

densities by a mean of 28% with a high of 67% in some locations. In a laboratory study, 

a katydid consumed 16 per day over an 11-day period. Evidence suggests that 

predation levels were inversely host-density dependent. 

 In the study of Conocephalus chinensis in Japan by Takeuchi & Watanabe 

(2006) where sentinel egg masses were exposed for seven days in the field, egg 

predation ranged from 80 to 100%. This intense pressure of natural enemies against 

populations of L. chinensis in rice fields was not expected because adults of L. 

chinensis are highly mobile and their density is very low before the heading stage. 

Conocephalus has a dual role as a beneficial predator as well as a pest where it feeds on 

spikelets in young panicles (Barrion & Litsinger 1987, Manley 1985). Manley (1985) 

concluded that katydids feed on flowers and later they feed on young grains, but early 

in the growing cycle they are active predators. Conocephalus field density was 

estimated at 20,000/ha. Rothschild (1970a) also noted Conocephalus fed on milk 
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stage rice grains and destroyed 8% of grains, whereas RBs damaged only 3%. Because 

of plant compensation, the beneficial role of Conocephalus normally outweighs its 

damage. Rubia & Shepard (1987) found in cage studies when 5-20 RB eggs were 

provided to a single Metioche vittaticollis nymph or adult, males and females 

consumed an average of 1 and 2 eggs/day, respectively, while no feeding was noted on 

RB nymphs.

True bugs. True bugs prey on late instar RB nymphs and adults. Corbett (1930) found 

that the reduviid Euagoras plagiatus frequently occurred in considerable numbers in 

rice fields in Malaysia, but was never seen consuming RBs. In the laboratory, it readily 

attacked RB nymphs when offered. A second species (E. sordiadatus) was also 

encountered. In Sri Lanka, Hutson (1930) noted two reduviids (Rhynocoris (= 

Harpactor) fuscipes and Irantha sp.) fed on RBs. Austin (1922) observed a pentatomid 

Asopus malabaricus preyed on adult RBs in the field. Rajapakse & Kulasekera (1982) 

recorded another pentatomid Eocanthecona (= Canthecona) robusta and Antilochus 

nigripes a pyrrhocorid as RB predators. In Papua New Guinea, Sands (1977) observed 

two species of reduviid bugs (Euagoras sp. and Pristhesancus papuensis) in the field. 

Claver et al. (2010) undertook a laboratory trial to describe the functional response of 

Coranus spiniscutis adults against RB adults. Predatory efficiency of C. spiniscutis fit 

Holling's type 2 functional response (Holling 1973). Densities of true bugs have never 

been assessed in the field, but they probably are less abundant as the orthopterans.

Spiders. Jayakumar & Sankari (2010) undertook time-series sampling over the crop 

and showed that spider densities were positively correlated with RB densities. The orb 

web spider Argiope catenulata was predominant in the ripening stage of rice when 

RBs are active.

Birds. Hutson (1930) noted that no birds were ever recorded feeding on RBs probably 

because of their distaste due to the abdominal-gland, defensive secretion. He cited a 

study on the food content of the guts of 100 species of birds and there were no records 

of Rbs. 

Other species. Srivastava & Saxena (1967) summarized literature reports on records 

of predators that included an ant Ponera coarctata and a lady beetle Sycamus 

dichotomus that presumably attacked eggs, while the asilid robber fly Ommatius sp. 

captured RB adults in mid-air. In addition, there is the record of Lever (1939) listing an 

arboreal carabid Catascopus fascialis that presumably attacked nymphs.

Pathogens 
 There are only occasional records of insect pathogens infecting RBs. In 

Malaysia, Barnes & South (1925) observed a fungus Hirsutella sp. on adult RBs. Van 

den Berg & Soehardi (2000) in Java recorded isolated epizootics of Beauvaria 

bassiana on RB adults in the field during the wet season. Rombach et al. (1994) in the 

Philippines also reported that B. bassiana was commonly found infecting RBs in the 

field. They added, however, that few entomopathogens have been found attacking 

Hemiptera because they feed by piercing-sucking mouthparts and hence would not 

consume infective fungal spores. 

INJURY AND DAMAGE

Rice bugs as disease vectors
 Rbs have been implicated as vectors of rice fungal and bacterial diseases. 

Mohiuudin et al. (1976) noted that bacterial leaf blight Xanthomonas oryzae pv. 

oryzae ooze is emitted from guttation droplets exuded through leaf hydathodes and is 

spread mechanically by RBs. Lakshmanan et al. (1992) and Vivekananthan & 

Rabindran (2008) noted that the same mechanical transmission with sheath rot 

disease Sarocladium oryzae. The probable, but unproven, mode of transmission is 

via RBs seeking water by imbibing guttation droplets. Transmission to another plant 

can occur by the proboscis probing into leaf tissue or just mechanically from spores 

adhering to their tarsi.

Description of injury
 After anthesis, the two halves of the rice hull (lemma and palea) of each spikelet 

begin to close together, but until the hull closes tight, RBs can insert their needle-like 

stylets into the opening between them to locate the endosperm. When the spikelet is 

young the white endosperm is in a liquid (milk) state enclosed in a sack of a single 

aleurone layer thick within the hull. During the soft dough stage the endosperm 

becomes the consistency of bread dough and can still be extracted, albeit more slowly, 

by the proboscis where the solid endosperm is predigested by enzymes injected with 

saliva. The lemma and palea close firmly during the hard dough stage and are held shut 

by interlocking hairs. Uichanco (1921) was the first to note that RBs insert their 

piercing-sucking mouthparts into the natural opening between the lemma and palea to 

reach the endosperm. Uichanco felt that the result of feeding was that 'the grains are 

emptied of their contents' causing unfilled spikelets. Before this observation it was 

thought that RBs drilled a hole through the hull as is common in pentatomids. 

Kalshoven (1981) observed that nymphal damage only becomes significant with the 

fourth stage and that older nymphs and adults cause equivalent amounts of damage 

per day. But as adults live longer they cause more damage just due to their longevity. RB 

injury reduces yield, grain quality, and seed germination. Morrill (1997) and Jahn et al. 

(2004) further noted that RB injury causes spikelets to abort, grains to be misshapen, 

and spikelets to be partially filled as well as unfilled. 

Feeding rate
 Nymphs feed gregariously until the fourth instar before dispersing (Sands 

1977). This results in concentrated damage to a few heads when densities are low. 

Feeding duration and frequency are important components of the feeding process as 
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stage rice grains and destroyed 8% of grains, whereas RBs damaged only 3%. Because 

of plant compensation, the beneficial role of Conocephalus normally outweighs its 

damage. Rubia & Shepard (1987) found in cage studies when 5-20 RB eggs were 

provided to a single Metioche vittaticollis nymph or adult, males and females 

consumed an average of 1 and 2 eggs/day, respectively, while no feeding was noted on 

RB nymphs.

True bugs. True bugs prey on late instar RB nymphs and adults. Corbett (1930) found 

that the reduviid Euagoras plagiatus frequently occurred in considerable numbers in 

rice fields in Malaysia, but was never seen consuming RBs. In the laboratory, it readily 

attacked RB nymphs when offered. A second species (E. sordiadatus) was also 

encountered. In Sri Lanka, Hutson (1930) noted two reduviids (Rhynocoris (= 

Harpactor) fuscipes and Irantha sp.) fed on RBs. Austin (1922) observed a pentatomid 

Asopus malabaricus preyed on adult RBs in the field. Rajapakse & Kulasekera (1982) 

recorded another pentatomid Eocanthecona (= Canthecona) robusta and Antilochus 

nigripes a pyrrhocorid as RB predators. In Papua New Guinea, Sands (1977) observed 

two species of reduviid bugs (Euagoras sp. and Pristhesancus papuensis) in the field. 

Claver et al. (2010) undertook a laboratory trial to describe the functional response of 

Coranus spiniscutis adults against RB adults. Predatory efficiency of C. spiniscutis fit 

Holling's type 2 functional response (Holling 1973). Densities of true bugs have never 

been assessed in the field, but they probably are less abundant as the orthopterans.

Spiders. Jayakumar & Sankari (2010) undertook time-series sampling over the crop 

and showed that spider densities were positively correlated with RB densities. The orb 

web spider Argiope catenulata was predominant in the ripening stage of rice when 

RBs are active.

Birds. Hutson (1930) noted that no birds were ever recorded feeding on RBs probably 

because of their distaste due to the abdominal-gland, defensive secretion. He cited a 

study on the food content of the guts of 100 species of birds and there were no records 

of Rbs. 

Other species. Srivastava & Saxena (1967) summarized literature reports on records 

of predators that included an ant Ponera coarctata and a lady beetle Sycamus 

dichotomus that presumably attacked eggs, while the asilid robber fly Ommatius sp. 

captured RB adults in mid-air. In addition, there is the record of Lever (1939) listing an 

arboreal carabid Catascopus fascialis that presumably attacked nymphs.

Pathogens 
 There are only occasional records of insect pathogens infecting RBs. In 

Malaysia, Barnes & South (1925) observed a fungus Hirsutella sp. on adult RBs. Van 

den Berg & Soehardi (2000) in Java recorded isolated epizootics of Beauvaria 

bassiana on RB adults in the field during the wet season. Rombach et al. (1994) in the 

Philippines also reported that B. bassiana was commonly found infecting RBs in the 

field. They added, however, that few entomopathogens have been found attacking 

Hemiptera because they feed by piercing-sucking mouthparts and hence would not 

consume infective fungal spores. 

INJURY AND DAMAGE

Rice bugs as disease vectors
 Rbs have been implicated as vectors of rice fungal and bacterial diseases. 

Mohiuudin et al. (1976) noted that bacterial leaf blight Xanthomonas oryzae pv. 

oryzae ooze is emitted from guttation droplets exuded through leaf hydathodes and is 

spread mechanically by RBs. Lakshmanan et al. (1992) and Vivekananthan & 

Rabindran (2008) noted that the same mechanical transmission with sheath rot 

disease Sarocladium oryzae. The probable, but unproven, mode of transmission is 

via RBs seeking water by imbibing guttation droplets. Transmission to another plant 

can occur by the proboscis probing into leaf tissue or just mechanically from spores 

adhering to their tarsi.

Description of injury
 After anthesis, the two halves of the rice hull (lemma and palea) of each spikelet 

begin to close together, but until the hull closes tight, RBs can insert their needle-like 

stylets into the opening between them to locate the endosperm. When the spikelet is 

young the white endosperm is in a liquid (milk) state enclosed in a sack of a single 

aleurone layer thick within the hull. During the soft dough stage the endosperm 

becomes the consistency of bread dough and can still be extracted, albeit more slowly, 

by the proboscis where the solid endosperm is predigested by enzymes injected with 

saliva. The lemma and palea close firmly during the hard dough stage and are held shut 

by interlocking hairs. Uichanco (1921) was the first to note that RBs insert their 

piercing-sucking mouthparts into the natural opening between the lemma and palea to 

reach the endosperm. Uichanco felt that the result of feeding was that 'the grains are 

emptied of their contents' causing unfilled spikelets. Before this observation it was 

thought that RBs drilled a hole through the hull as is common in pentatomids. 

Kalshoven (1981) observed that nymphal damage only becomes significant with the 

fourth stage and that older nymphs and adults cause equivalent amounts of damage 

per day. But as adults live longer they cause more damage just due to their longevity. RB 

injury reduces yield, grain quality, and seed germination. Morrill (1997) and Jahn et al. 

(2004) further noted that RB injury causes spikelets to abort, grains to be misshapen, 

and spikelets to be partially filled as well as unfilled. 

Feeding rate
 Nymphs feed gregariously until the fourth instar before dispersing (Sands 
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Feeding duration and frequency are important components of the feeding process as 
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together they provide a method for determining the potential for crop damage. 

Rothschild (1970b) noted that probes (mean per day) were: males 6.6 and females 9.0 

suggesting that females fed at higher rate, but the results were not statistically 

significant. In Malaysia Ito et al. (1992) undertook cage experiments and showed that 

L. oratorius adults damaged 6.4-7.7 grains/day/adult at maximum, when the adults 

were released on the panicle at the flowering stage. Litsinger et al. (1981, 1998) 

monitored stylet sheaths stained by acid fuchsin and showed that the number of 

feedings per stadium increased as RB aged. Females, males, and nymphs, respectively, 

produced 1.9, 1.2, and 0.3-0.6 feeding sheaths/day in the milk stage. There was only a 

significant difference in the number of sheaths between the adult females and nymphs. 

The remark by Srivastava & Saxena (1967) that nymphs were more destructive than 

the adults has not been substantiated by more recent studies. They noted that only part 

of the grain milk was removed at each feeding and that the same spikelet could be 

punctured several times. Significantly fewer sheaths were also produced during hard 

dough stage, but a similar number were produced on both the milk and soft dough 

stages. 

 Frequency of feeding is important as each time RBs feed they inflict mechanical 

damage to the spikelet and each puncture is a potential site for entry point of pathogens 

(Simmons & Yeargan 1988). Rothschild (1970b) observed feeding behavior from caged 

adults that probed 4.3 milk stage spikelets per day. Therefore an adult effectively 

removed the endosperm from 2 spikelets/day. At an earlier stage in late flowering, 

adults probed 7.8 times per day, significantly more than at the milk stage. Fewer 

probes are needed during the milk stage as endosperm fluid is more available and 

nutritious than what can be obtained at pre-flowering. Kalshoven (1981) noted that 

under the most serious attack the same spikelets can be fed upon several times.

 Rothschild (1970b) reported in the field cage trials there was a positive 

correlation between the number of spikelets per panicle and the number probed. When 

similar data were taken from the field, the same relationship occurred. Thus there was 

a correlation between the number of panicles per plant and the number of panicles 

attacked. This suggests that RBs move from panicle to panicle within a particular plant 

rather than change to new plants. It also can be interpreted that adults are attracted to 

feed on panicles with more spikelets and on hills with more panicles. When a 9 x 3 m 

cage was placed over the crop with RBs, it was revealed that 80% of all plants were 

attacked and that over 60% of panicles had been probed, although the percentage of 

available spikelets attacked seldom exceeded 10%. This suggests that RBs move widely 

through the crop. 

Injury during flowering
 A review of crop physiology will aid in understanding how RBs injure rice 

spikelets. The filled spikelet is called a grain. The reproductive stage begins at panicle 

initiation (PI) which occurs 60-65 days before crop maturity in all varieties. Booting 

starts 16 days after PI and refers to the swelling of the flag leaf sheath which is caused 

by an increase in the size of the panicle as it grows up and through the enveloping leaf 

sheath. The panicle begins to emerge out of the boot at heading stage (panicle exsertion) 

about 22 days after PI. When a portion of the panicle has exserted, anthesis (flowering) 

occurs and starts with the spikelets at the tip of upper panicle branches and takes 

about 3 days for all the spikelets within a given panicle to complete. In a given field, 

however, heading will vary about 4 days between tillers of the same plant as well as 

between plants. Thus 7 days can lapse between the first and last spikelets to exsert in a 

field. The grain filling stages are separated into the milk, soft dough, and hard dough 

(physiological maturity). The milk grain-filling stage normally lasts 10-14 days, but 

due to variation in age between individual panicles and plants, the milk stage can span 

17 to 21 days. The soft dough stage occurs as the moisture content of the grain declines 

to 58% taking about 10 days. A similar 10-day span occurs in the hard dough stage 

where moisture drops to about 30%. Two more weeks are needed for the grains to 

reach around 20% moisture at harvest. If we assume that most damage to the spikelets 

will mainly take place in the milk and soft dough stages, then the crop is vulnerable 

between 27 and 41 days for an average of 34 days. Morrill et al. (1991) reported the 

crop was vulnerable for 21 days which seems to be on the low side particularly as 

nymphal development takes some 19 days under tropical conditions.

 The nymphs, which cannot fly, are in a race to develop by feeding on milk stage 

rice. One of the greatest causes of their mortality is not being able to mature into an 

adult before hard dough stage, a fate caused by late oviposition in relation to the milk 

stage. Nymphs develop more quickly when feeding on milk stage endosperm rather 

than during the more mature rice grain stages (Sands 1977). They can feed on soft 

dough, but it is time-consuming and therefore nutrition uptake is slow, thus increasing 

chances of predation. The nymphal developmental period can be as rapid as 13 days in 

a hot climate, but more commonly takes 17-21 days which is the same period for the 

milk stage. Thus, there is only a tight window of time for nymphs to develop, and they 

are dependent on their mothers ovipositing before the milk stage taking into account 

that the earliest an egg can develop is 5 days, but normally varies from 6 to 8 days.

 Sands (1977) found that most damage occurred at the milk stage, but some 

also occurred when grains began to harden in the soft dough stage. He noted that the 

optimum stage for feeding was 8 days after the boot had opened (panicle exsertion). 

Van den Berg & Soehardi (2000) concluded rice is most susceptible to RBs at the peak 

milk stage. Litsinger et al. (1998) found feeding sheaths even in the hard dough stage, 

but Israel & Seshagiri Rao (1959) commented that such grains are too hard for RBs to 

cause significant damage. RBs face two problems in the hard dough stage. The first is 

the mature grains have hardened, making removal of endosperm lengthy by secreting 

digestive enzymes, waiting for the enzymes to act, and then sucking the fluid back up. 
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together they provide a method for determining the potential for crop damage. 
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attacked and that over 60% of panicles had been probed, although the percentage of 
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through the crop. 
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between 27 and 41 days for an average of 34 days. Morrill et al. (1991) reported the 

crop was vulnerable for 21 days which seems to be on the low side particularly as 

nymphal development takes some 19 days under tropical conditions.

 The nymphs, which cannot fly, are in a race to develop by feeding on milk stage 

rice. One of the greatest causes of their mortality is not being able to mature into an 

adult before hard dough stage, a fate caused by late oviposition in relation to the milk 

stage. Nymphs develop more quickly when feeding on milk stage endosperm rather 

than during the more mature rice grain stages (Sands 1977). They can feed on soft 

dough, but it is time-consuming and therefore nutrition uptake is slow, thus increasing 

chances of predation. The nymphal developmental period can be as rapid as 13 days in 
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Van den Berg & Soehardi (2000) concluded rice is most susceptible to RBs at the peak 

milk stage. Litsinger et al. (1998) found feeding sheaths even in the hard dough stage, 

but Israel & Seshagiri Rao (1959) commented that such grains are too hard for RBs to 

cause significant damage. RBs face two problems in the hard dough stage. The first is 
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digestive enzymes, waiting for the enzymes to act, and then sucking the fluid back up. 

48 49

Rice Seed Bugs in Asia: A Review JA Litsinger et alPhilipp Ent 29 (1) : 1-103 ISSN 0048-3753 April 2015



Second is that the lemma and palea have also hardened and are closing shut thus 

denying entry to the endosperm. Rothschild (1970b) noted that weight loss from 

feeding was 62% for females and 39% for males. The point was made that females had 

to consume more nutrients to produce their egg load.

 A number of studies have shown that RBs can damage rice flowers before the 

milk stage. Kobayashi & Nugaliyadde (1988) were the first to observe that RB feeding at 

flowering leads to arrested rice ovarian development, sterility, and abortion. This is 

caused by the colonizing adults coming to the crop at the initiation of anthesis marking 

the beginning of flowering in order to time oviposition so the nymphs can hatch in time 

to feed on the more favorable liquid endosperm. Ideally, adults should colonize fields a 

week before the milk stage to allow time for the eggs to hatch. The early arriving adults 

are then forced to feed on a less desired food source in the form of plant sap and 

developing ovaries in immature spikelets, as grassy weeds would have gone to seed. 

Morrill (1997) also observed that a pre-flowering attack causes empty,  partially filled 

spikelets, as well as aborted spikelets.

 Sugimoto & Nugaliyadde (1995a) found that grain damage mainly occurred 

from the very early stage of spikelet development through the milk stage. However, they 

noted a considerable proportion of spikelets were damaged at the soft dough stage and 

even some damage during the hard dough stage. Medrano et al. (1988) found that 

spikelets infested 3 days after anthesis (DA) exhibited the highest grain weight loss due 

to extensive abortion of the spikelet ovaries. Intermediate weight loss occurred when 

infestation happened at 5 or 7 DA. But grain weight loss was lowest when plants were 

infested at 9 DA. Palawisut et al. (2001) infested panicles with 0, 4, 8, 16, 32 and 64 
2RBs/m  that was timed at 3-10 or 10-17 DA. The results showed that the yield from 

infestation at 3-10 DA decreased 22%, but when infested at 10-17 DA yield decreased 

only 16%, reinforcing the results of Medrano et al. (1988). Takeuchi et al. (2004b) 

released L. chinensis individually for three days in choice tests onto a rice panicle at 

four stages of maturation and found that, regardless of spikelet age, RBs preferred to 

feed on the youngest spikelets. When getting ready to oviposit, females may prefer a diet 

high in protein for producing eggs over one high in carbohydrates (endosperm) as a 

source of energy that will be required later when they need to disperse to newer fields.

 Morrill (1997) also undertook choice tests in the laboratory and found adults 

strongly preferred feeding on pre-flowering spikelets to milk or soft dough stages. Pre-

flowering spikelets registered highest yield loss followed by milk and soft dough stage. 

Likewise, pre-flowering spikelets were strongly preferred over milk and soft dough 

stages. In a more detailed study, Morrill et al. (1991) found RBs moved to the field prior 
2to panicle exsertion and reached peak density (13.5 RBs/m ) within 2 weeks after 

heading (Table 6). There was a maximum of 0.7 RBs/panicle at 14 DA. When the hard 

dough stage (21 DA) was reached, RBs left the field. There was an accumulation of 11.1 

bug-days based on weekly estimations. Bug-days are calculated by dividing the mean 

population densities by the number of days in the sampling period. The total number of 

spikelets per panicle decreased weekly, indicating that damaged spikelets dropped 

from the plants. The mean number of damaged spikelets actually decreased with time 

as a result of the aborted spikelets. These data show that RB loss assessment must 

include loss of spikelets as well as kernel damage. Laboratory feeding indicated RB 

nymphs, adult females, and adult males fed on 4.6, 6.0, and 3.4 spikelets per day, 

respectively. Assuming a 1.1: 1.0 sex ratio, damage would have been 4.7 spikelets lost 

per bug-day. During the first 7 days in the field it was predicted that 3.3 bug-days and 

presuming 4.7 spikelets/bug-day, that the feeding level would equal 15.5 damaged 

spikelets, a figure close to the observed 13.5 damaged spikelets/bug-day in the field. 

0 7 14 21

No.  bugs/m2 2.9 8.1 13.5 0

No.
 
bugs/panicle 0.5 0.4 0.7 0

No.
 
bug-days/panicle 3.3 2.9 4.9 0

Total
 
spikelets/panicle 120.9 71.4 95.2 76.0

No.
 
damaged

 
spikelets 13.5 5.4 3.4 3.8

No.
 
lost

 
spikelets 0 48.7 24.9 44.9

% damaged + lost

 

spikelets 11.1 75.7 29.7 64.0

DAYS  AFTER  HEADING

Table 6. Population buildup and damage to rice by rice bugs. IRRI Farm, Los Baños, Laguna, 
 1Philippines, 1989. / 

1 2/ Counts made 2 h after sunrise as the mean from 10 1-m  samples. 7 days = milk stage, 14 days = soft 
dough, 21 days = hard dough (data from Morrill et al. 1991)

Brown spots on kernels and glumes

Pecky rice
Pecky rice is a term in the rice marketing trade to designate rice kernels 

(dehulled grain or endosperm) bearing spots at the point of feeding that represents loss 

in terms of quality, as consumers reject discolored grain. The word peck refers to a 

small dark spot on the kernel. RBs feeding on soft and hard dough stage grains causes 

pecky rice which is a form of cosmetic injury to the kernel. The cause of kernel 

discoloration are microbes injected into the kernel together with the saliva turning the 

point of entry brown or black. Pecky kernels are discolored, shriveled and break 

during milling leading to less recovery (Yamashita et al. 2005, 2010). Swanson & 

Newsom (1962) noted damaged kernels become structurally weakened in the region of 
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denying entry to the endosperm. Rothschild (1970b) noted that weight loss from 
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developing ovaries in immature spikelets, as grassy weeds would have gone to seed. 
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from the very early stage of spikelet development through the milk stage. However, they 

noted a considerable proportion of spikelets were damaged at the soft dough stage and 

even some damage during the hard dough stage. Medrano et al. (1988) found that 

spikelets infested 3 days after anthesis (DA) exhibited the highest grain weight loss due 
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source of energy that will be required later when they need to disperse to newer fields.

 Morrill (1997) also undertook choice tests in the laboratory and found adults 

strongly preferred feeding on pre-flowering spikelets to milk or soft dough stages. Pre-

flowering spikelets registered highest yield loss followed by milk and soft dough stage. 

Likewise, pre-flowering spikelets were strongly preferred over milk and soft dough 

stages. In a more detailed study, Morrill et al. (1991) found RBs moved to the field prior 
2to panicle exsertion and reached peak density (13.5 RBs/m ) within 2 weeks after 

heading (Table 6). There was a maximum of 0.7 RBs/panicle at 14 DA. When the hard 

dough stage (21 DA) was reached, RBs left the field. There was an accumulation of 11.1 

bug-days based on weekly estimations. Bug-days are calculated by dividing the mean 

population densities by the number of days in the sampling period. The total number of 

spikelets per panicle decreased weekly, indicating that damaged spikelets dropped 

from the plants. The mean number of damaged spikelets actually decreased with time 

as a result of the aborted spikelets. These data show that RB loss assessment must 

include loss of spikelets as well as kernel damage. Laboratory feeding indicated RB 

nymphs, adult females, and adult males fed on 4.6, 6.0, and 3.4 spikelets per day, 

respectively. Assuming a 1.1: 1.0 sex ratio, damage would have been 4.7 spikelets lost 

per bug-day. During the first 7 days in the field it was predicted that 3.3 bug-days and 

presuming 4.7 spikelets/bug-day, that the feeding level would equal 15.5 damaged 

spikelets, a figure close to the observed 13.5 damaged spikelets/bug-day in the field. 
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in terms of quality, as consumers reject discolored grain. The word peck refers to a 

small dark spot on the kernel. RBs feeding on soft and hard dough stage grains causes 

pecky rice which is a form of cosmetic injury to the kernel. The cause of kernel 

discoloration are microbes injected into the kernel together with the saliva turning the 

point of entry brown or black. Pecky kernels are discolored, shriveled and break 

during milling leading to less recovery (Yamashita et al. 2005, 2010). Swanson & 

Newsom (1962) noted damaged kernels become structurally weakened in the region of 
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feeding and are easily broken during milling. Jahn et al. (2004) found that as the 

amount of pecky rice increases, the quality and value of the harvested grains are 

reduced. In Japan, L. chinensis is a major cosmetic pest causing pecky rice (Yamashita 

et al. 2005). Jahn et al. (2004) found that pecky rice was also associated with highly 

significant reduction in seed germination. 

Takeuchi (2006) found a positive correlation between pecky rice incidence and 

RB nymph density. He found control of RBs during heading improved rice grade, 

quality, and market price. Ito et al. (1992) stated harvested rice samples collected from 

eight rice mills in Malaysia showed that pecky rice averaged 8% while empty spikelets 

averaged 30%. Patel et al. (2006) noted pecky rice was significantly higher due to 

exposure to RBs during late milk and soft dough stages. Litsinger (2009) ascertained 

that prices in the Philippines were not reduced for pecky rice because most rice was 

consumed at home, and when sold, traders and millers did not care because incidence 

of pecky rice was low. Under high infestation levels, however, Jahn et al. (2004) 

observed that grains acquired a bitter taste and offensive odor, and Muthuraman 

(1981) inferred that the bad smell from adults in the field was passed onto the milled 

pecky rice grain. Islam et al. (2003) additionally noted damaged rice turned greenish 

when boiled. Singh (1950) found cattle refused to eat the fodder from heavily damaged 

fields due to the bitter taste. 

Brown spots on glume surfaces
Uichanco (1921) thought RBs injected a toxin to explain how kernels became 

discolored. Jahn et al. (2004) found the number and percentage of discolored kernels 

increased with increasing RB infestation density. Swanson & Newsom (1962) noted 

that the introduced fungi can spread beyond the point of stylet insertion to discolor 

much of the kernel. During feeding, Kalshoven (1981) noted that RBs spill liquid 

endosperm on the glumes which also serves as a medium for secondary fungal 

infection to discolor the surface. Lee et al. (1986) found, however, that pathogenic fungi 

also contributed to kernel and glume discoloration in the absence of RB feeding and 

different species of fungi expressed different colors. Rothschild (1970b) observed the 

whitish exudate over the point in the glumes where the stylets entered which was the 

most reliable evidence of feeding before staining feeding sheaths was practiced. The 

white exudate was the spilled endosperm which becomes chalky after it dries. Ghose et 

al. (1960) noted that a brownish spot appears on the surface of the glumes around the 

feeding site. The discoloration of the glumes (known as 'dirty panicle') caused by other 

species of rice seed bugs was studied in Sierra Leone by Agyen-Sampong & Fannah 

(1980). Two to 3 days after the spikelet had been penetrated; the surface of glumes 

began to change color, gradually darkening. In severe cases, glumes became dark grey 

within a week. Lee et al. (1986) on the IRRI Farm and Prakash & Rao (2000) in W 

Bengal found dirty panicle symptoms on the glumes without RBs being present. But 

they felt that symptoms were enhanced by the presence of RBs. They noted that 

infected grains reduced grain quality. Van Halteren (1979) determined that only 1.2% 

of brown marks on the grains were caused by microbes. The most common fungi 

responsible on the IRRI Farm were Drechslera oryzae, Curvularia lunata, Alternaria 

padwickii, Alternaria tenuis, Sarocladium oryzae, and Fusarium solani, while in W 

Bengal they were Sarocladium oryzae, Cochliobolus miyabeanus, Cochliobolus 

lunatus, Gibberella fujikuroi, and Gibberella zeae. A bacterial disease (bacterial 

grain rot Pseudomonas glumae) caused > 80% unfilled spikelets in Sri Lanka, but the 

disease was attributed to RBs by farmers (Morita & Dhanapala 1990). 

Unfilled/partially filled spikelets
There is conflicting evidence in the literature on whether and how RBs cause 

unfilled spikelets. Lefroy (1908) described RB damage as unfilled or empty spikelets 

where in badly infested fields the panicles turned white just like 'whiteheads' from 

stemborer feeding or drought stress. Miller & Padgen (1930) noted that when damaged 

rice grains were entirely emptied, they first turn blackish then white. Israel & Rao 

(1954) noted that in some cases the grains may still be partially filled after attack that 

produce small kernels. They also found that panicles can have a mixture of empty 

spikelets, partially filled spikelets, and filled spikelets. Soft dough stage feeding, in 

particular, led to kernels being misshapen and smaller than normal. Rothschild 

(1970b) concluded that damaged grains produced only 40-60% of their normal 

endosperm content which he identified as one of the primary causes of crop loss. 

Sands (1977) marked spikelets that were fed upon in the milk stage and they resulted 

in little if any deposition of starch. Sugimoto & Nugaliyadde (1995a) used erythrosine 

dye to stain the stylet feeding sheaths. They found the main symptom associated with 

RB feeding sheaths was unfilled spikelets. The unfilled glumes showed a dark spot on 

the surface, but not when they were damaged at the very early stage of spikelet 

formation. Spikelets were considered to be damaged by RBs when they were re-stained 

to observe the stylet sheaths which penetrated into the glumes. No damage to the ovary 

was observed before the onset of kernel development. But van den Berg and Soehardi 

(2000) commented that there was no indication that RBs caused partially filled 

spikelets. Litsinger et al. (1998) observed that over 95% of stylet sheaths left on the 

plant after feeding were located on filled spikelets. 

2Van Halteren (1979) noted that 1 m  of a field sown to modern rice varieties can 

produce as many as 30,000 to 40,000 spikelets. Morrill (1997) stated that the rice 

plant normally produces more spikelets than it can possibly fill as if it anticipated 

some impending loss. In the tropics, rice grows too rapidly to fill all of the spikelets 

which is why highest yields are found in temperate climates (Yoshida 1981). Sands 

(1977) also recorded 27-34% unfilled spikelets in areas with very low RB incidence. 

Rothschild (1970b) found fields where up to 30-40% of spikelets were empty in the 

absence of RB feeding, thus farmers are inclined to attribute this level of empty 

spikelets to RBs. Some of the spectacular losses reported previously may have come 
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feeding and are easily broken during milling. Jahn et al. (2004) found that as the 

amount of pecky rice increases, the quality and value of the harvested grains are 
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stemborer feeding or drought stress. Miller & Padgen (1930) noted that when damaged 

rice grains were entirely emptied, they first turn blackish then white. Israel & Rao 

(1954) noted that in some cases the grains may still be partially filled after attack that 

produce small kernels. They also found that panicles can have a mixture of empty 

spikelets, partially filled spikelets, and filled spikelets. Soft dough stage feeding, in 

particular, led to kernels being misshapen and smaller than normal. Rothschild 

(1970b) concluded that damaged grains produced only 40-60% of their normal 

endosperm content which he identified as one of the primary causes of crop loss. 

Sands (1977) marked spikelets that were fed upon in the milk stage and they resulted 

in little if any deposition of starch. Sugimoto & Nugaliyadde (1995a) used erythrosine 

dye to stain the stylet feeding sheaths. They found the main symptom associated with 

RB feeding sheaths was unfilled spikelets. The unfilled glumes showed a dark spot on 

the surface, but not when they were damaged at the very early stage of spikelet 

formation. Spikelets were considered to be damaged by RBs when they were re-stained 

to observe the stylet sheaths which penetrated into the glumes. No damage to the ovary 

was observed before the onset of kernel development. But van den Berg and Soehardi 

(2000) commented that there was no indication that RBs caused partially filled 

spikelets. Litsinger et al. (1998) observed that over 95% of stylet sheaths left on the 

plant after feeding were located on filled spikelets. 

2Van Halteren (1979) noted that 1 m  of a field sown to modern rice varieties can 

produce as many as 30,000 to 40,000 spikelets. Morrill (1997) stated that the rice 

plant normally produces more spikelets than it can possibly fill as if it anticipated 

some impending loss. In the tropics, rice grows too rapidly to fill all of the spikelets 

which is why highest yields are found in temperate climates (Yoshida 1981). Sands 

(1977) also recorded 27-34% unfilled spikelets in areas with very low RB incidence. 

Rothschild (1970b) found fields where up to 30-40% of spikelets were empty in the 

absence of RB feeding, thus farmers are inclined to attribute this level of empty 

spikelets to RBs. Some of the spectacular losses reported previously may have come 
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from this phenomenon as workers often assumed that any unfilled spikelets were due 

to RB feeding. Rothschild (1970b) noted that extremes in temperatures, such as < 

10°C, for two consecutive nights two weeks prior to and/or at flowering can cause 

excessive sterility. Also, strong winds, rain showers, drought, damage from other 

pests, fertilizer or pesticide applications while blooming is occurring (9 AM to 3 PM) 

can increase sterility. During flowering, air temperatures > 35°C may increase spikelet 

sterilization. Rothschild (1970b) concluded that the biggest cause of unfilled spikelets 

was due to the plant's normal overproduction of spikelets and not RB, let alone other 

biological or physical factors. 

Yield loss
Rothschild (1970b) observed that most reports on yield loss, particularly in the 

older literature, were not based on direct evidence of weight differences between 

attacked and unattacked spikelets. Also missing in these reports were estimates of RB 

population densities causing such losses. Such information is essential as 

innumerable factors previously mentioned can produce symptoms similar to those 

induced by Leptocorisa. Morrill et al. (1991) noted that the assessment of crop loss 

related to RB densities is critical to derive economic injury levels. Litsinger et al. (1998) 

concluded that the quantity of loss of carbohydrate may vary with the RB stage, the 

phases of ripening spikelets, and the RB population density. Thus varying degrees of 

loss may result in either unfilled spikelets or filled spikelets with damage symptoms.

No yield loss
Several studies have reported no economic yield loss at moderate RB densities. 

A study by van den Berg & Soehardi (2000) showed that L. oratorius caused no 
2 2measurable reduction in yield from densities of 3.5/m  in the wet season and 2.6/m  in 

the dry season in E Java in double-cropped irrigated rice. They concluded that if a 

linear relationship in the range of 2–10% yield loss for every added adult per hill is 

assumed, under the measured field populations of L. oratorius in East Java, the 

median loss would only have been in the range of 0.2–1.0% in the dry season and 

0.2–1.3% in the wet season. A trial conducted in Koronadal in the Philippines where 

RBs showed the highest densities among four irrigated test sites, the 1985 second crop 
2resulted in 3.9 RBs/m  before the milk stage. The trial was conducted on farmers' fields 

on that crop and was sprayed three times with a high dosage of insecticide beginning at 

late flowering but there was no significant increase in yield (Table 7). Islam et al. (2003) 

conducted a similar trial in Bangladesh with similar result. But it could be that in both 

trials the insecticide protection should have covered the early flowering stage to 

prevent aborted spikelets. But the probable reason for the low yield losses registered in 

these studies was the high yields (4-5 t/ha) had a dilution effect. More will be said about 

this point at the end of the yield loss section.

    

Table 7. Determination of yield loss caused by L. oratorius measured by the insecticide-check method 
in the second rice crop in an irrigated, double crop pattern, Koronadal, S Cotabato, Philippines, 

 11985. /

1/ Average of 10 replications each in different farmer’s fields
2 2/ Adults and older nymphs counted per m  from five locations per treatment. Post treatment counts made 3 days after treatment. In a 

column, means followed by a different letter are significantly different (P  0.05) by LSD test.≤
3/ 0.75 kg ai monocrotopos EC/ha applied three times at late flowering, milk and soft dough stages

YIELD

TREATMENT PRE-TREATMENT   MILK STAGE  SOFT DOUGH  HARD DOUGH

Protected
 

3/ 3.6 ± 1.7 a 0.7 ± 0.6
 

a 0.4 ± 0.3
 

a 0.3 ± 0.2
 

a 4.73 ± 0.49 a

Untreated 4.2 ± 1.3 a 3.1 ± 1.2 b 2.8 ± 1.5 b 1.1 ± 0.7 b 4.89 + 0.68 a

RICE  BUGS ( NO. / M2 ) 2/

(T/HA)

Quantification of yield loss not related to pest densities
Epidemics have been reported from most rice growing countries in Asia with 

losses ranging from 10 to 40% to some fields with almost complete losses occasionally 

(Srivastava & Saxena 1967). They noted that unfilled spikelets were most directly 

correlated with yield loss.

Correlation of RB density with yield loss
Yield loss trials can be divided into three types: 1) those with only one RB 

density, 2) those with a stepwise increase in RB densities, and 3) farmers' yield 

averages from extensive sampling. First we look at yield losses from single RB 

densities. 

Artificial infestation at one density
Nayak (1984) tested a density of 1 RB/10 hills resulting in 1.8% more unfilled 

2 2spikelets. At a planting density of 20 hills/m , this translates into a RB density of 2/m . 

The problem with this study was that there was no uninfested check to determine the 

natural rate of unfilled spikelets. In an insecticide trial on the IRRI farm in 1987, the 

average yield in the insecticide-protected plots was 5.67 t/ha while that of the untreated 
2control was 4.35 t/ha, giving a 23% yield loss under pressure from 9-13 RBs/m  based 

on weekly samplings (Macatula & Mochida 1987). In Sri Lanka, Kobayashi & 
2Nugaliyadde (1988) noted that in farmers' fields with > 10 RBs/m  losses were > 50% 

in wetland rice, but no sampling data was presented to support this conclusion. 

Samuel (1984) artificially infested 100 panicles per cage, which according to Yoshida's 
2 2 2(1981) average of 250 panicles/m , is 0.4 m . Converting his data to per m , he recorded 
23.5-5.5% loss from 10-15 RBs/m  from flowering to maturity but 4.0-5.5% loss from 

235-43 RBs/m  from milk stage to maturity. Delpachitra & Wickramasinghe (1986) 

artificially infested 6 RBs/ panicle beginning at flowering which resulted in 100% 

unfilled spikelets compared to a caged untreated check with 20%. The standard 

measure of 100-grain weight was reduced 45%. But that RB density translates to an 
2 2astounding 1,500/m  based on panicle density of 250/m  for a 4 t/ha crop yield (Yoshida 

1981). 
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from this phenomenon as workers often assumed that any unfilled spikelets were due 

to RB feeding. Rothschild (1970b) noted that extremes in temperatures, such as < 

10°C, for two consecutive nights two weeks prior to and/or at flowering can cause 

excessive sterility. Also, strong winds, rain showers, drought, damage from other 

pests, fertilizer or pesticide applications while blooming is occurring (9 AM to 3 PM) 

can increase sterility. During flowering, air temperatures > 35°C may increase spikelet 

sterilization. Rothschild (1970b) concluded that the biggest cause of unfilled spikelets 

was due to the plant's normal overproduction of spikelets and not RB, let alone other 

biological or physical factors. 

Yield loss
Rothschild (1970b) observed that most reports on yield loss, particularly in the 

older literature, were not based on direct evidence of weight differences between 

attacked and unattacked spikelets. Also missing in these reports were estimates of RB 

population densities causing such losses. Such information is essential as 

innumerable factors previously mentioned can produce symptoms similar to those 

induced by Leptocorisa. Morrill et al. (1991) noted that the assessment of crop loss 

related to RB densities is critical to derive economic injury levels. Litsinger et al. (1998) 

concluded that the quantity of loss of carbohydrate may vary with the RB stage, the 

phases of ripening spikelets, and the RB population density. Thus varying degrees of 

loss may result in either unfilled spikelets or filled spikelets with damage symptoms.

No yield loss
Several studies have reported no economic yield loss at moderate RB densities. 

A study by van den Berg & Soehardi (2000) showed that L. oratorius caused no 
2 2measurable reduction in yield from densities of 3.5/m  in the wet season and 2.6/m  in 

the dry season in E Java in double-cropped irrigated rice. They concluded that if a 

linear relationship in the range of 2–10% yield loss for every added adult per hill is 

assumed, under the measured field populations of L. oratorius in East Java, the 

median loss would only have been in the range of 0.2–1.0% in the dry season and 

0.2–1.3% in the wet season. A trial conducted in Koronadal in the Philippines where 

RBs showed the highest densities among four irrigated test sites, the 1985 second crop 
2resulted in 3.9 RBs/m  before the milk stage. The trial was conducted on farmers' fields 

on that crop and was sprayed three times with a high dosage of insecticide beginning at 

late flowering but there was no significant increase in yield (Table 7). Islam et al. (2003) 

conducted a similar trial in Bangladesh with similar result. But it could be that in both 

trials the insecticide protection should have covered the early flowering stage to 

prevent aborted spikelets. But the probable reason for the low yield losses registered in 

these studies was the high yields (4-5 t/ha) had a dilution effect. More will be said about 

this point at the end of the yield loss section.

    

Table 7. Determination of yield loss caused by L. oratorius measured by the insecticide-check method 
in the second rice crop in an irrigated, double crop pattern, Koronadal, S Cotabato, Philippines, 

 11985. /

1/ Average of 10 replications each in different farmer’s fields
2 2/ Adults and older nymphs counted per m  from five locations per treatment. Post treatment counts made 3 days after treatment. In a 

column, means followed by a different letter are significantly different (P  0.05) by LSD test.≤
3/ 0.75 kg ai monocrotopos EC/ha applied three times at late flowering, milk and soft dough stages

YIELD

TREATMENT PRE-TREATMENT   MILK STAGE  SOFT DOUGH  HARD DOUGH

Protected
 

3/ 3.6 ± 1.7 a 0.7 ± 0.6
 

a 0.4 ± 0.3
 

a 0.3 ± 0.2
 

a 4.73 ± 0.49 a

Untreated 4.2 ± 1.3 a 3.1 ± 1.2 b 2.8 ± 1.5 b 1.1 ± 0.7 b 4.89 + 0.68 a

RICE  BUGS ( NO. / M2 ) 2/

(T/HA)

Quantification of yield loss not related to pest densities
Epidemics have been reported from most rice growing countries in Asia with 

losses ranging from 10 to 40% to some fields with almost complete losses occasionally 

(Srivastava & Saxena 1967). They noted that unfilled spikelets were most directly 

correlated with yield loss.

Correlation of RB density with yield loss
Yield loss trials can be divided into three types: 1) those with only one RB 

density, 2) those with a stepwise increase in RB densities, and 3) farmers' yield 

averages from extensive sampling. First we look at yield losses from single RB 

densities. 

Artificial infestation at one density
Nayak (1984) tested a density of 1 RB/10 hills resulting in 1.8% more unfilled 

2 2spikelets. At a planting density of 20 hills/m , this translates into a RB density of 2/m . 

The problem with this study was that there was no uninfested check to determine the 

natural rate of unfilled spikelets. In an insecticide trial on the IRRI farm in 1987, the 

average yield in the insecticide-protected plots was 5.67 t/ha while that of the untreated 
2control was 4.35 t/ha, giving a 23% yield loss under pressure from 9-13 RBs/m  based 

on weekly samplings (Macatula & Mochida 1987). In Sri Lanka, Kobayashi & 
2Nugaliyadde (1988) noted that in farmers' fields with > 10 RBs/m  losses were > 50% 

in wetland rice, but no sampling data was presented to support this conclusion. 

Samuel (1984) artificially infested 100 panicles per cage, which according to Yoshida's 
2 2 2(1981) average of 250 panicles/m , is 0.4 m . Converting his data to per m , he recorded 
23.5-5.5% loss from 10-15 RBs/m  from flowering to maturity but 4.0-5.5% loss from 

235-43 RBs/m  from milk stage to maturity. Delpachitra & Wickramasinghe (1986) 

artificially infested 6 RBs/ panicle beginning at flowering which resulted in 100% 

unfilled spikelets compared to a caged untreated check with 20%. The standard 

measure of 100-grain weight was reduced 45%. But that RB density translates to an 
2 2astounding 1,500/m  based on panicle density of 250/m  for a 4 t/ha crop yield (Yoshida 

1981). 
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Artificial infestation over a range of densities
Other studies looked at the effect of a range of RB densities resulting in yield 

loss. VA Dyck determined yield loss based on RB density expressed as the number of 

rice panicles/RB (IRRI 1976). He determined that 35 panicles/RB led to a 14% loss, 

whereas 1 panicle/RB caused 83% loss, but there was not much difference in loss 

between 20 and 35 panicles/RB. At 1 panicle/RB and assuming five panicles per hill, the 
2field population would have been 125 RBs/m , whereas at 35 panicles per RB the 

2density would have been 3.6/m  using data from Table 8. A field trial was carried out at 
2IRRI in the 1976 dry season where 1, 2, 4, and 8 RBs were artificially infested in 1 m  

2 2cages (Table 9). Densities of 1-2 RBs/m  caused 3% loss, 4 RBs/m  caused 9%, whereas 
28 RBs/m  caused 21% loss on a crop that yielded 4.5 t/ha in the uninfested check. RBs 

were introduced at early flowering stage which would have losses from aborted 

spikelets. EA Heinrichs (IRRI 1987b) looked at the broadest range of RB densities in a 

trial on the IRRI Farm with artificial infestation of the crop at mid-flowering within 

wooden-frame, mesh cages until harvest. RBs were introduced at 12, 25, 50, 100, and 
2225 adults, IV-V instar nymphs, or eggs/m  and the damage was measured as percent 

unfilled spikelets and percent yield loss (Figure 3). Unfilled spikelets in the untreated 

check ranged from 11 to 18%. Infesting eggs mimics the situation of a normal 

infestation with adults laying eggs during flowering, but the exception was that there 

were no adults feeding. Based on a 7-day period for flowering and assuming the eggs 

were infested 4 days after flowering began, nymphs would have developed through to 

the IV stage on milk stage spikelets, therefore fifth stage nymphs and adults would have 

fed on soft dough stage. The unfilled spikelets leveled off at 20-24% for infestations of 
225 to 225 eggs/m  probably because of mutual interference with nymphs falling into the 

water and not being able to climb back onto the plants. Intermediate levels of damage 

occurred from the introduced nymphs where the unfilled spikelets rose steadily from 

21 to 52%. The nymphs would have caused some flower abortion over about 3-4 days 

and would have reached adulthood during the milk stage where adults would have fed 

on the milk stage and beyond. The new adults would have reproduced and laid eggs 

during the mid-soft dough stage to cause minimal damage, thus unfilled spikelets 

would have been caused mostly by the new adults. Without the cages, the adults would 

have flown off to seek younger fields in flowering. In the case of adult infestation they 

would have laid eggs right away and the nymphal stages I-III would have dominated 

during the milk stage and caused the highest level of unfilled spikelets steadily rising 

from 24 to 74%. Yield losses mirrored very closely the unfilled spikelet levels. Even at 
2an adult 225/m  infestation level which would have ended up with more in the cages due 

to the second generation that occurred as well, maximum loss did not reach 100%. 

Crowding and mutual interference must have played a role and thus 100% yield loss 

would be difficult to attain. 
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Figure 3. Relationship between percentage of unfilled rice spikelets and yield loss with increasing rice bug 
population densities. Data based on IRRI (1987b).
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Artificial infestation over a range of densities
Other studies looked at the effect of a range of RB densities resulting in yield 

loss. VA Dyck determined yield loss based on RB density expressed as the number of 

rice panicles/RB (IRRI 1976). He determined that 35 panicles/RB led to a 14% loss, 

whereas 1 panicle/RB caused 83% loss, but there was not much difference in loss 

between 20 and 35 panicles/RB. At 1 panicle/RB and assuming five panicles per hill, the 
2field population would have been 125 RBs/m , whereas at 35 panicles per RB the 

2density would have been 3.6/m  using data from Table 8. A field trial was carried out at 
2IRRI in the 1976 dry season where 1, 2, 4, and 8 RBs were artificially infested in 1 m  

2 2cages (Table 9). Densities of 1-2 RBs/m  caused 3% loss, 4 RBs/m  caused 9%, whereas 
28 RBs/m  caused 21% loss on a crop that yielded 4.5 t/ha in the uninfested check. RBs 

were introduced at early flowering stage which would have losses from aborted 

spikelets. EA Heinrichs (IRRI 1987b) looked at the broadest range of RB densities in a 

trial on the IRRI Farm with artificial infestation of the crop at mid-flowering within 

wooden-frame, mesh cages until harvest. RBs were introduced at 12, 25, 50, 100, and 
2225 adults, IV-V instar nymphs, or eggs/m  and the damage was measured as percent 

unfilled spikelets and percent yield loss (Figure 3). Unfilled spikelets in the untreated 

check ranged from 11 to 18%. Infesting eggs mimics the situation of a normal 

infestation with adults laying eggs during flowering, but the exception was that there 

were no adults feeding. Based on a 7-day period for flowering and assuming the eggs 

were infested 4 days after flowering began, nymphs would have developed through to 

the IV stage on milk stage spikelets, therefore fifth stage nymphs and adults would have 

fed on soft dough stage. The unfilled spikelets leveled off at 20-24% for infestations of 
225 to 225 eggs/m  probably because of mutual interference with nymphs falling into the 

water and not being able to climb back onto the plants. Intermediate levels of damage 

occurred from the introduced nymphs where the unfilled spikelets rose steadily from 

21 to 52%. The nymphs would have caused some flower abortion over about 3-4 days 

and would have reached adulthood during the milk stage where adults would have fed 

on the milk stage and beyond. The new adults would have reproduced and laid eggs 

during the mid-soft dough stage to cause minimal damage, thus unfilled spikelets 

would have been caused mostly by the new adults. Without the cages, the adults would 

have flown off to seek younger fields in flowering. In the case of adult infestation they 

would have laid eggs right away and the nymphal stages I-III would have dominated 

during the milk stage and caused the highest level of unfilled spikelets steadily rising 

from 24 to 74%. Yield losses mirrored very closely the unfilled spikelet levels. Even at 
2an adult 225/m  infestation level which would have ended up with more in the cages due 

to the second generation that occurred as well, maximum loss did not reach 100%. 

Crowding and mutual interference must have played a role and thus 100% yield loss 

would be difficult to attain. 

0

10

20

30

40

50

60

70

80

0 25 50 75 100 125 150 175 200 225

U
nfi

lle
ed  

sp
ik

el
et

s 
( %

 )

Rice bugs ( no. /m 2 )

B

   

0

10

20

30

40

50

60

70

80

0 25 50 75 100 125 150 175 200 225

Yi
e

ld
 

lo
ss

 (
 %

 )

Adult

Nymphs

Eggs

A

Figure 3. Relationship between percentage of unfilled rice spikelets and yield loss with increasing rice bug 
population densities. Data based on IRRI (1987b).
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Table 8. Estimated yield loss from increasing rice bug densities and potent rice yield levels.

1/ Data based on Rothschild (1970b)

1 T/HA 2 T/HA 3 T/HA 4 T/HA 5 T/HA

Grains/m
2 3,400 6,800 10,200 13,600 17,000

RICE
 
BUGS

 
(NO. / M

2
)
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1Table 9. Effect or rice bug adult density on grain yield of IR30 rice, IRRI Farm, 1976 dry season. /

RICE BUG DENSITY YIELD

(NO. ADULTS/M2) GRAINS(%) (G/M2) LOSS(%)

0 28 a 453 a 0

1 30 a 438
 

ab 3

2 36 b 440 ab 3

4 37 b 411 b 9

8 43 c 360 b 21

UNFILLED YIELD

1/ In a column, means followed by a different letter are significantly different (P ≤ 0.05) by Duncan’s Multiple Range Test
2Nylon cloth field cages were placed over 1 m  in the field early flowering to harvest, 20 replications (data based on IRRI 1977)

Kalode & Yadava (1975) undertook two cage trials in the greenhouse where RBs 

were caged on 3 panicles and loss was measured in grain weight. The first trial looked 

at RB densities of 1, 2, 4, 8, and 16 per panicle and loss increased from 9%, 28%, 40%, 

69%, and 71% respectively. In the second trial infestation ranged from 5, 10, 15, to 20 

RBs with losses of 28%, 72%, 73%, and 74%, respectively. This trial also showed the 

effect of mutual interference at higher infestation levels where yield loss levelled off at 

densities of 2-16 RBs/panicle. Van Halteren (1979) also felt that at high densities there 

would be mutual interference between individual RBs that would affect normal feeding 

behavior that would limit yield loss. Delpachitra & Wickramasinghe (1986) attained 

100% loss as the RBs were infested on individual panicles in small cages and could 

easily climb back onto the plant if fallen. This shows how difficult it would be to have 

100% loss in the field which could only occur from immigrating swarms of adults 

concentrating on small fields. Jahn et al. (2004) infested 1, 3 and 6 RBs per potted 

plant during the milk stage and found RB density was negatively correlated with yield 

over a range of 24, 57, and 73% yield loss, respectively. The untreated check averaged 

3.1 t/ha. In Thailand, Palawisut et al. (2001) infested plants at densities of 4, 8, 16, 32 
2and 64 RBs/m  compared with a check. Losses increased from 11 to 27%, a very 

narrow range compared to other studies. Mutual interference probably played a role 

here as well.

Many of the early reports stated that > 75% yield loss occurred based on visual 

estimates. It is interesting to note that in the cage studies only one report of 100% loss 

occurred, whereas three other studies that tested high RB densities capped at < 75% 

loss. The one report of 100% loss was based on caging individual panicles where RBs 
2could readily climb back to feed, but in larger 1 m  cage trials mutual interference 

intervened to prevent higher losses, reaching a stage of 'inherent impunity' in the 

damage function curve coined by Pedigo et al. (1986).

Field studies
Sugimoto & Nugaliyadde (1995b) determined spikelet damage was 

proportional to the density of adults plus nymphs on rice plants at the time of flowering 

despite the difference in adult-nymphal structure in the populations and the difference 
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in the changes of population density on rice plants after flowering. Van den Berg and 

Soehardi (2000) trained 94 farmer groups to monitor densities of RBs in four districts 

in East Java by taking field samples from 45 hills three times per field from panicle 
2emergence to milk stage. Yields ranged from 4 to 10 t/ha over a range of 0–36 adults/m  

2per site, with most sites averaging < 6 RBs/m . This large sample size taken from a crop 

under farmer management showed a wide range of RB densities, but there was no 

relationship to yield loss by regression analysis. In Malaysia, Ito et al. (1992) correlated 

relationship between RB density and the number of damaged spikelets and found that 

it was not clear as indicated by a low regression coefficient of the latter to the former (r 

= 0.405). It was therefore difficult to estimate the control threshold from this 

relationship. Litsinger et al. (2005) conducted yield loss trials that partitioned loss by 

crop growth stage in four irrigated, double-cropped rice locations in the Philippines 

comprising 68 crops and 419 fields. Crop loss averaged 0.65 t/ha (12.7%) where only 

0.15 t/ha (3.0%) occurred during the ripening stage and, based on sampling, it was 

concluded that most of the loss was due to stemborers and leaffolders and not RBs. 

The average yield without insect pest damage was 4.99 t/ha. Only in Koronadal in a 

dataset of 6 crops and 48 fields was there a significant correlation (r = 0.53 **) with a 
2mean 0.5 RB/m  density (Y = 20.1 + 0.76 X) (Litsinger et al. 1987a). This result seems 

spurious for two reasons. First, the RB density was very low, and secondly, there was no 

correlation in Guimba, another irrigated rice site, with a much higher RB density of 
22.1/m . The reason advanced to explain these discrepancies is that modern rices, due 

to their high-tillering capacity, respond dramatically to crop management that can 

overshadow the effect of insect pest damage either positively or negatively making 

correlations difficult to make (Litsinger 2009).

Feeding rate correlated to yield loss
Rothschild (1970b) did some hypothetical calculations relating RB density to 

yield loss based on his finding that a RB consumes the content of two grains per day on 

average. Key facts for the calculations are rice is vulnerable for about 30 days and 
230,000 grains weigh 1 kg. A density of 10,000 RB/ha (1 RB/m ), therefore would 

consume 20,000 grains per day/ha and over 30 days 600,000 grains weighing 20 kg 

would have been lost. Projecting this data to a field yielding 1 t/ha (1,000 kg) would 
2require 50 RBs/m  to achieve the same 100% loss. But for a 5 t/ha crop it would take 

2250 RBs/m . Rothschild (1970b) incorporated the effect of nymphal feeding and used 

the average survival rate of RBs in the field based on his life table data to produce a 

more realistic scenario. Using a D-Vac suction machine, he estimated that 142 adults 

and 102 mature nymphs (IV and V instars) were present on his sample size of 1,000 

hills. He found, under field conditions, the average longevities of adults and mature 

nymphs were 13 and 5 days, respectively. A mature nymph was deemed to be equal to 

0.4 adults in terms of feeding injury. Earlier nymphal stages were not counted as they 

did not produce noticeable damage symptoms. The 102 mature nymphs therefore, 

were equivalent to 39 adults giving a total of 181 adult equivalents per 1,000 hills (142 

+ 39). Taking these numbers and converting them to the loss per kg/ha we first need to 
2 2 2convert to per m . At a planting density of 20 hills/m , the 1,000 hills are equal to 50 m . 

The 181 adult equivalents that consumed 2 grains/day over 13 days would destroy 
2 2 24,706 grains/50 m  or 94 grains/m . Normally, there are 3,400 grains/m  from a 1 t/ha 

2crop (Yoshida 1981), so the loss from 3.6 RBs/m  would be 2.8% or 28 kg/ha, but on a 5 

t/ha crop there are 17,000 grains/ha so the 28 kg loss/ha would only amount to 0.6%.

Rice bug days
Van Halteren (1979) monitored 35 fields in the Maros Experiment Station in 

2Sulawesi, Indonesia and daily recorded the mean number of RBs/m  over the ripening 
2stage of the crop. At harvest time he sampled 10 panicles/m  and monitored the feeding 

sheaths by a staining method to determine percentage of damaged grains which he 
2plotted as a linear regression with RB density expressed in RB-days per m . A RB-day is 

the mean number of bugs multiplied by the number of days of feeding which was set at 

21 days (not 30 days as assumed by Rothschild (1970b). For example 200 RB-days are 

the equivalent of 20 RBs feeding for 10 days or 40 RBs feeding for 5 days. Van Halteren 

(1979) boiled panicles collected from the field in 5-10% NaOH for 5-10 minutes which 

allowed the damage on grains to be seen without opening the hulls. Then, 100 grains 

that were infested and uninfested were weighed with the difference representing the 

yield loss. There was a direct correlation between % infested grains and loss in weight. 

In the 1975 DS, infested grains varied from 5 to 85% between fields with a mean of 21% 

and the relationship between infested grains and population density in bug-days 

followed the regression equation: Y = 11.34 log X – 7.34 (r = 0.676, n = 36). From the 
2damage function derived from the regression, 15 RB-days/m  will cause a 5% yield loss. 

He also noted that the graph rarely caused a yield loss > 50% which he attributed to the 
2fact that 1 m  had 30,000-40,000 rice grains and the vulnerable period of the crop is 

short.

Compensation
Morrill (1997) felt rice plants compensate from damage on immature spikelets 

by filling younger spikelets as the rice crop always produces more spikelets than it can 

fill. Therefore, extrapolating results from studies of individual panicles to the crop level 

may infer higher losses than actually occurred. Rubia & Penning de Vries (1990) found 

that stemborer whitehead compensation results from a reallocation of photosynthate 

from damaged to undamaged tillers utilizing spikelets that otherwise would have been 

empty. They noted that modern rices normally bear 10-20% unfilled spikelets, which 

provide a ready sink for photosynthate reallocation. Also modern rices, due to their 

high tillering capacity,  rapidly close the leaf canopy in the field and thus have higher 

leaf area indices than traditional rices leading to higher rates of photosynthesis per 

field area (Yoshida 1981). He also reported that 60% of starch is produced during the 

ripening stage by photosynthesis, with the rest being translocated from culm and leaf 

sheaths. Sugimoto & Nugaliyadde (1995a) noted that RB feeding did not cause empty 

spikelets, but the evidence points to the cause of unfilled glumes as being indirect. 
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Litsinger et al. (1998) showed evidence of compensation based on the fact that over 

95% of stylet sheaths (left on the plant after feeding) were located on filled spikelets. 

This observation is contrary to the belief that RB feeding at the milk stage directly 

causes empty spikelets. The point is that those spikelets that are empty were part of the 

10-20% that would have been empty anyway as the plant apparently will first refill fed-

upon spikelets. RBs do take their share of photosynthate but this stimulates the plants 

to produce or allocate more photosynthates to compensate for the loss. Van den Berg & 

Soehardi (2000) appealed for further study to determine whether the plant redirects 

assimilates from fed-upon spikelets to those that would have gone unfilled or does it 

refill fed-upon spikelets. 

Problems with calculating yield loss
Cage trials in greenhouses run the risk of overestimating loss from insect 

damage due to shading especially during seasons of short day length and/or overcast 

skies. To compensate for this effect, experiments should be carried out during seasons 

with the longest hours of sunshine per day. In addition, two factors need to be kept in 

mind when reviewing yield loss data. First, RB density should be known as well as the 

yield level. It is important to keep in mind that the percentage yield loss from a given RB 

density will greatly decrease as the yield level increases. This relationship is shown in 

Table 8 that was created using the results from Rothschild (1970b) who showed that an 

adult removes the endosperm from 2 spikelets/day and the rice crop is susceptible to 

damage for 30 days. The 21 days of susceptibility as reported by van Halteren (1979) 

and Morrill (1997) does not take into account the variability in maturation between 

plants and tillers in a plant. Because the rate of feeding by RBs is independent on yield 
2level, the same RB density, say 10 RBs/m  on a crop that yields 1 t/ha, will be 17.6% 

whereas on a 5 t/ha crop it is only 3.5%. The absolute yield loss in terms of kg of filled 

spikelets per hectare will be the same for any yield level, but the higher the yield level 

the more the crop can tolerate. The data in Table 8 reflects only the loss of endosperm. 

However, it follows that the relationship would be the same for RBs feeding on maturing 

flowers to cause aborted spikelets. So if artificial infestation or the insecticide-check 

method were initiated at the milk stage then the yield loss results might have been 

underestimated if adults had caused significant aborted spikelets. The problem with 

taking census data per field over years is that many other variables that affect yield 

such as stemborers confound the results. What is important in generating damage 

functions is to have a wide range of RB densities. This is often difficult by taking the 

average per field. Artificial infestation or taking data per hill will provide a wider range 

of RB densities.

PEST CONTROL METHODS

Farmers' knowledge, attitudes and practices
This section begins with a discussion of practices that have evolved in farming 

communities to deal with RBs. 

Superstitious beliefs and practices
More than 100 years ago, some Filipino farmers believed RBs, along with other 

insects, occurred from spontaneous generation from air rising above the soil and were 

surprised when shown eggs that hatch (Otanes 1925). In India according to some 

groups of farmers, “RBs came from the body of an elephant which was killed a decade 

earlier, and the pest resides in the jungle until it rains and the forest gets too wet for it” 

(Lefroy 1908). As RBs are attracted to decaying meat (Uichanco 1921), this myth may 

have developed from farmers seeing the body of a dead elephant with RBs feeding on 

the juices of exposed meat. When facing RB infestations without sound knowledge of 

how to deal with them, many farm communities have resorted to superstitious 

practices (Fujisaka et al. 1989). Religious cum superstitious practices including 

magical spells, incantations, conch shell and horn blowing, offerings, and charms are 

often performed by local spiritual leaders in the Indian subcontinent to seek protection 

of the rice crop by supernatural means (Leroy 1908, Austin 1922, Hutson 1930, 

Fernando et al. 1957). Religious leaders also burned incense or made fires to drive 

away RB adults (Srivastava & Saxena 1967). In the Philippines, a local belief to rid 

one's field of RBs involves riding a horse or carabao around a rice field at twilight 

(Litsinger et al. 1980a). Litsinger et al. (2009b) found 52% of Claveria farmers invoked 

spirits to ward off RBs. Björnsen-Gurung (2003) found the Tharu tribe in Nepal 

believed the RB was created by their god to damage rice, thus required control by 

means of a ritual. He noted that rituals provide reassurance, giving indigenous people a 

feeling that they have some degree of control in their continuous encounters with 

unpredictable natural phenomena. Rituals play important roles in the adoption of 

farmers (such as the Bontok of N. Luzon Philippines) to ecological constraints they 

have faced for generations (Prill-Brett 1986). Rituals also structure the way people 

react to their environment on a sustainable basis. Because each step of the cultivation 

cycle is synchronized throughout the village, delays at harvest allow pests (RBs) to 

concentrate on late harvests to cause great damage. Bontocs believe 'rest days' are 

critical to minimize pest damage to the rice crop. In Nepal where farmers practice RB 

worship, two bugs are caught, painted red and black and carried around the 

community before releasing them outside the community to usher RBs away from their 

fields (Björnsen Gurung 2003). Offerings of food items and burning of incense 

accompany this ritual. In Claveria, some farmers catch a mating pair and return home 

without looking back (Litsinger et al. 2009b). The insect pair is then released expecting 

them to lead other RBs away. Circling the field with a burning bamboo pole is another. 

Others use rituals such as placing a bamboo pole in each corner of the field, but one 

person can only do this rite. The effect is that insect pests will be repelled from the field 

(Litsinger et al. 1980). Another is to catch seven RBs and put them in one's mouth and 

walk around the field then spit them out. The last category of superstitious practices 

fall under the title of black magic or witchcraft which involve sacrifice of animals and 

voodoo like rituals to “scare” the pests away from rice fields. For example, RBs are 

“threatened” or “tortured” with needles (Litsinger et al. 2009b). Many of these methods 
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have similarity to voodoo rituals practiced in Haiti and are done in secrecy. One ritual is 

to insert a pin in the anus of each of four RBs and release them while telling them to go 

away and never to come back again.

Alburo & Olofson (1987) found farmers in Cebu, Philippines practice 

metonymical magic. Metonymy is mainly a way to associate things in a sequence or 

proximity (not similarity) through substitution. Farmers wrap RBs in a black cloth on 

the eve of the last quarter before a new moon and bury them in the field. The color 

black, the last quarter, and burying signify death without directly saying it. Others place 

a RB in a lighted pipe and smoke it. Farmers believe that an action against one RB 

affects all of them. Lastly, they believe if one smells a homemade concoction of 

botanical insecticides before using it, the act automatically will reduce its potency.

RB as food
One way farmers have found to control RBs is to eat them. Chung (2010) noted 

that in Sabah farmers eat pesisang RBs and the green stink bug tangkayomot Nezara 

viridula. To most people, the pungent defensive secretion emitted by RBs would be a 

deterrent to their use as a food, but the elderly villagers of Tambunan mash RBs and 

mix them with chili and salt, and then cook them in hollow bamboo stems. The dish is 

served as a condiment. The farmers cautioned that one has to be careful not to eat the 

black bug Scotinophara coarctata as it causes inflammation with a burning sensation 

on the lips, mouth, and even the throat. Chung also found that Kalimantan rice farmers 

are even hardier and eat RBs raw as a snack when working in the field. Occasionally, 

RBs are prepared as condiments to be eaten with plain rice. Needless to say, eating a 

few RBs a day will not reduce RB densities.

Repellents
Farmers also have used various materials that act as repellents to ward off RBs. 

Farmers in Assam, India spread goat dung in rice fields (Deka et al. 2006). Further to 

the NE of India in Arunachal Pradesh, dried pomelo leaves are used by Adi tribesmen 

placed in the field (Saravanan 2010). Misra (1999) noted in Dhenkanal, Orissa state in 

India that farmers use fermented snails. In Andhra Pradesh, India, Rao et al. (2010) 

learned farmers place leaves or implant twigs of Cleistanthus collinus in the field. 

Another method of the Manobo tribe of Mindanao is to burn the tail of a palm civet or 

milo Paradoxurus hermiphroditus philippinensis in the middle of the field (Parreño-

de Guzman & Fernandez 2001). 

Lefroy (1908) heard that farmers in Sri Lanka burn certain aromatic herbs and 

resinous substances so the wind will carry the smoke into the rice crop to repel RBs 

'with considerable success'. Driesberg (1909) gave the same report from Indonesia. 

Dresner (1958) noted Javanese farmers burned rubber tree branches by placing the 

fire so that the smoke travels downwind into the field. Watson & Willis (1985) reported 

that farmers in Kalimantan burned soursop leaves and fragrant grasses such as lemon 

grass which produce a thick smoke. A survey found 15% of farmers in Claveria, 

Misamis Oriental, Philippines burned grass or rubber tires and 2% burned animal fat 

(goat) as repellents (Litsinger et al. 2009b). Uichanco (1921) reported that Filipino 

farmers burn incense or resin or lumbang Aleurites moluccana nuts to produce 

smoke. Even in an irrigated area where farmers practice modern rice culture, 19% of 

Laguna farmers said they had used baits and smudging (Marciano et al. 1981). Cebu 

farmers also fumigate by burning tires which was explained by Alburo & Olofson 

(1987) on the assumption that what repelled man also repelled insects. Other farmers 

set bonfires to repel the bugs by burning obnoxious plants. Leaves and branches are 

piled on a bund upwind. The most popular plants are Annona squamosa, Derris 

elliptica, betel nut Areca catechu, Gliricidia sepium, Erythrina variegata, 

Pittosporum resiniferum, Pongamia pinnata, and Wikstroemia ovata. All farmers 

must burn at the same time and know that this drives RBs to their neighbors' fields or 

elsewhere but does not kill them. This is the reason farmers would like to use 

industrial pesticides, but cannot afford them. Farmers monitor their fields during the 

milk stage then burn the leaves daily. They know the rice plant is resistant from hard 

dough stage onwards. Deka et al. (2006) noted farmers burned bicycle tires near rice 

fields before panicle initiation. In Malaysia farmers burned coconut fronds at night 

(Lever 1955), and farmers in Cambodia also use smoke against RBs (Jahn et al. 1997). 

Van der Goot (1949), however, remarked smoke as a repellent was not effective.

Attractant bait
Researchers have long noted that RB adults are attracted to a variety of 

substances. Schaefer et al. (1983) stated there are many species of Alydidae that are 

attracted to carrion such as a pig carcass. Uichanco (1921) saw RBs aggregating on 

rotting meat. The source of meat was diverse and farmers used this practice to attempt 

to control RBs so they could be killed by manual means. Otanes & Sison (1941) found 

RB adults were attracted to rotten fish, mollusks, or shrimp. Dresner (1958) stated 

Indonesian farmers used rat meat, fish, crustaceans, and crushed African snails. 

Solikhin & Martono (1997) and Singha et al. (2005) reported land crabs Potamon sp. 

Litsinger et al. (2009b) found Claveria farmers used dog meat or starfish. Sands (1977) 

stated farmers in Papua New Guinea used rotting liver. Morrill et al. (1991) reported 

frog meat. Ooi (1982b) learned that farmers in the northern states of Peninsular 

Malaysia tied a dead toad to a stick and placed it in the field at the ripening stage. 

Parreño-de Guzman & Fernandez (2001) reported farmers in the Manuvú community 

of Davao City, Mindanao hung rat intestines on pieces of dead wood in the middle of the 

field. They noted that RBs converge at this point and ignored the rice. Guimba et al. 

(2006) stated farmers used golden apple snail Pomacea canaliculata. Leroy (1908) 

found adults attracted to crushed sugarcane. Drieberg (1909) reported bait made of 

bran and jaggery (sugar from sugarcane). Others reported RBs were attracted to 

odiferous plants. Dresner (1958) stated farmers used aquatic plants such as Hydrilla 

verticillata. Kalshoven (1981) reported farmers used bundles of decaying plants such 
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as Limnophila, Ceratophyllum demersum, C. submersum, and Lycopodium 

carinatum plants collected in swampy environments. Kathirvelu & Narayanasamy 

(2005) notedtribal people in Tamil Nadu, India push foxtail palm leaves Wodyetia 

bifurcata into the soil at a density of 15/acre.

Farmers hang the meat or plant bait in a bag attached to a stake in the field. 

Poisons may be added such as insecticides while other groups of farmers burn the bugs 

with torches. Dresner (1958) reported farmers in Indonesia tie the meat with a string 

and dip into 0.02% suspension of dieldrin with cassava flour as a sticker and then it is 

tied to the panicles of flowering rice. Some 200 stations are recommended per ha. This 

bait becomes attractive a few hours to 2 days after placement. These methods 

mentioned are reported by farmers to be effective, but when researchers tested them 

they found them wanting because only a few RBs were actually killed (Corbett 1930, 

van der Goot 1949). Austin (1922) in Sri Lanka undertook experiments where 

putrefied meat was hung in muslin bags and suspended above rice fields. Bags were 

hung at 7AM each day. Not a single RB was attracted. He also tested crushed sugarcane 

plants with the same poor result. Barnes & South (1925) in Malaysia tested putrefied 

meat, but attracted only a few RBs so this method was abandoned. More recently, 

Solikhin & Martono (1997) in Indonesia tested decaying land crabs in Yogyakarta. The 

result of the experiment showed the highest attraction was at 5 PM, catching a paltry 20 

RBs. Guimba (2006) used baffle traps with rotting meat and found that the most RBs 

collected were during flowering, but the numbers were low. Most attracted RBs were 

males (Kalshoven 1981, Guimba 2006). Dresner (1958) reported the cost of bait and 

insecticide was equal to the value of 1 kg of rice, labor was less than would be expended 

in dusting a field, but the distance the bait attracted RBs was only 2 m.

Home remedies/sprayable concoctions 
Kathirvelu & Narayanasamy (2005) discovered farmers in one part of India 

have made their own materials to apply as sprays to the field (4% table salt, fish + neem 

leaf extract 5%) or apply wood ash @17 kg/acre. Alburo & Olofson (1987) noted 

farmers make local sprayers from a flowering bamboo Schizostachyum lima. As this 

requires farmers to suck up the pesticide solution into the bamboo tube, they use this 

sprayer with homemade concoctions rather than the more toxic commercial 

insecticides.

Neem
There is a long history of use of botanically based insecticides against RBs 

before the organochlorines came to the fore in the 1950s. The most popular were 

pyrethrum, derris, and neem. Neem Azadirachta indica, an evergreen tree which is 

endemic to the Indian subcontinent, has been introduced to many other areas in the 

tropics. Farmers have made their own insecticide materials based on extraction of oil 

from the kernel or other parts of the neem tree. Neem is available as a commercial 
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5% 30.0 32 50 2.84 c

Neem

 

root

 

extract

 

5% 32.0 28 46 2.69 d

Untreated 52.0 2.36

  

e

% CONTROL

1/ Replicated three times each season, rice bugs were sampled from 1 m2 / plot at milk and soft dough stages. Insecticides were 
applied at flowering and milk plant growth stages. In a column, means followed by a different letter are significantly different (P ≤ 
0.05) by LSD test (data from Kaushik 2011)    WSC = water soluble concentrate

product and registered for use in many countries. A field trial in W Bengal by Kaushik 

(2011) determined that a commercial neem-based insecticide Nimbecidin performed 

as well as monocrotophos (Table 10). While neem oil and neem seed kernel extract 

performed as well as Nimbecidin, there was a lower percent control than with 

monocrotophos. The degree of control was significantly lower if neem were extracted 

from the leaves or bark. Least control was obtained from neem extracted from the 

roots. 

Table 10. Evaluation of efficacy of pesticidal materials extracted from neem tree compared to two 
commercial neem products and monocrotophos insecticide for the control of rice bug L. 
acuta. Data are the mean of four consecutive kharif crop seasons (2005-2008) at Raiganj, 

 1Uttar Dinajpur, West Bengal, India. /

Researchers noted that neem oil was often less effective than petroleum-based 

insecticides (Kumar et al. 2009, Devi & Ray 2010). Durairaj & Venugopal (1993) found 

commercial neem oil, neem seed kernel extract, and a botanical nochi Vitex negundo 

were much less effective than malathion and Neemark, a commercial neem product, 

against RBs. Downham (1989) tested neem oil extracted from fresh neem kernels but 

found it significantly less effective than lambda cyhalothrin at 6.25 g ai/ha and was not 

different from the control. Also, there was no added benefit of combining neem with the 

pyrethroid. Samuel (1984) noted neem oil controlled only 50% of the population but 

residual activity stopped after the 3rd day. Ma et al. (2005) reported that since neem 

affects only young nymphs, its use was not very practical.  

Other botanicals
Other plants have been identified by farmers to be used as botanical 

insecticides against RBs. Israel & Seshagiri Rao (1959) stated that pyrethrum and 

derris dust were used in the 1930s-40s. Tateishi (1939) found best performance in 

pyrethrum dust. Alburo & Olofson (1987) found that farmers in Cebu make 

homemade concoctions from the fruit of Indian berry Anamirta cocculus, derris roots, 
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as Limnophila, Ceratophyllum demersum, C. submersum, and Lycopodium 

carinatum plants collected in swampy environments. Kathirvelu & Narayanasamy 

(2005) notedtribal people in Tamil Nadu, India push foxtail palm leaves Wodyetia 

bifurcata into the soil at a density of 15/acre.

Farmers hang the meat or plant bait in a bag attached to a stake in the field. 

Poisons may be added such as insecticides while other groups of farmers burn the bugs 

with torches. Dresner (1958) reported farmers in Indonesia tie the meat with a string 

and dip into 0.02% suspension of dieldrin with cassava flour as a sticker and then it is 

tied to the panicles of flowering rice. Some 200 stations are recommended per ha. This 

bait becomes attractive a few hours to 2 days after placement. These methods 

mentioned are reported by farmers to be effective, but when researchers tested them 

they found them wanting because only a few RBs were actually killed (Corbett 1930, 

van der Goot 1949). Austin (1922) in Sri Lanka undertook experiments where 

putrefied meat was hung in muslin bags and suspended above rice fields. Bags were 

hung at 7AM each day. Not a single RB was attracted. He also tested crushed sugarcane 

plants with the same poor result. Barnes & South (1925) in Malaysia tested putrefied 

meat, but attracted only a few RBs so this method was abandoned. More recently, 

Solikhin & Martono (1997) in Indonesia tested decaying land crabs in Yogyakarta. The 

result of the experiment showed the highest attraction was at 5 PM, catching a paltry 20 

RBs. Guimba (2006) used baffle traps with rotting meat and found that the most RBs 

collected were during flowering, but the numbers were low. Most attracted RBs were 

males (Kalshoven 1981, Guimba 2006). Dresner (1958) reported the cost of bait and 

insecticide was equal to the value of 1 kg of rice, labor was less than would be expended 

in dusting a field, but the distance the bait attracted RBs was only 2 m.

Home remedies/sprayable concoctions 
Kathirvelu & Narayanasamy (2005) discovered farmers in one part of India 

have made their own materials to apply as sprays to the field (4% table salt, fish + neem 

leaf extract 5%) or apply wood ash @17 kg/acre. Alburo & Olofson (1987) noted 

farmers make local sprayers from a flowering bamboo Schizostachyum lima. As this 

requires farmers to suck up the pesticide solution into the bamboo tube, they use this 

sprayer with homemade concoctions rather than the more toxic commercial 

insecticides.

Neem
There is a long history of use of botanically based insecticides against RBs 

before the organochlorines came to the fore in the 1950s. The most popular were 

pyrethrum, derris, and neem. Neem Azadirachta indica, an evergreen tree which is 

endemic to the Indian subcontinent, has been introduced to many other areas in the 

tropics. Farmers have made their own insecticide materials based on extraction of oil 

from the kernel or other parts of the neem tree. Neem is available as a commercial 
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(2011) determined that a commercial neem-based insecticide Nimbecidin performed 

as well as monocrotophos (Table 10). While neem oil and neem seed kernel extract 

performed as well as Nimbecidin, there was a lower percent control than with 

monocrotophos. The degree of control was significantly lower if neem were extracted 

from the leaves or bark. Least control was obtained from neem extracted from the 

roots. 

Table 10. Evaluation of efficacy of pesticidal materials extracted from neem tree compared to two 
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acuta. Data are the mean of four consecutive kharif crop seasons (2005-2008) at Raiganj, 

 1Uttar Dinajpur, West Bengal, India. /

Researchers noted that neem oil was often less effective than petroleum-based 

insecticides (Kumar et al. 2009, Devi & Ray 2010). Durairaj & Venugopal (1993) found 

commercial neem oil, neem seed kernel extract, and a botanical nochi Vitex negundo 

were much less effective than malathion and Neemark, a commercial neem product, 

against RBs. Downham (1989) tested neem oil extracted from fresh neem kernels but 

found it significantly less effective than lambda cyhalothrin at 6.25 g ai/ha and was not 

different from the control. Also, there was no added benefit of combining neem with the 

pyrethroid. Samuel (1984) noted neem oil controlled only 50% of the population but 

residual activity stopped after the 3rd day. Ma et al. (2005) reported that since neem 

affects only young nymphs, its use was not very practical.  

Other botanicals
Other plants have been identified by farmers to be used as botanical 

insecticides against RBs. Israel & Seshagiri Rao (1959) stated that pyrethrum and 

derris dust were used in the 1930s-40s. Tateishi (1939) found best performance in 

pyrethrum dust. Alburo & Olofson (1987) found that farmers in Cebu make 

homemade concoctions from the fruit of Indian berry Anamirta cocculus, derris roots, 
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chili fruits, and tobacco plants. Tobacco is pruned every 9 days and the leaves are 

soaked in water for 2 days, macerated, and then mixed with soap. Farmers need to 

spray every two days to make it effective. Chili fruits are pounded to extract the juice 

which is diluted in 5 gallons of water to which is added two tablespoons of 

monocrotophos plus a small box of detergent. One needs to spray from upwind 'so the 

bugs will be blinded'. Nelson et al. (2003) noted an extract from Acorus calamus was 

equal to fenthion in efficacy. Some farmers mix derris and chili extract. The farmers 

concluded, however, that botanicals need to be applied more often, are hard to collect 

around their farms, are laborious to prepare, and often do not kill the pest, but admit 

to social pressure to use synthetic insecticides. Devi & Ray (2010) found that a garlic-

based commercial insecticide was equal in protection to neem (80% reduction). 

Scouting/methods of decision making
Watson & Willis (1985) noted Kalimantan farmers judged RB densities by the 

intensity of their odor. Morrill et al. (1991) remarked that farmers easily detect RBs 

either by sight or smell, and insecticide treatments are commonly applied at 

population levels far below the economic threshold. Bandong et al. (2002) surveyed 

farmers in Zaragoza, Nueva Ecija and found they scout the crop from the edge of the 

field for RBs. But most farmers applied insecticide on a prophylactic basis to protect 

the grains. They confused brown spots on glumes caused by fungi and unfilled 

spikelets as damage caused byRBs, giving them a higher importance than they deserve. 

All of farmers who assessed RBs used quantitative thresholds based on the number of 

damaged panicles per field. It was interesting that RBs are one of the most recognized 

rice insect pests and are therefore treated mostly on a prophylactic basis instead of by 

scouting. This may be because of its being only one of three insect groups that directly 

attacks the grains in the field (the other two are stemborers causing whiteheads and 

armyworms cutting rice panicles). Thus, farmers give a high value to RB damage as 

noted in other studies (Litsinger et al. 1982, Heong et al. 1992), as they do not realize 

that rice plants can compensate for RB damage (Litsinger et al. 1998). Leyte farmers 

erroneously targeted RBs at other stages than the milk stage, even protecting the crop 

during tillering stage (Heong et al. 1995). Vayda & Setyawati (1995) surveyed farmers 

in Indonesia who had been trained in the farmer field school method. All farmers did 

not follow what they had learned and did not enter the fields but scouted from the field 

border. Some held their arms out and brushed the tops of plants to determine their 

density by how many flew away.

Host plant resistance
Plant resistance is a much sought after control method as it requires the least 

effort to train farmers to adopt, and if it is effective, it works continuously during crop 

growth. Sethi et al. (1937) noted dryland varieties such as Sathi, Soma and 

Mundagakutty were resistant to RBs as their expanded leaf sheaths cover the panicles 

(Srivastava & Saxena 1967). This is a form of morphological resistance and farmers 

also believe varieties with long awns provide physical protection. Uichanco (1921) 

noted differences in RB densities among different varieties. He felt 

anthropomorphically that aromatic rices were more attractive  to RBs. He also felt 

some varieties were harder for the RBs to penetrate due to grain morphology such as 

bearded varieties that were 'almost immune from attack'. He noted that the hulls of 

awned varieties were tougher and glumes fit more tightly together. Corbett (1930) 

agreed as awned varieties had thicker glumes and spikelets were more closely set. But 

he noted farmers do not like bearded varieties as they irritate the skin during 

threshing. Israel & Rao (1954) compared varieties and showed awned were less 

susceptible than awnless. Van der Goot (1949), on the other hand, believed non-

bearded rices were less susceptible than bearded varieties! Escalada & Heong (1993) 

surveyed farmers in Leyte who said there were varieties resistant to RBs as well as 

armyworms and cutworms, but did not name them. Watson & Willis (1985) found that 

Kalimantan farmers select rice varieties against RBs that have uniform maturation of 

panicles and a thick hull. From what is known about RBs, even maturation would 

indeed offer benefits, but as the RBs insert their mouthparts in between rice glumes, 

the thickness of the hull is irrelevant. 

Kalshoven (1981) concluded no variety was resistant. Heinrichs et al. (1985a) 

and Valencia & Heinrichs (1982) developed a method for screening rice accessions for 

resistance against RBs. Over 406 accessions were tested but none was found to be 

resistant to RBs (Heinrichs 1985b). Litsinger et al. (1998) in a replicated greenhouse 

trial found that Nakhi, an awned variety, was as equally fed upon as IR36 without awns 

based on the number and position of feeding sheaths. The length of the awn in Nakhi is 

about six times as long as the grain. 

Jahn et al. (2004) in trials in Laos noted that at the same infestation rates, 

PSBRc20 and IR64 had higher yields, less damaged grain, and higher germination 

rates than IR72164-201-1 and C2, suggesting they were tolerant to RB feeding. This 

observation should be followed up by more careful tests before a firmer conclusion can 

be drawn as it could be that they were just higher yielding. Saroja & Raju (1984) in 

greenhouse trials identified six accessions they felt were moderately resistant to RBs 

out of 37 accessions tested. That seems to be a very high number of 'resistant' varieties 

based on the results of other screening studies. The problem with such studies is that 

more follow-up testing is required as the difference may be one of crop maturation and 

not resistance per se. Finding statistically significant difference in yield between 

varieties with and without RB feeding does not necessarily mean the difference is 

biologically significant or is due to insect resistance. Douangboupha et al. (2006) 

believed early-flowering (and therefore earlier-maturing) varieties were generally more 

susceptible to RB damage, but this is a difference in planting time and not genetic 

resistance. To identify resistance, varieties should be tested when they flower at the 

same time.

68 69

Rice Seed Bugs in Asia: A Review JA Litsinger et alPhilipp Ent 29 (1) : 1-103 ISSN 0048-3753 April 2015



chili fruits, and tobacco plants. Tobacco is pruned every 9 days and the leaves are 

soaked in water for 2 days, macerated, and then mixed with soap. Farmers need to 
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which is diluted in 5 gallons of water to which is added two tablespoons of 
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bugs will be blinded'. Nelson et al. (2003) noted an extract from Acorus calamus was 
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around their farms, are laborious to prepare, and often do not kill the pest, but admit 

to social pressure to use synthetic insecticides. Devi & Ray (2010) found that a garlic-

based commercial insecticide was equal in protection to neem (80% reduction). 

Scouting/methods of decision making
Watson & Willis (1985) noted Kalimantan farmers judged RB densities by the 

intensity of their odor. Morrill et al. (1991) remarked that farmers easily detect RBs 

either by sight or smell, and insecticide treatments are commonly applied at 
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field for RBs. But most farmers applied insecticide on a prophylactic basis to protect 

the grains. They confused brown spots on glumes caused by fungi and unfilled 
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damaged panicles per field. It was interesting that RBs are one of the most recognized 

rice insect pests and are therefore treated mostly on a prophylactic basis instead of by 

scouting. This may be because of its being only one of three insect groups that directly 

attacks the grains in the field (the other two are stemborers causing whiteheads and 
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erroneously targeted RBs at other stages than the milk stage, even protecting the crop 

during tillering stage (Heong et al. 1995). Vayda & Setyawati (1995) surveyed farmers 

in Indonesia who had been trained in the farmer field school method. All farmers did 

not follow what they had learned and did not enter the fields but scouted from the field 

border. Some held their arms out and brushed the tops of plants to determine their 

density by how many flew away.
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Plant resistance is a much sought after control method as it requires the least 

effort to train farmers to adopt, and if it is effective, it works continuously during crop 
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awned varieties were tougher and glumes fit more tightly together. Corbett (1930) 
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he noted farmers do not like bearded varieties as they irritate the skin during 

threshing. Israel & Rao (1954) compared varieties and showed awned were less 

susceptible than awnless. Van der Goot (1949), on the other hand, believed non-
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indeed offer benefits, but as the RBs insert their mouthparts in between rice glumes, 

the thickness of the hull is irrelevant. 
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resistance against RBs. Over 406 accessions were tested but none was found to be 
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trial found that Nakhi, an awned variety, was as equally fed upon as IR36 without awns 

based on the number and position of feeding sheaths. The length of the awn in Nakhi is 

about six times as long as the grain. 

Jahn et al. (2004) in trials in Laos noted that at the same infestation rates, 

PSBRc20 and IR64 had higher yields, less damaged grain, and higher germination 

rates than IR72164-201-1 and C2, suggesting they were tolerant to RB feeding. This 

observation should be followed up by more careful tests before a firmer conclusion can 

be drawn as it could be that they were just higher yielding. Saroja & Raju (1984) in 
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Mechanical control
Farmers have developed a number of indigenous control practices that involve 

mechanical means such as using one's hands, hand nets, or adhesives. All of these 

methods are more effective if carried out over the community as a whole.

Hand picking
Probably the first insect pest control method used by farmers was to pick them 

from the crop by hand. Sen & Chaudhuri (1959) recommended that Indian farmers 

remove RB eggs from the field by hand when they were most abundant, usually in 

August. Barnes & South (1925) in Malaysia observed that children were utilized to 

collect clusters of nymphs by shaking panicles over pans of water mixed with wood ash 

+ lime or kerosene. The pans were made by cutting kerosene tins in halves. Eggs were 

also collected and destroyed. Barnes & South (1925) and Corbett (1930) advocated 

placing collected eggs in sealed tins with openings to allow egg parasitoids to escape. In 

Japan, Tateishi (1939) reported that before commercial insecticides became popular, 

adults were manually collected early in the morning when RBs are inactive. Uichanco 

(1921) also advocated manual collection of eggs. But van der Goot (1949) and Islam et 

al. (2003) felt hand removing eggs and nymphs is not an effective method. The more 

labor intensive mechanical and physical methods fell out of favor after the late 1940s 

when the more efficient modern insecticides came to the market. However in Claveria, 

2% of farmers surveyed said they still perform this method (Litsinger et al. 2009b).

Collecting devices
Dryland rice farmers in Tanauan, Batangas say that no one should enter the 

field after flowering as the disturbance would prevent pollination. These farmers are 

not aware that most pollination occurs before the lemma and palea open up; that is 

why rice is considered to be self-pollinating as < 1% of spikelets are pollinated by 

pollen from another plant (Yoshida 1981). Austin (1922) felt that large bag nets used to 

collect RBs damaged the plants. But most farmers throughout Asia do not have these 

reservations and have used a variety of mechanical devices to capture RBs. 

Cloth bags. McKay (1918) in Assam, India observed that farmers made large cloth 

bags (4.6 m long and 1.2 m wide) which were dragged over the crop by two boys, each 

holding one corner while running quickly through the field. The end of the bag is then 

twisted tightly to kill the RBs inside. Austin (1922) felt cloth bags were only effective in 

Sri Lanka when dragged against the wind which kept the bags open. Bagging was done 

several times a day for best results. More RBs were captured early in the morning when 

the plants were moist as adults were more immobilized. 

Hand nets. In Kalimantan, farmers collect RBs from rice fields using hand nets 

(Watson & Willis 1985). Corbett (1930) stated that control by collecting RBs in the field 

by hand nets was more efficient than hand picking. Austin (1922) found that hand nets 

collected more RBs per hour than did large bags (Table 11). But in another trial, 77 

hours of hand netting averaged only 45 RBs per hour. Otanes & Sison (1941) reckoned 

hand nets were particularly effective because RBs fly up when disturbed and fly into the 

nets swept above the foliage. Fletcher (1913-14) also felt hand nets were more practical 

and easier to use than large bags. Singh (1950) felt the best time for netting was 6-8 AM 

when RBs were less active. Corbett (1930) recommended clearing RBs from grassy 

areas several times during the rice flowering period with nets or bags to prevent them 

from transferring to rice. He also recommended that farmers maintain small areas of 

grasses as a trap crop for collecting before rice flowers.

NO. RICE

COLLECTING  METHOD BUGS/HOUR 2/
Large bags 116  b

Winnowing baskets 

smeared with an adhesive 3/
610  a

Hand nets 902  a
1/ Data from Austin (1922) 
2/ In a column, means followed by a different letter are significantly different (P ≤ 0.05) by LSD test, 14 replications
3/ Adhesive was a commercial product Ostico

Table 11.  Efficiency of three methods for collecting rice bug nymphs and adults from the field, Sri 
1Lanka. /

Nets with adhesive. Barnes & South (1925) recommended using a sticky concoction 

(keruning oil tapped from Dipterocarpus crinitus mixed with wild rubber) rubbed on 

mesh nets to make them more efficient in collecting RBs. Many RBs were caught 

especially when farmers waved the mesh around the tops of the crop as startled RBs 

flew upwards. It was said that those villagers who followed this practice continually 

saved much of their crop while their neighbors who did not. lost their crop. The 

Department of Agriculture supplied oil extracted from the keruing tree Dipterocarpus 

kerrii and mixed it with a sticky material such as rubber or breadfruit latex from the 

jelutong tree Dyera costulata and gave this to farmers who formed groups. The 

Malaysian government ordered farmers to capture RBs with sticky mesh nets on 1.6-

2.4 m bamboo poles waved above the crop canopy. The results of the campaign were 

compared over two years (1923 and 1924) in terms of rice yield. Mass collections were 

made in 1924, but not in 1923 and infestation was high in both years. The effort of 

farmers in 1924 resulted in an 81% yield gain over 1923 (1.3 vs 0.74 t/ha). But in areas 

where infestation only occurred in 1924, farmers only suffered a 31% loss (1.2 vs 0.9 

t/ha) compared to an expected much higher loss if the control measure were not 

undertaken. This is one of the few examples where mechanical control seemed to work.

Bags with adhesive. Biswas (1953) described a method of dragging gunny bags which 

were coated on the inside with sticky material. Corbett (1930) noted one farmer, whose 

field flowered first and therefore had a high concentration of RBs, successfully 
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not aware that most pollination occurs before the lemma and palea open up; that is 
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Cloth bags. McKay (1918) in Assam, India observed that farmers made large cloth 

bags (4.6 m long and 1.2 m wide) which were dragged over the crop by two boys, each 

holding one corner while running quickly through the field. The end of the bag is then 

twisted tightly to kill the RBs inside. Austin (1922) felt cloth bags were only effective in 

Sri Lanka when dragged against the wind which kept the bags open. Bagging was done 

several times a day for best results. More RBs were captured early in the morning when 
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(Watson & Willis 1985). Corbett (1930) stated that control by collecting RBs in the field 

by hand nets was more efficient than hand picking. Austin (1922) found that hand nets 

collected more RBs per hour than did large bags (Table 11). But in another trial, 77 

hours of hand netting averaged only 45 RBs per hour. Otanes & Sison (1941) reckoned 

hand nets were particularly effective because RBs fly up when disturbed and fly into the 

nets swept above the foliage. Fletcher (1913-14) also felt hand nets were more practical 

and easier to use than large bags. Singh (1950) felt the best time for netting was 6-8 AM 

when RBs were less active. Corbett (1930) recommended clearing RBs from grassy 

areas several times during the rice flowering period with nets or bags to prevent them 

from transferring to rice. He also recommended that farmers maintain small areas of 

grasses as a trap crop for collecting before rice flowers.

NO. RICE

COLLECTING  METHOD BUGS/HOUR 2/
Large bags 116  b

Winnowing baskets 

smeared with an adhesive 3/
610  a

Hand nets 902  a
1/ Data from Austin (1922) 
2/ In a column, means followed by a different letter are significantly different (P ≤ 0.05) by LSD test, 14 replications
3/ Adhesive was a commercial product Ostico

Table 11.  Efficiency of three methods for collecting rice bug nymphs and adults from the field, Sri 
1Lanka. /

Nets with adhesive. Barnes & South (1925) recommended using a sticky concoction 

(keruning oil tapped from Dipterocarpus crinitus mixed with wild rubber) rubbed on 

mesh nets to make them more efficient in collecting RBs. Many RBs were caught 

especially when farmers waved the mesh around the tops of the crop as startled RBs 

flew upwards. It was said that those villagers who followed this practice continually 

saved much of their crop while their neighbors who did not. lost their crop. The 

Department of Agriculture supplied oil extracted from the keruing tree Dipterocarpus 

kerrii and mixed it with a sticky material such as rubber or breadfruit latex from the 

jelutong tree Dyera costulata and gave this to farmers who formed groups. The 

Malaysian government ordered farmers to capture RBs with sticky mesh nets on 1.6-

2.4 m bamboo poles waved above the crop canopy. The results of the campaign were 

compared over two years (1923 and 1924) in terms of rice yield. Mass collections were 

made in 1924, but not in 1923 and infestation was high in both years. The effort of 

farmers in 1924 resulted in an 81% yield gain over 1923 (1.3 vs 0.74 t/ha). But in areas 

where infestation only occurred in 1924, farmers only suffered a 31% loss (1.2 vs 0.9 

t/ha) compared to an expected much higher loss if the control measure were not 

undertaken. This is one of the few examples where mechanical control seemed to work.

Bags with adhesive. Biswas (1953) described a method of dragging gunny bags which 

were coated on the inside with sticky material. Corbett (1930) noted one farmer, whose 

field flowered first and therefore had a high concentration of RBs, successfully 
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removed them with sticky bags. In Pusa near Delhi, Lefroy (1908) recommended a 

cloth bag dragged over the upper 1/3 of plants as well as sweeping the adults that flew 

up with nets. The bag was coated with crude oil emulsion and then twisted to kill the 

RB inside. The bag had an opening of 2.4 m wide and 1 m in length. The mouth of the 

bag is held open by two people holding 1 m long bamboo poles attached to each side. He 

said tiger beetles were not caught as they quickly flew away.

Paddles with adhesive. In Malaysia, farmers made flat lattice paddles of 0.5-m long 

and 5-cm wide bamboo strips to which was smeared a sticky plant latex from jackfruit 

or castor oil (Corbett 1930). The lattice paddles were attached to a 2-3-m pole to give 

them more reach. Farmers made a 5-cm space between each strip so the paddle was 

only half solid, making it easier to swing. These flat lattice paddles were then swept 

over the tops of plants to catch RBs. 

Winnowing basket with adhesive. Another method from Sri Lanka mentioned by 

Lefroy (1908) and later by Drieberg 1909 and Hutson 1922 was use of rice winnowing 

baskets were coated with sticky jackfruit sap and tied to a long pole that farmers swept 

through the top of the crop. RBs were killed by holding the winnowing basket over a fire 

to scorch them. This was equivalent to using a hand net but was less tedious. Austin 

(1922) concluded winnowing baskets smeared with a commercial adhesive were better 

than bags or nets. 

Ropes with adhesive. Drieberg (1909) mentioned that farmers smeared ropes 

saturated with resin oils or kerosene oil and then dragged them over the field to collect 

RBs. Thin coir rope brushing the panicles caused RBs to leave the field but did not 

control them. Austin (1922) sampled a field before and after the operation and found 

no difference in RB densities.  

Physical control

Light trapping
Otanes (1925) recommended farmers catch RBs by placing a light trap or 

lantern suspended over a basin containing water to which kerosene or crude oil was 

added. Light traps were more effective during moonless nights. Dresner (1958) stated 

that Indonesian farmers who found insecticides to be too expensive used light traps 

next to rice fields to control them. Sen & Chaudhuri (1959) found RBs were attracted 

by 200 candle power petromax light traps set 6-8 per acre from early September. An 

average catch per night was 3,000 bugs in traps hung above pans filled with water and 

topped with a film of kerosene. Singh (1950) recommended that farmers place light 

traps in high locations to be more visible to RBs. Some farmers placed them on 

bamboo poles tall enough to rise above the crop and were set out an hour after sunset 

for at least one hour. Samuel (1984) noted a positive correlation between densities of 

RBs trapped to the field population. Highest attraction was from 11 PM to midnight 

and in the dry season when farmers collected 240 per month. But farmers who say 

light traps are effective tend to underestimate RB field populations. Keep in mind that a 
2low density of 1 RB/m  comes to 10,000/ha where 240 RBs represents only 2.4% and 

therefore would not be economically significant. On the other hand, some workers 

were disappointed by the use of light traps (Hutson 1922, van der Goot 1949). Sands 

(1977) found light traps were a poor attractant that collected a maximum of three per 

night per trap, even when placed near fields with high populations. He noted, however, 

that a light trap could be used to note trends. But in a survey of Filipino farmers from 

Claveria, 5% said they still use light traps to collect RBs.

Fire
Otanes (1925) noted farmers lit fires at night around their fields and adults 

were attracted and flew into the flames killing them. Biswas (1953) recommended 

farmers make one bonfire for every 4-5 acres and noted that RBs flew downwind to the 

fire. Kalshoven (1981) observed adults were attracted to fires and burning torches, but 

not in significant numbers. 

Cultural control
Cultural control methods have the dual purpose of crop husbandry practices 

and insect pest suppression. Farmers discovered many of these practices.

Inorganic fertilizer
Nitrogen has been shown to increase the abundance of a number of rice pests 

including planthoppers, leafhoppers, stemborers, armyworms, and leaffolders by 

increasing the fecundity and survivorship, but there are no records for RBs (Litsinger 

1994). On the other hand, increasing potassium can lead to lower pest densities. Only 

one report was found confirming RB control benefits from fertilizers. Jahn et al. (2001) 

working in Cambodia found low L. oratorius densities were associated with high levels 

of unspecified inorganic fertilizer applications. It was noted in Table 8 that high 

yielding crops suffered less RB damage due to a combination of dilution as well as 

compensation. Therefore any measure that increases the yield potential will minimize 

RB injury. It was noted that rice yields then were generally very low by today's 

standards. Barnes & South (1925) reported farmers' yields < 1.5 t/ha. From Table 8 a 
2density of 10 RBs/m  would feed on 13% of spikelets, whereas in a 5 t/ha crop they 

would feed on only 3.5%, where with compensation the loss would be nil. Fertilizer 

usage is one of the surest ways of increasing yield potential and should go a long way in 

preventing crop loss from RB injury.

Trap crops
Corbett (1930) and Uichanco (1921) recommended that farmers sow small 

areas of rice about a month before the main crop or to choose a quick-maturing variety 

to attract RBs acting as trap crops where RBs can then be killed. Uichanco (1921) 

cautioned that RBs should be controlled by whatever means (insecticide, burning) or 
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removed them with sticky bags. In Pusa near Delhi, Lefroy (1908) recommended a 

cloth bag dragged over the upper 1/3 of plants as well as sweeping the adults that flew 

up with nets. The bag was coated with crude oil emulsion and then twisted to kill the 

RB inside. The bag had an opening of 2.4 m wide and 1 m in length. The mouth of the 

bag is held open by two people holding 1 m long bamboo poles attached to each side. He 

said tiger beetles were not caught as they quickly flew away.

Paddles with adhesive. In Malaysia, farmers made flat lattice paddles of 0.5-m long 

and 5-cm wide bamboo strips to which was smeared a sticky plant latex from jackfruit 

or castor oil (Corbett 1930). The lattice paddles were attached to a 2-3-m pole to give 

them more reach. Farmers made a 5-cm space between each strip so the paddle was 

only half solid, making it easier to swing. These flat lattice paddles were then swept 

over the tops of plants to catch RBs. 

Winnowing basket with adhesive. Another method from Sri Lanka mentioned by 

Lefroy (1908) and later by Drieberg 1909 and Hutson 1922 was use of rice winnowing 

baskets were coated with sticky jackfruit sap and tied to a long pole that farmers swept 

through the top of the crop. RBs were killed by holding the winnowing basket over a fire 

to scorch them. This was equivalent to using a hand net but was less tedious. Austin 

(1922) concluded winnowing baskets smeared with a commercial adhesive were better 

than bags or nets. 

Ropes with adhesive. Drieberg (1909) mentioned that farmers smeared ropes 

saturated with resin oils or kerosene oil and then dragged them over the field to collect 

RBs. Thin coir rope brushing the panicles caused RBs to leave the field but did not 

control them. Austin (1922) sampled a field before and after the operation and found 

no difference in RB densities.  

Physical control

Light trapping
Otanes (1925) recommended farmers catch RBs by placing a light trap or 

lantern suspended over a basin containing water to which kerosene or crude oil was 

added. Light traps were more effective during moonless nights. Dresner (1958) stated 

that Indonesian farmers who found insecticides to be too expensive used light traps 

next to rice fields to control them. Sen & Chaudhuri (1959) found RBs were attracted 

by 200 candle power petromax light traps set 6-8 per acre from early September. An 

average catch per night was 3,000 bugs in traps hung above pans filled with water and 

topped with a film of kerosene. Singh (1950) recommended that farmers place light 

traps in high locations to be more visible to RBs. Some farmers placed them on 

bamboo poles tall enough to rise above the crop and were set out an hour after sunset 

for at least one hour. Samuel (1984) noted a positive correlation between densities of 

RBs trapped to the field population. Highest attraction was from 11 PM to midnight 

and in the dry season when farmers collected 240 per month. But farmers who say 

light traps are effective tend to underestimate RB field populations. Keep in mind that a 
2low density of 1 RB/m  comes to 10,000/ha where 240 RBs represents only 2.4% and 

therefore would not be economically significant. On the other hand, some workers 

were disappointed by the use of light traps (Hutson 1922, van der Goot 1949). Sands 

(1977) found light traps were a poor attractant that collected a maximum of three per 

night per trap, even when placed near fields with high populations. He noted, however, 

that a light trap could be used to note trends. But in a survey of Filipino farmers from 

Claveria, 5% said they still use light traps to collect RBs.

Fire
Otanes (1925) noted farmers lit fires at night around their fields and adults 

were attracted and flew into the flames killing them. Biswas (1953) recommended 

farmers make one bonfire for every 4-5 acres and noted that RBs flew downwind to the 

fire. Kalshoven (1981) observed adults were attracted to fires and burning torches, but 

not in significant numbers. 

Cultural control
Cultural control methods have the dual purpose of crop husbandry practices 

and insect pest suppression. Farmers discovered many of these practices.

Inorganic fertilizer
Nitrogen has been shown to increase the abundance of a number of rice pests 

including planthoppers, leafhoppers, stemborers, armyworms, and leaffolders by 

increasing the fecundity and survivorship, but there are no records for RBs (Litsinger 

1994). On the other hand, increasing potassium can lead to lower pest densities. Only 

one report was found confirming RB control benefits from fertilizers. Jahn et al. (2001) 

working in Cambodia found low L. oratorius densities were associated with high levels 

of unspecified inorganic fertilizer applications. It was noted in Table 8 that high 

yielding crops suffered less RB damage due to a combination of dilution as well as 

compensation. Therefore any measure that increases the yield potential will minimize 

RB injury. It was noted that rice yields then were generally very low by today's 

standards. Barnes & South (1925) reported farmers' yields < 1.5 t/ha. From Table 8 a 
2density of 10 RBs/m  would feed on 13% of spikelets, whereas in a 5 t/ha crop they 

would feed on only 3.5%, where with compensation the loss would be nil. Fertilizer 

usage is one of the surest ways of increasing yield potential and should go a long way in 

preventing crop loss from RB injury.

Trap crops
Corbett (1930) and Uichanco (1921) recommended that farmers sow small 

areas of rice about a month before the main crop or to choose a quick-maturing variety 

to attract RBs acting as trap crops where RBs can then be killed. Uichanco (1921) 

cautioned that RBs should be controlled by whatever means (insecticide, burning) or 
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else the populations will transfer to later plantings. Otanes (1925) suggested leaving a 

small field of grasses to attract them where they can be caught with bags or nets. 

Number of rice crops
In the Philippines, Loevinsohn et al. (1993) found significant positive 

correlations between number of rice crops per year, asynchrony of planting, or area of 

rice cropping and increased densities of planthoppers, leafhoppers, and stemborers. 

However, RB densities were too low to make such correlations in Nueva Ecija. In the 

Philippines, RB densities in the second rice crop generally are not higher than that in 

the first crop. The only exception was in favorable rainfed areas where the second rice 

crop was sown quickly after the first crop which acts like a long maturing single crop. 

But in Laos with largely rainfed ecosystems, RBs became a significant pest in the mid-

1990s as a result of expansion of irrigated double-rice cropping (Douangboupha et al. 

2006). RB densities in both the wet and dry seasons surprisingly became generally 
2 2higher in the dry season (19/m ) than in the wet season (13/m ). Based on the report in 

Laos, RBs can now be added to the list of rice insect pests that increase in density with 

double-rice cropping. RB densities also were reported higher in the dry season in 

Peninsular Malaysia (Hirao & Ho 1987) and in Bangladesh in the boro crop (Islam et al. 

(2003). Often dry season plantings, being dependent on irrigation, occupy a small area, 

thus a concentration effect may occur. In most countries, densities normally are much 

less in the dry season: Java, Indonesia (van der Goot 1949), Sarawak (Rothschild 

1970b), most areas in India (Srivastava & Saxena 1967), Vietnam (Nguyen & Vo 2005), 

Sri Lanka in drier areas (Nugaliyadde et al. 2000), and in the Philippines. In areas 

where RBs undergo obligatory estivation the dry season densities are very low. These 

countries generally are far from the equator.

Area planted
Due to its exceptional dispersal ability, RBs can seek isolated fields resulting in 

rapid population increase. This generally goes against the trend for other rice pests as 

noted by Loevinsohn et al. (1993). For most rice pests the act of dispersal is passive, 

thus they cannot readily find small plantings, but RB adults are the exception.

Plant maturity
RB densities will greatly increase if farmers plant both early and late maturing 

varieties at the same time. Sen & Srivastava (1955) in Bihar noted a different 

phenomenon with early maturing varieties that became popular because it allowed 

time for a second rice crop in the rabi (dry) season. But early varieties attracted high 

populations of RBs as they mature when RBs were abundant just when grassy weeds 

dry up. Corbett (1930), on the other hand, recommended sowing early maturing 

varieties to escape buildup which is useful in areas where there are no extensive 

grasslands. Watson & Willis (1985) noted Kalimantan farmers in tidal swamps chose 

8-month varieties which mature at the same time as adjacent rainfed wetland areas 

thus escaping economic level of RB infestations. Tateishi (1939) and others speak 

about early maturing varieties being more 'susceptible'. But the phenomenon is one of 

escape of attack as the varieties are not resistant per se. In most studies, early maturing 

varieties have led to much higher RB infestations than late plantings since generally the 

area planted to early maturing varieties is much smaller (Otanes 1925, Biswas 1953, 

Rothschild 1970a). Rothschild (1970a) noted RBs were ten times more abundant on 

early than late varieties. Biswas (1953) observed early maturing rices suffered the 

most, while late maturing rices were hardly damaged.

Planting time
Time of planting often can be a powerful method to escape insect pest damage. 

In India Aiyer (1944), Mitra & Gupta (1945), and Srivastava & Saxena (1967) noted 

that early sown early maturing varieties often escaped RB attack. Also late maturing 

varieties often escaped by flowering during July-October when densities were highest 

in India before RBs go into hibernation. Watson & Willis (1985) observed Kalimantan 

farmers planted their fields so that heading will not be in March when RBs are often the 

densest. In Sri Lanka, Sugimoto & Nugaliyadde (1995b) noted RB populations on early 

maturing rice were mainly immigrating adults, but reproductive populations with 

nymphs occurred on late flowering varieties. They recommended that farmers adjust 

planting dates to confine flowering within the shortest period. Jepson et al. (1930) 

observed that planting time by itself was not the key to escape RB damage, but it is the 

time of planting in relation to the main crop. He noted fields that flowered before and 

after the main RB population peak were more likely to suffer severe damage due to 

concentration from their smaller areas. Thus there is no exact date as this will vary 

year to year depending on the rainfall pattern and presence of plant hosts. In Papua 

New Guinea, Sands (1977) concluded that RBs were not seasonal but their abundance 

depended on the appearance of plant hosts. He recommended farmers to plant rice 

after Echinochloa has gone to seed when RB densities are low.

Synchronous flowering
Corbett (1930) found farmers in a large area in Malayasia staggered planting 

over 4 months. Thus RB populations built up from the earliest to the last harvested 

fields (Barnes & South 1925). If crops are planted out of the normal time they can be 

severely damaged. To minimize damage, it is best if the population of dispersing RBs is 

shared with all of the farmers in order to dilute their numbers among all fields. 

Uichanco (1921), Corbett (1930), Hutson (1930), and Israel & Seshagiri Rao (1959) 

advocated synchronous planting over a large area so that fields flower together. It does 

not matter whether it is an early or late maturing variety as long as farmers select one. 

Even if the population of RBs is very high, the damage will be minimized in a given field. 

The reason for advocating that farmers should time their plantings to achieve 

community-wide synchronous flowering is to have the rice area only attractive to RBs 

within a short period of time. Farmers appear to be highly aware of the problems from 
thstaggered planting. In the early part of the 20  century Mackie (1917) knew it was 
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else the populations will transfer to later plantings. Otanes (1925) suggested leaving a 

small field of grasses to attract them where they can be caught with bags or nets. 

Number of rice crops
In the Philippines, Loevinsohn et al. (1993) found significant positive 

correlations between number of rice crops per year, asynchrony of planting, or area of 

rice cropping and increased densities of planthoppers, leafhoppers, and stemborers. 

However, RB densities were too low to make such correlations in Nueva Ecija. In the 

Philippines, RB densities in the second rice crop generally are not higher than that in 

the first crop. The only exception was in favorable rainfed areas where the second rice 

crop was sown quickly after the first crop which acts like a long maturing single crop. 

But in Laos with largely rainfed ecosystems, RBs became a significant pest in the mid-

1990s as a result of expansion of irrigated double-rice cropping (Douangboupha et al. 

2006). RB densities in both the wet and dry seasons surprisingly became generally 
2 2higher in the dry season (19/m ) than in the wet season (13/m ). Based on the report in 

Laos, RBs can now be added to the list of rice insect pests that increase in density with 

double-rice cropping. RB densities also were reported higher in the dry season in 

Peninsular Malaysia (Hirao & Ho 1987) and in Bangladesh in the boro crop (Islam et al. 

(2003). Often dry season plantings, being dependent on irrigation, occupy a small area, 

thus a concentration effect may occur. In most countries, densities normally are much 

less in the dry season: Java, Indonesia (van der Goot 1949), Sarawak (Rothschild 

1970b), most areas in India (Srivastava & Saxena 1967), Vietnam (Nguyen & Vo 2005), 

Sri Lanka in drier areas (Nugaliyadde et al. 2000), and in the Philippines. In areas 

where RBs undergo obligatory estivation the dry season densities are very low. These 

countries generally are far from the equator.

Area planted
Due to its exceptional dispersal ability, RBs can seek isolated fields resulting in 

rapid population increase. This generally goes against the trend for other rice pests as 

noted by Loevinsohn et al. (1993). For most rice pests the act of dispersal is passive, 

thus they cannot readily find small plantings, but RB adults are the exception.

Plant maturity
RB densities will greatly increase if farmers plant both early and late maturing 

varieties at the same time. Sen & Srivastava (1955) in Bihar noted a different 

phenomenon with early maturing varieties that became popular because it allowed 

time for a second rice crop in the rabi (dry) season. But early varieties attracted high 

populations of RBs as they mature when RBs were abundant just when grassy weeds 

dry up. Corbett (1930), on the other hand, recommended sowing early maturing 

varieties to escape buildup which is useful in areas where there are no extensive 

grasslands. Watson & Willis (1985) noted Kalimantan farmers in tidal swamps chose 

8-month varieties which mature at the same time as adjacent rainfed wetland areas 

thus escaping economic level of RB infestations. Tateishi (1939) and others speak 

about early maturing varieties being more 'susceptible'. But the phenomenon is one of 

escape of attack as the varieties are not resistant per se. In most studies, early maturing 

varieties have led to much higher RB infestations than late plantings since generally the 

area planted to early maturing varieties is much smaller (Otanes 1925, Biswas 1953, 

Rothschild 1970a). Rothschild (1970a) noted RBs were ten times more abundant on 

early than late varieties. Biswas (1953) observed early maturing rices suffered the 

most, while late maturing rices were hardly damaged.

Planting time
Time of planting often can be a powerful method to escape insect pest damage. 

In India Aiyer (1944), Mitra & Gupta (1945), and Srivastava & Saxena (1967) noted 

that early sown early maturing varieties often escaped RB attack. Also late maturing 

varieties often escaped by flowering during July-October when densities were highest 

in India before RBs go into hibernation. Watson & Willis (1985) observed Kalimantan 

farmers planted their fields so that heading will not be in March when RBs are often the 

densest. In Sri Lanka, Sugimoto & Nugaliyadde (1995b) noted RB populations on early 

maturing rice were mainly immigrating adults, but reproductive populations with 

nymphs occurred on late flowering varieties. They recommended that farmers adjust 

planting dates to confine flowering within the shortest period. Jepson et al. (1930) 

observed that planting time by itself was not the key to escape RB damage, but it is the 

time of planting in relation to the main crop. He noted fields that flowered before and 

after the main RB population peak were more likely to suffer severe damage due to 

concentration from their smaller areas. Thus there is no exact date as this will vary 

year to year depending on the rainfall pattern and presence of plant hosts. In Papua 

New Guinea, Sands (1977) concluded that RBs were not seasonal but their abundance 

depended on the appearance of plant hosts. He recommended farmers to plant rice 

after Echinochloa has gone to seed when RB densities are low.

Synchronous flowering
Corbett (1930) found farmers in a large area in Malayasia staggered planting 

over 4 months. Thus RB populations built up from the earliest to the last harvested 

fields (Barnes & South 1925). If crops are planted out of the normal time they can be 

severely damaged. To minimize damage, it is best if the population of dispersing RBs is 

shared with all of the farmers in order to dilute their numbers among all fields. 

Uichanco (1921), Corbett (1930), Hutson (1930), and Israel & Seshagiri Rao (1959) 

advocated synchronous planting over a large area so that fields flower together. It does 

not matter whether it is an early or late maturing variety as long as farmers select one. 

Even if the population of RBs is very high, the damage will be minimized in a given field. 

The reason for advocating that farmers should time their plantings to achieve 

community-wide synchronous flowering is to have the rice area only attractive to RBs 

within a short period of time. Farmers appear to be highly aware of the problems from 
thstaggered planting. In the early part of the 20  century Mackie (1917) knew it was 
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important to tell farmers to synchronize flowering by delaying transplanting of early 

maturing varieties so that flowering would be at the same time. In order to achieve this 

goal, farmers have to plant synchronously, or if they plant varieties of different 

maturities they would need to stagger planting to ensure synchronous flowering. Van 

der Goot (1949) stated that high RB populations can be avoided if farmers restrict the 

duration of a rice crop from planting to flowering to only 10 weeks. We note that this 

interval is too long. In recent times with mechanization, sowing can usually be more 

rapid to fit within the desirable 6-week timeframe (Loevinsohn et al. 1993). In Java 

before World War II, damage from the white rice stemborer Scirpophaga innotata was 

avoided through government-enforced planting time leading to synchronous planting 

(Litsinger 2008). Van der Goot (1930) noticed in these areas that RB densities were 

also reduced.

Weeding
There are 28 species of grassy weeds mostly within the family Poaceae which 

are developmental hosts of RBs (Table 5). Another 48 plant species can sustain adults 

as a source of food. Removing them from the area has been recommended by many 

researchers over the years as a practice to reduce RB densities. Barnes & South (1925) 

encouraged farmers to cut down and burn grassy areas on the borders of rice fields 

before each wet season. Rajapakse & Kulasekera (1980) recommended also 

eliminating weeds on the bunds and in rice fields during the pre-flowering period. 

Removing weeds in and around rice fields during and after the rice season denies RBs 

food when the rice crop is still young and between seasons (Green 1909, Uichanco 

1921, Barnes & South 1925). They added, however, that keeping the rice fields and 

surrounding area free of weeds and stubble has merit, but farmer adoption is normally 

low. Corbett (1930) remarked that identification of weed species is important as only a 

few weeds are hosts, and thus removing the other species between rice crops will be 

uneconomical. Farmers therefore should be able to recognize the most important weed 

species within their area.

Grassy areas outside of rice fields
Sen & Chaudhuri (1959) found it was easier to control grasses when their area 

was smaller than the area planted to rice. On the other hand, RBs are more populous in 

areas with a large ratio of grassy area to rice area. Lefroy (1908) noted clearing small 

areas of weeds forced RBs to disperse to other areas (grasslands and rice fields), but 

this was temporary and should be done in the ripening stage of rice. Otanes (1925) 

remarked weed control begins with thorough land preparation. Uichanco (1921) 

recommended that farmers plow down rice crop after harvest to remove both weeds 

and ratoon rice that can perpetuate RBs. Ito et al. (1992) in Japan noted higher 

densities of RBs were in weedy fields, especially where Echinochloa species 

predominated and recommended that farmers control them as a practical means to 

reduce RB damage. 

Watson & Willis (1985) noted that burning weeds after rice harvest in the wet 

season helped reduce RB populations during the dry season. Banerjee & Chatterjee 

(1965) advocated control of RBs in their estivation sites in forested areas as well as in 

the rice crop. Kikuchi & Kobayashi (2005) found the control of weeds in rice bunds and 

road sides effective against seed bugs with low dispersability, but for the more 

dispersive species such as Leptocorisa, weeding was considered to cause RBs to 

concentrate on rice after weeds were removed. Thus weeding should be done before 

rice flowers. Teramoto (2003) studied the control of weeds in rice fields and bund 

areas by a mechanical mower, use of an herbicide, and use of ground-cover-plants. 

Weeds regrew to bear seeds once again in the mowed land after three weeks. It was 

concluded that weeding needed to be done for a 300 m radius to be effective. Sugimoto 

& Nugaliyadde (1996) reinforced this result by noting that nymphal development takes 

place in rice fields on weeds before rice reaches the flowering stage. At flowering, rice 

fields are infested with adults whose ovaries have already matured by feeding on 

panicles of grassy plant hosts or early-flowering rice plants. It was concluded that 

panicle-bearing grasses should be controlled in and around paddy fields before the 

onset of rice flowering so as to prevent advanced ovarian maturation in the adult 

populations which immigrate to rice fields to lay eggs. Weeds should be removed before 

they bear seeds in areas within dispersal distance of RBs. Sands (1977) noted that 

farmers should focus on removing Echinochloa weeds in areas surrounding  rice 

fields.

Supaad et al. (1989) in Malaysia showed that RBs initially fed on E. crus-galli, 

which was present with direct-sown rice, before feeding on rice itself. In their 

replicated trial on the research station they noted that RB densities in rice were double 

(4-13 insects/5 hills) that in weedy plots (1-8 insects/5 hills). The conclusion that 

removing weeds forces RBs onto rice was an artifact of the trial design. The idea behind 

removing weeds is to lower the RB population on an area-wide basis. The large area 

where weeds are removed (and thus the need for community wide compliance) forces 

RBs to migrate further away. In the trial they had to migrate only a few meters. They 

made an interesting observation that plots with weeds, but no RBs, had lower yields 

than plots with RBs only. Therefore they concluded that E. crus-galli caused greater 

yield reduction as a weed than by fostering higher RB densities to injur the crop.

Biological Control
No reports were found on classical biocontrol where the introduction of 

parasitoids or predators was made from one country to another or for augmentation 

entailing mass production and release of natural enemies. Based on the many 

biocontrol agents discussed in the section on mortality factors that act to minimize RB 

populations, conservation of parasitoids and predators would seem to be warranted. 

Nugaliyadde et al. (2000) recommended minimizing insecticide usage after concluding 
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important to tell farmers to synchronize flowering by delaying transplanting of early 
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that the low rate of egg parasitism may have been due to the use of chemicals. 

Conservation would opt for selective insecticides (such as neem oil or spinosad) if the 

crop needed to be sprayed during the ripening stage to control RBs or other pests. 

Regarding conservation of predators, the dual role of Conocephalus is well known 

(Barrion & Litsinger 1987). Rothschild (1970a) documented that Conocephalus feeds 

more on milk stage rice grains than on RBs. Kiritani (2000) noted Conocephalus spp. 

are treated as pests in Japan to be controlled with insecticides. But since the 1970s the 

role of Conocephalus as a predator has been shown to be more significant than as a 

pest and should not be targeted for control by insecticides. In the Philippines farmers 

believe that ladybeetles lower yield by eating pollen and spray insecticides to control 

them (Bandong et al. 2002). But since rice is self-pollinated the role of pollen at 

flowering is insignificant. Clearly there is a role for extension services to educate 

farmers to spare natural enemies.

Regarding insect pathogens, three studies identified virulent strains and tested 

them in the field as microbial insecticides which is a form of augmentation. Santiago & 

Medina (1994) reported that Beauvaria bassiana strains were more pathogenic than 

Metarrhizium anisopliae strains to RBs. Field mortality of RB adults due to B. 

bassiana was 73% three days after application. Estoy & Gabriel (1996) applied a 

conidial suspension of M. anisopliae in the field that reduced RB densities 91% two 

weeks after spraying, giving a 14% yield benefit. They also noted only a few 

Conocephalus longipennis and Micraspis sp. ladybeetles that became infected with 

the fungus. Nguyen & Vo (2005) undertook field experiments in Vietnam and found 

field mortality was higher from M. anisopliae (64-87% mortality) than from B. 

bassiana (45-75%). 

Chemical control
Most of the control measures against RBs have been based on use of 

insecticides. Nymphs were more readily controlled than adults by all insecticides.

Dust formulations
Srivastava (1965) reported that to combat a severe outbreak in Uttar Pradesh, 

India in 1958-59, the government promoted area-wide chemical control and provided 

trained workers to use hand dusters to apply BHC or aldrin dust (5-10%) on > 19,400 

ha. Some 2,448 ha were dusted by airplane, but the experience resulted in excessive 

drift particularly when the wind was blowing. The result of this experience showed 

aerial application was ineffective. Problems emerged that cattle would not eat grass 

where spray drifted, refueling of the airplane was a problem due to distances to landing 

strips, and trees and electric lines blocked access. Using hand dusters, the RB 

population was reduced by 80-100%. Control was better when large areas were 

sprayed. Sen (1955) reported BHC 5% dust applied at 22-28 kg/ha controlled RBs 

when done by 5-6 people dusting together, especially in the afternoons on calm days. 

Lim (1971) requested farmers living in an area to treat their fields at the same time to 

keep adults from transferring to new fields. Wickremasinghe (1981) found the need to 

spray twice with the first application after flowering followed by the second 7-10 days 

later. BHC and diazinon were recommended.

Using a hand duster, one operator could cover 1.2-2 ha per day (Biswas 1953). 

The best time to dust organochlorine insecticides was found to be before 9 AM, as 

afterwards, the insecticide could cause sterility in pollen. Uichanco (1921) noted the 

best time to spray for best efficacy was early in the morning or late in the afternoon. Sen 

(1959) stated that dusting should be done in the early hours of the morning outside of 

7-11 AM so as not to influence pollination. Lever (1955) noted application of lindane 

dust from a rotary duster did not deliver much insecticide as the cloud emitted was not 

extensive enough to envelop the disturbed RBs that then left the dusted area only to 

return later. 

Liquid formulations
Fabellar & Mochida (1988) in laboratory tests found the last two nymphal 

stages required higher insecticide dosages to kill than did the adult female, but in 

terms of µg/g body weight, the ranking was adult female being most sensitive followed 

by nymphal stages V, I-III, and lastly IV. Argente & Heinrichs (1983) analyzed 

insecticide residues on harvested grains and found levels of lindane and carbaryl were 

below the established WHO tolerance levels. 

Laboratory, greenhouse, and field trials have been undertaken to determine 

insecticide efficacy against RBs. Heinrichs et al. (1982) noted a knockdown and 

residual effect with monocrotophos, endosulfan, chlorpyrifos, and phosphamidon in a 

greenhouse trial. Jena et al. (1990) reported a quick knockdown from BPMC 

(fenobucarb), methyl parathion, malathion, quinalphos and chlorpyrifos, but they 

were not persistent. Samuel (1984) undertook field trials with foliar sprays and found 

mortality from 1 to 7 days after spraying monocrotophos 97-80% ,fenitrothion 93-

74%, fenthion 92-77%, malathion 89-65%, and endosulfan 58-57% in that order of 

effectiveness. Malathion dust was also effective, with mortality over a week declining 

from 99 to 74%, and an old standard BHC 10% dust declining from 52 to 29%. Neem 

averaged 50% mortality, but there was no residual effect after the 3rd day. Insecticides 

have been evaluated by a series of trials over the years: Kalode et al. (1969a), 

Jayaraman & Velusamy (1977), Krishnamurthy et al. 1977, Velusamy et al. 1977, Rai 

& Vidyachandra 1980, Litsinger et al. 1980b, Heinrichs et al. (1982), Argente & 

Heinrichs (1983), Mochida et al. (1983), Samuel (1984), Macatula & Mochida (1987), 

Pangtey (1990), Jena et al. (1990), Kay et al. (1993), and Kumar et al. (2009). Based on 

these studies the following effective petroleum-based modern insecticides are listed in 

the order of most frequently mentioned as being effective: monocrotophos, fenthion, 

phosphamidon, malathion, endosulfan, carbaryl, fenitrothion, chlorpyrifos, acephate, 

and diazinon. It is noteworthy that most of the top insecticides act systemically: 

monocrotophos, fenthion, phosphamidon, and acephate. Curiously there were no 
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synthetic pyrethroids among the best performing insecticides even though these 

products are recommended against  the r ice  st ink bugs in the US 

(http://louisianariceinsects.wordpress.com/2011/06/17/its-time-to-start-scouting-

headed-rice-for-rice-stink-bugs/). There were only a few reports on synthetic 

pyrethroids. Devi & Ray (2010) in Assam noted fenvalerate 20% EC (0.1%) and the 

mixture of chlorpyrifos 50% EC + cypermethrin 5% EC (0.003%) provided control up 

to 15 days after application. Chlorpyrifos was recommended against L. acuta in 

Australia (Kay et al. 1993), while Rothschild (1967) recommended carbaryl WP in 

Sarawak.

Spraying liquid organochlorine insecticides with a knapsack sprayer requires 

a volume of 940 liters/ha and the nozzle should produce a fine mist, as a coarse spray 

may result in phytotoxicity to the flowers. Islam et al. (2003) found that four 

phosphamidon sprays from 52 to 82 days after transplanting (DT) had no effect on RB 

densities at the milk stage (100 DT) or on yield. Shimomoto (1999) concluded that to 

protect against pecky rice, insecticides should be applied twice, at 12 and 17-23 days 

after heading. Israel & Seshagiri Rao (1959) stated that BHC 5% dust should be applied 

before the crop flowers. Ultra-low volume (ULV) formulations (Pickin & Heinrichs 

1979) and Electrodyne sprayers (Pascoe & Jackson 1983) once held promise for more 

targeted application and more uniform spray droplets impacting the rice plants, but 

proved to offer no benefit over the common knapsack sprayer. ULV formulations 

resulted in lower incidence of pecky rice, but Filipino farmers do not receive price 

deductions from such damage.

Sen (1959) noted that neem was a poor ovicide possibly due to the hard 

chorion. Ma et al. (2005) dipped 1-3 day-old eggs in 1.4% neem oil and azadirachtin at 

60, 120 and 180 ppm but noted that no significant ovicidal effects accrued. Moderate 

egg mortality (25–37%) was observed in treatments with azadirachtin at a higher 

dosage (240 ppm) whereas the combination of neem oil and abamectin performed 

somewhat better (36–52% mortality) at day 7. Rajendran & Chelliah (1987) found that 

fenthion caused the greatest egg mortality (74%) followed by chlorpyrifos at 60% in a 

laboratory study where insecticide was sprayed on eggs in petri dishes. In another trial, 

Raju et al. (1988) found more insecticides with ovicidal action: cypermethrin 100% 

mortality, deltamethrin (93%), fenvalerate (91%), permethrin (87%), and fenthion 

(78%). 

Insecticide resistance
Insecticide resistance in RBs was first reported by Fernando et al. (1957) to 

BHC dust. The stated reasons for the development of resistance were the sublethal 

dosages used by farmers applying BHC dust at 2.2-5.5 kg/ha instead of 11-16.5 kg/ha. 

Those who used a muslin bag held aloft at the end of a stick and vigorously shaken got 

poorer coverage than those who used a rotary hand duster. Since then RBs have been 

reported resistant to a wide range of organochlorine insecticides in Asia as well as 

malathion, diazinon, and parathion (Metcalf 1984). More recently, Kikuchi et al. 

(2012) noted a new process for resistance development in RBs. Repeated applications 

of fenitrothion caused a dramatic increase of fenitrothion-degrading bacteria 

(Pseudomonas, Flavobacterium, and Burkholderia) in agricultural soils. These 

bacteria were able to hydrolyze fenitrothion into 3-methyl-4-nitrophenol with little 

insecticidal activity and metabolized the degradation product as a carbon source for 

their growth. L. chinensis possesses a number of crypts in the posterior region of the 

midgut, with lumen containing a copious amount of bacterial cells including those 

incriminated in degrading insecticide. RBs harbor mutualistic Burkholderia gut 

symbiotic bacteria which are acquired by nymphs probably from imbibing soil-laden 

free water or dust on plants every generation. In agricultural fields, fenitrothion-

degrading Burkholderia strains are present at very low densities. Development of 

insecticide resistance has been a serious concern worldwide, whose mechanisms have 

been attributed to evolutionary changes in pest insect genomes such as alteration of 

drug target sites, upregulation of degrading enzymes, and enhancement of drug 

excretion. Kikuchi et al. (2012) reported a previously unknown mechanism of 

insecticide resistance based on infection with an insecticide-degrading bacterial 

symbiont that immediately establishes insecticide resistance in pest insects. 

Minimizing chemical control
Van den Berg & Soehardi (2000) concluded that RBs did not cause a significant 

reduction in rice yield in Java on irrigated rice, therefore the application of insecticides 

was mostly unwarranted. But they concluded farmers needed practical training on RB 

biology and their feeding on rice to appreciate why chemical control was generally not 

required. RBs are blamed for injury to the panicle that is caused by fungi and from 

unfilled spikelets which in modern rices can range between 10 and 40% in the absence 

of RB damage (Rothschild 1970b, Sands 1977, Yoshida 1981). Numerous parasitoids 

and predators are present in most rice ecosystems that tend to keep these potential 

pests at low densities (Schoenly et al. 1996). Natural enemies build up over the rice 

crop so at flowering there are many parasitoids and predators in the field (Ooi & 

Shepard 1994).

Field monitoring and the use of action thresholds
Chemical control of RBs is economical only on a need-basis rather than 

scheduled calendar-based application because of variable RB densities field to field, 

the high cost of synthetic insecticides, low rice prices, and the negative effects on 

beneficial arthropods. The process of determining when insecticides are needed is 

both an art and science because of the complexity of involved parameters that must be 

considered including the location, the number and kind of stresses the crop is 

currently facing, as well as the weather and crop vigor. Plant response to stresses and 

crop management practices in the tropics are highly variable in modern high tillering 

rices even in the same field season by season (Litsinger 2009). In more stable 

environments of mainly temperate climate, the main tools for insecticide application 
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Insecticide resistance in RBs was first reported by Fernando et al. (1957) to 

BHC dust. The stated reasons for the development of resistance were the sublethal 

dosages used by farmers applying BHC dust at 2.2-5.5 kg/ha instead of 11-16.5 kg/ha. 

Those who used a muslin bag held aloft at the end of a stick and vigorously shaken got 

poorer coverage than those who used a rotary hand duster. Since then RBs have been 

reported resistant to a wide range of organochlorine insecticides in Asia as well as 

malathion, diazinon, and parathion (Metcalf 1984). More recently, Kikuchi et al. 

(2012) noted a new process for resistance development in RBs. Repeated applications 

of fenitrothion caused a dramatic increase of fenitrothion-degrading bacteria 

(Pseudomonas, Flavobacterium, and Burkholderia) in agricultural soils. These 

bacteria were able to hydrolyze fenitrothion into 3-methyl-4-nitrophenol with little 

insecticidal activity and metabolized the degradation product as a carbon source for 

their growth. L. chinensis possesses a number of crypts in the posterior region of the 

midgut, with lumen containing a copious amount of bacterial cells including those 

incriminated in degrading insecticide. RBs harbor mutualistic Burkholderia gut 

symbiotic bacteria which are acquired by nymphs probably from imbibing soil-laden 

free water or dust on plants every generation. In agricultural fields, fenitrothion-

degrading Burkholderia strains are present at very low densities. Development of 

insecticide resistance has been a serious concern worldwide, whose mechanisms have 

been attributed to evolutionary changes in pest insect genomes such as alteration of 

drug target sites, upregulation of degrading enzymes, and enhancement of drug 

excretion. Kikuchi et al. (2012) reported a previously unknown mechanism of 

insecticide resistance based on infection with an insecticide-degrading bacterial 

symbiont that immediately establishes insecticide resistance in pest insects. 

Minimizing chemical control
Van den Berg & Soehardi (2000) concluded that RBs did not cause a significant 

reduction in rice yield in Java on irrigated rice, therefore the application of insecticides 

was mostly unwarranted. But they concluded farmers needed practical training on RB 

biology and their feeding on rice to appreciate why chemical control was generally not 

required. RBs are blamed for injury to the panicle that is caused by fungi and from 

unfilled spikelets which in modern rices can range between 10 and 40% in the absence 

of RB damage (Rothschild 1970b, Sands 1977, Yoshida 1981). Numerous parasitoids 

and predators are present in most rice ecosystems that tend to keep these potential 

pests at low densities (Schoenly et al. 1996). Natural enemies build up over the rice 

crop so at flowering there are many parasitoids and predators in the field (Ooi & 

Shepard 1994).

Field monitoring and the use of action thresholds
Chemical control of RBs is economical only on a need-basis rather than 

scheduled calendar-based application because of variable RB densities field to field, 

the high cost of synthetic insecticides, low rice prices, and the negative effects on 

beneficial arthropods. The process of determining when insecticides are needed is 

both an art and science because of the complexity of involved parameters that must be 

considered including the location, the number and kind of stresses the crop is 

currently facing, as well as the weather and crop vigor. Plant response to stresses and 

crop management practices in the tropics are highly variable in modern high tillering 

rices even in the same field season by season (Litsinger 2009). In more stable 

environments of mainly temperate climate, the main tools for insecticide application 
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decisions are economic thresholds (ETs) which are pest densities that trigger a 

corrective action before the damage reaches the critical economic injury level (Way et 

al. 1991). ETs are based on damage relationships between abundance and yield which, 

along with economic parameters, can predict the most optimal new thresholds as costs 

change. It is the high variability of damage functions crop to crop which makes the use 

of ETs impractical in tropical settings. Therefore, empirically derived action 

thresholds (ATs) have been utilized along with sampling protocols to be able to 

measure population densities accurately (Litsinger et al. 2005). ATs are composed of a 

character to measure, a level for that character, a monitoring protocol, and a corrective 

response, normally application of an insecticide that would entail a recommended 

dosage and proper timing. The character should predict an imminent damaging pest 

population sufficiently in advance so that a timely corrective insecticide application 

response can be made. Farmers and extension workers must also be able to 

understand the unit of measurement and execute the sampling method.

 Distribution in the field and sample size. Field monitoring requires 

knowledge of the distribution pattern of the pest, what developmental stage to select, 

when to sample, and what character to sample. Insect pests are rarely randomly 

distributed in the field due to their immigration patterns and laying eggs in clusters. 

Sands (1977) noted more RBs occurred at the edges of the rice crop nearer to weed 

hosts prior to rice heading. A study by Mu et al. (2004) determined that L. oratorius 

exhibited an aggregated distribution pattern in the crop and optimum sample size was 

inversely related to mean population density. Population estimates with a precision of 

10% coefficient of variability needed four times the sample size than if a 20% coefficient 

of variability (CV) was used. Rothschild (1970b) sampled 100 hills for his research 

trials but farmers would not be expected to inspect this many hills in a field. Mu et al. 

(2004) developed a sequential sampling plan using parameters of Taylor's power law, a 
2threshold level of 2 RBs/m , and a probability error of 20%. The maximum sample size 

with the sequential sampling method was observed to be 12 samples. The use of 

sequential sampling significantly reduced the sampling effort compared to a sampling 

plan with a fixed sample size. 

 Sampling tools. Several methods have been developed to sample RB densities. 

The sweep net has been popular due to its ease of use, but Sands (1977) noted that 

nymphs drop to the ground and adults fly away due to the disturbance to the plants, 

and morning dew wets the nets making them less effective. Kainoh et al. (1980) found 

that the sweep net sampling method caught significantly fewer RBs during the day than 

were seen visually over the same field area. D-Vac suction machines suffer from the 

same problems and are expensive. Rothschild (1970b) censused RBs by moving into 

the field along a linear path and counting RBs on every fourth hill. He noted it was 

difficult to tell one hill from another on a maturing crop as panicles intermingle. This is 
2why some researchers censused panicles, but the most popular method is to use a 1-m  

sample size. This is best done with two people converging on an area to demarcate it by 

a 1 m-long stick or wire frame quadrat held by one person above the plants while the 

other counts with a tally counter. Counts are made 2 hours after sunrise as RBs move 

to base of plants with increasing temperature and become more sedentary. Morrill et 

al. (1991) concluded farmers should scout twice a week from pre-flowering to hard 

dough stage. Scouting should be done in the early morning or late afternoon when RBs 

are easiest to observe. Scouting should be carried out along several linear transects to 

cover the whole field. Recently in Japan a synthetic attractant was used to monitor field 

populations of L. chinensis. The attractant was a mixture of (E)-2-octenyl acetate and 

1-octanol in a ratio of 5:1 and incorporated into plastic pellets (Watanabe et al. 2009). A 

pellet was placed on a sticky board nailed to a wooden stake that was driven into the 

soil. 

 Sampling damaged spikelets. The damaged filled spikelets can be assessed 

visually or by flotation method, density method, or KOH test method and acid fuchsin 

staining (Litsinger et al. 1998). Groups of spikelets on primary or secondary panicle 

branches are first cut off from the panicle and then each spikelet is cut off. In the 

flotation method, the percentage of unfilled spikelets can be determined by separating 

unfilled from filled spikelets in 17% salt solution (Hart & Rowan 1970a & 1970b). 

Unfilled spikelets float and they can be removed while filled grains sink. Visual 

estimation of the feeding sites in the samples confirms the damage. Van Halteren 

(1979) and Litsinger et al. (1981) followed Bowling's (1971) method developed for 

detecting damaged spikelets. After individual spikelets are boiled for 5-10 minutes in 

2-5% KOH or NaOH solution, the hull along with stylet sheaths becomes transparent 

when viewed under magnification. Acid fuchsin can be used to stain feeding sheaths 

that turn pink after being immersed in the dye for 30-60 minutes then removed and 

rinsed. The formula to prepare the staining solution is one part each of phenol, lactic 

acid, and distilled water and two parts glycerin and enough acid fuchsin dye to produce 

a dark red color.
 
 Examples of decision thresholds. In Japan, as little as 0.1% pecky rice can 

reduce commercial value according to Japanese rice quality regulations, and thus the 

economic injury level (EIL) is very low (Takeuchi & Watanabe 2006). Decrease in grain 

quality is considered to be the most important problem in Japanese rice. In other 

countries, most of the rice is consumed at home thus there is no price mark-down from 

pecky rice. Rothschild (1970b) noted that normally Sarawak farmers did not consider 
2an attack to be serious until there were some 20 RBs/m . Van Halteren (1979) felt the 

difficulty was not in setting thresholds, nor the inefficiency of insecticides, but rather 

the chance of rapid re-infestation of a treated field due to the high mobility of RBs.

An estimation of the EIL is necessary to determine an economic threshold (ET) 

level, but no study was found in the literature where this had been doneRather the 

thresholds have been action thresholds (ATs) based on empirical studies (Way et al. 

1991) (Table 12). ATs were first estimated at IRRI by VA Dyck in 1973 who started out 
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decisions are economic thresholds (ETs) which are pest densities that trigger a 

corrective action before the damage reaches the critical economic injury level (Way et 

al. 1991). ETs are based on damage relationships between abundance and yield which, 

along with economic parameters, can predict the most optimal new thresholds as costs 

change. It is the high variability of damage functions crop to crop which makes the use 

of ETs impractical in tropical settings. Therefore, empirically derived action 

thresholds (ATs) have been utilized along with sampling protocols to be able to 

measure population densities accurately (Litsinger et al. 2005). ATs are composed of a 

character to measure, a level for that character, a monitoring protocol, and a corrective 

response, normally application of an insecticide that would entail a recommended 

dosage and proper timing. The character should predict an imminent damaging pest 

population sufficiently in advance so that a timely corrective insecticide application 

response can be made. Farmers and extension workers must also be able to 

understand the unit of measurement and execute the sampling method.

 Distribution in the field and sample size. Field monitoring requires 

knowledge of the distribution pattern of the pest, what developmental stage to select, 

when to sample, and what character to sample. Insect pests are rarely randomly 

distributed in the field due to their immigration patterns and laying eggs in clusters. 

Sands (1977) noted more RBs occurred at the edges of the rice crop nearer to weed 

hosts prior to rice heading. A study by Mu et al. (2004) determined that L. oratorius 

exhibited an aggregated distribution pattern in the crop and optimum sample size was 

inversely related to mean population density. Population estimates with a precision of 

10% coefficient of variability needed four times the sample size than if a 20% coefficient 

of variability (CV) was used. Rothschild (1970b) sampled 100 hills for his research 

trials but farmers would not be expected to inspect this many hills in a field. Mu et al. 

(2004) developed a sequential sampling plan using parameters of Taylor's power law, a 
2threshold level of 2 RBs/m , and a probability error of 20%. The maximum sample size 

with the sequential sampling method was observed to be 12 samples. The use of 

sequential sampling significantly reduced the sampling effort compared to a sampling 

plan with a fixed sample size. 

 Sampling tools. Several methods have been developed to sample RB densities. 

The sweep net has been popular due to its ease of use, but Sands (1977) noted that 

nymphs drop to the ground and adults fly away due to the disturbance to the plants, 

and morning dew wets the nets making them less effective. Kainoh et al. (1980) found 

that the sweep net sampling method caught significantly fewer RBs during the day than 

were seen visually over the same field area. D-Vac suction machines suffer from the 

same problems and are expensive. Rothschild (1970b) censused RBs by moving into 

the field along a linear path and counting RBs on every fourth hill. He noted it was 

difficult to tell one hill from another on a maturing crop as panicles intermingle. This is 
2why some researchers censused panicles, but the most popular method is to use a 1-m  

sample size. This is best done with two people converging on an area to demarcate it by 

a 1 m-long stick or wire frame quadrat held by one person above the plants while the 

other counts with a tally counter. Counts are made 2 hours after sunrise as RBs move 

to base of plants with increasing temperature and become more sedentary. Morrill et 

al. (1991) concluded farmers should scout twice a week from pre-flowering to hard 

dough stage. Scouting should be done in the early morning or late afternoon when RBs 

are easiest to observe. Scouting should be carried out along several linear transects to 

cover the whole field. Recently in Japan a synthetic attractant was used to monitor field 

populations of L. chinensis. The attractant was a mixture of (E)-2-octenyl acetate and 

1-octanol in a ratio of 5:1 and incorporated into plastic pellets (Watanabe et al. 2009). A 

pellet was placed on a sticky board nailed to a wooden stake that was driven into the 

soil. 

 Sampling damaged spikelets. The damaged filled spikelets can be assessed 

visually or by flotation method, density method, or KOH test method and acid fuchsin 

staining (Litsinger et al. 1998). Groups of spikelets on primary or secondary panicle 

branches are first cut off from the panicle and then each spikelet is cut off. In the 

flotation method, the percentage of unfilled spikelets can be determined by separating 

unfilled from filled spikelets in 17% salt solution (Hart & Rowan 1970a & 1970b). 

Unfilled spikelets float and they can be removed while filled grains sink. Visual 

estimation of the feeding sites in the samples confirms the damage. Van Halteren 

(1979) and Litsinger et al. (1981) followed Bowling's (1971) method developed for 

detecting damaged spikelets. After individual spikelets are boiled for 5-10 minutes in 

2-5% KOH or NaOH solution, the hull along with stylet sheaths becomes transparent 

when viewed under magnification. Acid fuchsin can be used to stain feeding sheaths 

that turn pink after being immersed in the dye for 30-60 minutes then removed and 

rinsed. The formula to prepare the staining solution is one part each of phenol, lactic 

acid, and distilled water and two parts glycerin and enough acid fuchsin dye to produce 

a dark red color.
 
 Examples of decision thresholds. In Japan, as little as 0.1% pecky rice can 

reduce commercial value according to Japanese rice quality regulations, and thus the 

economic injury level (EIL) is very low (Takeuchi & Watanabe 2006). Decrease in grain 

quality is considered to be the most important problem in Japanese rice. In other 

countries, most of the rice is consumed at home thus there is no price mark-down from 

pecky rice. Rothschild (1970b) noted that normally Sarawak farmers did not consider 
2an attack to be serious until there were some 20 RBs/m . Van Halteren (1979) felt the 

difficulty was not in setting thresholds, nor the inefficiency of insecticides, but rather 

the chance of rapid re-infestation of a treated field due to the high mobility of RBs.

An estimation of the EIL is necessary to determine an economic threshold (ET) 

level, but no study was found in the literature where this had been doneRather the 

thresholds have been action thresholds (ATs) based on empirical studies (Way et al. 

1991) (Table 12). ATs were first estimated at IRRI by VA Dyck in 1973 who started out 
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with an AT of 1 RB/5 hills. Based on a field trial on the IRRI Farm where a range of adult 
2 2RB densities was tested from 1 to 8/m  in field cages in 1976, the AT was > 2 RBs/m  

2based on a provisional EIL of 5% yield loss. Densities of 1-2 RBs/m  caused 3% yield 
2 2loss, but 4 RBs/m  caused 9% while 8 RBs/m  caused 21% (Table 8) (Dyck et al. 1981). 

Litsinger et al. (2005) embarked on a study from 1979 to 91 that field tested ATs, 

comparing several and each crop following an empirical method. The study focused on 

four Philippine irrigated, double-crop sites and covered 68 crops and 419 fields. 

Twenty hills were inspected during the milk stage of grain development for RB adults 

and last instar nymphs. The range of AT levels was tested over the 13 years where the 
2number was continually raised starting at 4 and ending with 10 RBs/20 hills (= 1 m ). 

The AT was surpassed only in Koronadal in 6 fields representing only 1.4% of all fields 

sampled showing how insignificant RBs are in irrigated rice in the Philippines. 

1    2   3 4 2/ 10% damage grains. / 0.3% pecky rice. / pecky rice. / discolored grains (5 net sweeps = 1 m )

Table 12. Threshold guidelines on insecticide application decisions based on rice bug densities 
2expressed per m , per hill, or per panicle to generate  insecticide applications from studies in 

the world literature.

THRESHOLD

 

NO.

 

SAMPLES SAMPLE

 

INSECTICIDE DOSAGE

Van

 

Halteren & Sama

 

1976

 

Suluwesi,

 

Indonesia 1-2 /m2
A�er

 

flowering 1 m2

 

quadrat

IRRI

 

1977,

 

Dyck

 

et

 

al.

 

1981 IRRI,

 

Los

 

Baños > 2 /m2
A�er

 

flowering 10 1 m2

 

quadrat m-parathion 0.75 kg ai/ha

IRRI

 

1981 Iloilo,

 

Philippines 8/m2 Milk 5 1 m2

 

quadrat carbaryl 0.75 kg ai/ha

IRRI

 

1982 Pangasinan,

 

Philippines 4 /m2
Milk 5 1 m2

 

quadrat monocrotophos 0.75 kg ai/ha

8/m2 Milk 5 1 m2

 

quadrat diazinon 0.4 kg ai/ha

Litsinger

 

et

 

al.

 

2005

Zaragoza,

 

Guimba,

 

Calauan,

 

Koronadal 4-10/m2
5 20

 

hills = 1 m2 endosulfan 0.4 kg ai/ha

Van

 

Vreden & Ahmadzabidi

 

1986

 

Malaysia 2 /m2
lindane, carbaryl,

fenthion, BPMC

Sugimoto & Nugaliyadde

 

1995b Malaysia 2/hill

 
Sugimoto & Nugaliyadde

 

1995b Gannoruwa,

 

Sri

 

Lanka 4-8 /m2

  

1/

Sugimoto & Nugaliyadde

 

1995b Gannoruwa,

 

Sri

 

Lanka 2 /m2

Kobayashi & Nugaliyadde

 

1988

 

Sri

 

Lanka 2 /m2
Milk

4 /m2
Dough

10

 

/m2
Panicle

 

ini�a�on

Mu

 

et

 

al.

 

2004 New

 

Delhi,

 

India 2 /m2
12 1 m2 quadrat

CRRI

 

1980 West

 

Bengal,India 4 /m2

Cha�erji

 

et

 

al.

 

1977 New

 

Delhi,

 

India 10

 

/m2
Flowering

Sugimoto & Nugaliyadde

 

1995b Hyderabad,

 

India 1/hill

Saini
 

2011 Harayana,
 

India 1-2/hill 25

Samuel
 

1984 Tamil
 

Nadu,
 

India 9
 

/100
 

panicles Flowering

20
 

/100
 

panicles Milky

Ito
 
1978

 
Japan 0.5

 
/m2

  

2/ Flowering 50 net sweeps

1.5
 

/m2
Milk 50 net sweeps

2.3 /m2
50 net sweeps

Babaguchi 1971 Kyushu, Japan < 1/hill 3/

> 4/hill 4/

Sugimoto & Nugaliyadde 1995b Bangkok, Thailand 0.5/hill

Sugimoto & Nugaliyadde 1995b Bangkok, Thailand 1/20 panicles

STUDY LOCATION CROP STAGE SIZE

The choice of insecticides in IRRI-based studies changed over time beginning 

with m-parathion and lindane, then monocrotophos and endosulfan, and finally 

diazinon. More selective insecticides became available in recent times. Insecticides 

were first tested at a dosage of 0.75 kg ai/ha recommended by the companies, but by 

1983, based on dosage trials, the rate was cut in half to 0.4 kg ai/ha. Jahn et al. (2004) 

noted that the decision thresholds were based solely on yield loss estimates and did 

not take into account reductions in grain quality and seed germination rates. 

Based on their results in Sri Lanka, Kobayashi & Nugaliyadde (1988) felt that 
2the thresholds of 1 RB/hill in India, 1 RB/2 hills in Thailand, and 8 RBs/m  at IRRI 

appear to be too high (Table 12) perhaps because aborted spikelets at the flowering 

stage were not considered as sampling was recommended only during the milk stage. 

Kobayashi & Nugaliyadde (1988) developed ATs for each stage within the ripening 
2 2 2period beginning at 2 RBs/m  at flowering, 4 RBs/m  at milk stage and 10 RBs/m  at 

dough stage. Sen & Chaudhuri (1959) stated that scouting should be carried out by 

inspecting grasslands before rice flowers. 

IPM program for RB control
Zabidi & Nik (1989) concluded that Integrated Pest Management (IPM) is the 

best approach for RB control. Adoption of IPM on a community-wide basis is most 

important for sustainable RB management due to the dispersal ability of adults. 

Nugaliyadde et al. (2000) recommended that farmers first decide what varieties to 

plant that would mature at the same time and all the farmers would plant within a few 

weeks from the start. Farmers need to be taught what species of grasses are hosts of 

RBs and advised to remove them from their fields and surrounding areas. Any practice 

that increased yield such as good nutrient management will bolster crop compensation 

and would be a keystone in IPM. Farmers should be taught the symptoms of RB 

damage and that not all unfilled grains or discolored spikelets are caused by RBs. They 

then should monitor their fields beginning at flowering on a regular basis. Locally 

applicable action thresholds need to be determined through adaptive research efforts. 

Selective insecticides, rather than broad based ones, should be applied once the action 

threshold is reached. In Japan, although weed management in the original habitat of 

RBs is effective to prevent outbreaks, an application of synthetic insecticides is a more 

general and effective control method (Iwata & Yoshihara 1976). The low threshold for 

pecky rice unfortunately has led rice farmers to a overdependence on insecticide use 

for RB control (Takeuchi & Watanabe 2006). 

CONCLUSION

L. acuta is the most widely distributed RB species particularly in the dispersed 

islands of Pacific archipelagos, but it is also more prevalent in temperate regions. L. 

oratorius is the most economically important RB species in terms of yield loss as it is 

prevalent in tropical rice monocultures where most rice is grown. L. chinensis is the 
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with an AT of 1 RB/5 hills. Based on a field trial on the IRRI Farm where a range of adult 
2 2RB densities was tested from 1 to 8/m  in field cages in 1976, the AT was > 2 RBs/m  

2based on a provisional EIL of 5% yield loss. Densities of 1-2 RBs/m  caused 3% yield 
2 2loss, but 4 RBs/m  caused 9% while 8 RBs/m  caused 21% (Table 8) (Dyck et al. 1981). 

Litsinger et al. (2005) embarked on a study from 1979 to 91 that field tested ATs, 

comparing several and each crop following an empirical method. The study focused on 

four Philippine irrigated, double-crop sites and covered 68 crops and 419 fields. 

Twenty hills were inspected during the milk stage of grain development for RB adults 

and last instar nymphs. The range of AT levels was tested over the 13 years where the 
2number was continually raised starting at 4 and ending with 10 RBs/20 hills (= 1 m ). 

The AT was surpassed only in Koronadal in 6 fields representing only 1.4% of all fields 

sampled showing how insignificant RBs are in irrigated rice in the Philippines. 

1    2   3 4 2/ 10% damage grains. / 0.3% pecky rice. / pecky rice. / discolored grains (5 net sweeps = 1 m )

Table 12. Threshold guidelines on insecticide application decisions based on rice bug densities 
2expressed per m , per hill, or per panicle to generate  insecticide applications from studies in 

the world literature.

THRESHOLD

 

NO.

 

SAMPLES SAMPLE

 

INSECTICIDE DOSAGE

Van

 

Halteren & Sama

 

1976

 

Suluwesi,

 

Indonesia 1-2 /m2
A�er

 

flowering 1 m2

 

quadrat

IRRI

 

1977,

 

Dyck

 

et

 

al.

 

1981 IRRI,

 

Los

 

Baños > 2 /m2
A�er

 

flowering 10 1 m2

 

quadrat m-parathion 0.75 kg ai/ha

IRRI

 

1981 Iloilo,

 

Philippines 8/m2 Milk 5 1 m2

 

quadrat carbaryl 0.75 kg ai/ha

IRRI

 

1982 Pangasinan,

 

Philippines 4 /m2
Milk 5 1 m2

 

quadrat monocrotophos 0.75 kg ai/ha

8/m2 Milk 5 1 m2

 

quadrat diazinon 0.4 kg ai/ha

Litsinger

 

et

 

al.

 

2005

Zaragoza,

 

Guimba,

 

Calauan,

 

Koronadal 4-10/m2
5 20

 

hills = 1 m2 endosulfan 0.4 kg ai/ha

Van

 

Vreden & Ahmadzabidi

 

1986

 

Malaysia 2 /m2
lindane, carbaryl,

fenthion, BPMC

Sugimoto & Nugaliyadde

 

1995b Malaysia 2/hill

 
Sugimoto & Nugaliyadde

 

1995b Gannoruwa,

 

Sri

 

Lanka 4-8 /m2

  

1/

Sugimoto & Nugaliyadde

 

1995b Gannoruwa,

 

Sri

 

Lanka 2 /m2

Kobayashi & Nugaliyadde

 

1988

 

Sri

 

Lanka 2 /m2
Milk

4 /m2
Dough

10

 

/m2
Panicle

 

ini�a�on

Mu

 

et

 

al.

 

2004 New

 

Delhi,

 

India 2 /m2
12 1 m2 quadrat

CRRI

 

1980 West

 

Bengal,India 4 /m2

Cha�erji

 

et

 

al.

 

1977 New

 

Delhi,

 

India 10

 

/m2
Flowering

Sugimoto & Nugaliyadde

 

1995b Hyderabad,

 

India 1/hill

Saini
 

2011 Harayana,
 

India 1-2/hill 25

Samuel
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2.3 /m2
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Babaguchi 1971 Kyushu, Japan < 1/hill 3/

> 4/hill 4/

Sugimoto & Nugaliyadde 1995b Bangkok, Thailand 0.5/hill

Sugimoto & Nugaliyadde 1995b Bangkok, Thailand 1/20 panicles

STUDY LOCATION CROP STAGE SIZE

The choice of insecticides in IRRI-based studies changed over time beginning 

with m-parathion and lindane, then monocrotophos and endosulfan, and finally 

diazinon. More selective insecticides became available in recent times. Insecticides 

were first tested at a dosage of 0.75 kg ai/ha recommended by the companies, but by 

1983, based on dosage trials, the rate was cut in half to 0.4 kg ai/ha. Jahn et al. (2004) 

noted that the decision thresholds were based solely on yield loss estimates and did 

not take into account reductions in grain quality and seed germination rates. 

Based on their results in Sri Lanka, Kobayashi & Nugaliyadde (1988) felt that 
2the thresholds of 1 RB/hill in India, 1 RB/2 hills in Thailand, and 8 RBs/m  at IRRI 

appear to be too high (Table 12) perhaps because aborted spikelets at the flowering 

stage were not considered as sampling was recommended only during the milk stage. 

Kobayashi & Nugaliyadde (1988) developed ATs for each stage within the ripening 
2 2 2period beginning at 2 RBs/m  at flowering, 4 RBs/m  at milk stage and 10 RBs/m  at 

dough stage. Sen & Chaudhuri (1959) stated that scouting should be carried out by 

inspecting grasslands before rice flowers. 

IPM program for RB control
Zabidi & Nik (1989) concluded that Integrated Pest Management (IPM) is the 

best approach for RB control. Adoption of IPM on a community-wide basis is most 

important for sustainable RB management due to the dispersal ability of adults. 

Nugaliyadde et al. (2000) recommended that farmers first decide what varieties to 

plant that would mature at the same time and all the farmers would plant within a few 

weeks from the start. Farmers need to be taught what species of grasses are hosts of 

RBs and advised to remove them from their fields and surrounding areas. Any practice 

that increased yield such as good nutrient management will bolster crop compensation 

and would be a keystone in IPM. Farmers should be taught the symptoms of RB 

damage and that not all unfilled grains or discolored spikelets are caused by RBs. They 

then should monitor their fields beginning at flowering on a regular basis. Locally 

applicable action thresholds need to be determined through adaptive research efforts. 

Selective insecticides, rather than broad based ones, should be applied once the action 

threshold is reached. In Japan, although weed management in the original habitat of 

RBs is effective to prevent outbreaks, an application of synthetic insecticides is a more 

general and effective control method (Iwata & Yoshihara 1976). The low threshold for 

pecky rice unfortunately has led rice farmers to a overdependence on insecticide use 

for RB control (Takeuchi & Watanabe 2006). 

CONCLUSION

L. acuta is the most widely distributed RB species particularly in the dispersed 

islands of Pacific archipelagos, but it is also more prevalent in temperate regions. L. 

oratorius is the most economically important RB species in terms of yield loss as it is 

prevalent in tropical rice monocultures where most rice is grown. L. chinensis is the 
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only RB species in Japan where it affects more the quality of rice rather than yield. The 

nomenclature and systematics of RBs have been in a confused state until Hasegawa's 

1971 work came out, but this information took several decades to be widely known 

and still the misidentifications have not been fully rectified or the distribution of the 14 

RB species updated. Often, several RB species coexisted in the same location and went 

unrecognized or wrong names were perpetuated for decades. 

The habits of RBs that make them such an important pest are: 1) ability to 

survive when food supply is low and no rice is available, 2) can delay ovipositing until 

the conditions are right, 3) high power of dispersal, 4) wide host range among grasses, 

and 5) ability to invade rice in the flowering stage throughout most of the year. RBs were 

the major chronic pests of rice in most of Asia up to the time of dawn of the Green 

Revolution, leading Rothschild (1970b) to claim that L. oratorius was the most 

important pest of rice in SE Asia. RB is one of the few insect pests to decline in status in 

recent times throughout most of Asia as a consequence of farmers adoption of modern 

varieties, although Scirpophaga stemborers probably have been the most 

economically important rice pests in Asia since rice evolved. It has long been known 

that RB feeding caused empty spikelets, small and misshapen kernels, brown spots on 

the glumes at the site of feeding, and pecky kernels having unsavory black spots. More 

recently, however, it has been revealed that RBs colonizing a few days after anthesis 

causes spikelets to abort (Kobayashi & Nugaliyadde 1988, Medrano et al. 1988). Rubia 

& Penning de Vries (1990) found that modern rices reallocate photosynthate from 

damaged to undamaged tillers utilizing spikelets that otherwise would have been 

empty. Modern rices normally bear many more unfilled spikelets than the plant can fill, 

thus they provide a ready sink for photosynthate produced in the flag leaves as well as 

reallocation from storage sites in culms and leaf sheaths. RBs were more important 

pests during the era of low-tillering and low-yielding traditional varieties that had less 

power of plant compensation. Most yield loss reports in the past were based on visual 

estimates rather than on direct evidence of weight differences between attacked and 

unattacked spikelets. Also missing in these reports were estimates of RB population 

densities causing such losses. Such information is essential as many factors can 

produce unfilled spikelets or damage symptoms similar to those induced by RB 

infestation and farmers need to be trained to tell the difference. It was instructive that 

in yield loss trials with very high RB densities, the highest losses were < 75%. It is 

therefore believed that the early reports of losses > 75% were overestimated as the 

densities of RBs necessary to cause higher losses cannot be realized because of mutual 

interference.

Although RBs have diminished as chronic pests in modern times, they still are 

pests of dryland rice areas planted to traditional varieties in small isolated fields, but 

such areas are waning in Asia. Staggered planting still occurs in large swaths of Asia 

devoted to rainfed wetland rice culture allowing population build up on late-planted 

fields. But traditional rices in more of these wetland areas have been replaced by 

modern semi-dwarf varieties that raised the yield potential whose grain densities 

lessen the importance of RB feeding. Expansive grasslands which gave RBs a head start 

have been converted to farmland. Ecological bridges that allow RBs to span rice 

growing seasons such as wooded areas adjacent to irrigated rice lands that provide 

shelter between seasons exist in fewer locations. But in other places, juxtaposition of 

tracts of rice culture with different months in rice culture and within the dispersal 

distance of RBs that allow generational buildup actually may be increasing. Irrigated 

rice research stations where rice is planted continuously throughout the year 

theoretically allow for high RB densities due to the continuous availability of rice plots 

in flower. If selective insecticides are used, then natural enemies should be able to 

contain RB numbers. But one can expect damaging population densities if broad 

spectrum insecticides are used.

The role of compensation that can occur on modern high tillering rices has 

been underestimated. Compensation was studied in the context of rice stemborer 

damage in the ripening stage where photosynthate was shown to be reallocated from 

damaged to undamaged tillers utilizing spikelets or panicles that otherwise would have 

been empty. The normal high level of unfilled spikelets provides a ready sink for 

photosynthate reallocation. After RBs stop feeding, the plant apparently redistributes 

photosynthates to the fed-upon grain at the expense of a younger spikelet which goes 

unfilled. Evidence to support this comes from the observation that most RB feeding 

sheaths occur on filled spikelets.

The key natural mortality factor affecting nymphs is often their inability to 

complete development to adulthood before the hard dough stage. If oviposition occurs 

too late in the ripening stage then the nymphs will starve. For adults, if they do not find 

rice in the ripening stage they cannot reproduce, albeit they can survive for several 

months feeding on spikelets of grasses and ratoon rice, or from the sap of plants. This 

and the effect of natural enemies affecting mainly the egg stage are probably key 

sources of mortality along with abiotic factors such as high temperature,  low 

humidity, and heavy rainfall washing nymphs from plants. Egg parasites can only 

cause a maximum of 25% parasitism, but egg and nymphal predators can cause about 

40%. The fact that RB adults are so mobile and that RBs are present  only on one stage 

of a rice crop limits the potential of natural enemies if the field is weeded of alternative 

plant hosts, but longer if it is not. Rothschild (1970a) calculated 93% mortality in the 

field caused by biotic and abiotic factors spanning only the period from the egg to the 

last instar nymph.

Historically control measures began with hand-picking, then led to the use of 

collecting devices such as nets and bags. Adhesives were added to make them more 

effective, but still numbers caught were low. Traps with rotting meat or aromatic plants 

placed in the field did not collect many RBs. Taking advantage of RBs attraction to light, 

building fires and use of light traps still did not significantly reduce their field 
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only RB species in Japan where it affects more the quality of rice rather than yield. The 

nomenclature and systematics of RBs have been in a confused state until Hasegawa's 

1971 work came out, but this information took several decades to be widely known 
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unrecognized or wrong names were perpetuated for decades. 
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and 5) ability to invade rice in the flowering stage throughout most of the year. RBs were 

the major chronic pests of rice in most of Asia up to the time of dawn of the Green 

Revolution, leading Rothschild (1970b) to claim that L. oratorius was the most 

important pest of rice in SE Asia. RB is one of the few insect pests to decline in status in 

recent times throughout most of Asia as a consequence of farmers adoption of modern 

varieties, although Scirpophaga stemborers probably have been the most 

economically important rice pests in Asia since rice evolved. It has long been known 

that RB feeding caused empty spikelets, small and misshapen kernels, brown spots on 

the glumes at the site of feeding, and pecky kernels having unsavory black spots. More 

recently, however, it has been revealed that RBs colonizing a few days after anthesis 

causes spikelets to abort (Kobayashi & Nugaliyadde 1988, Medrano et al. 1988). Rubia 
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pests during the era of low-tillering and low-yielding traditional varieties that had less 

power of plant compensation. Most yield loss reports in the past were based on visual 

estimates rather than on direct evidence of weight differences between attacked and 

unattacked spikelets. Also missing in these reports were estimates of RB population 

densities causing such losses. Such information is essential as many factors can 

produce unfilled spikelets or damage symptoms similar to those induced by RB 

infestation and farmers need to be trained to tell the difference. It was instructive that 

in yield loss trials with very high RB densities, the highest losses were < 75%. It is 

therefore believed that the early reports of losses > 75% were overestimated as the 

densities of RBs necessary to cause higher losses cannot be realized because of mutual 

interference.

Although RBs have diminished as chronic pests in modern times, they still are 

pests of dryland rice areas planted to traditional varieties in small isolated fields, but 

such areas are waning in Asia. Staggered planting still occurs in large swaths of Asia 

devoted to rainfed wetland rice culture allowing population build up on late-planted 

fields. But traditional rices in more of these wetland areas have been replaced by 

modern semi-dwarf varieties that raised the yield potential whose grain densities 

lessen the importance of RB feeding. Expansive grasslands which gave RBs a head start 

have been converted to farmland. Ecological bridges that allow RBs to span rice 

growing seasons such as wooded areas adjacent to irrigated rice lands that provide 

shelter between seasons exist in fewer locations. But in other places, juxtaposition of 

tracts of rice culture with different months in rice culture and within the dispersal 

distance of RBs that allow generational buildup actually may be increasing. Irrigated 

rice research stations where rice is planted continuously throughout the year 

theoretically allow for high RB densities due to the continuous availability of rice plots 

in flower. If selective insecticides are used, then natural enemies should be able to 

contain RB numbers. But one can expect damaging population densities if broad 

spectrum insecticides are used.

The role of compensation that can occur on modern high tillering rices has 

been underestimated. Compensation was studied in the context of rice stemborer 

damage in the ripening stage where photosynthate was shown to be reallocated from 

damaged to undamaged tillers utilizing spikelets or panicles that otherwise would have 

been empty. The normal high level of unfilled spikelets provides a ready sink for 

photosynthate reallocation. After RBs stop feeding, the plant apparently redistributes 

photosynthates to the fed-upon grain at the expense of a younger spikelet which goes 

unfilled. Evidence to support this comes from the observation that most RB feeding 

sheaths occur on filled spikelets.

The key natural mortality factor affecting nymphs is often their inability to 

complete development to adulthood before the hard dough stage. If oviposition occurs 

too late in the ripening stage then the nymphs will starve. For adults, if they do not find 

rice in the ripening stage they cannot reproduce, albeit they can survive for several 

months feeding on spikelets of grasses and ratoon rice, or from the sap of plants. This 

and the effect of natural enemies affecting mainly the egg stage are probably key 

sources of mortality along with abiotic factors such as high temperature,  low 

humidity, and heavy rainfall washing nymphs from plants. Egg parasites can only 

cause a maximum of 25% parasitism, but egg and nymphal predators can cause about 

40%. The fact that RB adults are so mobile and that RBs are present  only on one stage 

of a rice crop limits the potential of natural enemies if the field is weeded of alternative 

plant hosts, but longer if it is not. Rothschild (1970a) calculated 93% mortality in the 

field caused by biotic and abiotic factors spanning only the period from the egg to the 

last instar nymph.

Historically control measures began with hand-picking, then led to the use of 

collecting devices such as nets and bags. Adhesives were added to make them more 

effective, but still numbers caught were low. Traps with rotting meat or aromatic plants 

placed in the field did not collect many RBs. Taking advantage of RBs attraction to light, 

building fires and use of light traps still did not significantly reduce their field 
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populations. Use of trap crops was never widely accepted by farmers. No resistant 

varieties have been identified. Rice intensification led by high-yielding, photoperiod-

insensitive varieties that has led to the increase of many other rice pests generally had 

the opposite effect on RBs. Planting larger areas to rice has led to a dilution effect on RB 

densities, as has increasing yield potential. RBs are more of a pest in rainfed than 

irrigated agroecosystems. Widespread use of irrigation has led to synchronous 

planting and thus synchronous flowering to limit RB build-up.  Irrigation and 

expanded rice area led to the removal of habitat shelters and alternative plant hosts for 

RBs to survive off-seasons. Higher yielding rices gave farmers the incentive for better 

crop management such as weeding and use of inorganic fertilizer. Weeding removes RB 

plant hosts early in the growing season and both weeding and application of inorganic 

fertilizer increase the rice yield potential which in effect reduces the effect of spikelet 

damage and allows for higher levels of compensation. Compensation also makes 

difficult the calculations of damage functions that are necessary for developing 

economic thresholds, thus action thresholds are more preferred as they are developed 

empirically for each growing region in a country. 

ACKNOWLEDGEMENTS

We thank the IRRI Entomology Department support staff for their 

contributions in the field trials. In particular, we are most appreciative of Ms Nonnie 

Bunyi for office assistance and Ms Josie Lyn Catindig for library assistance with 

references. We are also indebted to former IRRI senior staff VA Dyck for his ground 

breaking research. This paper is dedicated to the Filipino farmers who allowed their 

fields to be used for on-farm trials. We are indebted to the excellent editing of the 

manuscript provided by Miling Bernardo. We also dedicate this paper to the memory of 

IRRI anthropologist Sam Fujisaka.

REFERENCES

AGYEN-SAMPONG M, FANNAH SJ. 1980. Dirty panicles and rice yield reduction caused by 

bugs. Int. Rice Res. Newsl. 5 (1): 11-12. 
AHMAD I. 1965. The Leptocorisinae (Heteroptera: Alydidae) of the world. Bull. Brit. Mus. Nat. 

Hist. Suppl. 5: 1-156.
AIYER SP. 1944. Improvement of the rice yield in India. Sci. & Cult. 10: 146-51.
AKBAR SS. 1958. The morphology and life history of Leptocorisa varicornis Fabricius 

(Hemiptera: Coreidae)-a pest of the paddy crop in India. Aligarh Muslim Univ. Publ. 

Zool. Series 5 (1) 1-7 & 5 (2) 1-64. 
ALBURO R; OLOFSON H. 1987. Agricultural history and the use of botanical insecticides in 

Argao, Cebu. Philipp. Quart. Cult. Soc. 15: 151-172.
ARGENTE AM, HEINRICHS EA. 1983 Residues of carbaryl, lindane, and monocrotophos on 

rice treated for control of rice bug, Leptocorisa oratorius (Fab.) Crop Protection 2: 361-

369.
ARIDA GS, DORJI C, HEONG KL. 1989. Insects feeding on rice grain in Bhutan. Int. Rice Res. 

Newsl. 14(6): 30.

AUSTIN GD. 1922. A preliminary report on paddy fly investigations. Ceylon Dept. Agr. Bull. 59. 

22 p.
AUSTIN GD. 1923. The paddy fly (Leptocorisa varicornis F.). Trop. Agric. (Peradeniya) 60: 118-

119. 
BABAGUCHI K. 1971. Bionomics and control of Corbett rice bug, Leptocorisa corbetti, 

attacking rice plant. I. Attacking period and extent of damage. Proc. Assoc. Plant Prot. 

Kyushu 17:139-140. (In Japanese)
BANDONG JP, CANAPI BL, DELA CRUZ CG, LITSINGER JA. 2002. Insecticide decision 

protocols: A case study of untrained Filipino rice farmers. Crop Prot. 21: 803-16.
BANERJEE PK, CHATTERJEE PB. 1982. Pests of hill rice in West Bengal, India. Int. Rice Res. 

Newsl. 7(4): 12-14.
BANERJEE SN, CHATTERJEE PB. 1965. On the alternate host plants and hibernation of rice 

bug, Leptocorixa acuta Thunberg in North Bengal. Sci. & Cult. 31:259-260.
BARNES WH, SOUTH FW. 1925. The padi fly (Leptocorisa spp.) in Kuala Pilah District. Malay. 

Agric. J. 13(11): 351-355.
BARRION AT, LITSINGER JA. 1981. Leptocorisa acuta vs oratorius: a clarification of rice bug 

species. Int. Rice Res. Newsl. 6(1): 20-21.
BARRION AT, LITSINGER JA. 1994. Taxonomy of rice insect pests and their arthropod 

parasites and predators, p. 13-359. In: EA Heinrichs editor, Biology and Management of 

Rice Insects, Wiley Eastern Ltd., New Delhi, 779 p. 
BARRION AT, LITSINGER JA. 1987. Meadow grasshopper Conocephalus longipennis damage 

to rice spikelets. Int. Rice Res. Newsl. 12(1): 18.
BARRION AT, PANTUA PC, LITSINGER JA. 1981. Gryon nixoni Masner (Hymenoptera: 

Scelionidae): a new egg parasite of Leptocorisa oratorius in the Philippines. Int. Rice 

Res. Newsl. 6(3): 19-20.
BERG VAN DEN H, SOEHARDI. 2000. The influence of rice bug Leptocorisa oratorius on rice 

yield. J. Appl. Ecol. 37: 959-70.
BISWAS PK. 1953. The rice bug (damage, life history, and control). Allahabad Farmer 27 (1): 25-

27.
BISWAS AK, ISLAM A, NAYAK B, CHOUDHURI MA. 1982. Water-stress induced susceptibility to 

pests in rice plant (Oryza sativa L cv Ratna) I. Effect of CaCl . Indian Biologist 14: 13-2

20.
BJÖRNSEN GURUNG AB. 2003. Insects – a mistake in God's creation? Tharu farmers' 

perception and knowledge of insects: A case study of Gobardiha village development 

committee, Dang- Deukhuri, Nepal. Agric. & Human Values 20: 337–370.
BOWDEN J. 1973. Migration of pests in the tropics. Meded. Fac. Landbouwwet. Rijksuniv. Gent 

38:785-796.
BOWLING CC. 1963. Cage test to evaluate stink bug damage to rice. J. Econ. Entomol. 56: 197-

200.
BOWLING CC. 1979. The stylet sheath as an indicator of feeding activity of the rice stink bug. J. 

Econ. Entomol. 72: 259-260.
CATLING HD, ISLAM Z. 1999. Pests of deepwater rice and their management. Integrated Pest 

Manage. Rev. 4: 193-229. 
CENDAÑA SM, CALORA FB. 1967. Insect pests of rice in the Philippines. In The major insect 

pests of the rice plant. Baltimore, Maryland, USA, Johns Hopkins Press. p. 591-616.
CENTRAL RICE RESEARCH INSTITUTE (CRRI). 1980. Entomology Department. Technical 

Report of the CRRI for the year 1979, Cuttack, India. 

88 89

Rice Seed Bugs in Asia: A Review JA Litsinger et alPhilipp Ent 29 (1) : 1-103 ISSN 0048-3753 April 2015



populations. Use of trap crops was never widely accepted by farmers. No resistant 

varieties have been identified. Rice intensification led by high-yielding, photoperiod-

insensitive varieties that has led to the increase of many other rice pests generally had 
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