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ABSTRACT

The rice whorl maggot (RWM), Hydrellia philippina Ferino (Diptera: 
Ephydridae), was discovered as a pest of rice only in 1961. Its damage was not 
distinguished from that of other early season insect pests before the Green 
Revolution. The spread of irrigation and double-cropping allowed its density 
to increase and become noticeable. It is just as abundant on modern rice 
varieties as on traditional ones. Other rice-feeding Hydrellia species are leaf 
miners but the damage from RWM is different as it mines the unfurled leaf 
before it expands, thus creating a unique necrotic lesion along the margin of 
the leaf blade. RWM feeds on wetland rice and on a number of other Poaceae 
and some sedges in the rice field. Most of the feeding is done during the first 
four weeks after transplanting but damage is rare in direct seeded rice. It is 
most abundant in flooded, but not drained fields. Damage occurs most during 
the vegetative stage where new leaf unfurls and damage peaks at 4-5 weeks 
after transplanting. Minor damage can occur on developing spikelets resulting 
in unfilled grains. Injury results in reduced plant height and root length 
delaying crop maturity. These effects occur unevenly hill to hill. In four 
irrigated, double-cropped rice locations, namely, Calauan, Laguna; Guimba, 
Nueva Ecija; Zaragoza, Nueva Ecija and Koronadal, South Cotabato, damaged 
leaves (DL) averaged 15% per cropping season over a 13 year period. Of these, 
two sites—Zaragoza, Nueva Ecija [DL: 20% in the wet season (WS), 19% dry 
season (DS)] and Koronadal, South Cotabato [DL: 25% WS, 20%DS] had 
economic damage levels averaging 21% DL, whereas the other two—Calauan 
[DL: 11%WS, 6% DS] and Guimba [DL: 7%WS, 12% DS] at 9% DL did not. 
However, one individual field in Koronadal, South Cotabato registered the 
highest incidence of damaged leaves at 68% DL. The higher damage occurs in 
areas of high asynchronous planting and short dry fallows. In three rainfed 
wetland sites, the levels of infestation were 8% DL in the most drought prone 
site and 21% to 29% DL in the more rainfall favored sites. Rainfed wetland 
areas typically have more staggered planting and farmers grow longer 
maturing varieties which have a longer vegetative stage that favors RWM. In 
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general, significant yield loss occurred in sites which had 1) high populations 
of noctuid defoliators Naranga and Rivula, 2) seedlings with severe 
transplanting shock, and 3) older transplanted seedlings . Higher losses occur 
the more the crop is under stress from any cause during the vegetative stage. 
RWM has a wide array of natural enemies ranging from egg and adult 
predators to larval and pupal parasitoids. Egg parasitism, however, is < 1%, 
whereas larval and pupal parasitoids contribute 35% parasitism. The most 
effective natural enemy, however, is another ephydrid fly Ochthera sauteri 
Cresson which preys on adult RWM ambushing them on the foliage or in flight, 
and stabbing them with elongated tibial spurs. In a simulated rice field, prey 
consumption by five Ochthera over a five- day period steadily rose from 27 to 
48 adults per day, indicating that they learned how to recognize RWM over 
time. Cultural control methods that limit loss include planting longer maturing 
varieties or older seedlings, dense spacing (particularly direct seeding), early 
planting, splitting N application, and field drainage during the vegetative 
stage. We hypothesize that the mechanism for good drainage and dense 
planting enhances Ochthera predation as the grayish mud provides good 
camouflage for the predatory fly to effectively and efficiently hunt RWM adults 
undetected. Presence of water creates a “mirror-effect” reflection signal from 
the water surface that warns RWM flies of incoming predators, who thus 
escape predation. Timely application of N, on the other hand, increases the 
ability of the rice plants to tolerate RWM injury. No rice accession from the IRRI 
Germ Bank was found to be resistant to RWM, however IR40 variety is 
moderately tolerant. Many wild rices, however, show ovipositional non-
preference or low larval survival but these traits have yet to be incorporated 
into cultivated rice. RWM is difficult to control with insecticides and normally it 
is not economical. Foliar sprays are most popular with farmers and, although 
relatively expensive, two low dosage sprayings before 10 DT are needed for 
adequate control. Other effective methods were soil incorporation of 
insecticide granules, root soaking, and root coating. Action thresholds have 
been determined to guide insecticide application. In areas with a history of 
high RWM infestation farmers can use earlier planted fields as a guide to 
insecticide usage based on the % DL level. Egg densities per hill can be used in 
locations with historically low levels of infestation.

Key words:     Rice whorl maggot, Hydrellia philippina Ferino, Diptera, Ephydridae, 

ecology, natural enemies, damage, yield loss, integrated pest 

management, biocontrol, cultural control, chemical control

INTRODUCTION

  he rice whorl maggot (RWM), Hydrellia philippina Ferino, belongs to the 

shore fly family Ephydridae and was first reported in the literature feeding on rice in 

Khon Kaen, Thailand during the 1961 wet season by Somporn Patanakamjorn of 

Kasetsart University (Patanakamjorn 1964, Patanakamjorn & Rangdang 1968). But its 

taxonomy was not clear at the time. Somporn then came to the International Rice 
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Research Institute (IRRI) in Los Baños, Laguna, Philippines as a graduate student 

under MD Pathak and saw damage on the IRRI Farm similar to what he had seen in 

Thailand. Specimens were sent to the Smithsonian Museum of Natural History in 

Washington DC where RWM was classified as a new species in the genus Hydrellia 

within the subfamily Notiphilinae. MP Ferino then worked on his PhD dissertation 

where he described the new species H. philippina Ferino and studied its bionomics 

(Ferino 1965). It was confirmed later that this was the same species found in Thailand 

and its distribution now extends throughout South and SE Asia. In the Philippines, 

semi-aquatic ephydrid flies in rice fields comprise 18 species with 12 being 

phytophages (genera Brachydeutera, Hydrellia, Notiphila, Paralimna, Psilopa), five 

scavengers (genera Actocetor, Discomyza, Polytrichophora, Scatella), and one 

predator (Ochthera) (Barrion & Litsinger 1986). The diagnostic key characters used 

for identification of RWM are 8-12 spines in the ventral  portion of femur I, absence of a 

spine in the subcosta of forewing, absence of strong dorsal spines on tibia III, small 

body size (2- 2.6mm long), and the gray body color (Barrion & Litsinger 1994). 

Related species within the genus Hydrellia are all leaf blade miners as distinct 

from a leaf whorl miner. H. griseola (Fallen), which is more known to occur in Europe 

and N America, has been found in the Philippines (Barrion & Litsinger 1981a). H. 

sasakii Yuasa et Isitani in Japan (Yuasa & Isitani 1939), H. tomiokai also in Japan 

(Barrion & Litsinger 1994), H. deonieri in Guyana (Rambajan 1979), H. prosternalis 

in Africa (Heinrichs & Barrion 2004), and H. wirthi in Colombia (Salazar et al. 1993) 

are all related species that feed on rice. More recently H. wirthi was found to have 

extended its occurrence to the United States (Castro et al. 2005). In the 1970s, RWM 

was called H. sasakii in the Philippines but later the name H. philippina was 

confirmed as being distinct. All of these species, except RWM, are rice leaf miners 

where larvae are confined to the leaf blade. This is distinct from RWM whose larvae 

seek developing leaf meristems at the base of tillers. An agromyzid leaf miner, 

Pseudonapomyza asiatica Spencer, also occurs in the Philippines feeding on wetland 

rice (Barrion & Litsinger 1981b). Of the Hydrellia species mentioned, all but H. 

tomiokai are considered to be chronic pests where they occur. Also an exception is H. 

griseola in the Philippines where it has not reached pest status as it prefers 

mountainous areas.

Ecology and Habitat Preference

RWM is a pest in wetland rice habitats including rainfed and irrigated 

environments (Litsinger et al. 2009a). In the Philippines, RWM is found from the 

highlands as in the Banaue rice terraces in Ifugao Province, to the lowlands as long as 

there is standing water in the field during the vegetative stage (Ferino 1968). Ephydrid 

flies are semi-aquatic and thus are attracted to standing water habitats. RWM adults 
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were found in dryland rice in upland fields on the IRRI Farm on occasions when heavy 

rain caused ponding (Karim 1969). This was only temporary, however, as the same 

feeding niche is filled by the rice seedling maggot Atherigona oryzae Malloch whose 

larvae attack young rice plants causing deadhearts (dead tillers) similar to stemborers 

(Litsinger et al. 2003). It has been shown that RWM adults have a preference to oviposit 

in flooded fields (Viajante and Heinrichs 1985a). Larvae are not aquatic but probably 

can survive short periods of flooding of feeding sites within the base of rice tillers. 

Karim (1969) found that larvae submerged 1.5 cm deep died, but most eggs survived 

submergence over several days. Loevinsohn et al. (1988) noted that pests dependent 

on standing water such as RWM have become more abundant in irrigated rice than in 

traditional rainfed culture due to the longer period of standing water. But rainfed 

wetland rice culture tends to favor vegetative stage pests such as RWM that undergo 

more generations from the combination of the more prolonged vegetative stage of 

longer maturing rices plus staggered planting due to erratic rainfall and labor 

shortages (Litsinger et al. 2009a).

Biology

The life cycle of RWM has been studied most extensively by Ferino (1968), 

Karim (1969), and Schuiling (1977). The developmental period from egg to egg in Los 

Baños ranges from 19 to 29 days with a mean of 22 days including a one day pre-

oviposition period for the adult females. RWM occurs throughout the year as long as 

wetland rice is available. Thus theoretically there can be as many as 13 to17 

generations per year. In the Philippines, lowest population densities were observed 

during the first six months of the year (January to June) coinciding with a period of 

high temperature and low rainfall. From July onwards, its population continues to 

increase until November. But van Halteren (1979) working in Sulawesi, Indonesia, 

noted that very heavy rainfall was detrimental to population build-up. Mating takes 

place on the water surface within the same day of adult emergence. The female 

oviposits with her head oriented towards the upper part of the plant and the elongated 

eggs are laid singly as she moves forward. Eggs are laid on the dorsal leaf surface 

parallel to the longitudinal veins along the midrib, or along the edges of the leaf margin 

but not on the leaf sheath. Females secrete an adhesive so each egg is firmly attached to 

the blade. Females prefer laying eggs on the dorsal surfaces of leaf 1 to leaf 4 of the rice 

plant with high preference for part of the leaf with low egg densities and for rice fields 

that are fully irrigated. About 52% of the eggs are laid on the topmost or first leaf, 38% 

on the second, with 8% on third and 2% on fourth. The number of eggs laid per female 

ranges from12 to 42 (average = 27), but 20-28 eggs per female is more common.

Oviposition on the underside of leaves is uncommon. Eggs eclode after four 

days, the three larval stadia total eleven days, and the pupa lasts six days. In many 

cases, neonate larvae eat their way out of the chorion and directly mine into the leaf for 
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2-3 cm. A light spot on the leaf marks the end of the mine where the larva emerges onto 

the leaf surface. It then moves down the exterior of the leaf sheath on a film of dew 

before tunneling into the developing leaf whorl at the base of a tiller. When full grown, 

the larva reaches about 5 mm long whereupon it exits the leaf sheath and settles 

between it and the next younger leaf to pupate. Pupae are commonly found just below 

the leaf blade of the oldest or on the upper half of the second oldest leaf sheath. 

However, some may pupate closer to the base of the leaf sheath. The pupa is enclosed in 

a dull yellow puparium, which is the hardened cuticle of the last instar larva. Puparia 

are normally first found in the third week after transplanting. Adults move by walking 

on the water surface, taking short hops to expand the balloon-like forewings, and 

initiating short flights. They do not disperse far away. They are most active in the 

morning from 7 to 10 AM when they are found on the water surface or on floating 

vegetation in calm spots or resting on prostrate vegetation growing in or next to 

standing water of fields or canals. They seek shelter in standing vegetation during hot 

days. Adults are positively phototactic and aluminum foil placed on the water surface 

attracts them. This is one way flies can find standing water by cueing in on the sun's 

reflection off its surface. Adults are saprophagous and feed on dead insects and are 

attracted to fishmeal, banana pulp, vinegar and palm oil mixture (Bharathi et al 2003).

Food web

In the first detailed study of the biology and ecology of RWM, Ferino (1968) 

recorded two well established larval-pupal parasitoids through holding field collected 

pupae in containers. The most common was a braconid Opius sp. (now O. barrioni 

Fisher) while less common was Tetrastichus sp. (now T. cf. gardneri Waterston), an 

eulophid larval endoparasitoid. Since Ferino's study, many more natural enemies have 

been identified which are included in the RWM food web in the Philippines that 

comprises 115 species: 85 primary natural enemies (14 parasitoids and 71 

predators), and 62 secondary parasitoids and predators (spiders double as both 

primary and secondary predators) (IRRI 1987). There are 32 spiders including 17 

hunters, 12 orb-weavers, 3 space-web species. Additionally, there are ten odonates 

with species in the genera of Ischnura, Pseudagrion, and Agriocnemis that most 

commonly prey on adult RWM. There are also eight species each of true bugs, flies, and 

vertebrates. Ochthera sauteri Cresson, an ephydrid fly, is a major adult predator. The 

dolichopodids, Capsicnemus sp. and Medetera sp., prey on eggs. There were nine 

larval-pupal parasitoids in the original food web which now have been increased to ten 

(Table 1).

Aside from the two parasitoids reported by Ferino, there are three additional 

braconids (Opius sp., Euopius sp., Dacnusa sp.), an undetermined eulophid, 

Tetrastichus sp., two pteromalids (Trichomalopsis sp. and T. apanteloctenae), three 



4

were found in dryland rice in upland fields on the IRRI Farm on occasions when heavy 

rain caused ponding (Karim 1969). This was only temporary, however, as the same 

feeding niche is filled by the rice seedling maggot Atherigona oryzae Malloch whose 

larvae attack young rice plants causing deadhearts (dead tillers) similar to stemborers 

(Litsinger et al. 2003). It has been shown that RWM adults have a preference to oviposit 

in flooded fields (Viajante and Heinrichs 1985a). Larvae are not aquatic but probably 

can survive short periods of flooding of feeding sites within the base of rice tillers. 

Karim (1969) found that larvae submerged 1.5 cm deep died, but most eggs survived 

submergence over several days. Loevinsohn et al. (1988) noted that pests dependent 

on standing water such as RWM have become more abundant in irrigated rice than in 

traditional rainfed culture due to the longer period of standing water. But rainfed 

wetland rice culture tends to favor vegetative stage pests such as RWM that undergo 

more generations from the combination of the more prolonged vegetative stage of 

longer maturing rices plus staggered planting due to erratic rainfall and labor 

shortages (Litsinger et al. 2009a).

Biology

The life cycle of RWM has been studied most extensively by Ferino (1968), 

Karim (1969), and Schuiling (1977). The developmental period from egg to egg in Los 

Baños ranges from 19 to 29 days with a mean of 22 days including a one day pre-

oviposition period for the adult females. RWM occurs throughout the year as long as 

wetland rice is available. Thus theoretically there can be as many as 13 to17 

generations per year. In the Philippines, lowest population densities were observed 

during the first six months of the year (January to June) coinciding with a period of 

high temperature and low rainfall. From July onwards, its population continues to 

increase until November. But van Halteren (1979) working in Sulawesi, Indonesia, 

noted that very heavy rainfall was detrimental to population build-up. Mating takes 

place on the water surface within the same day of adult emergence. The female 

oviposits with her head oriented towards the upper part of the plant and the elongated 

eggs are laid singly as she moves forward. Eggs are laid on the dorsal leaf surface 

parallel to the longitudinal veins along the midrib, or along the edges of the leaf margin 

but not on the leaf sheath. Females secrete an adhesive so each egg is firmly attached to 

the blade. Females prefer laying eggs on the dorsal surfaces of leaf 1 to leaf 4 of the rice 

plant with high preference for part of the leaf with low egg densities and for rice fields 

that are fully irrigated. About 52% of the eggs are laid on the topmost or first leaf, 38% 

on the second, with 8% on third and 2% on fourth. The number of eggs laid per female 

ranges from12 to 42 (average = 27), but 20-28 eggs per female is more common.

Oviposition on the underside of leaves is uncommon. Eggs eclode after four 

days, the three larval stadia total eleven days, and the pupa lasts six days. In many 

cases, neonate larvae eat their way out of the chorion and directly mine into the leaf for 

Philipp Ent 27 (1) : 1-57 ISSN 0048-3753 April 2013

5

The Rice Whorl Maggot in the Philippines Litsinger JA, et al

2-3 cm. A light spot on the leaf marks the end of the mine where the larva emerges onto 

the leaf surface. It then moves down the exterior of the leaf sheath on a film of dew 

before tunneling into the developing leaf whorl at the base of a tiller. When full grown, 

the larva reaches about 5 mm long whereupon it exits the leaf sheath and settles 

between it and the next younger leaf to pupate. Pupae are commonly found just below 

the leaf blade of the oldest or on the upper half of the second oldest leaf sheath. 

However, some may pupate closer to the base of the leaf sheath. The pupa is enclosed in 

a dull yellow puparium, which is the hardened cuticle of the last instar larva. Puparia 

are normally first found in the third week after transplanting. Adults move by walking 

on the water surface, taking short hops to expand the balloon-like forewings, and 

initiating short flights. They do not disperse far away. They are most active in the 

morning from 7 to 10 AM when they are found on the water surface or on floating 

vegetation in calm spots or resting on prostrate vegetation growing in or next to 

standing water of fields or canals. They seek shelter in standing vegetation during hot 

days. Adults are positively phototactic and aluminum foil placed on the water surface 

attracts them. This is one way flies can find standing water by cueing in on the sun's 

reflection off its surface. Adults are saprophagous and feed on dead insects and are 

attracted to fishmeal, banana pulp, vinegar and palm oil mixture (Bharathi et al 2003).

Food web

In the first detailed study of the biology and ecology of RWM, Ferino (1968) 

recorded two well established larval-pupal parasitoids through holding field collected 

pupae in containers. The most common was a braconid Opius sp. (now O. barrioni 

Fisher) while less common was Tetrastichus sp. (now T. cf. gardneri Waterston), an 

eulophid larval endoparasitoid. Since Ferino's study, many more natural enemies have 

been identified which are included in the RWM food web in the Philippines that 

comprises 115 species: 85 primary natural enemies (14 parasitoids and 71 

predators), and 62 secondary parasitoids and predators (spiders double as both 

primary and secondary predators) (IRRI 1987). There are 32 spiders including 17 

hunters, 12 orb-weavers, 3 space-web species. Additionally, there are ten odonates 

with species in the genera of Ischnura, Pseudagrion, and Agriocnemis that most 

commonly prey on adult RWM. There are also eight species each of true bugs, flies, and 

vertebrates. Ochthera sauteri Cresson, an ephydrid fly, is a major adult predator. The 

dolichopodids, Capsicnemus sp. and Medetera sp., prey on eggs. There were nine 

larval-pupal parasitoids in the original food web which now have been increased to ten 

(Table 1).

Aside from the two parasitoids reported by Ferino, there are three additional 

braconids (Opius sp., Euopius sp., Dacnusa sp.), an undetermined eulophid, 

Tetrastichus sp., two pteromalids (Trichomalopsis sp. and T. apanteloctenae), three 



undetermined diapriids (Spilomicrus sp. 1 and 2 and Trichopria sp.), and a 

platygasterid (Fidiobia sp.). The braconids and eulophids parasitized the larvae and 

the parasitoid wasps emerged from the pupae, thus are called larval-pupal 

parasitoids. The diapriids are pupal parasitoids while the platygasterids are strictly 

larval parasitoids. In a study in 14 provinces in 2006 to 2009 with 6,868 larvae and 

pupae collected, the most common species was O. barrioni which alone contributed 

28% of the parasitism, while the other nine species contributed the balance of 8.0% for 

a total of 36.0%. There are also vertebrate predators of RWM adults, namely, fish, 

frogs, birds, and lizards. Carp and tilapia raised in rice fields were found to prey on 

adults (Halwart et al. 2012). As RWM is an early colonizer of rice fields, fish may not be 

of great importance as predators, as they are generally introduced in the fields several 

weeks after transplanting. Fish predation may play a more important role in areas of 

staggered plantings by suppressing the overall RWM population. Predators outnumber 

parasitoids 6:1 in the food web. Also reported by Ferino (1968) was a species of 

Entomophthora, a pathogenic fungus attacking RWM adults. This fungus in the order 

Entomophthorales turns out to be the only entomopathogen recorded in the literature 

against RWM.

Plant hosts

Twelve plant species have been recorded as hosts by three researchers based 

either on field damage, presence of eggs on the foliage, or larvae/pupae found in 

dissected tillers (Ferino 1968, Karim 1969, Wickremasinghe 1980). Ten of the plant 
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Table 1. List of parasitoids recovered from rearing larvae and pupae collected from farmers' fields in 
114 provinces, Philippines, 2006-09  .  

 
Parasitoid Family Type of

Parasitoid2
Parasitism (%)

Opius barrioni Fisher Braconidae L‐P 28.0

Tetrastichus ? gardneri Waterston Eulophidae L‐P 2.4

Euopius sp. Braconidae L‐P 2.1

Opius sp. Braconidae L‐P 2.0

Spilomicrus sp. 1 Diapriidae P 0.7

Tetrastichus sp. Eulophidae L‐P 0.4

Trichopria sp. Diapriidae P 0.2

Spilomicrus sp. 2 Diapriidae P 0.17

Fidiobia sp. Platygasteridae L 0.03

Dacnusa sp. Braconidae L‐P 0.01

Total 36.01
1 See Table 5 for a description of how the samples were taken. 
2 L = larval parasitoid, P = pupal parasitoid, L-P = parasitoid that parasitizes the larva but emerges in the pupal stage
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Table 2. Checklist of plant hosts of rice whorl maggot, Hydrellia philippina Ferino, other than rice.

Species Family

Echinochloa crus‐galli (L.) P. Beauv. Poaceae
Echinochloa colona (L.) Link Poaceae

Brachiaria distachya (L.) Stapf Poaceae
Cynodon dactylon (L.) Pers. Poaceae
Leersia hexandra Sw. Poaceae
Leptochloa chinensis (L.)Nees Poaceae
Panicum repens L. Poaceae
Paspalum scrobiculatum L. Poaceae
Pennisetum clandestinum Hochst. ex Chiov. Poaceae
Eleusine indica L. Gaertn. Poaceae
Fimbristylis miliacea (L.) Vahl Cyperaceae
Cyperus difformis L. Cyperaceae

Plant Injury and Damage

RWM injures rice plants primarily during the vegetative phase, although minor 

damage can be seen in later growth stages. In the Philippines, RWM damage co-mingles 

with defoliation caused by rice caseworm Nymphula depunctalis (Guenée), green 

semi-looper Naranga aenescens Moore, hairy caterpillar Rivula atimeta (Swinhoe), 

and occasionally armyworms or cutworms that sometimes occur early in the crop. 

With practice, RWM damage can be differentiated from that of other pests because of 

the unique nature of the injury (Ferino 1968, Karim 1969, Velayutham et al. 1973, 

Schuiling 1977, Sain 2000). RWM neither defoliates leaf blades nor mines leaves as 

leaf miners do. Instead, RWM causes necrosis of leaf margins which is a unique 

damage symptom. This pest is called the rice whorl maggot because it feeds on 

developing leaves that issue from the shoot apical meristem at the base of each leaf 

sheath (whorl). RWM damage not only reduces photosynthetic area but blocks the 

movement of water and nutrients through the vascular tissue. In this way, its injury is 

more like that of a stemborer than a defoliator (Litsinger 2009). It is instructive to 

review plant morphology and how leaves form in order to describe RWM injury 

(http://www-plb.ucdavis.edu/labs/rost/Rice/leaves/development.html). A leaf 

primordium is the first sign that a leaf is forming and it differentiates beginning from 

just below the shoot apical meristem at the base of a leaf sheath. A number of leaves 
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species are in the same family as rice while two are sedges (Table 2). Besides rice, only 

E. crusgalli serves as a developmental host for a complete generation. Rice is more 

severely damaged than other plant hosts.
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E. crusgalli serves as a developmental host for a complete generation. Rice is more 
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develop from each meristem. As the leaf develops, it elongates and forms a cone-

shaped structure around the meristem. When the primordium has grown to about 

eight mm, a cavity develops at its base, then the blade starts to elongate. The midrib 

forms at the center of the blade, and one side of the leaf expands like a coil in a 

clockwise direction while the other expands in a counter-clockwise direction within 

the sheath. As the blade develops, it is enclosed by the sheath of an older leaf just 

outside it, and a young leaf will not emerge until its blade has attained full length and 

size. Upon reaching the base of the leaf sheath, the RWM larva injures leaves by 

tunneling into the shoot apical meristem and leaf primordium as the leaf develops. A 

RWM larva is more than ten times smaller than a stemborer larva, and as a result 

neither the leaf nor leaf sheath is severed as in the case of stemborers. Larvae thrust 

their mouth hooks into plant tissue to rip open a space to make a tunnel. The mouth 

hook is an excavation tool and as the larva feeds it rotates its body in a semi-circular 

motion, at the same time pushing ahead in the tunnel. Secreted enzymes digest 

loosened tissue externally. It is possible that some of these chemicals are phytotoxic to 

plant tissue that will result in the chlorotic streaking along the length of leaf margins. 

One or both sides of the blade can be injured. Each injured blade displays a different 

damage pattern. A lightly damaged leaf has only pinholes, often in rows, which are 

remnants of the tunnel made through the rolled-up leaf blade. As the blade emerges, it 

unrolls from its tip down to the base. Injury described as leaf blotches or lesions can 

occupy half the width of the leaf blade which causes it to bend. Lesions normally run 2-

5 cm but can run the entire length of the leaf blade. Damaged leaves eventually wither 

and drop off the plant or break off with the wind. The leaf blade can hang from the point 

of maximum width of the lesion that has dried up turning white and becoming twisted. 

In some cases the midribs are mined also and the leaves droop. Damage symptoms 

accumulate over time and go through color change as they age from whitish, pale green, 

yellowish to brownish. It takes 2 weeks from oviposition to the first visible leaf damage. 

Symptoms are most severe at 4-5 weeks after transplanting (WT). There is normally 

only one larva per leaf but up to 11 have been found per plant (Karim 1969). RWM 

damage can cause retarded growth including reduced plant height, leaf length and 

width, and number of tillers. In modern rice varieties, however, RWM damage triggers 

development of productive and unproductive tillers. Weeds increase due to less plant 

competition. Plant maturity is both retarded and uneven plant to plant leading to 

delayed panicle initiation and crop maturity by 5-10 days (Viajante & Heinrichs 1986). 

This is significant as it may expose the crop to more typhoons during the wet season 

(WS) or may need more irrigation water in the dry season (DS). Ferino (1968) reported 

that RWM damage led to significant reduction in productive tillers, but in other 

studies, RWM damage increased the number of productive panicles in both IR40 & 

IR36 (Nurullah 1979, Viajante and Heinrichs 1986). The increase in the number of 

productive tillers indicates that the crop is compensating for the damaged leaves 
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caused by RWM. In 1979, a screen house trial showed greater numbers of productive 

tillers with RWM damage, but significantly fewer filled grains/panicle occurred and 

100-grain weight was no different (IRRI 1980a). More importantly yield was not 

reduced. Stunted root growth occurred as well which results in poor nutrient uptake 

and reduced photosynthesis interfering with carbohydrate metabolism (Ramamurthy 

et al. 1977). If a damaged hill is surrounded by undamaged hills the latter may prevent 

the damaged hill from recovering fully. The crop begins recovery after the maximum 

tillering stage and damage may disappear from the field by the flag leaf stage. But small 

numbers of RWM can damage an older crop. Lingering females will oviposit in the 

booting stage of rice and neonate larvae descend inside the leaf sheath around the 

developing panicle (Varadarajan et al. 1977, Sain et al. 1982, Barrion & Litsinger 

1987a). Larvae feed on the lemma and palea causing white, partly wrinkled, and 

unfilled spikelets. Artificial infestation of 20 females/plant on caged booting-stage rice 

produced a mean of 19 unfilled grains/plant. Small punctures appear in the middle of 

the flag leaf and its margin becomes discolored (Basu 1979). RWM is one of the first 

insect pests to colonize rice fields and eggs can be found on seedlings on the same day 

as transplanting where infestation did not come from the seedbed. Sampling over a 

period of 13 years from 1979 to 1991 in four irrigated sites in the Philippines, where 

farmers sow modern rices, showed that RWM averaged 15% damaged leaves (DL) per 

field (mean of weekly measurements of 20-hill samples from 2 to 5 WT from 419 fields) 

(Litsinger et al. 2005b). The sites were Zaragoza, Nueva Ecija (20% and 19% DL in the 

WS and DS, respectively, on 23 cropping periods) and Koronadal, S. Cotabato (25% 

and 20% DL in first and second crops, respectively, on 15 crops) which registered twice 

the damage level as Calauan, Laguna (11% and 6% DL in WS and DS, respectively, on 

17 crops) or Guimba, Nueva Ecija (7% and 12% DL in WS and DS, respectively, on 13 

crops) (Table 3).

Table 3. Incidence of rice whorl maggot damage in four irrigated sites in the Philippines over a 13-year 
period from 1979 to 1991.

 
Site Damaged leaves [DL] (%) No. of crops

Wet season (WS) Dry season (DS)

Guimba, Nueva Ecija 7 12 13

Zaragoza, Nueva Ecija 20 19 23

Calauan, Laguna 11 6 17

Koronadal, S. Cotabato 25 20 15

Average 15.75 14.25
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caused by RWM. In 1979, a screen house trial showed greater numbers of productive 

tillers with RWM damage, but significantly fewer filled grains/panicle occurred and 

100-grain weight was no different (IRRI 1980a). More importantly yield was not 

reduced. Stunted root growth occurred as well which results in poor nutrient uptake 

and reduced photosynthesis interfering with carbohydrate metabolism (Ramamurthy 

et al. 1977). If a damaged hill is surrounded by undamaged hills the latter may prevent 

the damaged hill from recovering fully. The crop begins recovery after the maximum 

tillering stage and damage may disappear from the field by the flag leaf stage. But small 

numbers of RWM can damage an older crop. Lingering females will oviposit in the 

booting stage of rice and neonate larvae descend inside the leaf sheath around the 

developing panicle (Varadarajan et al. 1977, Sain et al. 1982, Barrion & Litsinger 

1987a). Larvae feed on the lemma and palea causing white, partly wrinkled, and 

unfilled spikelets. Artificial infestation of 20 females/plant on caged booting-stage rice 

produced a mean of 19 unfilled grains/plant. Small punctures appear in the middle of 

the flag leaf and its margin becomes discolored (Basu 1979). RWM is one of the first 

insect pests to colonize rice fields and eggs can be found on seedlings on the same day 

as transplanting where infestation did not come from the seedbed. Sampling over a 

period of 13 years from 1979 to 1991 in four irrigated sites in the Philippines, where 

farmers sow modern rices, showed that RWM averaged 15% damaged leaves (DL) per 

field (mean of weekly measurements of 20-hill samples from 2 to 5 WT from 419 fields) 

(Litsinger et al. 2005b). The sites were Zaragoza, Nueva Ecija (20% and 19% DL in the 

WS and DS, respectively, on 23 cropping periods) and Koronadal, S. Cotabato (25% 

and 20% DL in first and second crops, respectively, on 15 crops) which registered twice 

the damage level as Calauan, Laguna (11% and 6% DL in WS and DS, respectively, on 

17 crops) or Guimba, Nueva Ecija (7% and 12% DL in WS and DS, respectively, on 13 

crops) (Table 3).

Table 3. Incidence of rice whorl maggot damage in four irrigated sites in the Philippines over a 13-year 
period from 1979 to 1991.

 
Site Damaged leaves [DL] (%) No. of crops

Wet season (WS) Dry season (DS)

Guimba, Nueva Ecija 7 12 13

Zaragoza, Nueva Ecija 20 19 23

Calauan, Laguna 11 6 17

Koronadal, S. Cotabato 25 20 15

Average 15.75 14.25
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Highest damage in one individual field was in Koronadal at 68% DL. A more 

recent study 2006 to 2009 from 52 locations in 14 provinces recorded a very high 

mean of 72.8 ± 8.7% DL (range 55-92%) (ATB unpublished data). Damage in irrigated 

rice can be very high attaining > 90% DL, particularly at the IRRI Farm (Shepard et al. 

1990) and this level of damage was also noted in India (Velayutham et al. 1973). It must 

be noted that rice is grown year-round in Koronadal and the IRRI Farm that may have 

favored high population density of RWM in these sites.  

As a footnote, in the early years, RWM damage was assessed based on a visual 

estimate of the intensity of damage using a rating scale similar to that used in screening 

varieties for resistance (IRRI SES). The scale was either 0-3 or 0-9 depending on the 

research team, but later it was made more accurate by counting the percentage of 

damaged leaves from a sample size of 20 hills per plot. A damaged leaf referring to the 

presence of whitish chlorotic damage on the leaf was noted, however, in this method 

the percent damage is simply damage and does not reflect the degree or severity of leaf 

area loss. Two people carried out the sampling where one person, using a mechanical 

tally counter, determined the total number of leaves in a hill and then the second 

counted the number of leaves showing any damage symptom. The second person 

recorded the totals on a data sheet. The sample size was determined empirically based 

on the calculated coefficient of variation (CV) in farmers' field trials. With 20 hills, the 

CVs normally were < 10%, the minimum threshold for field trials. If only one sampling 

was carried out per cropping, the date was 28 or 35 DT. For greater accuracy, sampling 

was done 7, 14, 21, 28, and 35 DT with the average being reported. Similar sampling 

was carried out in wetland rainfed rice culture in three locations, namely, Oton, Iloilo; 

Solana, Cagayan; and Manaoag, Pangasinan comprising 172 fields with various 

cropping patterns (Litsinger et al. 2009a). The first cropping pattern was a single crop 

of sown traditional varieties. The three-year DL data for each location averaged 8%, 

21% and 29%, respectively, in Oton, Solana, and Manaoag. On the other hand, the 

single rice crop pattern sown to modern varieties in Solana also over three years 

registered an average of 21% DL as well as 33% DL in Manaoag over a six year period.  

In double rice crops sown to modern varieties, percent damage leaves was slightly 

lower in the first crop with only 6% DL in Oton over four years while Manaoag had 23% 

DL over three years. Percent DL in the second crop in Iloilo with four years of data 

registered 7% DL and in Manaoag the figure over six years was 24% DL, almost similar 

to the first crop. We noted that Manaoag recorded the highest densities for one site not 

only within rainfed wetland culture, but also within the data set collected in irrigated 

culture for that era.

Ferino (1968) found percentage DL to decline 11% per week in sampling plants 

from 2 to 11 WT based on 14 monthly plantings of rice variety BPI-76. The reason for 

the decline in damage was that larvae require new leaf sheaths produced to feed on. As 
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there are fewer new tillers produced as the crop matures (Yoshida 1981), there are 

fewer leaf whorls to feed on.

Yield loss

Ferino (1968) measured significant yield loss from small-plot, replicated 

insecticide trials where the yield of the best performing chemical Sevidol was 5.48 t/ha 

while the untreated averaged only 3.26 t/ha registering a 41% loss. An average of 58-

70% productive tillers was observed per hill applied with the top five insecticides, 

whereas in the untreated plots the number was much lower at 42%. Also, the plants 

were 18-24% taller (96-104 cm) versus 42 cm in the untreated. Andres (1975) reported 

an unpublished study at IRRI with 34% yield loss. VA Dyck undertook a study in the 

1973 DS with rice variety IR20 where the individual hills, representing a range of 

infestation levels, were uprooted from the field and transferred to pots in a greenhouse 

where they were maintained until crop maturity (IRRI 1974). Hills were segregated into 

light, moderate, and severe damage levels and the corresponding measured losses 

were 18%, 31%, and 34%, respectively. It was also concluded that shade in the 

greenhouse may have exacerbated losses. In a second trial in the field using IR20, 

insecticide protection was provided with Lindane granules broadcast in the field over 

the first 40 DT, yield loss was non-economic at 9% or 0.4 t/ha in a field that yielded 4.4 

t/ha, thus the status of RWM as a pest was inconclusive. In the 1980s three research 

teams conducted yield loss trials on the IRRI Farm and all concluded that RWM did not 

produce significant loss. Viajante and Heinrichs (1986) performed yield loss trials in 
2small (2.25 m ) plots (four in the field and two in a screen house) where RWM was 

artificially infested onto caged plants. The experimental design was repeated for IR36 

(110 d) and IR40 (130 d). They reported infestations as high as 82% DL did not cause 

yield loss in any of the six trials. Valencia & Mochida (1990) using the insecticide-check 

method showed no significant yield loss even at 44% DL. Lastly Shepard et al. (1990) 

found no significant correlation of yield loss over a range of infestation levels from 0 to 

60% DL per hill. But above this level, yields were significantly reduced, declining in a 

quadratic fashion from 3.54 to 2.75 t/ha. This was a 22% decline in yield or 0.79 t/ha. It 

was noted from the farmers' field dataset that there were few situations where RWM 

damage exceeded 60% (Litsinger et al. 2005b). The dataset covered 419 farmers' fields 

from 1979 to 1991 in four locations representing major rice bowls in the Philippines 

where only 2 (0.5%) of the fields (both from Koronadal) exceeded 60% DL (65 & 68% 

DL) sampled weekly from 2 to 5 WT. Therefore based on the IRRI Farm studies, RWM is 

not a chronic pest. 

Van Halteren (1979), working in Sulawesi, undertook a series yield loss trials 

with RWM in farmers' fields using 12 different varieties and he recorded % DL at two 

and four weeks after transplanting which he correlated to yield parameters on a per-
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lower in the first crop with only 6% DL in Oton over four years while Manaoag had 23% 

DL over three years. Percent DL in the second crop in Iloilo with four years of data 

registered 7% DL and in Manaoag the figure over six years was 24% DL, almost similar 

to the first crop. We noted that Manaoag recorded the highest densities for one site not 

only within rainfed wetland culture, but also within the data set collected in irrigated 

culture for that era.

Ferino (1968) found percentage DL to decline 11% per week in sampling plants 

from 2 to 11 WT based on 14 monthly plantings of rice variety BPI-76. The reason for 

the decline in damage was that larvae require new leaf sheaths produced to feed on. As 
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there are fewer new tillers produced as the crop matures (Yoshida 1981), there are 

fewer leaf whorls to feed on.

Yield loss

Ferino (1968) measured significant yield loss from small-plot, replicated 

insecticide trials where the yield of the best performing chemical Sevidol was 5.48 t/ha 

while the untreated averaged only 3.26 t/ha registering a 41% loss. An average of 58-

70% productive tillers was observed per hill applied with the top five insecticides, 

whereas in the untreated plots the number was much lower at 42%. Also, the plants 

were 18-24% taller (96-104 cm) versus 42 cm in the untreated. Andres (1975) reported 

an unpublished study at IRRI with 34% yield loss. VA Dyck undertook a study in the 

1973 DS with rice variety IR20 where the individual hills, representing a range of 

infestation levels, were uprooted from the field and transferred to pots in a greenhouse 

where they were maintained until crop maturity (IRRI 1974). Hills were segregated into 

light, moderate, and severe damage levels and the corresponding measured losses 

were 18%, 31%, and 34%, respectively. It was also concluded that shade in the 

greenhouse may have exacerbated losses. In a second trial in the field using IR20, 

insecticide protection was provided with Lindane granules broadcast in the field over 

the first 40 DT, yield loss was non-economic at 9% or 0.4 t/ha in a field that yielded 4.4 

t/ha, thus the status of RWM as a pest was inconclusive. In the 1980s three research 

teams conducted yield loss trials on the IRRI Farm and all concluded that RWM did not 

produce significant loss. Viajante and Heinrichs (1986) performed yield loss trials in 
2small (2.25 m ) plots (four in the field and two in a screen house) where RWM was 

artificially infested onto caged plants. The experimental design was repeated for IR36 

(110 d) and IR40 (130 d). They reported infestations as high as 82% DL did not cause 

yield loss in any of the six trials. Valencia & Mochida (1990) using the insecticide-check 

method showed no significant yield loss even at 44% DL. Lastly Shepard et al. (1990) 

found no significant correlation of yield loss over a range of infestation levels from 0 to 

60% DL per hill. But above this level, yields were significantly reduced, declining in a 

quadratic fashion from 3.54 to 2.75 t/ha. This was a 22% decline in yield or 0.79 t/ha. It 

was noted from the farmers' field dataset that there were few situations where RWM 

damage exceeded 60% (Litsinger et al. 2005b). The dataset covered 419 farmers' fields 

from 1979 to 1991 in four locations representing major rice bowls in the Philippines 

where only 2 (0.5%) of the fields (both from Koronadal) exceeded 60% DL (65 & 68% 

DL) sampled weekly from 2 to 5 WT. Therefore based on the IRRI Farm studies, RWM is 

not a chronic pest. 

Van Halteren (1979), working in Sulawesi, undertook a series yield loss trials 

with RWM in farmers' fields using 12 different varieties and he recorded % DL at two 

and four weeks after transplanting which he correlated to yield parameters on a per-
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hill basis from marked hills. There was no significant correlation between infestation 

and yield loss, not even at the highest infestation, for either or both sampling dates. In 

some cases, correlations were positive meaning that infestation was related to higher 

yields. Litsinger et al. (1987) also found difficulty in relating pest damage, including 

that of RWM, with yield loss measured by the insecticide check method on farmers' 

fields in the Philippines. Savary et al. (2000), in a large survey of fields in Luzon where 

data were taken on pest infestation level and yield reported a similar case. They noted 

that RWM, while having a high incidence, was associated only with insignificant losses. 

Farmers' field experiments were continued by Litsinger et al. (2005a) using an 

improved insecticide check method in four locations in the Philippines. Partitioned by 

crop growth stage, loss in the vegetative stage in Zaragoza ranged from 0.24 to 0.25 t/ha 

(4.5-4.0%), in Koronadal 0.24 to 0.32 t/ha (4.4-6.8%), in Guimba 0.21 to 0.20 t/ha (8.6-

5.0%), and in Calauan 0.18 to 0.13 t/ha (3.9-2.4%), respectively, for the WS and DS. 

Vegetative stage losses, averaging 37% of total losses, were attributed mainly to both 

RWM and defoliators. Zaragoza and Koronadal had higher losses due to the greater 

availability of rice during the year resulting from staggered planting and a shorter DS 

(Loevinsohn et al. 1988). In Guimba and Calauan, the cropping cycles in both seasons 

were more synchronized among farms and thus there was a longer insect-suppressing 

DS fallow (Schoenly et al. 2011). 

Calauan was distinguished for having longer maturing varieties (C1 and 

Malagkit), while in the other sites the varieties were IR36, IR42, IR60, IR62, Ir64, and 

IR74, which, with the exception of IR42, mature early (90-110 days). 

Yield loss was also measured in the vegetative stage in three rainfed wetland 

sites following the same method (Litsinger et al. 2009a). Manaoag, Pangasinan 

registered 16.7% for traditional varieties and 10.1% for modern varieties, Iloilo had 

7.3% for modern varieties, and Solana had 2.7% for traditional varieties and 7.0% for 

modern varieties. These losses were notably higher than those measured in double 

crop irrigated rice mentioned earlier. Higher losses were attributed to the combined 

damage from RWM injury and caseworm defoliation plus added stress from a number 

of causes that plague rainfed wetland rice such as drought, flooding, weediness, low 

solar radiation, nutrient deficiencies, and problem soils.

Multiple Pest-Stress-Compensation Dynamics

EA Heinrichs was the first to show that when RWM damage was combined in 

the field with damage from one or two other pests, each at sub-economic densities, the 

losses became economic and synergistic. The first field trial combined RWM with 

caseworm and YSB (IRRI 1983), while the second trial combined RWM with Rivula and 

YSB (IRRI 1984). An earlier trial on the IRRI Farm by VA Dyck showed that a combined 
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infestation of stemborers and RWM resulted in yield loss of 28-39% at different rice 

sowing densities (IRRI 1975). 

Again, field trials with artificial infestation showed that yield loss from 

increasing RWM densities (expressed as damage function) increased when in 

combination with increasing densities of defoliators (a mixed population of Naranga 

and Rivula) (Litsinger et al. 2011a). It was noted that slopes on the linear portion of 

RWM damage curves became steeper with each additional stress applied, whether 

from multiple insect pest attack, low N, low solar radiation, or weeds. In another set of 

field trials, infestation from RWM and defoliators resulted in synergistic loss, more so 

if an inorganic rather than organic N source was used (Litsinger et al. 2011b). Another 

trial in the same study compared the combined infestations of RWM with defoliators in 

the WS and DS. Although there was no effect of season in this case, there was 

synergistic loss in the combined infestation compared to RWM injury alone. 

Modern rice varieties have shown a remarkable ability to compensate for insect 

injury, more so than the traditional rices (Litsinger 2009). Computer simulations 

predicted that up to 20% deadhearts can be tolerated without significant yield loss in 

the vegetative stage in modern rices (Rubia and Penning de Vries, 1990). Litsinger et al. 

(2011c) documented that injury from RWM in modern rices can be compensated by 

longer maturing varieties, increase in N supply, more dense plantings, and  

transplanting younger seedlings. Greater compensation was also exhibited if weeds 

were removed as well as availability of more solar radiation impacting the crop from 

sunny days, particularly during the ripening stage. Modern semi-dwarf varieties 

allocate proportionally more photosynthate to production of more tillers and increase 

in plant height, thus spikelet density is greater than that of traditional rices (Yoshida, 

1981). Therefore more photosynthate can be reallocated to injured plant parts or to fill 

more grains. Modern semi-dwarf varieties got their high tillering capacity from the 

indica cross in Peta which was one of the parents of IR8, the first Green Revolution 

variety. Compensation can then happen if the source of water, plant nutrients, and 

photosynthetic products is larger than the sink. Tillers of modern rices grow to fill in 

open spaces in fields, an ability traditional varieties lack. Thus, if tillers are killed, then 

new tillers can form or fewer will naturally be shed after maximum tillering (Yoshida, 

1981). Modern rices have a high capacity for compensation particularly in response to 

vegetative stage injury (Rubia et al., 1990a). Compensation is also possible via 

increasing the number of productive tillers and grain weight (Rubia et al., 1996). 

The capacities for synergistic loss from multiple stresses and compensation 

set up a dynamic relationship that plays out in each rice field each season. Even under 

the same RWM damage level, factors such as weather, crop management, and the kinds 

and intensities of stresses can influence the yield outcome differently between 
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and yield loss, not even at the highest infestation, for either or both sampling dates. In 
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infestation of stemborers and RWM resulted in yield loss of 28-39% at different rice 

sowing densities (IRRI 1975). 

Again, field trials with artificial infestation showed that yield loss from 

increasing RWM densities (expressed as damage function) increased when in 

combination with increasing densities of defoliators (a mixed population of Naranga 

and Rivula) (Litsinger et al. 2011a). It was noted that slopes on the linear portion of 

RWM damage curves became steeper with each additional stress applied, whether 

from multiple insect pest attack, low N, low solar radiation, or weeds. In another set of 

field trials, infestation from RWM and defoliators resulted in synergistic loss, more so 

if an inorganic rather than organic N source was used (Litsinger et al. 2011b). Another 

trial in the same study compared the combined infestations of RWM with defoliators in 

the WS and DS. Although there was no effect of season in this case, there was 

synergistic loss in the combined infestation compared to RWM injury alone. 

Modern rice varieties have shown a remarkable ability to compensate for insect 

injury, more so than the traditional rices (Litsinger 2009). Computer simulations 

predicted that up to 20% deadhearts can be tolerated without significant yield loss in 

the vegetative stage in modern rices (Rubia and Penning de Vries, 1990). Litsinger et al. 

(2011c) documented that injury from RWM in modern rices can be compensated by 

longer maturing varieties, increase in N supply, more dense plantings, and  

transplanting younger seedlings. Greater compensation was also exhibited if weeds 

were removed as well as availability of more solar radiation impacting the crop from 

sunny days, particularly during the ripening stage. Modern semi-dwarf varieties 

allocate proportionally more photosynthate to production of more tillers and increase 

in plant height, thus spikelet density is greater than that of traditional rices (Yoshida, 

1981). Therefore more photosynthate can be reallocated to injured plant parts or to fill 

more grains. Modern semi-dwarf varieties got their high tillering capacity from the 

indica cross in Peta which was one of the parents of IR8, the first Green Revolution 

variety. Compensation can then happen if the source of water, plant nutrients, and 

photosynthetic products is larger than the sink. Tillers of modern rices grow to fill in 

open spaces in fields, an ability traditional varieties lack. Thus, if tillers are killed, then 

new tillers can form or fewer will naturally be shed after maximum tillering (Yoshida, 

1981). Modern rices have a high capacity for compensation particularly in response to 

vegetative stage injury (Rubia et al., 1990a). Compensation is also possible via 

increasing the number of productive tillers and grain weight (Rubia et al., 1996). 

The capacities for synergistic loss from multiple stresses and compensation 

set up a dynamic relationship that plays out in each rice field each season. Even under 

the same RWM damage level, factors such as weather, crop management, and the kinds 

and intensities of stresses can influence the yield outcome differently between 
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neighboring fields or even in the same field from year to year. We believe this is why it 

has been difficult to relate insect pest densities, including RWM, to yield loss. This is 

more noticeable in modern than in traditional rice varieties as the former have more 

physiological compensatory mechanisms (Litsinger 2009) and respond more to better 

crop management (DeDatta 1981).

Control Methods

There is a wide array of control methods that can be used against RWM. These 

fall into genetic (host plant resistance), cultural, biological, and chemical control 

measures.

Host Plant Resistance

There are no accessions of Oryza sativa highly resistant to RWM (Heinrichs et 

al. 1985) but in screening the world collection of 1,100 accessions, one accession 

manifested partial to moderate resistance to RWM injury. This was eventually bred into 

IR40. Thereafter, 45 accessions comprising eleven species of wild rices, namely, O. 

alta, O. australiensis, O. brachyantha, O. grandiglumis O. latifolia, O. minuta, O. 

nivara, O. officinalis, O. perennis, O. punctata, and O. ridleyi  were selected  resistant 

to RWM  based on greenhouse studies. It was reported that the basis of resistance in 

these wild rices is due to ovipositional non-preference and low larval survival. Wild 

rices have been crossed with O. sativa in the insect resistance breeding program using 

embryo culture techniques but so far none has produced a resistant variety. A number 

of lines screened in India have been reported resistant to RWM (Sain & Hakim, 1988, 

Jaswant Singh et al., 1990, Kalpana et al. 2002). These lines were found to be 

significantly less damaged than a susceptible check but were not re-evaluated using 

more stringent criteria necessary to determine the true level of resistance.

Cultural Control

A number of crop husbandry and agronomic practices have been found to 

either reduce the incidence of RWM or lessen its injury to the crop.

Plant maturity: Farmers have an option to select among varieties of different 

maturities, and since the advent of modern rices, farmers have preferred earlier 

maturing ones as these take less irrigation water. Farmers in C Luzon prefer earlier 

maturing varieties in the WS as they can be harvested before October to avoid the 

strongest typhoons. Farmers' field trials by Litsinger et al. (1987) showed that yield 

loss from chronic rice insect pests including RWM declined with longer crop maturity 
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following a linear regression model. This was also validated in a series of field trials 

carried out under similar circumstances by Litsinger et al. (2011c). These studies did 

not isolate RWM per se but involved stemborers and leaffolders as well, but the trend 

was clear. One hypothesis is that longer maturing varieties, by having a more lengthy 

vegetative stage, suffer higher incidence of RWM, whereas early maturing varieties 

escape pest buildup. But three trials comparing early and medium maturing rices did 

not show higher RWM incidence in the latter, but longer maturity provides more time 

for the crop to recover from damage. Supporting evidence comes from partitioned 

yield loss trials where experimental fields in Calauan, Laguna were distinguished for 

incurring the lowest insect pest losses, as it was noteworthy that farmers sowed longer 

maturing varieties (120 days) such as C1 and Malagkit (Litsinger et al. 2005a). Higher 

losses were recorded in the other three sites where farmers mostly selected IR36, IR42, 

IR60, IR62, IR64, and IR74 which are classified as early maturing (90 to 110 days) 

except IR 42. Thus, to minimize percent DL, planting early maturing varieties is 

recommended in typhoon-prone areas in the WS and late maturing varieties in less 

typhoon-prone sites for better management of RWM as long as there is no interference 

with other defoliating insects, like the rice leaffolders (Cnaphalocrocis and Marasmia 

spp.) and noctuid defoliators (Naranga and Rivula).

Spacing/plant density: Plant spacing and density have been shown to influence RWM 

colonization rates and abundance and subsequent levels of damage. As early as 1974 a 

trial on the IRRI Farm by VA Dyck compared four hill spacings (10 x10 cm, 20 x 20 cm, 

30 x 30 cm, and 40 x 40 cm) which showed that RWM damage decreased linearly with 

denser spacing (Figure 1). The trial compared insecticide protected and unprotected 

plots and showed that significant yield loss occurred only in the less dense 30 x 30 cm 

(28% loss) and 40 x 40 cm (39% loss) spacings. There was an indication of synergistic 

yield loss in this trial due to the combined damage caused by stemborers (deadheart 

counts were 10-15% at 35 DT). No yield loss occurred at more dense spacing when 

RWM infestation was minimal despite the stemborer damage which showed no effect of 

planting density. Wickremasinghe (1980) in Sri Lanka also found a linear correlation 

of RWM damage as hill spacing widened from 5 x 5 cm (6% DL) to 10 x 10 cm (13% DL), 
215 x 15 cm (20% DL), and 20 x 20 cm (27% DL) (Y = -2.77 + 7.89 X, r  = 0.98) in a 

replicated field trial.

A 1975 field trial on the IRRI Farm by VA Dyck showed transplanted rice (25 x 

25- cm between hills) had significantly higher RWM densities than pre-germinated, 

direct-seeded rice (visual damage grade of 4.9 versus 2.7 on a 0-9 scale) (IRRI 1976a). A 

decade later, also on the IRRI Farm, Viajante & Heinrichs (1985b) performed the same 

experiment with more sowing densities of both pre-germinated direct seeded 

compared to transplanted rice. Infestation decreased in pre-germinated, direct-seeded 
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neighboring fields or even in the same field from year to year. We believe this is why it 
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A number of crop husbandry and agronomic practices have been found to 

either reduce the incidence of RWM or lessen its injury to the crop.

Plant maturity: Farmers have an option to select among varieties of different 

maturities, and since the advent of modern rices, farmers have preferred earlier 

maturing ones as these take less irrigation water. Farmers in C Luzon prefer earlier 

maturing varieties in the WS as they can be harvested before October to avoid the 

strongest typhoons. Farmers' field trials by Litsinger et al. (1987) showed that yield 

loss from chronic rice insect pests including RWM declined with longer crop maturity 
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following a linear regression model. This was also validated in a series of field trials 

carried out under similar circumstances by Litsinger et al. (2011c). These studies did 

not isolate RWM per se but involved stemborers and leaffolders as well, but the trend 

was clear. One hypothesis is that longer maturing varieties, by having a more lengthy 

vegetative stage, suffer higher incidence of RWM, whereas early maturing varieties 

escape pest buildup. But three trials comparing early and medium maturing rices did 

not show higher RWM incidence in the latter, but longer maturity provides more time 

for the crop to recover from damage. Supporting evidence comes from partitioned 

yield loss trials where experimental fields in Calauan, Laguna were distinguished for 

incurring the lowest insect pest losses, as it was noteworthy that farmers sowed longer 

maturing varieties (120 days) such as C1 and Malagkit (Litsinger et al. 2005a). Higher 

losses were recorded in the other three sites where farmers mostly selected IR36, IR42, 

IR60, IR62, IR64, and IR74 which are classified as early maturing (90 to 110 days) 

except IR 42. Thus, to minimize percent DL, planting early maturing varieties is 

recommended in typhoon-prone areas in the WS and late maturing varieties in less 

typhoon-prone sites for better management of RWM as long as there is no interference 

with other defoliating insects, like the rice leaffolders (Cnaphalocrocis and Marasmia 

spp.) and noctuid defoliators (Naranga and Rivula).

Spacing/plant density: Plant spacing and density have been shown to influence RWM 

colonization rates and abundance and subsequent levels of damage. As early as 1974 a 

trial on the IRRI Farm by VA Dyck compared four hill spacings (10 x10 cm, 20 x 20 cm, 

30 x 30 cm, and 40 x 40 cm) which showed that RWM damage decreased linearly with 

denser spacing (Figure 1). The trial compared insecticide protected and unprotected 

plots and showed that significant yield loss occurred only in the less dense 30 x 30 cm 

(28% loss) and 40 x 40 cm (39% loss) spacings. There was an indication of synergistic 

yield loss in this trial due to the combined damage caused by stemborers (deadheart 

counts were 10-15% at 35 DT). No yield loss occurred at more dense spacing when 

RWM infestation was minimal despite the stemborer damage which showed no effect of 

planting density. Wickremasinghe (1980) in Sri Lanka also found a linear correlation 

of RWM damage as hill spacing widened from 5 x 5 cm (6% DL) to 10 x 10 cm (13% DL), 
215 x 15 cm (20% DL), and 20 x 20 cm (27% DL) (Y = -2.77 + 7.89 X, r  = 0.98) in a 

replicated field trial.

A 1975 field trial on the IRRI Farm by VA Dyck showed transplanted rice (25 x 

25- cm between hills) had significantly higher RWM densities than pre-germinated, 

direct-seeded rice (visual damage grade of 4.9 versus 2.7 on a 0-9 scale) (IRRI 1976a). A 

decade later, also on the IRRI Farm, Viajante & Heinrichs (1985b) performed the same 

experiment with more sowing densities of both pre-germinated direct seeded 

compared to transplanted rice. Infestation decreased in pre-germinated, direct-seeded 
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During the same season, two trials in Zaragoza compared the effect of 

increased seeding rates in different farmers' fields. In both trials, farmers broadcasted 

pre- germinated seeds, but the distribution was highly variable. Experience in Nueva 

Ecija showed that farmers often sowed pre-germinated, direct-seeded rice at rates of 
2up to 300kg seed/ha. In the first field, we took 400 samples of 0.25 m  at 40 DAS over a 

2range from the sparsest (50 seedlings/0.25 m ) to the densest (1,050 seedlings/0.25 
2m ) patches and recorded percentage damaged leaves. The 400 samples were then 

ranked by seedling density and grouped into classes in increments of 50 seedlings per 
20.25m . When the averages for each class were plotted it showeda linear decrease in 

damage as seedling density increased (Figure 2).
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Figure 2. Effect of increasing rice plant density on rice whorl maggot damage in direct-seeded IR36. Four hundred 
20.25 m  samples were taken from a field and percentage damage leaves was calculated for each sample. 

Data were then ranked and grouped within 13 plant density classes. Means were taken for each class and 
plotted. Zaragosa, Nueva Ecija, 1983 dry season.

In the second trial in the same location, the range of plant stand was less, and 

again classes were made from 400 samples, but this time over a narrower range of 50 
2to 300 seedlings/0.25 m . In this case, % DL declined in a quadratic model (Figure 3). 

2But egg count increased from 8 to 88/0.25 m  with seeding rate on a per-area basis just 

as Viajante and Heinrichs (1985b) found, but the RWM population was several times 

higher on the IRRI Farm where rice is grown year-round. Egg count was low on a per-
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Figure 1. Effect of spacing of transplanted rice seedlings at 2 per hill on rice whorl maggot damage evaluated 30 
days after transplanting from a sample size of 20 hills per plot. Damage was rated visually per plot on a 0-3 
scale where a higher similar number indicated greater damage. IRRI farm, 1974 wet season (IRRI 1975a)
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rice from 52% DL to 27% DL with increasing sowing rates of 80, 120, and 160 kg 

seed/ha. The experiment was a split plot design and included four spacings of 

transplanted rice ranging from 10 x 10 cm to 20 x 20 cm, 30 x 30 cm, and 40 x 40 cm 

between hills at three seedlings per hill. Damage was least (54% DL) at the closest 

spacing, at par with pre-germinated, direct-seeded rice at 80 kg seed/ha, but increased 

to 75% DL at the widest transplanted spacing. RWM egg densities on a per-plant basis 
2decreased with closer spacing, but curiously on a per m  basis, egg density increased. 

We surmised that closer spacing modified the environment providing the predators 

like the damselflies (Agriocnemis, Ischnura, and Pseudagrion); the dragonflies 

(Orthethrum, Crocothemis, and Trithemis); the ephydrid fly, Ochthera; empidid and 

dolichopodid flies; and spiders, better camouflage and narrower hunting grounds, 

thus enabling these predators to effectively hunt for and ambush RWM adults. Closer 

spacing reduced also the incidence of the “mirror-effect” reflection signal that warns 

the RWM adults of incoming predators. A reverse situation holds true in widely spaced 

transplanted rice with good standing water. This is comparable to the cultural control 

recommendation for RWM control to drain the rice field at 21DT. Draining the field 

modifies the rice environment that enhances the activities of the predators. For half a 

century, the recommendation of draining the field for RWM control was not well 

understood, not until now. This biological control of RWM by Ochthera flies was 

discovered in the IRRI Experimental farm's unevenly drained demonstration plots in 

1985-1986 while developing the food web of the RWM.
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During the same season, two trials in Zaragoza compared the effect of 

increased seeding rates in different farmers' fields. In both trials, farmers broadcasted 

pre- germinated seeds, but the distribution was highly variable. Experience in Nueva 

Ecija showed that farmers often sowed pre-germinated, direct-seeded rice at rates of 
2up to 300kg seed/ha. In the first field, we took 400 samples of 0.25 m  at 40 DAS over a 

2range from the sparsest (50 seedlings/0.25 m ) to the densest (1,050 seedlings/0.25 
2m ) patches and recorded percentage damaged leaves. The 400 samples were then 

ranked by seedling density and grouped into classes in increments of 50 seedlings per 
20.25m . When the averages for each class were plotted it showeda linear decrease in 

damage as seedling density increased (Figure 2).
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Figure 2. Effect of increasing rice plant density on rice whorl maggot damage in direct-seeded IR36. Four hundred 
20.25 m  samples were taken from a field and percentage damage leaves was calculated for each sample. 

Data were then ranked and grouped within 13 plant density classes. Means were taken for each class and 
plotted. Zaragosa, Nueva Ecija, 1983 dry season.

In the second trial in the same location, the range of plant stand was less, and 

again classes were made from 400 samples, but this time over a narrower range of 50 
2to 300 seedlings/0.25 m . In this case, % DL declined in a quadratic model (Figure 3). 

2But egg count increased from 8 to 88/0.25 m  with seeding rate on a per-area basis just 

as Viajante and Heinrichs (1985b) found, but the RWM population was several times 

higher on the IRRI Farm where rice is grown year-round. Egg count was low on a per-
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Figure 1. Effect of spacing of transplanted rice seedlings at 2 per hill on rice whorl maggot damage evaluated 30 
days after transplanting from a sample size of 20 hills per plot. Damage was rated visually per plot on a 0-3 
scale where a higher similar number indicated greater damage. IRRI farm, 1974 wet season (IRRI 1975a)
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rice from 52% DL to 27% DL with increasing sowing rates of 80, 120, and 160 kg 

seed/ha. The experiment was a split plot design and included four spacings of 

transplanted rice ranging from 10 x 10 cm to 20 x 20 cm, 30 x 30 cm, and 40 x 40 cm 

between hills at three seedlings per hill. Damage was least (54% DL) at the closest 

spacing, at par with pre-germinated, direct-seeded rice at 80 kg seed/ha, but increased 

to 75% DL at the widest transplanted spacing. RWM egg densities on a per-plant basis 
2decreased with closer spacing, but curiously on a per m  basis, egg density increased. 

We surmised that closer spacing modified the environment providing the predators 

like the damselflies (Agriocnemis, Ischnura, and Pseudagrion); the dragonflies 

(Orthethrum, Crocothemis, and Trithemis); the ephydrid fly, Ochthera; empidid and 

dolichopodid flies; and spiders, better camouflage and narrower hunting grounds, 

thus enabling these predators to effectively hunt for and ambush RWM adults. Closer 

spacing reduced also the incidence of the “mirror-effect” reflection signal that warns 

the RWM adults of incoming predators. A reverse situation holds true in widely spaced 

transplanted rice with good standing water. This is comparable to the cultural control 

recommendation for RWM control to drain the rice field at 21DT. Draining the field 

modifies the rice environment that enhances the activities of the predators. For half a 

century, the recommendation of draining the field for RWM control was not well 

understood, not until now. This biological control of RWM by Ochthera flies was 

discovered in the IRRI Experimental farm's unevenly drained demonstration plots in 

1985-1986 while developing the food web of the RWM.
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plant basis. As rice developed tillers at a declining rate and the seeding rate increased, 

more primary tillers escaped damage at higher seeding rates and probably 

compensated more by producing more leaves, thus the rate of damage had decreased 

at 40 days after sowing (DAS). Wider spaced plants produced more secondary and 

tertiary tillers, and as damage was greater, the plants probably produced fewer leaves. 

Damage resulted in plant stunting (reduced intermodal length) implying that the roots 

likewise were stunted, and thus absorbed fewer nutrients from the soil. Leaf density 

was expected to be greater at higher seeding rates and thus damage was relatively less. 

In a study of a wet seedbed which is similar to a pre-germinated, direct-seeded field, it 

was noted that RWM oviposited only on plants along the edges next to open water 

(Bandong & Litsinger 1986). Most eggs (2-3 eggs/50 plants) were laid within 10 cm of 

the edge with < 0.4 eggs/50 plants laid inside.

Covering the water surface with Azolla sp., Salvinia molesta, or other aquatic 

plants that play a role as green manure has been shown to reduce colonization of RWM 

(Sain 2000). Viajante & Heinrichs (1985c) tested Azolla pinnata in a field trial on the 

IRRI Farm in the 1983 DS. Azolla introduced at 3 DT quickly covered the water surface 

between rice hills. Water was held at 5 cm deep throughout the trial. Under heavy 

2
Y = 118.67 - 0.795X + 0.0016X

2
r  = 0.963          F = 103.9
P = <0.0001     df = 10

30

25

20

15

10

5

0

%
 D

am
ag

e
d

 le
av

e
s

2Plant stand ( no. seedlings/ 0.25 m )

50 100 200 300150 300

2
N

o
. e

gg
s 

/ 
0

.2
5

 m

100

90

80

70

60

50

40

30

20

10

0

Damaged leaves

Eggs

2
Y = 14.62 + 0.353X - 0.0008X

2
r  = 0.969          F = 126.58
P = <0.0001     df = 10

Figure 3. Relationship of rice whorl maggot egg density and leaf damage as seeing rate increase from 50 to 300 
2kg/ha. Four hundred 0.25 m  samples were grouped within density classes of 50 seedling-increments and 

averaged with the means plotted for both variables. Zaragosa, Nueva Ecija, 1983 dry season.
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population density of RWM adults, the number of RWM eggs was four times less in 

Azolla-laden rice fields compared to rice fields without Azolla (control). Similarly, a 

46% reduction in damage (38% DL) with Azolla and 71% DL without Azolla from 5 DT 

to 25 DT were observed.

Planting time: In locations where there is a distinct rice-free fallow period over a large 

area, farmers who plant the next crop early can usually escape insect pest damage. On 

the other hand, those planting late often face pest populations at economic levels. 

Ferino (1968) in Los Baños noted an escape through early planting when he found 

RWM damage levels rose from 20-30% at mid-season to 40-60% DL at the end of the 

WS. Seasonal effects were also noted in two of the four research sites in the Philippines 

for those with the highest incidences (Litsinger et al. 2005b). Thus, monitoring earlier 

planted fields was justified in Zaragoza and Koronadal which showed significant linear 

build up in infestation levels over the season for RWM and defoliators. No such pattern 

in Guimba and Calauan with lowest densities was observed. Corroborative results 

were obtained from three studies in India. In Tirur, Tamil Nadu where rice is grown 

year-round, fields sown 10 days apart were sampled at 30 DT for % DL from monthly 

plantings from May 1980 to April 1981 (Saroja & Raju 1981). RWM infestation was 

lowest (< 10% DL) in May-June and highest in October and December-January (20-

35% DL). In Goa, populations of RWM were low (5-15% DL) for most of the year (May- 

October), but rose to 40% DL in November (Sundaranaju 1985). Fields sampled at 30 

DT in Kerala were 5.6 times more damaged in late (90% DL) than in early (14% DL) 

plantings. Incidence of RWM was 3-18% DL in May-October, but rose to 39% DL in 

November (Sasidharan et al. 1979). Fields sampled at 30 DT in Kerala were 5.6 times 

more damaged in late (90% DL) than in early (14% DL) plantings. Incidence of RWM 

was 3-18% DL in May-October, but rose to 39% DL in November (Sasidharan et al. 

1979).

Age of crop:  Larvae feed internally on unfurled leaves, thus their abundance is 

correlated with the issuance of new tillers. Consequently, damage is concentrated in 

the vegetative stage and greatly declines after maximum tillering. This was shown in an 

experiment on the IRRI Farm by VA Dyck where seedlings 20-, 30-, 40- and 50-day-old 

were transplanted on the same day (IRRI 1980b). RWM damage was assessed 25 DT on 

a 0-9 rating scale. Results showed that the youngest seedlings had the greatest damage 

(> 50% DL) and the damage declined linearly with older seedlings (Figure 4). The 40-

day-old seedlings had only 5% DL. A similar negative linear regression was achieved by 

Ferino (1968) with infestation falling from 37% DL on seedlings aged 15 DT to 5% DL 

on plants 75 DT over five age classes of 15-day increments. It is likely that the lush 

green young plants are highly attractive to RWM adults. Having tender tissues may have 

assured the newly hatched larva higher survival as it can easily scrape the soft leaf 
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plant basis. As rice developed tillers at a declining rate and the seeding rate increased, 

more primary tillers escaped damage at higher seeding rates and probably 

compensated more by producing more leaves, thus the rate of damage had decreased 

at 40 days after sowing (DAS). Wider spaced plants produced more secondary and 

tertiary tillers, and as damage was greater, the plants probably produced fewer leaves. 

Damage resulted in plant stunting (reduced intermodal length) implying that the roots 

likewise were stunted, and thus absorbed fewer nutrients from the soil. Leaf density 

was expected to be greater at higher seeding rates and thus damage was relatively less. 

In a study of a wet seedbed which is similar to a pre-germinated, direct-seeded field, it 

was noted that RWM oviposited only on plants along the edges next to open water 

(Bandong & Litsinger 1986). Most eggs (2-3 eggs/50 plants) were laid within 10 cm of 

the edge with < 0.4 eggs/50 plants laid inside.

Covering the water surface with Azolla sp., Salvinia molesta, or other aquatic 

plants that play a role as green manure has been shown to reduce colonization of RWM 

(Sain 2000). Viajante & Heinrichs (1985c) tested Azolla pinnata in a field trial on the 

IRRI Farm in the 1983 DS. Azolla introduced at 3 DT quickly covered the water surface 

between rice hills. Water was held at 5 cm deep throughout the trial. Under heavy 
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averaged with the means plotted for both variables. Zaragosa, Nueva Ecija, 1983 dry season.
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population density of RWM adults, the number of RWM eggs was four times less in 

Azolla-laden rice fields compared to rice fields without Azolla (control). Similarly, a 

46% reduction in damage (38% DL) with Azolla and 71% DL without Azolla from 5 DT 

to 25 DT were observed.

Planting time: In locations where there is a distinct rice-free fallow period over a large 

area, farmers who plant the next crop early can usually escape insect pest damage. On 

the other hand, those planting late often face pest populations at economic levels. 

Ferino (1968) in Los Baños noted an escape through early planting when he found 

RWM damage levels rose from 20-30% at mid-season to 40-60% DL at the end of the 

WS. Seasonal effects were also noted in two of the four research sites in the Philippines 

for those with the highest incidences (Litsinger et al. 2005b). Thus, monitoring earlier 

planted fields was justified in Zaragoza and Koronadal which showed significant linear 

build up in infestation levels over the season for RWM and defoliators. No such pattern 

in Guimba and Calauan with lowest densities was observed. Corroborative results 

were obtained from three studies in India. In Tirur, Tamil Nadu where rice is grown 

year-round, fields sown 10 days apart were sampled at 30 DT for % DL from monthly 

plantings from May 1980 to April 1981 (Saroja & Raju 1981). RWM infestation was 

lowest (< 10% DL) in May-June and highest in October and December-January (20-

35% DL). In Goa, populations of RWM were low (5-15% DL) for most of the year (May- 

October), but rose to 40% DL in November (Sundaranaju 1985). Fields sampled at 30 

DT in Kerala were 5.6 times more damaged in late (90% DL) than in early (14% DL) 

plantings. Incidence of RWM was 3-18% DL in May-October, but rose to 39% DL in 

November (Sasidharan et al. 1979). Fields sampled at 30 DT in Kerala were 5.6 times 

more damaged in late (90% DL) than in early (14% DL) plantings. Incidence of RWM 

was 3-18% DL in May-October, but rose to 39% DL in November (Sasidharan et al. 

1979).

Age of crop:  Larvae feed internally on unfurled leaves, thus their abundance is 

correlated with the issuance of new tillers. Consequently, damage is concentrated in 

the vegetative stage and greatly declines after maximum tillering. This was shown in an 

experiment on the IRRI Farm by VA Dyck where seedlings 20-, 30-, 40- and 50-day-old 

were transplanted on the same day (IRRI 1980b). RWM damage was assessed 25 DT on 

a 0-9 rating scale. Results showed that the youngest seedlings had the greatest damage 

(> 50% DL) and the damage declined linearly with older seedlings (Figure 4). The 40-

day-old seedlings had only 5% DL. A similar negative linear regression was achieved by 

Ferino (1968) with infestation falling from 37% DL on seedlings aged 15 DT to 5% DL 

on plants 75 DT over five age classes of 15-day increments. It is likely that the lush 

green young plants are highly attractive to RWM adults. Having tender tissues may have 

assured the newly hatched larva higher survival as it can easily scrape the soft leaf 
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tissues and tunnel inside the whorl or within the two leaf sheaths. Such possibility 

allows the larva to escape predation and minimizes dehydration or exposure to 

sunlight. At 40 DT to 50 DT lower DL was observed as rice seedlings having tougher 

leaf epidermis already were less attractive to RWM females. Thus, the colonization 

rates of ovipositing females were less or the larvae could not tunnel into the leaf 

primordia of older seedlings. A clue to the answer may come from the results of 

Viajante and Heinrichs (1986) who compared seedlings aged 14, 21, and 35 days that 

were artificially infested. The lack of difference in damage or yield loss indicated that 

the effect of seedling age was to reduce RWM colonization rate. Ratoon rice plants are 

less suitable hosts for RWM as only 8% of RWM survived (dela Cruz & Litsinger 1988). 

Chakravarthy (1987) collected RWM adults from a ratoon crop by sweep net but 

damage was not measured.

Nitrogen: Nitrogen is a main component of proteins and this is needed for plant growth 

and development. It strongly stimulates crop growth and its application in the field 

affects the development of insect pest populations. In contrast to natural ecosystems, 

with less N the plants had uneven tillering patterns and consequently lower insect pest 

incidence (Litsinger 1994). N also increases pest survival, voracity and fecundity. 

Increased N resulted in higher level of damage by RWM in three of four experiments in 
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two locations on farmers' fields (Litsinger et al. 2011c). On the other hand, N 

fertilization also results in larger plants (DeDatta 1981) and increases compensation 

from pest injury. An artificial infestation of RWM in a greenhouse experiment with three 

treatments in 1980 by VA Dyck caused 60-70% DL, where applied, urea aided the crop 

to recover from injury (Figure 5). The crop recovered most rapidly with N split into 

three applications, followed by that with basal N, and the least with no N. N was 

available over a longer period when it was split. Litsinger et al. (2011a) showed that 

increasing N rates from 0 to 90 kg/ha led to progressively lower yield loss expressed as 

damage functions from RWM injury over two seasons. Yield loss was enhanced in the 

WS over the DS due to cloudy weather decreasing photosynthesis, weedy fields, and in 

combination with greater defoliator damage.

Potassium: Four studies in India determined that adding K decreased leaf damage but 

provided no reason behind it (Subramanian & Balasubramanian 1976, Ittyavirah et al. 

1979, Prakasa Rao 1985, Vaithilingam & Baskaran 1985). Baskaran (1985) found that 

adding K fertilizer decreased RWM damage. He concluded that K increased the 

production of allelochemicals, developed thicker cell walls of the rice plant, and 

facilitated greater uptake of silicon. These three factors enabled the plant to resist 

insect injury or reduced insect damage to a minimum level. Sathiyanandam & 

Subramanian (1981) concluded that the addition of K decreased RWM injury and 

provision of K at very high rates remarkably reduced damage. Saroja & Raju (1981) 
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tissues and tunnel inside the whorl or within the two leaf sheaths. Such possibility 

allows the larva to escape predation and minimizes dehydration or exposure to 

sunlight. At 40 DT to 50 DT lower DL was observed as rice seedlings having tougher 

leaf epidermis already were less attractive to RWM females. Thus, the colonization 

rates of ovipositing females were less or the larvae could not tunnel into the leaf 

primordia of older seedlings. A clue to the answer may come from the results of 

Viajante and Heinrichs (1986) who compared seedlings aged 14, 21, and 35 days that 

were artificially infested. The lack of difference in damage or yield loss indicated that 

the effect of seedling age was to reduce RWM colonization rate. Ratoon rice plants are 

less suitable hosts for RWM as only 8% of RWM survived (dela Cruz & Litsinger 1988). 

Chakravarthy (1987) collected RWM adults from a ratoon crop by sweep net but 

damage was not measured.

Nitrogen: Nitrogen is a main component of proteins and this is needed for plant growth 

and development. It strongly stimulates crop growth and its application in the field 

affects the development of insect pest populations. In contrast to natural ecosystems, 

with less N the plants had uneven tillering patterns and consequently lower insect pest 
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two locations on farmers' fields (Litsinger et al. 2011c). On the other hand, N 

fertilization also results in larger plants (DeDatta 1981) and increases compensation 

from pest injury. An artificial infestation of RWM in a greenhouse experiment with three 

treatments in 1980 by VA Dyck caused 60-70% DL, where applied, urea aided the crop 

to recover from injury (Figure 5). The crop recovered most rapidly with N split into 

three applications, followed by that with basal N, and the least with no N. N was 

available over a longer period when it was split. Litsinger et al. (2011a) showed that 

increasing N rates from 0 to 90 kg/ha led to progressively lower yield loss expressed as 

damage functions from RWM injury over two seasons. Yield loss was enhanced in the 

WS over the DS due to cloudy weather decreasing photosynthesis, weedy fields, and in 

combination with greater defoliator damage.

Potassium: Four studies in India determined that adding K decreased leaf damage but 

provided no reason behind it (Subramanian & Balasubramanian 1976, Ittyavirah et al. 

1979, Prakasa Rao 1985, Vaithilingam & Baskaran 1985). Baskaran (1985) found that 

adding K fertilizer decreased RWM damage. He concluded that K increased the 

production of allelochemicals, developed thicker cell walls of the rice plant, and 

facilitated greater uptake of silicon. These three factors enabled the plant to resist 

insect injury or reduced insect damage to a minimum level. Sathiyanandam & 

Subramanian (1981) concluded that the addition of K decreased RWM injury and 

provision of K at very high rates remarkably reduced damage. Saroja & Raju (1981) 
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tested different rates of K applied basally from 0 to 200 kg/ha using nine treatments of 

25 kg increments in a replicated trial. The results, however, contradicted previous 

studies. In this study, K increased RWM damage at the two highest levels, 175 and 200 

kg/ha, but no effect was noted below 150 kg/ha. The differences could be attributed to 

the degree of K deficiency in the soil in the experiments conducted in different locations 

in India. Farmers who normally plow under rice stubble return K to the soil. The 

amount of K incorporated in the soil may possibly be < 150 kg/ha, as no response was 

recorded. Very high K rates may have initiated the crop to grow rapidly generating 

thinner cell walls and few silicon bodies in the epidermis, and under such condition the 

crop becomes more susceptible to injury. Therefore, the gathered data between K and 

RWM damage required highly specific location and management practices.

Water management: Standing water in the rice field is the natural habitat of RWM 

adult flies, thus, flooded rice fields had three to six times more eggs than the saturated 

fields from 5 to 25 DT. Therefore, draining the field at 3- to 4- day intervals during the 

first 30 DT was a better option than chemical control as it significantly reduced the 

number of RWM flies and eggs laid on the rice leaves (Viajante & Heinrichs 1985a). 

This is the same recommendation given to farmers suffering from golden apple snail, 

Pomacea canaliculata Lamarck infestation, where damage is most severe during the 

early vegetative stage. An experiment conducted by one of us (ATB) in 14 provinces 

showed that draining the fields significantly reduced RWM eggs and larvae/pupae 

based on tiller dissections (Table 4). Percent leaf area damaged due to RWM was 

significantly low and positively correlated with low infestation. Equally effective in 

regulating RWM infestation was the placement of rice straw mulch in between rice hills.

Table 4. Effect of draining rice fields and adding rice straw mulch on rice whorl maggot infestation in the 
1Philippines, 2006-09 .

 
FIELD FLOODED

Rice whorl
maggot

Transplanted
rice

Mulch Laid Between
Plants

Field
Drained

P F Df

No. eggs + larvae + pupae 92.4± 7.1 b
25.7± 30.2 a

20.7±12.6
a <0.0001 77.19 53

Defoliation (%) 70.8±15.1b 18.9 ± 8.5 a 10.8± 5.9 a <0.0001171.44 53

1 2 The experiment was carried out in 51 fields in 14 provinces where four 1m  plots were replicated in each of three treatments. One hill 
was removed in each plot from all treatments where the number of RWM at different life stages was counted after dissecting each 
tiller. 
Defoliation was assessed by quantifying the loss of photosynthetic surface area. Means within the three columns followed by a 
different letter are significantly different (P < 0.05) by LSD test.
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Cropping system: In Indonesia, Kalshoven (1981) noted that RWM population was 

higher in double- than single-rice crop areas. Results from the Philippines 

contradicted the above findings as RWM damage in irrigated double crop rice was 

lower compared to single crop rainfed areas. In four irrigated double-rice crop sites 

ranging from 13 to 23 crops per site, RWM damage ranged from 5 % DL to10% DL in 

Guimba and Calauan, but was higher in Zaragoza and Koronadal with 15 to 20% DL 

(Litsinger et al. 2005b). Data from three single wetland rice cropping (averaging three 

crops per site) sites planted with traditional varieties, namely, BE3 in Oton, Iloilo; 

Kapoypoy in Solana, Cagayan Valley  and Wagwag in Manaoag, Pangasinan showed 

mean DL of 8%, 21% and 29%, respectively (Litsinger et al. 2009a). On the other hand, 

the planting of three rice crops using modern varieties in Solana caused only 5% DL 

and 36% DL in six crops in Manaoag. We concluded that the differences were strongly 

attributed to the differences between sites rather than the cropping systems, therefore 

Kalshoven's results were not applicable in the Philippine situation.

A rice garden -- a continuous system of planting of rice four crops per year, was 

compared to double cropping in the IRRI Farm for RWM incidence (Pantua & Litsinger 

1981). It was noted in the two-year study that RWM exceeded the action threshold of 

15% DL only twice during the entire eight plantings. Thus, there was essentially no 

significant difference in RWM damage between continuous planting and double-

cropped irrigated rice in the IRRI Farm. It must be noted that draining the field at 21 

DT was a regular field operation in the Experimental Farm for whorl maggot control 

and such practice may have lowered the RWM population in both kinds of fields. 

Natural biocontrol

There are beneficial organisms attacking RWM at all developmental stages.

Egg stage:  The naked eggs, expected to be most vulnerable to natural enemies being 

the most exposed, recorded lower mortality compared to the hidden larvae and pupae 

or swiftly flying adults. RWM eggs have a protective calcareous chorion that is thick and 

impenetrable for most egg natural enemies. A solitary eulophid wasp, Ootetrastichus 

sp., parasitized the eggs, but egg parasitism based on thousands of field collected eggs 

was < 1%. It is the only parasitoid species found on eggs in Philippine studies. Eggs 

were not parasitized at all in a study in Laguna (van den Berg et al. 1988). In the three 

rainfed wetland sites, egg parasitism rates measured over multiple years also were all 

nil (Litsinger et al. 2009a). In a separate study conducted by one of us (ATB), no egg 

parasitoid was reared from 1,983 eggs collected from 21-30 DT rice plants in 14 

provinces (Table 5).
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tested different rates of K applied basally from 0 to 200 kg/ha using nine treatments of 

25 kg increments in a replicated trial. The results, however, contradicted previous 
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Water management: Standing water in the rice field is the natural habitat of RWM 
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Table 4. Effect of draining rice fields and adding rice straw mulch on rice whorl maggot infestation in the 
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FIELD FLOODED

Rice whorl
maggot

Transplanted
rice

Mulch Laid Between
Plants

Field
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P F Df
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Defoliation (%) 70.8±15.1b 18.9 ± 8.5 a 10.8± 5.9 a <0.0001171.44 53

1 2 The experiment was carried out in 51 fields in 14 provinces where four 1m  plots were replicated in each of three treatments. One hill 
was removed in each plot from all treatments where the number of RWM at different life stages was counted after dissecting each 
tiller. 
Defoliation was assessed by quantifying the loss of photosynthetic surface area. Means within the three columns followed by a 
different letter are significantly different (P < 0.05) by LSD test.
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higher in double- than single-rice crop areas. Results from the Philippines 

contradicted the above findings as RWM damage in irrigated double crop rice was 

lower compared to single crop rainfed areas. In four irrigated double-rice crop sites 

ranging from 13 to 23 crops per site, RWM damage ranged from 5 % DL to10% DL in 

Guimba and Calauan, but was higher in Zaragoza and Koronadal with 15 to 20% DL 

(Litsinger et al. 2005b). Data from three single wetland rice cropping (averaging three 

crops per site) sites planted with traditional varieties, namely, BE3 in Oton, Iloilo; 

Kapoypoy in Solana, Cagayan Valley  and Wagwag in Manaoag, Pangasinan showed 

mean DL of 8%, 21% and 29%, respectively (Litsinger et al. 2009a). On the other hand, 

the planting of three rice crops using modern varieties in Solana caused only 5% DL 

and 36% DL in six crops in Manaoag. We concluded that the differences were strongly 

attributed to the differences between sites rather than the cropping systems, therefore 

Kalshoven's results were not applicable in the Philippine situation.

A rice garden -- a continuous system of planting of rice four crops per year, was 

compared to double cropping in the IRRI Farm for RWM incidence (Pantua & Litsinger 

1981). It was noted in the two-year study that RWM exceeded the action threshold of 

15% DL only twice during the entire eight plantings. Thus, there was essentially no 

significant difference in RWM damage between continuous planting and double-

cropped irrigated rice in the IRRI Farm. It must be noted that draining the field at 21 

DT was a regular field operation in the Experimental Farm for whorl maggot control 

and such practice may have lowered the RWM population in both kinds of fields. 

Natural biocontrol

There are beneficial organisms attacking RWM at all developmental stages.

Egg stage:  The naked eggs, expected to be most vulnerable to natural enemies being 

the most exposed, recorded lower mortality compared to the hidden larvae and pupae 

or swiftly flying adults. RWM eggs have a protective calcareous chorion that is thick and 

impenetrable for most egg natural enemies. A solitary eulophid wasp, Ootetrastichus 

sp., parasitized the eggs, but egg parasitism based on thousands of field collected eggs 

was < 1%. It is the only parasitoid species found on eggs in Philippine studies. Eggs 

were not parasitized at all in a study in Laguna (van den Berg et al. 1988). In the three 

rainfed wetland sites, egg parasitism rates measured over multiple years also were all 

nil (Litsinger et al. 2009a). In a separate study conducted by one of us (ATB), no egg 

parasitoid was reared from 1,983 eggs collected from 21-30 DT rice plants in 14 

provinces (Table 5).
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The exposed eggs of RWM were found to have many predators and high 

predation rates on eggs had been reported. In a study in Laguna province, egg 

predation ranged from 5% during the first week after transplanting to about 20% after 

five weeks (van den Berg et al. 1988). The key predators were the mirid bug, 

Cyrtorhinus lividipennis Reuter and the gryllids. Predation occurred mostly at night. 

In a laboratory study, Cyrtorhinus preyed on eight RWM eggs over three days (van den 

Berg et al. 1992).

With its sucking mouthparts, the mirid bug siphoned the liquid contents of the 

egg without deflating the calcareous egg shell. However, its predation rate was higher 

on noctuid eggs with soft chorion like Rivula and Naranga. The feeding rate of the 

sword-tailed gryllid, Metioche vittaticollis (Stål) on RWM was highest among eight 

common rice field predators consuming 45 eggs over three days (van den Berg et al. 

1992). In the greenhouse test, Metioche females consumed more RWM eggs/d (14) 

compared to the male cricket (4). The gryllid nymphs were less effective predators and 

barely consumed an egg per day (Rubia & Shepard 1987). The predatory fly, Ochthera 

Table 5. Rates of parasitism of rice whorl maggot at egg, larval, and pupal stages were observed from 
1farmers' fields in 14 provinces in the Philippines . 

No. of No. of LARVAE/PUPAE

fields hills No. eggs No. PARASITISM
PROVINCE observed observed reared2 reared (%)

Aurora 5 40 170 472 51.9

Albay 3 36 74 241 41.9

Palawan 3 24 84 317 41.6

N. Samar 6 48 361 1,254 40.7

Bohol 7 56 508 1,362 40.0

Quezon 3 36 86 364 38.2
N. Cotabato 3 24 115 406 37.9
Camarines Sur 3 36 109 411 33.1

S. Cotabato 3 24 77 372 33.1

Laguna 3 36 63 335 29.0

Sorsogon 3 36 122 502 28.1

Zamboanga del Sur 3 24 96 289 27.0
Bulacan 3 36 57 188 14.9
Iloilo 3 24 61 355 11.0

Total 51 480 1,983 6,868

Average 35.9
1 1 hill was removed from 8-121-m2 plots/field taken 21-30 days after transplanting from fields without insecticide use. Eggs 
were clipped off from leaves and placed in Petri dishes on moist paper for rearing. Larvae and pupae were dissected and 
immature held for parasitoid emergence following the technique of Barrion and Litsinger (1985).
2 Egg parasitism was 0 %.
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sauteri is also an effective egg predator. Based on mark-recapture method using an 

orange-red non-washable paint placed as pin-head dots on the abdominal dorsum, a 

fly, regardless of sex, was found to consume 8 to 15 eggs in about three hours from 

0700 HR to 1000 HR in fully drained irrigated rice field in Pagbilao, Quezon. RWM eggs 

were crushed and fully consumed by the predatory fly leaving only the glued bottom 

part of the chorion on the leaf surface. However, predation usually switched to adults 

when the RWM population density was high. This behavior demonstrated clearly the 

strong preference of Ochthera for RWM adults.

Larval/Pupal stage: Ferino (1968) measured monthly larval parasitism over a 14-

month period from August 1966 to September 1967. He reported a high 34.5 ± 16.5% 

larval parasitism ranging from a low 14% in August 1967 to a high 71% in May 1967. In 

another study, larval parasitism was measured in three different rainfed wetland rice 

locations, namely, Manaoag, Pangasinan; Oton, Iloilo; and Solana, Cagayan. In 

Manaoag, where rice whorl maggot was highly prevalent, larval parasitism averaged 

19%, and only 1% in both Oton, Iloilo and Solana, Cagayan (Litsinger et al. 2009a). AT 

Barrion (unpublished data) collected 6,868 larvae and pupae in 14 provinces under 

irrigated and rainfed rice environments from 2006 to 2009 to determine larval and 

pupal parasitism and the parasitoids. An average of 36% parasitism was recorded with 

the highest in Aurora (51%) and lowest in Iloilo (11%) provinces (Table 5). The overall 

mean is remarkably close to Ferino's result from Los Baños four decades earlier. 

Similar levels of natural control were also noted in India by two larval parasitiods, both 

in the genus Gyrocampa. Parasitism rose from 25-28% at 20-30 DT to 44-60% 

towards maximum tillering (40-50 DT) (Manjunath1978).

Adult: Adults were most vulnerable to the action of natural enemies. In cage studies, 

starved females of slanted-faced meadow grasshoppers, Conocephalus longipennis 

(de Haan), preyed on 2-3 RWM adults/d when offered 15 each day (Rubia et al. 1990b). 

The meadow grasshopper proved inefficient to catch the agile RWM flies.  A more rapid 

predator with a high searching capacity would do better.  We found one fly belonging to 

the same family as the RWM.  This is the predatory fly, O. sauteri -- a potent foe of RWM 

adults (Barrion & Litsinger 1987b) and of eggs, as just reported .  Ochthera stalked its 

prey from resting sites on the rice foliage from which it darts to capture RWM adults in 

mid-air and secured them with its mantis-like forelegs laden with a dagger-like tibial 

spur. The predator stabbed its prey multiple times with its tibial spur and lapped up 

the oozing body fluids flowing from the punctured wounds. It preyed on RWM as well as 

on different aquatic flies in the rice fields consuming 4 to 18 per day based on 

aquarium that replicated a rice field habitat. It preferred highly mobile and relatively 

small prey. Common preferences in rice fields were for Hydrellia > Brachydeutera = 

Psilopa = Paralimna > Notiphila. Ochthera also preyed on common rice leafhoppers 
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The exposed eggs of RWM were found to have many predators and high 

predation rates on eggs had been reported. In a study in Laguna province, egg 

predation ranged from 5% during the first week after transplanting to about 20% after 

five weeks (van den Berg et al. 1988). The key predators were the mirid bug, 
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egg without deflating the calcareous egg shell. However, its predation rate was higher 
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sword-tailed gryllid, Metioche vittaticollis (Stål) on RWM was highest among eight 

common rice field predators consuming 45 eggs over three days (van den Berg et al. 

1992). In the greenhouse test, Metioche females consumed more RWM eggs/d (14) 

compared to the male cricket (4). The gryllid nymphs were less effective predators and 

barely consumed an egg per day (Rubia & Shepard 1987). The predatory fly, Ochthera 
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sauteri is also an effective egg predator. Based on mark-recapture method using an 

orange-red non-washable paint placed as pin-head dots on the abdominal dorsum, a 

fly, regardless of sex, was found to consume 8 to 15 eggs in about three hours from 

0700 HR to 1000 HR in fully drained irrigated rice field in Pagbilao, Quezon. RWM eggs 

were crushed and fully consumed by the predatory fly leaving only the glued bottom 

part of the chorion on the leaf surface. However, predation usually switched to adults 

when the RWM population density was high. This behavior demonstrated clearly the 

strong preference of Ochthera for RWM adults.

Larval/Pupal stage: Ferino (1968) measured monthly larval parasitism over a 14-

month period from August 1966 to September 1967. He reported a high 34.5 ± 16.5% 

larval parasitism ranging from a low 14% in August 1967 to a high 71% in May 1967. In 

another study, larval parasitism was measured in three different rainfed wetland rice 

locations, namely, Manaoag, Pangasinan; Oton, Iloilo; and Solana, Cagayan. In 

Manaoag, where rice whorl maggot was highly prevalent, larval parasitism averaged 

19%, and only 1% in both Oton, Iloilo and Solana, Cagayan (Litsinger et al. 2009a). AT 

Barrion (unpublished data) collected 6,868 larvae and pupae in 14 provinces under 

irrigated and rainfed rice environments from 2006 to 2009 to determine larval and 

pupal parasitism and the parasitoids. An average of 36% parasitism was recorded with 

the highest in Aurora (51%) and lowest in Iloilo (11%) provinces (Table 5). The overall 

mean is remarkably close to Ferino's result from Los Baños four decades earlier. 

Similar levels of natural control were also noted in India by two larval parasitiods, both 

in the genus Gyrocampa. Parasitism rose from 25-28% at 20-30 DT to 44-60% 

towards maximum tillering (40-50 DT) (Manjunath1978).

Adult: Adults were most vulnerable to the action of natural enemies. In cage studies, 

starved females of slanted-faced meadow grasshoppers, Conocephalus longipennis 

(de Haan), preyed on 2-3 RWM adults/d when offered 15 each day (Rubia et al. 1990b). 

The meadow grasshopper proved inefficient to catch the agile RWM flies.  A more rapid 

predator with a high searching capacity would do better.  We found one fly belonging to 

the same family as the RWM.  This is the predatory fly, O. sauteri -- a potent foe of RWM 

adults (Barrion & Litsinger 1987b) and of eggs, as just reported .  Ochthera stalked its 

prey from resting sites on the rice foliage from which it darts to capture RWM adults in 

mid-air and secured them with its mantis-like forelegs laden with a dagger-like tibial 

spur. The predator stabbed its prey multiple times with its tibial spur and lapped up 

the oozing body fluids flowing from the punctured wounds. It preyed on RWM as well as 

on different aquatic flies in the rice fields consuming 4 to 18 per day based on 

aquarium that replicated a rice field habitat. It preferred highly mobile and relatively 

small prey. Common preferences in rice fields were for Hydrellia > Brachydeutera = 

Psilopa = Paralimna > Notiphila. Ochthera also preyed on common rice leafhoppers 
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and planthoppers. A laboratory trial was carried out at IRRI where 50 adults each of 

RWM, green leafhopper Nephotettix virescens (Distant), brown planthopper 

Nilaparvata lugens (Stål) and white-backed planthopper Sogatella furcifera 

(Horvath) were maintained in a large glass aquarium cage for 5 days (IRRI 1988). Five 

female O. sauteri flies were introduced inside the aquarium on the first day with 50 

each of the four prey including RWM (consumed prey were replaced daily). The results 

showed that RWM was preferred over the leaf- and planthoppers based on the five-day 

exposure period (Figure 6).

N
o

. p
re

y 
co

n
su

m
e

d
 /

 p
re

d
at

o
r 

/d
ay

No. days after caging

50

45

40

35

30

25

20

15

10

5

0

Figure 6. Prey preference of Ochthera sauteri  for rice whorl maggot (RWM), green leafhopper (GLH), whitebacked 
planthopper (WBPH), and brown planthopper (BPH). At the beginning of the experiment 50 adults of each 
prey were introduced into a large aquarium with potted rice plants with five predators, each day consumed 
prey were species replaced. (IRRI 1988)
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Consumption per predator increased daily from 27 to 48 preys after five days 

of caging indicating that Ochthera had learned to hunt for its preferred diet. Brown 

planthopper was the least preferred prey probably because of its sedentary position at 

the base of tillers just above the water line and its relatively hard cuticle.

The aquarium trial was followed three years later by two field trials conducted 

during the 1991 WS with one trial in the IRRI Farm and the second in a farmer's field in 

nearby Calauan. These trials compared the effect of flooding and draining of field plots 
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on predator and prey densities. In each trial, 10 plots within a single field were bunded 

separately where half was drained and the other half remained flooded. Plots were 

drained for 5 to 8 days starting at 17 to 21 DT in the IRRI Farm and 14 to 21 DT in 
2Calauan. Ten 1-m  samples were taken at 21 DT in each plot by quickly covering each 

2plot with a 1- m  nylon mesh cage. All flies were captured and counted from each 

sample in each of treatments replicated five times. RWM eggs were counted from a 

separate set of 20-hill samples per replicate. The results showed that drainage 

significantly reduced RWM egg density compared to flooded fields in both locations 

and led to a very favorable ratio of predator to prey for the natural biocontrol of RWM 

(Table 6).

Table  6. Effect of field drainage on the abundance of rice whorl maggot and its ephydrid predator in two 
1locations, Laguna, 1991 WS .

1 Each trial was analyzed separately. In a column within each trial, means followed by different letters are significantly different (P< 
0.05) by LSD test. Average of 10 replications of pairs of plots that contrasted flooding and drainage on the IRRI Farm and in Calauan, 
Laguna. 

2 Field plots were bundled and drained 17-21 days after transplanting' (DT) in the IRRI Farm and 14-21 DT in Calauan. 
3 Sample of 20 hills per replicate at 21 DT 
4 Bamboo frame mesh cage of 1 m3 in five locations per replicate was used to sample flies at 21 DT

 

FIELD
DRAINED

2
RWM EGGS
(NO./HILL)

3

NO. ADULT FLIES/ M2, 4

RWM
OCHTHERA
PREDATOR

OTHER
EPHYDRIDS

OCHTHERA /
RWM RATIO

IRRI Farm

Yes 5.3±3.3b 14.7 ± 12.6a 20.4± 14.8 a 15.8±9.3a 1.40 a

No 13.5±2.8a 13.5±6.6a 3.6±2.9b 9.6±S.6a 0.27b

Farmer's field

Yes 7.0±5.8b 18.7 ± 13.0 a 25.4± 1l.9a 16.2 ±6.6a 1.36 a

No 12.6±4.9a 16.3±8.4a 5.1±4.6b 13.5±6.0a 0.31b

Based on observation by Karim (1969), aluminum foil sheets laid out in rice 

fields attracted RWM adults. Over 250 insect species are known to detect bodies of 

water from a distance by the horizontally polarized light reflected from the water 

surface (Horvath & Kriska 2008). This same cue occurred in flooded rice fields when 

there is good sunlight during the ambush flight of Ochthera as it flies towards RWM 

and provided a warning for RWM to make a life-saving defensive avoidance dive. But 

draining the field removed the visual warning and increased the success of aerial 

attacks by Ochthera to the demise of RWM.
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nearby Calauan. These trials compared the effect of flooding and draining of field plots 

Philipp Ent 27 (1) : 1-57 ISSN 0048-3753 April 2013

27

The Rice Whorl Maggot in the Philippines Litsinger JA, et al

on predator and prey densities. In each trial, 10 plots within a single field were bunded 

separately where half was drained and the other half remained flooded. Plots were 

drained for 5 to 8 days starting at 17 to 21 DT in the IRRI Farm and 14 to 21 DT in 
2Calauan. Ten 1-m  samples were taken at 21 DT in each plot by quickly covering each 

2plot with a 1- m  nylon mesh cage. All flies were captured and counted from each 

sample in each of treatments replicated five times. RWM eggs were counted from a 

separate set of 20-hill samples per replicate. The results showed that drainage 

significantly reduced RWM egg density compared to flooded fields in both locations 

and led to a very favorable ratio of predator to prey for the natural biocontrol of RWM 

(Table 6).

Table  6. Effect of field drainage on the abundance of rice whorl maggot and its ephydrid predator in two 
1locations, Laguna, 1991 WS .

1 Each trial was analyzed separately. In a column within each trial, means followed by different letters are significantly different (P< 
0.05) by LSD test. Average of 10 replications of pairs of plots that contrasted flooding and drainage on the IRRI Farm and in Calauan, 
Laguna. 

2 Field plots were bundled and drained 17-21 days after transplanting' (DT) in the IRRI Farm and 14-21 DT in Calauan. 
3 Sample of 20 hills per replicate at 21 DT 
4 Bamboo frame mesh cage of 1 m3 in five locations per replicate was used to sample flies at 21 DT
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Yes 7.0±5.8b 18.7 ± 13.0 a 25.4± 1l.9a 16.2 ±6.6a 1.36 a

No 12.6±4.9a 16.3±8.4a 5.1±4.6b 13.5±6.0a 0.31b

Based on observation by Karim (1969), aluminum foil sheets laid out in rice 

fields attracted RWM adults. Over 250 insect species are known to detect bodies of 

water from a distance by the horizontally polarized light reflected from the water 

surface (Horvath & Kriska 2008). This same cue occurred in flooded rice fields when 

there is good sunlight during the ambush flight of Ochthera as it flies towards RWM 

and provided a warning for RWM to make a life-saving defensive avoidance dive. But 

draining the field removed the visual warning and increased the success of aerial 

attacks by Ochthera to the demise of RWM.
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A follow-up experiment in the screen house in the IRRI Farm tested the 

behavior of RWM and its predator in six treatments: 1) a flooded plot, 2) a flooded plot 

covered with aluminum foil, 3) Azolla pinnata/Pistia stratiotes covering a flooded 

plot, 4) a saturated plot, 5) a saturated plot covered with aluminum foil, and 6) a 

saturated plot covered by the aquatic plants. The objective of the experiment was to 

determine the role of reflective and non-reflective surfaces on the colonization and 
3survival of RWM. RWM and Ochthera were artificially infested in 1- m  mesh cages set 

over 25 hills per plot. Each cage was infested at 7 DT with 25 Ochthera and 25 female 

RWM adults in each of the six treatments for three days. The trial was replicated five 

times and the number of RWM eggs and % DL were assessed at 39 DT. A trial shows the 

effect of manipulating the rice environments that greatly favored Ochthera and 

effectively reduced RWM densities, namely, the saturated plot (1.1 eggs) and saturated 

plot covered with aquatic weeds (1.4 eggs) (Table 7). Intermediate effect was observed 

in flooding with aquatic weeds (5.8 eggs). In the other three treatments, 9.2-10 eggs per 

hill were found when Ochthera was present and 12 eggs with RWM alone. Significant 

egg reduction indicated that Ochthera was favored under conditions without reflective 

surfaces as shown in saturated soils or cover from the Azolla/Pistia mixture. 

Reflection occurred from flooding or aluminum foil even if the plot was saturated. The 

number of RWM eggs/hill in flooded (10.4 ± 1.3) or flooded + aluminum foil (9.9 ± 1.5) 

was comparable to that of saturation + aluminum foil (9.2 ± 3.6). The results of egg 

predation did not always reflect reduction in damage. Saturation alone resulted in the 

least damage (30% DL) with saturation + Azolla/Pistia intermediate (58% DL). While 

flooded + Azolla/Pistia resulted in significant egg reduction, the damage was not 

significantly different (80% DL) from those of the other treatments where there was 

reflective surfaces (86-93% DL) or to that of RWM alone (91-96% DL). This experiment 

explained why draining the field leads to less RWM damage. It is because only with the 

reflected light can RWM avoid Ochthera attacks. Another possible reason, however, is 

that Ochthera is attracted to drained plots.

Table 7. Effect of water management on the population density and damage of rice whorl maggot 
1 (RWM) with and without its adult predator, IRRI screenhouse, 1991 WS. 

1 Bamboo frame nylon mesh cages 1 m3 were set over 25 rice plants 7 DT. 25 RWM and 25 Ochthera adults were introduced into each 
cage for three days. The experiment was terminated on 39 days after transplanting (DT) and eggs and damaged leaves assessed. 

2 Average of five replications. Means within the six contiguous columns [column 1=no. of RWM eggs/hill; column 2=% DL] followed by 
a different letter are significantly different (P< 0.05) by LSD test. 

2RWM EGGS(NO./HILL)39DT Damaged Leaves(%) 39/ 2DT
FLOODED+

AZOLLA!

TREATMENT FLOODED ALUMINUM FLOODED ALUMINUM
FLOODED+

PISTIA SATURATED ALUMINUM

SATURATED SATURATED+
+ AZOLLA!

PISTIA
FLOODED+

FLOODED+

AZOLLA!
PISTIA SATURATED ALUMINUM

SATURATED SATURATED+

+ AZOLLA!
PISTIA

11.8±1.4a
12.0±1.2 aRWMalone

RWM+Ochthera 10.4±1.3 a 9.9±1.5 a 5.8±1.9 b 1.1±0.3 c 9.2±3.6 a 1.4±1.0c

96.3±6.5 a

90.5±3.6a 93.0±2.1a 79.5±12.4ab 29.5±12.7c

91.3±7.4a

96.0±7.1a 57.5±19.2b
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Chemical control

Indigenous methods: Before the advent of modern insecticides, farmers used 

local plants as insecticides as well as various homemade concoctions. Farmers in 

Manaoag, Pangasinan recommended cutting Gliricidia sepium branches and staking 

the cut ends to the soil in several locations in a rice field to control the insect pests 

causing early season leaf damage, such as, the caseworm and whorl maggot (Litsinger 

et al. 1978). Farmers believed that the plant odor prevented these pests from 

colonizing in the field and the decomposing leaves acted as an insecticide. Rice 

caseworm is the most susceptible of all rice pests (Litsinger & Bandong 1992), but 

when the leaves were placed in simulated rice fields in the greenhouse with caseworm 

larvae, no pest mortality occurred in the field with Gliricidia leaves placed in the paddy 

water for a week. As Gliricidia wood is resistant to termites, we believe that farmers 

think it is effective against other insect pests as well.

Neem is a commercially-available, botanically-based insecticide and various 

preparations can be made by farmers from the seeds of neem trees. Neem trees have 

been introduced from India into the Philippines, both as a source of insecticide and for 

the wood (Saxena 1989). Trials in India showed good early season RWM control using 

concentrations of 1-5% neem oil spray, 5% aqueous neem seed kernel extract; or 150 

kg neem cake/ha, soil-incorporated before transplanting (Krishnaiah & Kalode 1991, 

Bhatia et al. 1994). Neem oil and kernel extract are derived by pressing the seeds of the 

tree, and the cake is the leftover pulp. The former has a higher concentration of 

insecticide while the latter acts as an organic fertilizer.

Modern synthetic insecticides: Many insecticide efficacy trials were undertaken by 

IRRI researchers and the results were reported in IRRI Annual Reports as well as in the 

Department of Entomology Insecticide Evaluation Reports from 1976 to 1986. All of 

these can be found in the IRRI library. Most insecticides act as adulticides but some 

may have larvicidal or ovicidal properties.

Foliar sprays: The use of a 19-liter capacity, stainless-steel, lever-operated, knapsack 

sprayer is the most common method of applying insecticide to rice by Filipino farmers 

(Litsinger et al. 2009b). Foliar insecticide application by IRRI researchers during the 

1960s and early 1970s was largely by repetitive spraying done at 7- to 14- d intervals 

during the entire crop cycle (Pathak 1968). Using adjuvants such as stickers and 

spreaders did not improve insecticide performance (Pathak 1968), but repeated 

spraying was deemed necessary for adequate control. RWM proved difficult to control 

with sprayable insecticides.
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A follow-up experiment in the screen house in the IRRI Farm tested the 

behavior of RWM and its predator in six treatments: 1) a flooded plot, 2) a flooded plot 

covered with aluminum foil, 3) Azolla pinnata/Pistia stratiotes covering a flooded 

plot, 4) a saturated plot, 5) a saturated plot covered with aluminum foil, and 6) a 

saturated plot covered by the aquatic plants. The objective of the experiment was to 

determine the role of reflective and non-reflective surfaces on the colonization and 
3survival of RWM. RWM and Ochthera were artificially infested in 1- m  mesh cages set 

over 25 hills per plot. Each cage was infested at 7 DT with 25 Ochthera and 25 female 

RWM adults in each of the six treatments for three days. The trial was replicated five 

times and the number of RWM eggs and % DL were assessed at 39 DT. A trial shows the 

effect of manipulating the rice environments that greatly favored Ochthera and 

effectively reduced RWM densities, namely, the saturated plot (1.1 eggs) and saturated 

plot covered with aquatic weeds (1.4 eggs) (Table 7). Intermediate effect was observed 

in flooding with aquatic weeds (5.8 eggs). In the other three treatments, 9.2-10 eggs per 

hill were found when Ochthera was present and 12 eggs with RWM alone. Significant 

egg reduction indicated that Ochthera was favored under conditions without reflective 

surfaces as shown in saturated soils or cover from the Azolla/Pistia mixture. 

Reflection occurred from flooding or aluminum foil even if the plot was saturated. The 

number of RWM eggs/hill in flooded (10.4 ± 1.3) or flooded + aluminum foil (9.9 ± 1.5) 

was comparable to that of saturation + aluminum foil (9.2 ± 3.6). The results of egg 

predation did not always reflect reduction in damage. Saturation alone resulted in the 

least damage (30% DL) with saturation + Azolla/Pistia intermediate (58% DL). While 

flooded + Azolla/Pistia resulted in significant egg reduction, the damage was not 

significantly different (80% DL) from those of the other treatments where there was 

reflective surfaces (86-93% DL) or to that of RWM alone (91-96% DL). This experiment 

explained why draining the field leads to less RWM damage. It is because only with the 

reflected light can RWM avoid Ochthera attacks. Another possible reason, however, is 

that Ochthera is attracted to drained plots.

Table 7. Effect of water management on the population density and damage of rice whorl maggot 
1 (RWM) with and without its adult predator, IRRI screenhouse, 1991 WS. 

1 Bamboo frame nylon mesh cages 1 m3 were set over 25 rice plants 7 DT. 25 RWM and 25 Ochthera adults were introduced into each 
cage for three days. The experiment was terminated on 39 days after transplanting (DT) and eggs and damaged leaves assessed. 

2 Average of five replications. Means within the six contiguous columns [column 1=no. of RWM eggs/hill; column 2=% DL] followed by 
a different letter are significantly different (P< 0.05) by LSD test. 
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Chemical control

Indigenous methods: Before the advent of modern insecticides, farmers used 

local plants as insecticides as well as various homemade concoctions. Farmers in 

Manaoag, Pangasinan recommended cutting Gliricidia sepium branches and staking 

the cut ends to the soil in several locations in a rice field to control the insect pests 

causing early season leaf damage, such as, the caseworm and whorl maggot (Litsinger 

et al. 1978). Farmers believed that the plant odor prevented these pests from 

colonizing in the field and the decomposing leaves acted as an insecticide. Rice 

caseworm is the most susceptible of all rice pests (Litsinger & Bandong 1992), but 

when the leaves were placed in simulated rice fields in the greenhouse with caseworm 

larvae, no pest mortality occurred in the field with Gliricidia leaves placed in the paddy 

water for a week. As Gliricidia wood is resistant to termites, we believe that farmers 

think it is effective against other insect pests as well.

Neem is a commercially-available, botanically-based insecticide and various 

preparations can be made by farmers from the seeds of neem trees. Neem trees have 

been introduced from India into the Philippines, both as a source of insecticide and for 

the wood (Saxena 1989). Trials in India showed good early season RWM control using 

concentrations of 1-5% neem oil spray, 5% aqueous neem seed kernel extract; or 150 

kg neem cake/ha, soil-incorporated before transplanting (Krishnaiah & Kalode 1991, 

Bhatia et al. 1994). Neem oil and kernel extract are derived by pressing the seeds of the 

tree, and the cake is the leftover pulp. The former has a higher concentration of 

insecticide while the latter acts as an organic fertilizer.

Modern synthetic insecticides: Many insecticide efficacy trials were undertaken by 

IRRI researchers and the results were reported in IRRI Annual Reports as well as in the 

Department of Entomology Insecticide Evaluation Reports from 1976 to 1986. All of 

these can be found in the IRRI library. Most insecticides act as adulticides but some 

may have larvicidal or ovicidal properties.

Foliar sprays: The use of a 19-liter capacity, stainless-steel, lever-operated, knapsack 

sprayer is the most common method of applying insecticide to rice by Filipino farmers 

(Litsinger et al. 2009b). Foliar insecticide application by IRRI researchers during the 

1960s and early 1970s was largely by repetitive spraying done at 7- to 14- d intervals 

during the entire crop cycle (Pathak 1968). Using adjuvants such as stickers and 

spreaders did not improve insecticide performance (Pathak 1968), but repeated 

spraying was deemed necessary for adequate control. RWM proved difficult to control 

with sprayable insecticides.
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From 1979 to 1991, the 'complete control' treatment in yield loss trials on 

farmers' fields using the insecticide check method (Litsinger et al. 1980a) attained only 

55% control of RWM  by spraying monocrotophos at 0.75 kg ai/ha at 10-day intervals 

starting at 7 DT (Litsinger et al. 2005a).

Arceo & Heinrichs (1980) evaluated different insecticides against RWM where 

plots were sprayed twice (3DT and 15 DT). Foliar sprays were tested at 0.75 kg ai/ha 

and the best performing materials were monocrotophos, fensulfothion, triazophos, 

and azinphos-ethyl. Insecticides were evaluated at IRRI in 1984 in the laboratory as 

larvicides. Five third-instar larvae were placed on seedlings from treated seedbed plots 

and placed in large test tubes. Larval mortality was assessed 48 hours later and the 

data from seven products were adjusted using Abbott's formula (Mochida & Heinrichs 

1984). The results showed that mortality ranged in declining order from cypermethrin 

(67%) > monocrotophos (58%) > deltamethrin (42%) > fenthion (42%) > azinphos-

ethyl (33%) > Brodan (chlorpyrifos + BPMC) (33%) > triazophos (17%). The most 

common mode of action was adulticidal because adults were killed immediately when 

they alighted on the treated foliage thus unable to lay eggs. However, the only   trial 

found where adult densities were measured was in India, where three insecticides were 

applied using a helicopter. Moth mortality rates measured by sweep net sampling were 

50% with dicrotophos, 41% with chlorfenvinphos, and only 25% with monocrotophos 

(Varma et al. 1976). Neonate larvae are most vulnerable due their small size, but once 

inside plants they normally escape all chemicals except systemic insecticides. Pantua 

& Litsinger (1987) tested materials for ovicidal action in greenhouse pot trials which 

identified as effective 0.012 kg ai deltamethrin/ha as well as 0.4 kg ai triazophos and 

azinphos-ethyl/ha exhibiting 94-98% egg mortality. Later trials identified 0.4 kg ai 

monocrotophos /ha (96% mortality) and 0.02 kg ai cypermethrin/ha (92% mortality) as 

ovicidal (Litsinger unpublished data). These materials were equally effective against 

eggs regardless of age. As oviposition occurs more on the undersides of leaves, good 

spray coverage of foliage is necessary for ovicides to work.

IRRI considered an insecticide as efficacious against RWM only at > 80% 

control of damage (Litsinger et al. 1980b). At that time, there were only two sprayable 

insecticides (triazophos and monocrotophos) that met this criterion. Later, synthetic 

pyrethroids and azinphos-ethyl met the standard. It is instructive that all of these 

materials were ovicidal. The difficulty to identify effective insecticides against RWM can 

be seen from the efficacy data of other common rice pests (Litsinger et al. 1980b). RWM 

had the fewest (4) effective insecticides identified compared to stemborers (11) and 

brown planthopper (8). We concluded from the many field studies that the best 

performing foliar sprays were monocrotophos, azinphos-ethyl, triazophos, 

fensulfothion, and cypermethrin. Unfortunately the first four are organo-phosphate 
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materials and posed health hazards to farmers who apply them, especially since 

farmers usually wear very minimal protective clothing and equipment while spraying 

(Litsinger et al. 2009b).

The knapsack sprayer is considered to be inefficient in delivering insecticide to 

the crop as the droplet size is highly variable and a low percentage of the amount of 

applied insecticide ended up on the leaves. A battery powered sprayer which produced 

a uniform droplet size was developed called the spinning disk (Matthews 2000). As fine 

water droplets evaporated before they impact on the plant wasting the chemical, oil-

based formulations were preferred. As the pesticide droplets were electronically 

charged by the spinning disk, more were deposited to plant foliage than to the ground 

or water surface, thus more insecticides landed on the crop compared to the knapsack 

sprayers. Despite these advantages, extensive field testing of the spinning disk sprayer 

did not improve its acceptance by the farmers over the common knapsack sprayers 

(IRRI 1982). Dave et al. (1977) tested an oil based ULV formulation of carbaryl applied 

at 10 DT which gave only 16% control of RWM in the WS. Performance improved in the 

DS with 57% control but this only matched knapsack sprayers. Application by 

helicopter also did not improve performance (Varma et al. 1976) and is not only 

expensive but insecticide drift cannot be contained, therefore human safety became a 

major concern.

Spray volume: IRRI researchers in the 1960s and early 1970s utilized spray volumes 

of 900-1,300 liters/ha, increasing the amount as the rice crop grew. A trial on the IRRI 

Farm in the1987 DS tested spray volumes from 150 to 750 liters/ ha applied over seven 

treatments in increments of 100 liters at 0.75 kg ai monocrotophos EC /ha in a four 

full-cone nozzle boom attached to a knapsack sprayer. The nozzles were 20 cm apart 

on the boom. The randomized complete block experiment was replicated five times. 

The results showed no effect of spray volume on any sampling date over the range 

tested. Therefore, the 150 liters/ha was considered as adequate spray volume, 

comparable to the spray volume used by Filipino rice farmers that averaged 200 

liters/ha (Litsinger et al. 2009b). At that time, the recommended spray volume was 300 

liters/ha for vegetative stage rice (Fajardo et al. 2000). Low volumes are adequate as the 

crop being sprayed is still young.

Minimum effective dosage: Before the advent of synthetic pyrethroids, sprayable 

insecticides were applied at a dosage of 0.75 kg ai/ha based on manufacturer 

recommendations (Litsinger et al.1980b). Beginning the 1980s, there was a focus to 

reduce the cost of insecticide application recommendations to farmers, therefore 

studies aimed to find the minimum effective dosage for the best performing materials 

were conducted. Macatula and Mochida (1987) tested rates of three insecticides from 
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From 1979 to 1991, the 'complete control' treatment in yield loss trials on 

farmers' fields using the insecticide check method (Litsinger et al. 1980a) attained only 

55% control of RWM  by spraying monocrotophos at 0.75 kg ai/ha at 10-day intervals 

starting at 7 DT (Litsinger et al. 2005a).

Arceo & Heinrichs (1980) evaluated different insecticides against RWM where 

plots were sprayed twice (3DT and 15 DT). Foliar sprays were tested at 0.75 kg ai/ha 

and the best performing materials were monocrotophos, fensulfothion, triazophos, 

and azinphos-ethyl. Insecticides were evaluated at IRRI in 1984 in the laboratory as 

larvicides. Five third-instar larvae were placed on seedlings from treated seedbed plots 

and placed in large test tubes. Larval mortality was assessed 48 hours later and the 

data from seven products were adjusted using Abbott's formula (Mochida & Heinrichs 

1984). The results showed that mortality ranged in declining order from cypermethrin 

(67%) > monocrotophos (58%) > deltamethrin (42%) > fenthion (42%) > azinphos-

ethyl (33%) > Brodan (chlorpyrifos + BPMC) (33%) > triazophos (17%). The most 

common mode of action was adulticidal because adults were killed immediately when 

they alighted on the treated foliage thus unable to lay eggs. However, the only   trial 

found where adult densities were measured was in India, where three insecticides were 

applied using a helicopter. Moth mortality rates measured by sweep net sampling were 

50% with dicrotophos, 41% with chlorfenvinphos, and only 25% with monocrotophos 

(Varma et al. 1976). Neonate larvae are most vulnerable due their small size, but once 

inside plants they normally escape all chemicals except systemic insecticides. Pantua 

& Litsinger (1987) tested materials for ovicidal action in greenhouse pot trials which 

identified as effective 0.012 kg ai deltamethrin/ha as well as 0.4 kg ai triazophos and 

azinphos-ethyl/ha exhibiting 94-98% egg mortality. Later trials identified 0.4 kg ai 

monocrotophos /ha (96% mortality) and 0.02 kg ai cypermethrin/ha (92% mortality) as 

ovicidal (Litsinger unpublished data). These materials were equally effective against 

eggs regardless of age. As oviposition occurs more on the undersides of leaves, good 

spray coverage of foliage is necessary for ovicides to work.

IRRI considered an insecticide as efficacious against RWM only at > 80% 

control of damage (Litsinger et al. 1980b). At that time, there were only two sprayable 

insecticides (triazophos and monocrotophos) that met this criterion. Later, synthetic 

pyrethroids and azinphos-ethyl met the standard. It is instructive that all of these 

materials were ovicidal. The difficulty to identify effective insecticides against RWM can 

be seen from the efficacy data of other common rice pests (Litsinger et al. 1980b). RWM 

had the fewest (4) effective insecticides identified compared to stemborers (11) and 

brown planthopper (8). We concluded from the many field studies that the best 

performing foliar sprays were monocrotophos, azinphos-ethyl, triazophos, 

fensulfothion, and cypermethrin. Unfortunately the first four are organo-phosphate 
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materials and posed health hazards to farmers who apply them, especially since 

farmers usually wear very minimal protective clothing and equipment while spraying 

(Litsinger et al. 2009b).

The knapsack sprayer is considered to be inefficient in delivering insecticide to 

the crop as the droplet size is highly variable and a low percentage of the amount of 

applied insecticide ended up on the leaves. A battery powered sprayer which produced 

a uniform droplet size was developed called the spinning disk (Matthews 2000). As fine 

water droplets evaporated before they impact on the plant wasting the chemical, oil-

based formulations were preferred. As the pesticide droplets were electronically 

charged by the spinning disk, more were deposited to plant foliage than to the ground 

or water surface, thus more insecticides landed on the crop compared to the knapsack 

sprayers. Despite these advantages, extensive field testing of the spinning disk sprayer 

did not improve its acceptance by the farmers over the common knapsack sprayers 

(IRRI 1982). Dave et al. (1977) tested an oil based ULV formulation of carbaryl applied 

at 10 DT which gave only 16% control of RWM in the WS. Performance improved in the 

DS with 57% control but this only matched knapsack sprayers. Application by 

helicopter also did not improve performance (Varma et al. 1976) and is not only 

expensive but insecticide drift cannot be contained, therefore human safety became a 

major concern.

Spray volume: IRRI researchers in the 1960s and early 1970s utilized spray volumes 

of 900-1,300 liters/ha, increasing the amount as the rice crop grew. A trial on the IRRI 

Farm in the1987 DS tested spray volumes from 150 to 750 liters/ ha applied over seven 

treatments in increments of 100 liters at 0.75 kg ai monocrotophos EC /ha in a four 

full-cone nozzle boom attached to a knapsack sprayer. The nozzles were 20 cm apart 

on the boom. The randomized complete block experiment was replicated five times. 

The results showed no effect of spray volume on any sampling date over the range 

tested. Therefore, the 150 liters/ha was considered as adequate spray volume, 

comparable to the spray volume used by Filipino rice farmers that averaged 200 

liters/ha (Litsinger et al. 2009b). At that time, the recommended spray volume was 300 

liters/ha for vegetative stage rice (Fajardo et al. 2000). Low volumes are adequate as the 

crop being sprayed is still young.

Minimum effective dosage: Before the advent of synthetic pyrethroids, sprayable 

insecticides were applied at a dosage of 0.75 kg ai/ha based on manufacturer 

recommendations (Litsinger et al.1980b). Beginning the 1980s, there was a focus to 

reduce the cost of insecticide application recommendations to farmers, therefore 

studies aimed to find the minimum effective dosage for the best performing materials 

were conducted. Macatula and Mochida (1987) tested rates of three insecticides from 
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300 to 700 g ai/ha in a field trial on the IRRI Farm. Monocrotophos, MIPC, and Brodan 

(chlorpyrifos + BPMC) sprayed at 5 DT were each effective at the lowest dosage tested, 

but the level of RWM control, based on damaged leaves (DL) was < 50%. In a trial 

conducted by us on the IRRI Farm in the 1987 WS, azinphos-ethyl was tested from 100 

to 700 g ai/ha applied at 50 g ai/ha increments (Figure 7). The plots were sprayed at 4 

DT and 11 DT and % DL was taken at 11 DT, 18 DT, and 25 DT. The dosage curves 

showed that the greatest mortality occurred between 300 and 400 g ai/ha, which agrees 

with the result of Macatula and Mochida (1987).The level of control was greater in our 

trial because we sprayed twice. The minimum effective dosage in IRRI trials was set at 

0.4 kg ai/ha, half that of the rates recommended by the chemical companies.

Timing and frequency of spray application: RWM proved to be a difficult insect to 

control as it colonizes early when the crop is actively growing and the new emerging 

shoots serve as oviposition sites, thus one foliar application cannot provide adequate 

control. Good crop coverage by insecticide is very important for RWM control. In 

developing action thresholds for RWM, the most effective insecticide application was 

either one or two sprays based on iterative testing over four sites (Litsinger et al. 

2005b, Table IV). Results based on yield response consistently showed that, for the 

three most common insecticides employed, namely, monocrotophos, azinphos-ethyl, 

and deltamethrin, two sprays were significantly superior to a single application. Over 

the years the timing of the optimal first application became earlier after transplanting 

from 7 and 14 DT to 2 and 9 DT.
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Figure 7. Determination of the minimum effective insecticide dosage in reducing rice whorl maggot damage 
sampled one week apart over three dates (days after transplanting DT) at 20 hills per plot. Azinphos-ethyl 
was applied as a foliar spray 4 and 11 DT. IRRI farm, 1987 WS.
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4± 2.2 b 17.9 ± 4.2

9±0.8a 1l.7± 2.6a

3±1.1a 17.5±3.2a

8 ± 3.3 b 29.4 ± 6.2

DAMAGED LEAVES

26DT

ab 20.3 ± 5.5 c

a 15.7±4.6 b

ab 1l.3± 5.2 a

10.8± 2.8a

b 8.3±1.9a

c 26.4 ± 7.4 d

S (%) 1

32DT M

16.4 ±4.1 bc 1

18.2±5.8c 1

10.0±3.9a 1

12.1±2.8ab 9

7.6±2.1a 9

17.3 ±6.2c 2

%

MEAN CONTROL

4.3 32

2.9 39

2.2 42

.6 54

.4 55

1.0

Table 8. Timing, frequency, and minimal dosage of azinphos-ethyl foliar sprays for rice whorl maggot 
control, IRRI Farm, 1987 DS.

1 DT = days after transplanting. Average of four replications. Twenty hills sampled. Means in a column followed by a different letter are 
significantly different (P < 0.05) by LSD test  

A follow-on trial was done in Koronadal in the first crop where application was 

based on action threshold of 0.5 egg/hill at 9 DT. Nine treatments of different dosages 

were evaluated and compared in Table 9. Dosages per application used were 200, 150, 

100, 50 g ai/ha and the frequency of spray applications ranged from 2 to 4 applications. 

Total dosage used ranged from 200 to 400 g ai/ha. These were all below the optimal 

dosage of 300 g ai/ha, but it was hypothesized that greater frequency of application 

Two field trials conducted in 1987-88 tested timing, dosage, and frequency of 

application with azinphos-ethyl. The first was in the IRRI Farm in the DS where from 

two to four applications were compared with the total dosage of 600 to 750 g ai/ha. In 

addition, the effect of prophylactic application was compared to that based on action 

threshold. The threshold, set at 0.5 eggs/hill, was reached at 9 DT. Two prophylactic 

treatments gave the best control where insecticide was applied at five-day intervals 

beginning 5 DT, with three or four sprays (Table 8). There was no difference in 

performance of four sprays over three sprays where the first application was 300 g 

ai/ha but the subsequent applications were only 150 g ai/ha. Lower dosages were used 

to economize in the total cost of protection. It was noted that loss during the vegetative 

stage ranged only from 130 to 320 kg/ha. The three and four foliar spray applications 

effectively controlled RWM damage (DL < 10 %; high percent control = 54 to 56 %) 

compared to that of two foliar spray application (DL > 12%; low percent control = 32% 

to 42%). The three foliar spray applications were better than two foliar sprays even 

though dosage was the same. We saw from Figure 7 that 150 g ai/ha can provide good 

control when applied early on the crop. There seemed to be an additive effect when 

sprays were only 5 d apart. The timing of 5, 10, & 15 DT outperformed sprayings on 3 

& 8, 6 & 12, and 9 & 16 DT. Thus, more continuous coverage was important during the 

first two weeks. The fourth spray at 20 DT seemed to have no value. Also, protecting 

the crop only during the first 8 or 12 d was not effective in extending the period of 

protection. Note that the timing of 5, 10, & 15 was better than 9 & 16 DT.
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300 to 700 g ai/ha in a field trial on the IRRI Farm. Monocrotophos, MIPC, and Brodan 

(chlorpyrifos + BPMC) sprayed at 5 DT were each effective at the lowest dosage tested, 

but the level of RWM control, based on damaged leaves (DL) was < 50%. In a trial 

conducted by us on the IRRI Farm in the 1987 WS, azinphos-ethyl was tested from 100 

to 700 g ai/ha applied at 50 g ai/ha increments (Figure 7). The plots were sprayed at 4 

DT and 11 DT and % DL was taken at 11 DT, 18 DT, and 25 DT. The dosage curves 

showed that the greatest mortality occurred between 300 and 400 g ai/ha, which agrees 

with the result of Macatula and Mochida (1987).The level of control was greater in our 

trial because we sprayed twice. The minimum effective dosage in IRRI trials was set at 

0.4 kg ai/ha, half that of the rates recommended by the chemical companies.

Timing and frequency of spray application: RWM proved to be a difficult insect to 

control as it colonizes early when the crop is actively growing and the new emerging 

shoots serve as oviposition sites, thus one foliar application cannot provide adequate 

control. Good crop coverage by insecticide is very important for RWM control. In 

developing action thresholds for RWM, the most effective insecticide application was 

either one or two sprays based on iterative testing over four sites (Litsinger et al. 

2005b, Table IV). Results based on yield response consistently showed that, for the 

three most common insecticides employed, namely, monocrotophos, azinphos-ethyl, 

and deltamethrin, two sprays were significantly superior to a single application. Over 

the years the timing of the optimal first application became earlier after transplanting 

from 7 and 14 DT to 2 and 9 DT.
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Figure 7. Determination of the minimum effective insecticide dosage in reducing rice whorl maggot damage 
sampled one week apart over three dates (days after transplanting DT) at 20 hills per plot. Azinphos-ethyl 
was applied as a foliar spray 4 and 11 DT. IRRI farm, 1987 WS.
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Table 8. Timing, frequency, and minimal dosage of azinphos-ethyl foliar sprays for rice whorl maggot 
control, IRRI Farm, 1987 DS.

1 DT = days after transplanting. Average of four replications. Twenty hills sampled. Means in a column followed by a different letter are 
significantly different (P < 0.05) by LSD test  

A follow-on trial was done in Koronadal in the first crop where application was 

based on action threshold of 0.5 egg/hill at 9 DT. Nine treatments of different dosages 

were evaluated and compared in Table 9. Dosages per application used were 200, 150, 

100, 50 g ai/ha and the frequency of spray applications ranged from 2 to 4 applications. 

Total dosage used ranged from 200 to 400 g ai/ha. These were all below the optimal 

dosage of 300 g ai/ha, but it was hypothesized that greater frequency of application 

Two field trials conducted in 1987-88 tested timing, dosage, and frequency of 

application with azinphos-ethyl. The first was in the IRRI Farm in the DS where from 

two to four applications were compared with the total dosage of 600 to 750 g ai/ha. In 

addition, the effect of prophylactic application was compared to that based on action 

threshold. The threshold, set at 0.5 eggs/hill, was reached at 9 DT. Two prophylactic 

treatments gave the best control where insecticide was applied at five-day intervals 

beginning 5 DT, with three or four sprays (Table 8). There was no difference in 

performance of four sprays over three sprays where the first application was 300 g 

ai/ha but the subsequent applications were only 150 g ai/ha. Lower dosages were used 

to economize in the total cost of protection. It was noted that loss during the vegetative 

stage ranged only from 130 to 320 kg/ha. The three and four foliar spray applications 

effectively controlled RWM damage (DL < 10 %; high percent control = 54 to 56 %) 

compared to that of two foliar spray application (DL > 12%; low percent control = 32% 

to 42%). The three foliar spray applications were better than two foliar sprays even 

though dosage was the same. We saw from Figure 7 that 150 g ai/ha can provide good 

control when applied early on the crop. There seemed to be an additive effect when 

sprays were only 5 d apart. The timing of 5, 10, & 15 DT outperformed sprayings on 3 

& 8, 6 & 12, and 9 & 16 DT. Thus, more continuous coverage was important during the 

first two weeks. The fourth spray at 20 DT seemed to have no value. Also, protecting 

the crop only during the first 8 or 12 d was not effective in extending the period of 

protection. Note that the timing of 5, 10, & 15 was better than 9 & 16 DT.
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might compensate. We see right away that the total dosage was one of the main factors 

for the effective control of RWM regardless of the number of spray application or 

timing. The three treatments (100 + 100; 100 +50 + 50; 50+50+50+50) with the 

lowest dosages (200 g ai/ha) performed the worst. The treatments with four 

applications and low dosages were likewise ineffective. These treatments involved 

more applications at 50 and 100 g ai/ha, but we note that the best performing 

treatment had the first application of 200 and the subsequent two at 100 g ai/ha. We 

conclude that this treatment outperformed the two sprays of 200 g ai/ha, so it shows 

that splitting the second application in half was beneficial.

Table 9. Efficacy of different combinations of dosage and frequency of azinphos-ethyl spray 
application for rice whorl maggot (RWM) control with the initial application based on action 
threshold, Koronadal, South Cotabato, 1988 first crop.

 
KG AI/HA Timing

(DT)
Damaged rice leaves (%)1 Control

(%)Dosage/
Application

Total
Dosage

14DT 18DT 22DT 26DT Mean

200+100+100 400 9,14,19 16.0±2.7a 11.7±4.9a 8.8±3.2a 10.8±4.7a 11.8 49

150+150 300 9,14 16.3±3.2a 15.1±5.2ab 11.2±4.3ab 12.7±5.7a 13.8 41

200+200 400 9,14 18.8±2.5ab 13.3±3.4a 12.2±4.2ab 12.6±3.2a 14.2 39

100+100+100+100 400 9,14,19,24 17.9±4.5ab 15.3±4.8ab 12.8±3.1b 11.8±4.4a 14.5 38

100+100+100 300 9,14,19 20.3±5.7ab 14.9±5.0ab 12.6±3.8b 11.2±4.9a 14.8 37

100+100+50+50 300 9,14,19,24 18.7±5.0ab 16.3±4.7ab 13.2±6.6b 12.1±6.2a 15.1 36

100+100 200 9,14 20.4±6.5ab 16.8±5.4ab 13.8±7.7b 14.8±6.0ab 16.5 30

100+50+50 200 9,14,19 21.4±7.1abc 19.3±6.6bc 13.7±5.0b 13.3±5.3a 16.9 28

50+50+50+50 200 9,14,19,24 22.8±6.9bc 20.4±6.3bc 14.3±4.9b 17.2±7.1b 18.7 20

Untreated 0 26.4±8.3c 23.4±8.1c 21.4±7.9c 22.3±8.9c 23.4

1 All applications were based on an action threshold of 0.5 eggs/hill which was reached at 9 days after transplanting (DT). Subsequent 
applications occurred at intervals of 5days. The trial was replicated across four farmers' fields. Spray volume was 300 liters/ha. In a 
column, means followed by a different letter are significantly different (P<0.05) by LSD test.

Seed treatment: Seed treatment was another method evaluated by MD Pathak as a 

way to increase insecticide efficacy and reduce dosage. Selected insecticides were 

evaluated in direct-seeded rice (IRRI 1972a). A slurry was made with 2% methyl 

cellulose to first coat the seed as a sticker, then the insecticide was added, followed by a 

final coating of activated charcoal. The activated charcoal absorbs moisture on the 

seed surface and prevents seeds from lumping together. Seed treatment was done in a 

plastic bucket which was tilted and rotated until the seeds were evenly coated. 
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Carbofuran, being systemic, excelled in these tests but were tested only at a high 

dosage of 1 kg ai/ha that treated 100 kg of rice seeds. In another adaptation test in 

India, seeds were soaked for 24 h in solution of insecticide. Solutions of 1% diazinon, 

monocrotophos, or carbofuran at best controlled 64% RWM leaf damage at 15 DT 

(Ramamurthy et al. 1976). Seed treatment was found unnecessary when it became 

evident that direct seeded rice resulted in low RWM incidence.

Granules broadcasted into paddy water: Another alternative to foliar spraying 

evaluated was the use of granules broadcasted into flooded paddy water by hand in a 

manner similar to top dressing urea. This method was pioneered by MD Pathak of IRRI 

beginning in 1964 (Pathak 1968). Among the first materials tested were non-systemic 

granular formulations of lindane, lindane + carbaryl, and diazinon. These 

formulations when applied to the paddy water were readily absorbed by rice roots and 

translocated to the leaf sheaths and blades, thus exhibiting 'pseudosystemic activity' 

(Sethunathan et al. 1971). These were particularly effective against stemborer larvae 

that had entered rice stems, which foliar sprays could not reach. These were also more 

effective against RWM than foliar sprays when applied soon after transplanting and 15 

days later. Paddy water application, however, required high dosages, generally 2 kg 

ai/ha (Sanchez et al. 1968, 1970). Diazinon became very popular for use in the IRRI 

Farm due to the high populations of stemborers and RWM, and the fields were treated 

every 15 days. This heavy insecticide load soon selected for strains of soil bacteria that 

biodegraded diazinon in the paddy soil environment rendering it ineffective 

(Sethunathan & Pathak 1971). At first it was thought that the problem was insecticide 

resistance. The evolution of microbial strains that fed on diazinon did not happen in 

farmers' fields as they could not afford to apply as often. As a result non-systemic 

granules never became very popular with Filipino farmers (Litsinger et al. 2009b). 

Another reason was that farmers cannot maintain water in their field sufficiently deep 

(> 5 cm) over time to allow chemicals to become 'pseudo-systemic' by moving up 

between leaf sheaths and the culm in a film of water by capillary action (Bandong & 

Litsinger 1979). The success of this method depended on the farmer's ability to 

maintain deep ponding during the vegetative stage. When the paddy water drops, the 

control stops. Thus, farmers with fluctuating water levels failed to benefit from this 

technology, whereas on research stations such fluctuation was eliminated by a 

superior irrigation system. On modern rice varieties, deep ponding inhibited tillering 

so farmers were advised to keep water depth < 5 cm during the first 10-15 DT when 

RWM is most active and controlled by deeper water levels. The problem associated 

with water level fluctuation was avoided with the use of systemic insecticide granules 

with the most popular being 3% carbofuran. Once in the root zone, the insecticide is 

translocated to the tillers killing RWM larvae in their tunnels (Pathak & Dyck 1973). 

However, when broadcasted into the paddy water, much chemical binds with the soil 
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might compensate. We see right away that the total dosage was one of the main factors 

for the effective control of RWM regardless of the number of spray application or 

timing. The three treatments (100 + 100; 100 +50 + 50; 50+50+50+50) with the 

lowest dosages (200 g ai/ha) performed the worst. The treatments with four 

applications and low dosages were likewise ineffective. These treatments involved 

more applications at 50 and 100 g ai/ha, but we note that the best performing 

treatment had the first application of 200 and the subsequent two at 100 g ai/ha. We 

conclude that this treatment outperformed the two sprays of 200 g ai/ha, so it shows 

that splitting the second application in half was beneficial.

Table 9. Efficacy of different combinations of dosage and frequency of azinphos-ethyl spray 
application for rice whorl maggot (RWM) control with the initial application based on action 
threshold, Koronadal, South Cotabato, 1988 first crop.

 
KG AI/HA Timing

(DT)
Damaged rice leaves (%)1 Control

(%)Dosage/
Application

Total
Dosage

14DT 18DT 22DT 26DT Mean

200+100+100 400 9,14,19 16.0±2.7a 11.7±4.9a 8.8±3.2a 10.8±4.7a 11.8 49

150+150 300 9,14 16.3±3.2a 15.1±5.2ab 11.2±4.3ab 12.7±5.7a 13.8 41

200+200 400 9,14 18.8±2.5ab 13.3±3.4a 12.2±4.2ab 12.6±3.2a 14.2 39

100+100+100+100 400 9,14,19,24 17.9±4.5ab 15.3±4.8ab 12.8±3.1b 11.8±4.4a 14.5 38

100+100+100 300 9,14,19 20.3±5.7ab 14.9±5.0ab 12.6±3.8b 11.2±4.9a 14.8 37

100+100+50+50 300 9,14,19,24 18.7±5.0ab 16.3±4.7ab 13.2±6.6b 12.1±6.2a 15.1 36

100+100 200 9,14 20.4±6.5ab 16.8±5.4ab 13.8±7.7b 14.8±6.0ab 16.5 30

100+50+50 200 9,14,19 21.4±7.1abc 19.3±6.6bc 13.7±5.0b 13.3±5.3a 16.9 28

50+50+50+50 200 9,14,19,24 22.8±6.9bc 20.4±6.3bc 14.3±4.9b 17.2±7.1b 18.7 20

Untreated 0 26.4±8.3c 23.4±8.1c 21.4±7.9c 22.3±8.9c 23.4

1 All applications were based on an action threshold of 0.5 eggs/hill which was reached at 9 days after transplanting (DT). Subsequent 
applications occurred at intervals of 5days. The trial was replicated across four farmers' fields. Spray volume was 300 liters/ha. In a 
column, means followed by a different letter are significantly different (P<0.05) by LSD test.

Seed treatment: Seed treatment was another method evaluated by MD Pathak as a 

way to increase insecticide efficacy and reduce dosage. Selected insecticides were 

evaluated in direct-seeded rice (IRRI 1972a). A slurry was made with 2% methyl 

cellulose to first coat the seed as a sticker, then the insecticide was added, followed by a 

final coating of activated charcoal. The activated charcoal absorbs moisture on the 

seed surface and prevents seeds from lumping together. Seed treatment was done in a 

plastic bucket which was tilted and rotated until the seeds were evenly coated. 
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Carbofuran, being systemic, excelled in these tests but were tested only at a high 

dosage of 1 kg ai/ha that treated 100 kg of rice seeds. In another adaptation test in 

India, seeds were soaked for 24 h in solution of insecticide. Solutions of 1% diazinon, 

monocrotophos, or carbofuran at best controlled 64% RWM leaf damage at 15 DT 

(Ramamurthy et al. 1976). Seed treatment was found unnecessary when it became 

evident that direct seeded rice resulted in low RWM incidence.

Granules broadcasted into paddy water: Another alternative to foliar spraying 

evaluated was the use of granules broadcasted into flooded paddy water by hand in a 

manner similar to top dressing urea. This method was pioneered by MD Pathak of IRRI 

beginning in 1964 (Pathak 1968). Among the first materials tested were non-systemic 

granular formulations of lindane, lindane + carbaryl, and diazinon. These 

formulations when applied to the paddy water were readily absorbed by rice roots and 

translocated to the leaf sheaths and blades, thus exhibiting 'pseudosystemic activity' 

(Sethunathan et al. 1971). These were particularly effective against stemborer larvae 

that had entered rice stems, which foliar sprays could not reach. These were also more 

effective against RWM than foliar sprays when applied soon after transplanting and 15 

days later. Paddy water application, however, required high dosages, generally 2 kg 

ai/ha (Sanchez et al. 1968, 1970). Diazinon became very popular for use in the IRRI 

Farm due to the high populations of stemborers and RWM, and the fields were treated 

every 15 days. This heavy insecticide load soon selected for strains of soil bacteria that 

biodegraded diazinon in the paddy soil environment rendering it ineffective 

(Sethunathan & Pathak 1971). At first it was thought that the problem was insecticide 

resistance. The evolution of microbial strains that fed on diazinon did not happen in 

farmers' fields as they could not afford to apply as often. As a result non-systemic 

granules never became very popular with Filipino farmers (Litsinger et al. 2009b). 

Another reason was that farmers cannot maintain water in their field sufficiently deep 

(> 5 cm) over time to allow chemicals to become 'pseudo-systemic' by moving up 

between leaf sheaths and the culm in a film of water by capillary action (Bandong & 

Litsinger 1979). The success of this method depended on the farmer's ability to 

maintain deep ponding during the vegetative stage. When the paddy water drops, the 

control stops. Thus, farmers with fluctuating water levels failed to benefit from this 

technology, whereas on research stations such fluctuation was eliminated by a 

superior irrigation system. On modern rice varieties, deep ponding inhibited tillering 

so farmers were advised to keep water depth < 5 cm during the first 10-15 DT when 

RWM is most active and controlled by deeper water levels. The problem associated 

with water level fluctuation was avoided with the use of systemic insecticide granules 

with the most popular being 3% carbofuran. Once in the root zone, the insecticide is 

translocated to the tillers killing RWM larvae in their tunnels (Pathak & Dyck 1973). 

However, when broadcasted into the paddy water, much chemical binds with the soil 
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during its journey down to the root zone reducing its efficacy (Seiber et al. 1978). This 

led to research that focused on how insecticide could be placed directly into the root 

zone.

Root zone application: MD Pathak found that placing insecticide into the root zone 

provided more residual control and the anaerobic environment reduced the natural 

degradation, thus it was effective at a lower dosage than paddy water broadcast or 

foliar sprays. To demonstrate the concept, carbofuran and propoxur granules were 

inserted into small sections of paper straws and placed 2-3 cm below the soil surface 

per hill. It was found effective at 1 kg ai/ha against RWM giving almost 100% control 

(IRRI 1973). Later, gelatin capsules used in the pharmaceutical industry were tried 

(IRRI 1974b). One gelatin capsule per four hills did not perform well, so one per hill 

was needed (IRRI 1975). A field trial in Maros, Sulawesi in 1973-74 tested carbofuran 

G rolled into small clay balls (0.5-1 cm) and dried before placement in the root zone at 

the equivalent rate of 2 kg ai/ha (Sama et al. 1974). The clay balls gave excellent control 

(< 2% DL) at 20 & 40 DT sampling dates, whereas five sprays of cyanophenphos 

beginning 3 DT gave mediocre control (10% & 36% DL) at both sampling dates, 

compared to the untreated that registered 13% & 56% DL. 

Various neem products have been found effective in trials in India when placed in the 

root zone either as coating on urea fertilizer or neem cake which is the product left over 

after the oil has been extracted from the seed (David 1986, Krishnaiah & Kalode 1991, 

Bhatia et al. 1994). Coal tar has also been used as a binder in these formulations. Root 

zone placement of carbofuran WP coated urea  super-granules using coal tar or neem 

oil as stickers gave effective control, similar to that of three applications of carbofuran 

G broadcast (Krishnaiah et al. 1988).

As it is impractical at the field level to manually place a capsule in every hill, a 

mechanized solution was sought. IRRI agricultural engineers developed a metal, two-

row, root zone injector that a farmer could push through the mud (Heinrichs et al. 

1977). The injector had blades that sliced through the puddled soil and the operator 

carried a tank on his back with hose that dispensed liquid insecticide (every other row) 

either by gravity flow or by peristaltic pump to 6 cm below the soil in the root zone. 

Insecticide was applied just after transplanting. This applicator was superior to 

broadcasting carbofuran, but equal to gelatin capsules pushed into the soil near the 

roots of each hill. The applicator proved unpopular with farmers not only due to its 

high cost but also because it was difficult to push and required very thorough puddling 

to loosen the soil as well as straight row planting. Each of these specifications 

increased cost.
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In the seedbed: In Japan, it was common for farmers to apply granular insecticides to 

the roots in the hoppers of motorized mechanical transplanters (Hirao 1984). 

Insecticides were also applied to seedbeds for a carryover of the applied chemical to the 

transplanted crop. Nursery application of insecticides has been tested in India and the 

Philippines but in general has led to inconsistent control from either monocrotophos 

spray or carbofuran granules applied 10 days after sowing (DAS). Best control came 

with carbofuran granules at 0.5 kg ai/ha 10 DAS (Jayaraman & Velusamy 1978, Singh 

& Rizvi 1983). A number of methods of applying insecticide to a wet seedbed were 

tested on the IRRI Farm in 1984 with the idea that carbofuran would persist in the 

transplanted crop. This idea proved not to work, as dosages as high as 4 kg ai/ha were 

ineffective even on the first sampling date of 9 DT (Table 10). Roots of seedlings given a 

root coat of cassava flour then dipped in carbofuran granules provided only 56% 

control.

1 DAS = days after sowing, DT = days after transplanting. Means within a column followed by a different letter are significantly 
different (P < 0.05) by LSD test. Average of four replications, 20 hills sampled per plot at 9DT, 16DT & 24DT. date 

DOSAGE DAMAGED LEAVES (%) %
TREATMENT KGAI / HA 9DT 16 DT 24 DT MEAN CONTROL

Soil incorporated before

transplanting 1.0 2.1±0.7 a 1.0±0.4a 4.2±1.9a 2.4 85.7

Roots dipped in granules

before transplanting 0.4 3.5 ± 1.2 b 6.9±2.8b 12.3±6.2b 7.6 55.5

Broadcast in seedbed 3 DAS 4.0 6.5± 2.3 c 14.7±5.2c 16.6± 5.5cd 12.6 25.9

Broadcast in seedbed 12 DAS 4.0 7.6 ± 2.7 cd 15.3±4.7 c 16.6±4.4cd 13.2 22.S

Soil incorporated into

seedbed 0 DAS 2.0 8.9±2.1d 15.6±5.0c 19.4±7.1cd 14.6 13.9

Broadcast in seedbed 3DAS 2.0 9.4±3.5d 15.9±3.9c 19.1±5.9cd 14.8 12.9

Broadcast in seedbed 12 DAS 2.0 9.6±2.6d 16.6±5.2c 20.3±5.2cd 15.5 8.8

Untreated control 0 9.0±3.7d 17.3±6.6c 24.6±7.2d 17.0

Table 10. Efficacy of application of carbofuran 3% granules to the seedbed compared to that of other 
1methods against rice whorl maggot, IRRI Field, 1984.

Root soaking/root coating: Methods were continuously refined to reduce the dosage 

and the cost of controlling RWM by insecticides. Soaking the roots of seedlings in a 

systemic insecticide solution before transplanting was one of the methods tested to 

meet this objective. The insecticide was mixed with water in a plastic basin and the 

roots of the bundled rice seedlings were dipped in the solution for direct absorption of 

the insecticide by the roots and translocation within the plant system. This method 

minimized the insecticide absorbed by the soil where the effective dosage would be 

reduced. The method is termed root soaking and was first used by MD Pathak against 
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during its journey down to the root zone reducing its efficacy (Seiber et al. 1978). This 

led to research that focused on how insecticide could be placed directly into the root 

zone.

Root zone application: MD Pathak found that placing insecticide into the root zone 

provided more residual control and the anaerobic environment reduced the natural 

degradation, thus it was effective at a lower dosage than paddy water broadcast or 

foliar sprays. To demonstrate the concept, carbofuran and propoxur granules were 

inserted into small sections of paper straws and placed 2-3 cm below the soil surface 

per hill. It was found effective at 1 kg ai/ha against RWM giving almost 100% control 

(IRRI 1973). Later, gelatin capsules used in the pharmaceutical industry were tried 

(IRRI 1974b). One gelatin capsule per four hills did not perform well, so one per hill 

was needed (IRRI 1975). A field trial in Maros, Sulawesi in 1973-74 tested carbofuran 

G rolled into small clay balls (0.5-1 cm) and dried before placement in the root zone at 

the equivalent rate of 2 kg ai/ha (Sama et al. 1974). The clay balls gave excellent control 

(< 2% DL) at 20 & 40 DT sampling dates, whereas five sprays of cyanophenphos 

beginning 3 DT gave mediocre control (10% & 36% DL) at both sampling dates, 

compared to the untreated that registered 13% & 56% DL. 

Various neem products have been found effective in trials in India when placed in the 

root zone either as coating on urea fertilizer or neem cake which is the product left over 

after the oil has been extracted from the seed (David 1986, Krishnaiah & Kalode 1991, 

Bhatia et al. 1994). Coal tar has also been used as a binder in these formulations. Root 

zone placement of carbofuran WP coated urea  super-granules using coal tar or neem 

oil as stickers gave effective control, similar to that of three applications of carbofuran 

G broadcast (Krishnaiah et al. 1988).

As it is impractical at the field level to manually place a capsule in every hill, a 

mechanized solution was sought. IRRI agricultural engineers developed a metal, two-

row, root zone injector that a farmer could push through the mud (Heinrichs et al. 

1977). The injector had blades that sliced through the puddled soil and the operator 

carried a tank on his back with hose that dispensed liquid insecticide (every other row) 

either by gravity flow or by peristaltic pump to 6 cm below the soil in the root zone. 

Insecticide was applied just after transplanting. This applicator was superior to 

broadcasting carbofuran, but equal to gelatin capsules pushed into the soil near the 

roots of each hill. The applicator proved unpopular with farmers not only due to its 

high cost but also because it was difficult to push and required very thorough puddling 

to loosen the soil as well as straight row planting. Each of these specifications 

increased cost.
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In the seedbed: In Japan, it was common for farmers to apply granular insecticides to 

the roots in the hoppers of motorized mechanical transplanters (Hirao 1984). 

Insecticides were also applied to seedbeds for a carryover of the applied chemical to the 

transplanted crop. Nursery application of insecticides has been tested in India and the 

Philippines but in general has led to inconsistent control from either monocrotophos 

spray or carbofuran granules applied 10 days after sowing (DAS). Best control came 

with carbofuran granules at 0.5 kg ai/ha 10 DAS (Jayaraman & Velusamy 1978, Singh 

& Rizvi 1983). A number of methods of applying insecticide to a wet seedbed were 

tested on the IRRI Farm in 1984 with the idea that carbofuran would persist in the 

transplanted crop. This idea proved not to work, as dosages as high as 4 kg ai/ha were 

ineffective even on the first sampling date of 9 DT (Table 10). Roots of seedlings given a 

root coat of cassava flour then dipped in carbofuran granules provided only 56% 

control.

1 DAS = days after sowing, DT = days after transplanting. Means within a column followed by a different letter are significantly 
different (P < 0.05) by LSD test. Average of four replications, 20 hills sampled per plot at 9DT, 16DT & 24DT. date 

DOSAGE DAMAGED LEAVES (%) %
TREATMENT KGAI / HA 9DT 16 DT 24 DT MEAN CONTROL

Soil incorporated before

transplanting 1.0 2.1±0.7 a 1.0±0.4a 4.2±1.9a 2.4 85.7

Roots dipped in granules

before transplanting 0.4 3.5 ± 1.2 b 6.9±2.8b 12.3±6.2b 7.6 55.5

Broadcast in seedbed 3 DAS 4.0 6.5± 2.3 c 14.7±5.2c 16.6± 5.5cd 12.6 25.9

Broadcast in seedbed 12 DAS 4.0 7.6 ± 2.7 cd 15.3±4.7 c 16.6±4.4cd 13.2 22.S

Soil incorporated into

seedbed 0 DAS 2.0 8.9±2.1d 15.6±5.0c 19.4±7.1cd 14.6 13.9

Broadcast in seedbed 3DAS 2.0 9.4±3.5d 15.9±3.9c 19.1±5.9cd 14.8 12.9

Broadcast in seedbed 12 DAS 2.0 9.6±2.6d 16.6±5.2c 20.3±5.2cd 15.5 8.8

Untreated control 0 9.0±3.7d 17.3±6.6c 24.6±7.2d 17.0

Table 10. Efficacy of application of carbofuran 3% granules to the seedbed compared to that of other 
1methods against rice whorl maggot, IRRI Field, 1984.

Root soaking/root coating: Methods were continuously refined to reduce the dosage 

and the cost of controlling RWM by insecticides. Soaking the roots of seedlings in a 

systemic insecticide solution before transplanting was one of the methods tested to 

meet this objective. The insecticide was mixed with water in a plastic basin and the 

roots of the bundled rice seedlings were dipped in the solution for direct absorption of 

the insecticide by the roots and translocation within the plant system. This method 

minimized the insecticide absorbed by the soil where the effective dosage would be 

reduced. The method is termed root soaking and was first used by MD Pathak against 
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planthoppers and leafhoppers that transmitted viruses, such as tungro and grassy 

stunt (IRRI 1972b). Root soaking with carbofuran gave outstanding performance with 

effectiveness extended up to 50 DT in the greenhouse. The solution of carbofuran was 

5200 ppm (5.2 g ai/ha) and was soaked for only a few minutes. The first trial using 

carbofuran against RWM was in 1973 and 54% control was obtained at 20 DT with four 

seedlings per hill at the dosage of 1000 ppm (1 g ai/ha) (IRRI 1974c). Control was less 

(41-46%) with 1 or 2 seedlings per hill.

Individual seedlings took 62 g/ha of the insecticide from the diluted solution. 

Higher dosages per hill were observed when more than 1 seedling per hill was 

transplanted. At four seedlings per hill, the total plant uptake of the diluted insecticide 

solution was 107 g/ha. If the roots were washed before transplanting, the effect was 

less, indicating that the insecticide adhering to the surface of the roots was more 

important.

Carbofuran was considered to be too toxic for use by farmers, therefore, other 

insecticides were identified. Many trials by IRRI researchers evaluated different 

insecticides using the root soaking method to find candidate insecticides to replace 

carbofuran. Nine of the best performers were tested in Koronadal in the 1985 first crop 

at two dosages-- 250 and 500 g ai/ha, in a farmers' field trial (Table 11). It was found 

that isofenphos excelled over the other materials with over 60% control. Azinphos-
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47.6

40.5
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‐11.9
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‐31.0

Table 11. Evaluation of nine insecticides at two dosages using the seedling root soak application 
method against the rice whorl maggot, Koronadal, S. Cotabato. 1985 second irrigated rice 

1crop . 

1 Bundled three-week old seedlings were immersed overnight in insecticide solution at a dilution rate of 250 liters/ha and 
transplanted immediately thereafter. Thiodicarb and benfuracarb exhibited phytotoxic symptoms at both dosages. Means in a 
column followed by a different letter are significantly different (P:< 0.05) by LSD test. Sample size was 20 hills/plot. DT = days after 
transplanting, DS = dispersible solid, EC = emulsifiable concentrate, WP = wettable powder
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Figure 8. Effect of isophenfos dosage againts rice whorl maggot applied as an overnight seedling root soak in a 
basin holding 250 liters/ha. Damage was assessed by sampling 20 hills per plot over three dates after 
transplanting (DT). The experiment was replicated three times. Koronadal, S. Cotabato, 1986 WS.
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Three applications of insecticide to the roots of rice seedlings, namely, root 

soaking, root dipping and root spray, were tested in Koronadal with two insecticides--- 

isofenphos and carbosulfan each at 0.3 kg ai/ha. When averaged, soaking overnight 

was found slightly superior (81% control), to dipping the roots for 5 seconds (74% 

control), or with spraying insecticide on the roots (65% control) (Table 12). Averaged 

over the three methods, isofenphos showed only slightly better control (76%) than 

carbosulfan (71%). In a farmer's field trial in Guimba, Nueva Ecija there was a linear 

increase in the degree of efficacy with longer hours of soaking up to 12 hours (Figure 9). 

Control was 85% at 14 DT, but dropped sharply to only 35% at 21 DT. The slope of the 

regression models was twice greater at 14 DT than at 21 DT indicating that there was 

declining efficacy with crop age. Thus, longer soaking showed greater benefit only soon 

after transplanting. It was beneficial to soak the seedlings for at least 12h. Some 

chemicals caused phytotoxicity to the seedlings when soaking was longer than 12h.

Trials in India confirmed the results in the Philippines. Rajamani et al. (1979, 

1984) found that root soaking seedlings was an effective and economical control 

measure for RWM. Seedlings were soaked in carbofuran, chlorpyrifos, BHC, 

ethyl and carbosulfan were second and third respectively, in performance with 40-50% 

control. Carbosulfan is a safer insecticide than carbofuran for farmer usage in non-

granular form. In a follow up trial to find the minimum effective dosage for isofenphos, 

it was found to be 250-300 g ai/ha (Figure 8).
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planthoppers and leafhoppers that transmitted viruses, such as tungro and grassy 

stunt (IRRI 1972b). Root soaking with carbofuran gave outstanding performance with 

effectiveness extended up to 50 DT in the greenhouse. The solution of carbofuran was 

5200 ppm (5.2 g ai/ha) and was soaked for only a few minutes. The first trial using 

carbofuran against RWM was in 1973 and 54% control was obtained at 20 DT with four 

seedlings per hill at the dosage of 1000 ppm (1 g ai/ha) (IRRI 1974c). Control was less 

(41-46%) with 1 or 2 seedlings per hill.

Individual seedlings took 62 g/ha of the insecticide from the diluted solution. 

Higher dosages per hill were observed when more than 1 seedling per hill was 

transplanted. At four seedlings per hill, the total plant uptake of the diluted insecticide 

solution was 107 g/ha. If the roots were washed before transplanting, the effect was 

less, indicating that the insecticide adhering to the surface of the roots was more 

important.

Carbofuran was considered to be too toxic for use by farmers, therefore, other 

insecticides were identified. Many trials by IRRI researchers evaluated different 

insecticides using the root soaking method to find candidate insecticides to replace 

carbofuran. Nine of the best performers were tested in Koronadal in the 1985 first crop 

at two dosages-- 250 and 500 g ai/ha, in a farmers' field trial (Table 11). It was found 

that isofenphos excelled over the other materials with over 60% control. Azinphos-
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Table 11. Evaluation of nine insecticides at two dosages using the seedling root soak application 
method against the rice whorl maggot, Koronadal, S. Cotabato. 1985 second irrigated rice 

1crop . 

1 Bundled three-week old seedlings were immersed overnight in insecticide solution at a dilution rate of 250 liters/ha and 
transplanted immediately thereafter. Thiodicarb and benfuracarb exhibited phytotoxic symptoms at both dosages. Means in a 
column followed by a different letter are significantly different (P:< 0.05) by LSD test. Sample size was 20 hills/plot. DT = days after 
transplanting, DS = dispersible solid, EC = emulsifiable concentrate, WP = wettable powder
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Figure 8. Effect of isophenfos dosage againts rice whorl maggot applied as an overnight seedling root soak in a 
basin holding 250 liters/ha. Damage was assessed by sampling 20 hills per plot over three dates after 
transplanting (DT). The experiment was replicated three times. Koronadal, S. Cotabato, 1986 WS.
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Three applications of insecticide to the roots of rice seedlings, namely, root 

soaking, root dipping and root spray, were tested in Koronadal with two insecticides--- 

isofenphos and carbosulfan each at 0.3 kg ai/ha. When averaged, soaking overnight 

was found slightly superior (81% control), to dipping the roots for 5 seconds (74% 

control), or with spraying insecticide on the roots (65% control) (Table 12). Averaged 

over the three methods, isofenphos showed only slightly better control (76%) than 

carbosulfan (71%). In a farmer's field trial in Guimba, Nueva Ecija there was a linear 

increase in the degree of efficacy with longer hours of soaking up to 12 hours (Figure 9). 

Control was 85% at 14 DT, but dropped sharply to only 35% at 21 DT. The slope of the 

regression models was twice greater at 14 DT than at 21 DT indicating that there was 

declining efficacy with crop age. Thus, longer soaking showed greater benefit only soon 

after transplanting. It was beneficial to soak the seedlings for at least 12h. Some 

chemicals caused phytotoxicity to the seedlings when soaking was longer than 12h.

Trials in India confirmed the results in the Philippines. Rajamani et al. (1979, 

1984) found that root soaking seedlings was an effective and economical control 

measure for RWM. Seedlings were soaked in carbofuran, chlorpyrifos, BHC, 

ethyl and carbosulfan were second and third respectively, in performance with 40-50% 

control. Carbosulfan is a safer insecticide than carbofuran for farmer usage in non-

granular form. In a follow up trial to find the minimum effective dosage for isofenphos, 

it was found to be 250-300 g ai/ha (Figure 8).
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Table 12. Effect of insecticide application method to the roots of rice seedlings (aged 21 days) prior to 
transplanting on rice whorl maggot control. Two systemic insecticides were compared on 
IR60 rice, Koronadal, S. Cotabato 1983 first season. 

1 Applied at 0.5 kg ai/ha 
2 Average of three replications. In a column means followed by a different letter are significantly different (P<0.05) by LSD statistical 
test 

  DT = days after transplanting. Sample size was 20 hills/plot. 
3150 liters of water/ha dilution. Root soaking: seedlings soaked overnight 
Root dipping: roots dipped for 5 seconds. Root spray: small hand aerosol sprayer used to spray chemicals to the root of rice 
seedlings.

 
DAMAGED RICE LEAVES (%)

2

APPLICATION %

INSECTICIDE1 METHOD 14DT 21DT 28DT MEAN CONTROL

Isofenphos 40 DS Root soak
3

1.0±0.2a 3.5 ±0.9 a 7.9±2.6a 4.1 85.7

Root dip 3 3.3±0.7ab 5.8± 2.3 ab 9.8±4.6 a 6.3 78.2

Root spray 6.3±2.1b 9.1± 3.3 bc 16.0±6.7b 10.5 63.8

Carbosulfan 25 ST Root soak 3
2.1±0.8a 5.6± 3.1ab 13.2 ± 5.5 b 7.0 75.9

Root dip 3 1.7±0.5a 9.2±4.2 bc 15.1±8.9 b 8.7 70.0

Root spray 2.2± 1.0a 9.6± 3.7 c 18.1± 7.0c 10.0 65.5

Untreated 27.4± 11.4c 30.8± 14.7 d 28.4± 13.9 d 28.9
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Figure 9. The relationship of hours rice seedlings rots were soaked in insecticide and the education of rice whorl 
maggot damage sampled 14 and 21 days after transplanting (DT), Rice seedling soak method utilized a 
dilution rate of 250 liters water/ha transplanted. Sample size = 20 hills. Guimba, Nueva Ecija, 1985 WS.
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chlorfenvinphos, and quinalphos for 4, 8, and 12 h. All chemicals were equally effective 

and those soaked for longer periods and at higher concentrations (0.05%) had better 

efficacy (51% control), averaging 18% DL in the treated vs. 37% DL in the untreated. 

Other researchers in India found good control with root soaking in a variety of 

insecticides (Azam & Bano 1977, Natarajan & Chandy 1979).

Root soaking showed short residual activity and the differences in RWM 

control efficacy between dipping the roots in solution and soaking them for 12 hours 

were surprisingly close. Additives were then tested to see if performance could be 

improved. The first to be tested was 2% methyl cellulose applied to the roots as a 

sticker which achieved 94% control at 20 and 30 DT using flowable carbofuran at 2 kg 

ai /ha (IRRI 1976b). This method was termed root coating. Root coating was superior to 

root soaking as the sticker in the former provided an extra reservoir of insecticide that 

transferred to the roots over time. Root coating led to 30-40 d more residual activity 

compared to only 10-20 d with root soaking. Perlite is the best coating material due to 

its porosity but it is expensive (Seiber et al. 1977). We developed simpler root coating 

methods which were more effective in 25-day-old wetbed seedlings than 14-day-old 

dapog seedlings probably as more material adhered to the longer roots. The most 

effective root coating material was paddy mud made into a slurry to which zinc oxide 

and insecticide were added. The roots were dipped in the afternoon at a dosage of 0.3 

kg ai/ha and dried overnight before transplanting the next day. Excellent control of 

RWM lasted up to 28 DT, with carbosulfan 20 EC, benfuracarb 40 F, carbofuran 12 F, 

and furathiocarb 40 EC as the best performers (Table 13). It is believed that the zinc 

oxide enhanced the efficacy by acting like perlite as other trials using only a dried 

paddy mud root coat were not as effective. Activated charcoal and pig fat were also used 

to enhance the residual effect but did not perform well. Lastly, a combination of root 

soaking and root coat was tested. Over 80% control occurred when the two methods 

were combined even at the lowest dosage tested (0.15 kg ai/ha) for each method (Table 

14). When tested separately, root soaking was superior although not significantly for 

each dosage tested.

Soil incorporation of systemic insecticide granules: Results using root 

coating and root soaking have been inconsistent with some insecticides except 

carbofuran that had the best performance, but should not be recommended due to its 

human toxicity (IRRI 1974c). These methods were also more labor intensive. The 

method involving least effort on the part of the farmer is soil incorporation of systemic 

granular insecticide. Here, the granules were broadcasted in the field before the last 

tillage operation prior to transplanting. Tillage places the granules in the root zone and 

in an anaerobic environment where dissipation rates were slowed down, thus allowing 

more material to be absorbed by the growing roots (Heinrichs & Aquino 1978). Soil 
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transplanting on rice whorl maggot control. Two systemic insecticides were compared on 
IR60 rice, Koronadal, S. Cotabato 1983 first season. 

1 Applied at 0.5 kg ai/ha 
2 Average of three replications. In a column means followed by a different letter are significantly different (P<0.05) by LSD statistical 
test 

  DT = days after transplanting. Sample size was 20 hills/plot. 
3150 liters of water/ha dilution. Root soaking: seedlings soaked overnight 
Root dipping: roots dipped for 5 seconds. Root spray: small hand aerosol sprayer used to spray chemicals to the root of rice 
seedlings.
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Root dip 3 3.3±0.7ab 5.8± 2.3 ab 9.8±4.6 a 6.3 78.2

Root spray 6.3±2.1b 9.1± 3.3 bc 16.0±6.7b 10.5 63.8

Carbosulfan 25 ST Root soak 3
2.1±0.8a 5.6± 3.1ab 13.2 ± 5.5 b 7.0 75.9

Root dip 3 1.7±0.5a 9.2±4.2 bc 15.1±8.9 b 8.7 70.0

Root spray 2.2± 1.0a 9.6± 3.7 c 18.1± 7.0c 10.0 65.5
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Figure 9. The relationship of hours rice seedlings rots were soaked in insecticide and the education of rice whorl 
maggot damage sampled 14 and 21 days after transplanting (DT), Rice seedling soak method utilized a 
dilution rate of 250 liters water/ha transplanted. Sample size = 20 hills. Guimba, Nueva Ecija, 1985 WS.
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chlorfenvinphos, and quinalphos for 4, 8, and 12 h. All chemicals were equally effective 

and those soaked for longer periods and at higher concentrations (0.05%) had better 

efficacy (51% control), averaging 18% DL in the treated vs. 37% DL in the untreated. 

Other researchers in India found good control with root soaking in a variety of 

insecticides (Azam & Bano 1977, Natarajan & Chandy 1979).

Root soaking showed short residual activity and the differences in RWM 

control efficacy between dipping the roots in solution and soaking them for 12 hours 

were surprisingly close. Additives were then tested to see if performance could be 

improved. The first to be tested was 2% methyl cellulose applied to the roots as a 

sticker which achieved 94% control at 20 and 30 DT using flowable carbofuran at 2 kg 

ai /ha (IRRI 1976b). This method was termed root coating. Root coating was superior to 

root soaking as the sticker in the former provided an extra reservoir of insecticide that 

transferred to the roots over time. Root coating led to 30-40 d more residual activity 

compared to only 10-20 d with root soaking. Perlite is the best coating material due to 

its porosity but it is expensive (Seiber et al. 1977). We developed simpler root coating 

methods which were more effective in 25-day-old wetbed seedlings than 14-day-old 

dapog seedlings probably as more material adhered to the longer roots. The most 

effective root coating material was paddy mud made into a slurry to which zinc oxide 

and insecticide were added. The roots were dipped in the afternoon at a dosage of 0.3 

kg ai/ha and dried overnight before transplanting the next day. Excellent control of 

RWM lasted up to 28 DT, with carbosulfan 20 EC, benfuracarb 40 F, carbofuran 12 F, 

and furathiocarb 40 EC as the best performers (Table 13). It is believed that the zinc 

oxide enhanced the efficacy by acting like perlite as other trials using only a dried 

paddy mud root coat were not as effective. Activated charcoal and pig fat were also used 

to enhance the residual effect but did not perform well. Lastly, a combination of root 

soaking and root coat was tested. Over 80% control occurred when the two methods 

were combined even at the lowest dosage tested (0.15 kg ai/ha) for each method (Table 

14). When tested separately, root soaking was superior although not significantly for 

each dosage tested.

Soil incorporation of systemic insecticide granules: Results using root 

coating and root soaking have been inconsistent with some insecticides except 

carbofuran that had the best performance, but should not be recommended due to its 

human toxicity (IRRI 1974c). These methods were also more labor intensive. The 

method involving least effort on the part of the farmer is soil incorporation of systemic 

granular insecticide. Here, the granules were broadcasted in the field before the last 

tillage operation prior to transplanting. Tillage places the granules in the root zone and 

in an anaerobic environment where dissipation rates were slowed down, thus allowing 

more material to be absorbed by the growing roots (Heinrichs & Aquino 1978). Soil 
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Insecticide Damaged leaves (%) at 28
2

DT

Carbosulfan 20 EC 0.7 ± 0.5 a

Benfuracarb 40F 1.9 ± 1.1a

Carbofuran 12F 2.1 ± 0.9a

Furathiocarb 40EC 3.6 ± 1.2ab

Triazophos 40EC 7.2 ± 3.1b

Chlorpyrifos 40EC 12.6 ± 5.6bc

Carbaryl 50WP 16.2 ± 4.9c

Bendiocarb 50WP 27.8 ± 7.7d

Monocrotophos 30 EC 29.0 ± 8.2d

Control 31.2 ± 9.9d

Table 13. Evaluation of nine insecticides using the root coating application method for the control of rice 
1whorl maggot. Zaragosa, Nueva Ecija, 1984 WS .

1Roots of 25-day-old seedlings dipped in a slurry of paddy mud, insecticide, and zinc oxide powder. Seedlings were dried overnight 
and then transplanted in the field. Sample size was 20hills/plot

2Means followed by  different letters are significantly different (P<0.05) by LSD test.

 
DOSAGE (KG AI / HA)

TOTAL

DAMAGED

LEAVES (%)
%

2

CONTROL

ROOT SOAK ROOT COAT

0.6 0.6 6.0 ± 2.3 ab 68

0.6 0.6 7.9 ± 3.8 ab 58

0.3 0.3 0.6 2.9 ± 0.9 ab 84

0.15 0.15 0.3 2.6± 1.la 86

0.3 0.3 4.6 ± 2.1 ab 75

0.3 0.3 10.8±3.6b 42

0 0 0 18.6±7.7c

Table 14. Comparison of efficacy of root soak and root coat methods applied singly or in combination at 
1different dosages for the control of rice whorl maggot, IRRI Farm, 1985 WS .

1 Three week old seedlings were uprooted and washed. Roots were soaked 15 hours overnight. Root coat was a slurry of paddy mud 
laced with insecticide and allowed to dry for a few hours before sowing. Sample size was 20 hills/plot. 

2 In a column, means followed by a different letter are significantly different (P <  0.05) by LSD test. 

incorporation of broadcast granules performed better than the root zone application 

and took the least time. Dela Cruz et al. (1981) tested various tillage implements 

available on-farm used in plowing, harrowing, or leveling to incorporate in the soil 1 kg 

ai carbofuran granules/ha before transplanting. All worked equally well and provided 

around 85% control. The dosage could be dropped to 0.5 kg ai/ha with good land 

preparation. Bautista et al. (1979) performed an economic analysis of soil 

Philipp Ent 27 (1) : 1-57 ISSN 0048-3753 April 2013

43

The Rice Whorl Maggot in the Philippines Litsinger JA, et al

incorporation at three dosages in 43 farms in 20 provinces of the Philippines. The best 

dosage for cash-strapped farmers was 0.5 kg ai/ha, but the greatest profit came from 

using the highest rate of 1 kg ai/ha.

Is RWM a pest?

RWM and Naranga/Rivula defoliators emerged as new pests consequential to 

the Green Revolution and double rice cropping practice over large areas (Jahn et al. 

2007). The results of field trials revealed wide variance in correlating RWM population 

abundance and yield loss.  Explaining the source of these inconsistencies will provide 

the framework to answer the question of whether RWM is a pest. The aforementioned 

multiple stress/compensation dynamic relationship provided a clue to this 

understanding.  Litsinger (2009, 2011b) hypothesized that the many sources of crop 

stresses including 'transplanting shock', combined with RWM and defoliator injury, 

could explain the higher yield losses observed outside the IRRI Farm. Transplanting 

shock was first described in the context of yield loss by RWM in Jahn et al. (2007). 

What led to transplanting shock as a conditional variable was the discussion as to why 

Zaragoza farmers did not transplant younger seedlings as recommended. Their 

answer was that when they tried to pull 21-day-old seedlings from the seedling nursery 

the plants ripped in half as the roots were bound too tightly to the heavy clay soils. The 

seedlings needed another week's growth to be able to withstand the pulling force. 

Transplanting shock refers to the root injury/loss that results when seedlings are 

pulled from hard soil which causes many roots and rootlets to be torn off, plus the 

rough handling they receive after bundling and transportation before being 

transplanted (Matsushima 1980). Transplanting shock is further exacerbated by the 

way seedlings are transplanted. Farmers often contract with groups of laborers to 

transplant and they get paid for the job. As a result seedlings are hurriedly thrust into 

the puddled soil, whereupon the long roots become inverted. One of the technologies 

that enable SRI rice to yield more may be that the seedlings are transplanted around 10 

days in the seedbed when their root systems are still small, so pulling those produces 

less transplanting shock (Uphoff 2003). The recovery process takes several weeks for 

new roots to grow. During recovery, plants are vulnerable to injury from RWM. Tillering 

is also reduced due to the use of older seedlings, thus limiting compensation. On the 

other hand, losses from RWM in trials in the IRRI Farm are less because the wetbed soil 

is well puddled and of the consistency of a thick slurry, thus when seedlings are pulled, 

few roots are torn off, thus transplanting shock is mild. Defoliators also are not 

abundant on the IRRI Farm, but they are in many other locations particularly during 

the WS (Litsinger et al. 2005b). The outcome is high yield loss in Zaragoza and low 

yield loss in the IRRI Farm. Fajardo et al. (2000) expanded the list of stresses common 

to Nueva Ecija farmers. Most of these stresses do not occur in the IRRI Farm. Thus in 
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Insecticide Damaged leaves (%) at 28
2

DT

Carbosulfan 20 EC 0.7 ± 0.5 a

Benfuracarb 40F 1.9 ± 1.1a

Carbofuran 12F 2.1 ± 0.9a

Furathiocarb 40EC 3.6 ± 1.2ab

Triazophos 40EC 7.2 ± 3.1b

Chlorpyrifos 40EC 12.6 ± 5.6bc

Carbaryl 50WP 16.2 ± 4.9c

Bendiocarb 50WP 27.8 ± 7.7d

Monocrotophos 30 EC 29.0 ± 8.2d

Control 31.2 ± 9.9d

Table 13. Evaluation of nine insecticides using the root coating application method for the control of rice 
1whorl maggot. Zaragosa, Nueva Ecija, 1984 WS .

1Roots of 25-day-old seedlings dipped in a slurry of paddy mud, insecticide, and zinc oxide powder. Seedlings were dried overnight 
and then transplanted in the field. Sample size was 20hills/plot

2Means followed by  different letters are significantly different (P<0.05) by LSD test.
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ROOT SOAK ROOT COAT

0.6 0.6 6.0 ± 2.3 ab 68

0.6 0.6 7.9 ± 3.8 ab 58

0.3 0.3 0.6 2.9 ± 0.9 ab 84

0.15 0.15 0.3 2.6± 1.la 86

0.3 0.3 4.6 ± 2.1 ab 75

0.3 0.3 10.8±3.6b 42

0 0 0 18.6±7.7c

Table 14. Comparison of efficacy of root soak and root coat methods applied singly or in combination at 
1different dosages for the control of rice whorl maggot, IRRI Farm, 1985 WS .

1 Three week old seedlings were uprooted and washed. Roots were soaked 15 hours overnight. Root coat was a slurry of paddy mud 
laced with insecticide and allowed to dry for a few hours before sowing. Sample size was 20 hills/plot. 

2 In a column, means followed by a different letter are significantly different (P <  0.05) by LSD test. 

incorporation of broadcast granules performed better than the root zone application 

and took the least time. Dela Cruz et al. (1981) tested various tillage implements 

available on-farm used in plowing, harrowing, or leveling to incorporate in the soil 1 kg 

ai carbofuran granules/ha before transplanting. All worked equally well and provided 

around 85% control. The dosage could be dropped to 0.5 kg ai/ha with good land 

preparation. Bautista et al. (1979) performed an economic analysis of soil 
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incorporation at three dosages in 43 farms in 20 provinces of the Philippines. The best 

dosage for cash-strapped farmers was 0.5 kg ai/ha, but the greatest profit came from 

using the highest rate of 1 kg ai/ha.

Is RWM a pest?

RWM and Naranga/Rivula defoliators emerged as new pests consequential to 

the Green Revolution and double rice cropping practice over large areas (Jahn et al. 

2007). The results of field trials revealed wide variance in correlating RWM population 

abundance and yield loss.  Explaining the source of these inconsistencies will provide 

the framework to answer the question of whether RWM is a pest. The aforementioned 

multiple stress/compensation dynamic relationship provided a clue to this 

understanding.  Litsinger (2009, 2011b) hypothesized that the many sources of crop 

stresses including 'transplanting shock', combined with RWM and defoliator injury, 

could explain the higher yield losses observed outside the IRRI Farm. Transplanting 

shock was first described in the context of yield loss by RWM in Jahn et al. (2007). 

What led to transplanting shock as a conditional variable was the discussion as to why 

Zaragoza farmers did not transplant younger seedlings as recommended. Their 

answer was that when they tried to pull 21-day-old seedlings from the seedling nursery 

the plants ripped in half as the roots were bound too tightly to the heavy clay soils. The 

seedlings needed another week's growth to be able to withstand the pulling force. 

Transplanting shock refers to the root injury/loss that results when seedlings are 

pulled from hard soil which causes many roots and rootlets to be torn off, plus the 

rough handling they receive after bundling and transportation before being 

transplanted (Matsushima 1980). Transplanting shock is further exacerbated by the 

way seedlings are transplanted. Farmers often contract with groups of laborers to 

transplant and they get paid for the job. As a result seedlings are hurriedly thrust into 

the puddled soil, whereupon the long roots become inverted. One of the technologies 

that enable SRI rice to yield more may be that the seedlings are transplanted around 10 

days in the seedbed when their root systems are still small, so pulling those produces 

less transplanting shock (Uphoff 2003). The recovery process takes several weeks for 

new roots to grow. During recovery, plants are vulnerable to injury from RWM. Tillering 

is also reduced due to the use of older seedlings, thus limiting compensation. On the 

other hand, losses from RWM in trials in the IRRI Farm are less because the wetbed soil 

is well puddled and of the consistency of a thick slurry, thus when seedlings are pulled, 

few roots are torn off, thus transplanting shock is mild. Defoliators also are not 

abundant on the IRRI Farm, but they are in many other locations particularly during 

the WS (Litsinger et al. 2005b). The outcome is high yield loss in Zaragoza and low 

yield loss in the IRRI Farm. Fajardo et al. (2000) expanded the list of stresses common 

to Nueva Ecija farmers. Most of these stresses do not occur in the IRRI Farm. Thus in 
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the IRRI Farm, the dynamic push-pull relationship favors compensation due to fewer 

stresses, whereas in Nueva Ecija the same RWM density causes 0.25 kg/ha yield loss. 

As yield loss from RWM infestation is conditional, therefore the pest status of RWM is 

also conditional. Ferino's determination of 41% yield loss on the same IRRI Farm 

deserves an explanation. His trial came from an insecticide trial that used rice variety 

BPI76, a highly susceptible variety to stemborers. During the 1960s, losses to 

stemborers on the IRRI Farm were very high (normally 30% based on insecticide 

trials), probably due to the susceptible varieties grown at that time and the high 

incidence of striped rice stemborer due to the thick stemmed varieties common then 

(Litsinger 2008). In addition, in an artificially infested IRRI Farm trial (IRRI 1983) the 

combination of RWM and yellow stemborer, Scirpophaga incertulas produced a high 

synergistic loss of 59% compared to 27% when added individually. From the 1970s 

onward, stemborer densities on the IRRI Farm declined. Thus, it is likely that the 

combination of RWM and stemborers caused synergistic loss in Ferino's trials.

Managing RWM

Farmers should be trained to differentiate the damage symptoms of RWM from 

that of defoliators and caseworm that together form the aggregate damage symptom 

termed variously as aksep (Tagalog), gutalo (Pangasinan), and kin amanaw (Ilocano) 

(Litsinger et al. 1980a, Goodell 1984). Most farmers cannot distinguish between the 

damage caused by the three pest groups (Bandong et al. 2002). Difficulty in control 

varied greatly among the three groups of pests, with RWM being the most difficult to 

control and caseworm, the least (Litsinger & Bandong 1992). Defoliators and 

caseworm scrape off tissues leaving the stronger veins and the injured leaves whitish. 

Caseworm larvae, however, sever leaves at right angles which is a diagnostic symptom 

of its presence. Whorl maggot, on the other hand, causes necrosis of leaf margins. This 

problem of damage recognition by farmers does not only occur in the Philippines. In 

Sulawesi, Indonesia, van Halteren (1979) found that even though almost every rice hill 

showed damage, neither farmers nor extension workers associated the damage with 

RWM. 

Many preventative and corrective measures for RWM control have been 

mentioned in this review. Preventative measures begin with the method of sowing: 

direct-seeded rice would prevent RWM population buildup altogether. Even in a wet 

seedbed, oviposition of RWM is confined to the plants along the margins. In comparing 

the results of small plot trials relative to oviposition in different plant densities, a 

paradox emerged as mentioned in the Cultural Control section on spacing and plant 

density. Damage was greater in low density stands, although greater oviposition 

occurred per area in high density stands. On a per-plant basis, however, more eggs 
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were found in low density stands. It is known that RWM adults are attracted to standing 

water probably for two reasons. Adults first seek a wetland environment probably 

from cuing on horizontally polarized light reflected from the water surface (Horvath & 

Kriska 2008). This is why adults were also attracted to aluminum foil which also 

reflects sunlight. Another noted behavior of females was to seek oviposition sites away 

from where other females had oviposited. This would result in more uniform egg 

deposition across treatments. This does not fully explain the results however. Natural 

control may also provide some explanation. We can eliminate egg predation and larval 

parasitism which effect would be too low early in the cropping season to have affected 

the expression of leaf damage. But the role of Ochthera in a drained field, may be 

important in enhancing biological control, as a reflective surface also provides a means 

by which RWM can avoid attacks by its major predator. 

Given this information the following explanation is proposed. Flooded rice 

fields are a natural environment for RWM. It would be attracted to small plot trials 

where adults have a choice of which plots to select by the presence of open water in the 

less dense rice fields. RWM is benefitted by the plot layout in the trial by Viajante and 

Heinrichs (1985b) as the majority of treatments had open water. The more direct 

seeded fields there are in an area, the lower are RWM densities, but the trials occurred 

on the IRRI Farm with high densities of RWM adults because most fields were 

transplanted and year round cropping favored RWM buildup. In small plots, the adults 

would first oviposit on plants in the sparse plantings and then move to the denser 

plantings where oviposition is less due to the females' behavior to spread the eggs over 

an area. However, oviposition was not high due to the dilution effect of the presence of 
2many leaves in denser plantings and the high predation rates, but the eggs/m  would be 

high as females would find more leaves without eggs. The paradox, therefore, is an 

anomaly of small plot trials conducted in mainly a transplanted environment at the 

IRRI Farm. Many RWM adults would encroach into the trial area from surrounding 

fields, but overall abundance of Ochthera would be low. Some would be preyed upon in 

the direct seeded plots, but many more would survive to oviposit.

A RWM attack begins soon after transplanting. Selection of medium or long 

maturing varieties, rather than early maturing ones, would allow more time for the 

crop to compensate from injury. If RWM density increases during the season, 

particularly after a long fallow, then early planting is advised. Use of compost in the 

seed bed would minimize transplanting shock. Transplanting older seedlings is a good 

control strategy (also against golden apple snail), but as the tillering of the rice crop will 

be lower, increased planting density will be needed to compensate for the reduced 

tillering. Adoption of good agronomic practices will bolster the crop to withstand RWM 

injury. Optimal use of inorganic N at the recommended dosage, ideally split into three 
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the IRRI Farm, the dynamic push-pull relationship favors compensation due to fewer 

stresses, whereas in Nueva Ecija the same RWM density causes 0.25 kg/ha yield loss. 

As yield loss from RWM infestation is conditional, therefore the pest status of RWM is 

also conditional. Ferino's determination of 41% yield loss on the same IRRI Farm 

deserves an explanation. His trial came from an insecticide trial that used rice variety 

BPI76, a highly susceptible variety to stemborers. During the 1960s, losses to 

stemborers on the IRRI Farm were very high (normally 30% based on insecticide 

trials), probably due to the susceptible varieties grown at that time and the high 

incidence of striped rice stemborer due to the thick stemmed varieties common then 

(Litsinger 2008). In addition, in an artificially infested IRRI Farm trial (IRRI 1983) the 

combination of RWM and yellow stemborer, Scirpophaga incertulas produced a high 

synergistic loss of 59% compared to 27% when added individually. From the 1970s 

onward, stemborer densities on the IRRI Farm declined. Thus, it is likely that the 

combination of RWM and stemborers caused synergistic loss in Ferino's trials.

Managing RWM

Farmers should be trained to differentiate the damage symptoms of RWM from 

that of defoliators and caseworm that together form the aggregate damage symptom 

termed variously as aksep (Tagalog), gutalo (Pangasinan), and kin amanaw (Ilocano) 

(Litsinger et al. 1980a, Goodell 1984). Most farmers cannot distinguish between the 

damage caused by the three pest groups (Bandong et al. 2002). Difficulty in control 

varied greatly among the three groups of pests, with RWM being the most difficult to 

control and caseworm, the least (Litsinger & Bandong 1992). Defoliators and 

caseworm scrape off tissues leaving the stronger veins and the injured leaves whitish. 

Caseworm larvae, however, sever leaves at right angles which is a diagnostic symptom 

of its presence. Whorl maggot, on the other hand, causes necrosis of leaf margins. This 

problem of damage recognition by farmers does not only occur in the Philippines. In 

Sulawesi, Indonesia, van Halteren (1979) found that even though almost every rice hill 

showed damage, neither farmers nor extension workers associated the damage with 

RWM. 

Many preventative and corrective measures for RWM control have been 

mentioned in this review. Preventative measures begin with the method of sowing: 

direct-seeded rice would prevent RWM population buildup altogether. Even in a wet 

seedbed, oviposition of RWM is confined to the plants along the margins. In comparing 

the results of small plot trials relative to oviposition in different plant densities, a 

paradox emerged as mentioned in the Cultural Control section on spacing and plant 

density. Damage was greater in low density stands, although greater oviposition 

occurred per area in high density stands. On a per-plant basis, however, more eggs 
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were found in low density stands. It is known that RWM adults are attracted to standing 

water probably for two reasons. Adults first seek a wetland environment probably 

from cuing on horizontally polarized light reflected from the water surface (Horvath & 

Kriska 2008). This is why adults were also attracted to aluminum foil which also 

reflects sunlight. Another noted behavior of females was to seek oviposition sites away 

from where other females had oviposited. This would result in more uniform egg 

deposition across treatments. This does not fully explain the results however. Natural 

control may also provide some explanation. We can eliminate egg predation and larval 

parasitism which effect would be too low early in the cropping season to have affected 

the expression of leaf damage. But the role of Ochthera in a drained field, may be 

important in enhancing biological control, as a reflective surface also provides a means 

by which RWM can avoid attacks by its major predator. 

Given this information the following explanation is proposed. Flooded rice 

fields are a natural environment for RWM. It would be attracted to small plot trials 

where adults have a choice of which plots to select by the presence of open water in the 

less dense rice fields. RWM is benefitted by the plot layout in the trial by Viajante and 

Heinrichs (1985b) as the majority of treatments had open water. The more direct 

seeded fields there are in an area, the lower are RWM densities, but the trials occurred 

on the IRRI Farm with high densities of RWM adults because most fields were 

transplanted and year round cropping favored RWM buildup. In small plots, the adults 

would first oviposit on plants in the sparse plantings and then move to the denser 

plantings where oviposition is less due to the females' behavior to spread the eggs over 

an area. However, oviposition was not high due to the dilution effect of the presence of 
2many leaves in denser plantings and the high predation rates, but the eggs/m  would be 

high as females would find more leaves without eggs. The paradox, therefore, is an 

anomaly of small plot trials conducted in mainly a transplanted environment at the 

IRRI Farm. Many RWM adults would encroach into the trial area from surrounding 

fields, but overall abundance of Ochthera would be low. Some would be preyed upon in 

the direct seeded plots, but many more would survive to oviposit.

A RWM attack begins soon after transplanting. Selection of medium or long 

maturing varieties, rather than early maturing ones, would allow more time for the 

crop to compensate from injury. If RWM density increases during the season, 

particularly after a long fallow, then early planting is advised. Use of compost in the 

seed bed would minimize transplanting shock. Transplanting older seedlings is a good 

control strategy (also against golden apple snail), but as the tillering of the rice crop will 

be lower, increased planting density will be needed to compensate for the reduced 

tillering. Adoption of good agronomic practices will bolster the crop to withstand RWM 

injury. Optimal use of inorganic N at the recommended dosage, ideally split into three 
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applications with one just before panicle initiation is advisable. Balanced use of macro 

nutrients should follow recommended rates. If farmers can drain the field, then the 

predatory Ochthera fly would be favored. Drained fields, however, allows more weeds 

to grow. This recommendation is especially useful in regions affected by the golden 

apple snail where drainage reduced snail movement (Litsinger & Estaño 1993) or 

follow cultural practices of SRI that stress the benefits of saturated fields over flooded 

fields (Uphoff 2003). During the vegetative stage the farmer should take note of general 

crop stresses.

Control of RWM by insecticides is normally not economically justified. If 

defoliators and RWM are abundant in the area, it may make sense to control the 

defoliators using a selective insecticide based on an action threshold as they are easier 

to control. On the other hand, avoiding early season applications would allow natural 

enemies to build up faster (van den Berg et al. 1988).

Action thresholds have been developed for RWM in the Philippines. The first 

action thresholds were based on percentage damaged leaves and the values ranged 

from 10 to 30% (Way et al. 1991), but later Litsinger et al. (2005b) tested other 

parameters including egg densities. But as to which threshold to use will be highly 

influenced by the best insecticide application methods (root soaking, root coating, soil 

incorporation, or foliar spraying) which by definition require a decision prior to or 

soon after transplanting the rice seedlings.

The only way to provide the needed threshold warning is by monitoring RWM 

infestation in earlier planted fields. This would overcome the problem noted that 

sampling leaf damage is done too late for timely corrective action (Dyck et al. 1981). We 

noted earlier that early planting as a cultural control method only worked in sites with 

a history of high RWM populations. Monitoring earlier planted fields successfully 

predicted the subsequent RWM damage level 66-71% of the time where the threshold 

was 15-30% damaged leaves in Zaragoza and Koronadal. In low RWM density sites 

such as Calauan or Guimba, monitoring the field itself twice a week during the first 

three weeks led to correct decisions 75-90% of the time where the threshold was 1-2 

eggs/hill. Most of the decisions were not to use insecticide. Which control method a 

farmer should use should depend on other considerations: (1) ability to afford the 

more costly insecticide regimes, e.g., two spray applications or soil incorporated 

granules versus a single or lower dosage application, (2) keenness of sight to monitor 

whorl maggot eggs (a problem with the majority of older farmers), and (3) willingness 

to adopt seedling root soak method. A number of these constraints could be overcome 

if farmers made decisions in groups, thus those with poorer eyesight could have 

younger farmers inspect the crop (Matteson 2000). More difficult-to-learn practices 
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could be reinforced by the benefits of group learning. Some farmers may be hesitant to 

perform a corrective action before damage is seen and thus would be hesitant to adopt 

early warning monitoring. Monitoring damaged leaves would be preferred by many 

farmers over eggs as it does not require keen eyesight and, with experience, assessing 

damaged leaves can be learned by 'gestalt' patterns which most farmers use (Bandong 

et al. 2002). In practice, most weekly monitoring can be done quickly and the tedious 

number- based monitoring could be done only in those cases where there is doubt.

Why RWM was discovered coterminous with the Green Revolution?

RWM was not mentioned as a pest by Otanes and Sison (1947), and it was first 

described in Thailand and the Philippines in the early 1960s. It was therefore assumed 

to be a new pest spawned by modern rices (Ferino 1968). But in 1961 in Thailand, 

there were no Green Revolution rices so that cannot be the explanation. Also results of 

screening of the germplasm collection showed that all rices are susceptible to RWM 

feeding, not just modern rices, and it is more prevalent in rainfed wetland sites than in 

irrigated ones. Within a few years of its simultaneous discovery in Thailand and the 

Philippines, RWM was recorded throughout Asia. RWM is not transmitted through rice 

seed or straw and therefore is not likely to have been introduced into these countries as 

a breach of quarantine regulation. It also disperses only over short distances so it 

could not have dispersed throughout Asia so rapidly. Data in this review show that 

RWM was more abundant on traditional rices in some rainfed locations such as 

Manaoag than in irrigated double crop areas. This is probably due to the long 

vegetative period of the longer maturing rices. Rainfed wetland rice area is typified by 

long periods without rain causing flood water to dry up. This would have favored 

Ochthera which would have kept RWM numbers down. Another factor that would have 

reduced RWM numbers would be the long dry fallow period typical in rainfed culture. 

This fallow was broken by the new photoperiod-insensitive modern rices which led to 

double rice cropping and became highly popular with farmers who then quadrupled 

their annual yield. 

The Green Revolution not only developed new rice varieties but the higher 

yields also stimulated the Philippine government to build more irrigation systems and 

soon double rice cropping was prevalent. Since RWM damage is conflated with 

Naranga and Rivula defoliators as well as rice caseworm which also attack vegetative 

rice, the most likely explanation is that no one recognized the distinct damage of RWM 

from that of caseworm which is very common in rainfed wetland rice. RWM adults have 

occurred throughout its range for probably hundreds of years and they were 

overlooked and mistaken for the many ephydrid flies present in rice fields. Rice whorl 

maggot was found only when people started dissecting tillers.
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applications with one just before panicle initiation is advisable. Balanced use of macro 

nutrients should follow recommended rates. If farmers can drain the field, then the 

predatory Ochthera fly would be favored. Drained fields, however, allows more weeds 

to grow. This recommendation is especially useful in regions affected by the golden 

apple snail where drainage reduced snail movement (Litsinger & Estaño 1993) or 

follow cultural practices of SRI that stress the benefits of saturated fields over flooded 

fields (Uphoff 2003). During the vegetative stage the farmer should take note of general 

crop stresses.

Control of RWM by insecticides is normally not economically justified. If 

defoliators and RWM are abundant in the area, it may make sense to control the 

defoliators using a selective insecticide based on an action threshold as they are easier 

to control. On the other hand, avoiding early season applications would allow natural 

enemies to build up faster (van den Berg et al. 1988).

Action thresholds have been developed for RWM in the Philippines. The first 

action thresholds were based on percentage damaged leaves and the values ranged 

from 10 to 30% (Way et al. 1991), but later Litsinger et al. (2005b) tested other 

parameters including egg densities. But as to which threshold to use will be highly 

influenced by the best insecticide application methods (root soaking, root coating, soil 

incorporation, or foliar spraying) which by definition require a decision prior to or 

soon after transplanting the rice seedlings.

The only way to provide the needed threshold warning is by monitoring RWM 

infestation in earlier planted fields. This would overcome the problem noted that 

sampling leaf damage is done too late for timely corrective action (Dyck et al. 1981). We 

noted earlier that early planting as a cultural control method only worked in sites with 

a history of high RWM populations. Monitoring earlier planted fields successfully 

predicted the subsequent RWM damage level 66-71% of the time where the threshold 

was 15-30% damaged leaves in Zaragoza and Koronadal. In low RWM density sites 

such as Calauan or Guimba, monitoring the field itself twice a week during the first 

three weeks led to correct decisions 75-90% of the time where the threshold was 1-2 

eggs/hill. Most of the decisions were not to use insecticide. Which control method a 

farmer should use should depend on other considerations: (1) ability to afford the 

more costly insecticide regimes, e.g., two spray applications or soil incorporated 

granules versus a single or lower dosage application, (2) keenness of sight to monitor 

whorl maggot eggs (a problem with the majority of older farmers), and (3) willingness 

to adopt seedling root soak method. A number of these constraints could be overcome 

if farmers made decisions in groups, thus those with poorer eyesight could have 

younger farmers inspect the crop (Matteson 2000). More difficult-to-learn practices 
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could be reinforced by the benefits of group learning. Some farmers may be hesitant to 

perform a corrective action before damage is seen and thus would be hesitant to adopt 

early warning monitoring. Monitoring damaged leaves would be preferred by many 

farmers over eggs as it does not require keen eyesight and, with experience, assessing 

damaged leaves can be learned by 'gestalt' patterns which most farmers use (Bandong 

et al. 2002). In practice, most weekly monitoring can be done quickly and the tedious 

number- based monitoring could be done only in those cases where there is doubt.

Why RWM was discovered coterminous with the Green Revolution?

RWM was not mentioned as a pest by Otanes and Sison (1947), and it was first 

described in Thailand and the Philippines in the early 1960s. It was therefore assumed 

to be a new pest spawned by modern rices (Ferino 1968). But in 1961 in Thailand, 

there were no Green Revolution rices so that cannot be the explanation. Also results of 

screening of the germplasm collection showed that all rices are susceptible to RWM 

feeding, not just modern rices, and it is more prevalent in rainfed wetland sites than in 

irrigated ones. Within a few years of its simultaneous discovery in Thailand and the 

Philippines, RWM was recorded throughout Asia. RWM is not transmitted through rice 

seed or straw and therefore is not likely to have been introduced into these countries as 

a breach of quarantine regulation. It also disperses only over short distances so it 

could not have dispersed throughout Asia so rapidly. Data in this review show that 

RWM was more abundant on traditional rices in some rainfed locations such as 

Manaoag than in irrigated double crop areas. This is probably due to the long 

vegetative period of the longer maturing rices. Rainfed wetland rice area is typified by 

long periods without rain causing flood water to dry up. This would have favored 

Ochthera which would have kept RWM numbers down. Another factor that would have 

reduced RWM numbers would be the long dry fallow period typical in rainfed culture. 

This fallow was broken by the new photoperiod-insensitive modern rices which led to 

double rice cropping and became highly popular with farmers who then quadrupled 

their annual yield. 

The Green Revolution not only developed new rice varieties but the higher 

yields also stimulated the Philippine government to build more irrigation systems and 

soon double rice cropping was prevalent. Since RWM damage is conflated with 

Naranga and Rivula defoliators as well as rice caseworm which also attack vegetative 

rice, the most likely explanation is that no one recognized the distinct damage of RWM 

from that of caseworm which is very common in rainfed wetland rice. RWM adults have 

occurred throughout its range for probably hundreds of years and they were 

overlooked and mistaken for the many ephydrid flies present in rice fields. Rice whorl 

maggot was found only when people started dissecting tillers.
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