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Abstract
The rice white stemborer (WSB) Scirpophaga innotata (Walker) supplanted the closely related rice yellow stemborer (YSB)
S. incertulas (Walker) in irrigated, double-rice culture in both Koronadal, South Cotabato, Philippines and Java, Indonesia. In
Java, WSB became a serious pest but not in Koronadal where damage levels remained unchanged. The species shift and
subsequent outbreaks are seen as independent events. The former occurred just after the El Niño droughts in 1982 –
1983 which suggests that climatic factors triggered the demise of YSB which does not aestivate. A contributing factor may
have also been the crop failures from pest outbreaks that occurred during the same period creating long fallows which would
have allowed WSB larvae selectively to survive. WSB larvae have been known to diapause for up to 10 – 12 months and
consequently is able to survive climatically driven long fallows. Diapause is terminated by rainfall 410 mm after larvae have
rested for a minimum of 4 months. Supportive evidence in favour of climate as the causal agent of change is that the
distribution of WSB in Asia and Oceania overlaps that of the Intertropical Convergence Zone of the Southern Oscillation.
YSB on the other hand is more adapted to a monsoon climate. It is also hypothesised that WSB, normally associated with
single-crop, rainfed-rice culture, was able to adapt to double-cropped, irrigated culture due to the introduction of early
maturing rices. From what is known about rice stemborer ecology, five cultural practices and natural events were postulated
as the reasons keeping WSB densities in check in Koronadal: (1) medium maturing varieties to reduce the dry season fallow,
(2) low inorganic N levels, (3) natural enemies, (4) destruction of crop residue harbouring larvae and pupae during land
preparation, and (5) rainfall in the dry season causing suicide flights. Control strategies for areas where WSB is a pest should
be based on: (1) reducing the fallow period by growing longer maturing varieties and (2) undertaking early ploughing for the
wet season crop.

Keywords: Rice insect pest, population ecology, diapause, damage, climate change, cultural practices, Scirpophaga innotata,
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1. Introduction

The rice white stemborer (WSB) Scirpophaga

innotata (Walker) and the closely related rice yellow

stemborer (YSB) S. incertulas (Walker) are the only

species within a complex of seven rice stemborers in

the Philippines that feed exclusively on rice Oryza

sativa (L.) or wild rices Oryza spp. (Khan et al. 1991).

While the adults are morphologically different, the

larvae of the two species are indistinguishable by

naked eye. The more widespread YSB occurs in both

the tropics and subtropics in South and Southeast

Asia and does not aestivate, whereas WSB, whose

larvae do, is restricted to the equatorial tropics of

Southeast Asia and Oceania in limited locations

within Indonesia, Sarawak, Central and Southern

Philippines, Papua New Guinea, and Australia

(Angoon 1981). There are also records of WSB in

Vietnam (Ngoan 1971) and Peninsular Malaysia (van

Vreden and Ahmadzabidi 1986). Angoon (1981)

noted the records of WSB in South Asia cited in

CIE (1969) were confusions with other species, e.g.,

S. excerptalis (Walker) and S. magnella de Joannis.

WSB is less studied outside of Indonesia where it

was first recorded in 1903 as a serious pest in Java

destroying at times tens of thousands of hectares over

the following decades (van der Goot 1925). Similar

outbreaks were again recorded in Java beginning in

1989 (Rubia 1994). Such outbreaks were charac-

terised by large flights at the beginning of the wet

season with: (1) swarms of moths descending on

buildings around lights or in the headlight beams of

cars, (2) high densities of moths in seedbeds with

many larvae tunnelling per tiller, and (3) newly

transplanted crops wilting from massive deadheart

incidence leading to crop failures.

From studies undertaken in the first half of the

1900s, WSB was recorded in the Visayas and
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Mindanao regions of the Philippines where it caused

chronic heavy damage (Cendaña and Calora 1967).

These same authors cited records in northern and

central Luzon but were not substantiated by later

surveys (Kamran and Raros 1968) or locating speci-

mens in museum collections from extensive faunal

surveys of the 1920 – 1930s. WSB has never been a

recorded pest in Luzon and may have been confused

with S. melanostigma (Turner). Cendaña and Calora

(1967) noted differences in YSB and the striped

stemborer Chilo suppressalis (Walker) prevalence in

Luzon over time in the same locations as well as YSB

occurring more in the Visayas in irrigated rice. They

attributed these occurrences to changes in climate and

crop culture.

Life history and population ecology studies of WSB

occurred mostly in Java. Aestivating larvae accumu-

late at the base of rice stubble in response to short days

(511:45 h) (conditioning response) and feeding on

rice older than the panicle initiation stage (triggering

response) to wait out the dry season (Triwidodo

1993). Rainfall at the beginning of the wet season

terminates diapause and synchronises adult emer-

gence in a ‘stubble flight’ which is normally the largest

flight in the year as recorded by light traps (van der

Goot 1925). The larger the flight, the greater the

expected damage. Van der Goot’s classic studies

(1925, 1948), supplemented by van der Laan (1959),

were carried out on photoperiod-sensitive, long-

maturing (5 – 6 months), single-crop, traditional rices

in Java while Triwidodo (1993) and Rubia (1994)

conducted studies on photoperiod-insensitive, short-

maturing, modern rices in irrigated, double-crop

culture. Rothschild (1971) studied WSB in Sarawak,

Malaysia where it was most common in dryland rice

culture. In the Philippines its developmental biology

was studied by Sison (1929) and Cendaña and Calora

(1967) from rainfed-wetland, traditional rice culture

and by Litsinger et al. (2004) on irrigated, double-

crop rice.

A study site in Koronadal, South Cotabato pro-

vince, Mindanao island Philippines, was established

by the Philippine Department of Agriculture and

International Rice Research Institute (IRRI) from

1983 to 1991 with irrigated, double-crop, short-

maturing, modern rices (85 – 95 day field maturity)

with a view to improve action thresholds for chemical

control. The site was selected for its heavy insect pest

pressure. Initially YSB was the dominant stemborer,

but by 1986 WSB had attained 499% dominance.

This serendipitous event prompted investigations on

WSB population ecology and damage. The species

shift in Koronadal was contrasted with a similar shift

that occurred in Java, Indonesia over the same period

to ascertain possible causal factors. In Java, WSB

reached epidemic proportions causing great damage,

a situation that did not occur in Koronadal. Reasons

for the differences in population build up between

locations were sought so as to aid in formulating

control strategies. Studies were made in relation to

crop husbandry in the two dominant irrigation

systems and cropping patterns: (1) river diversion

(synchronous planting) and (2) artesian springs

(asynchronous planting).

2. Materials and methods

2.1. Study site

Koronadal, lying within the Marbel River Valley,

has cropland divided equally among: (1) coconut and

assorted dryland crops, (2) maize, and (3) irrigated

rice. Soils are relatively fertile and of volcanic origin.

Southern Mindanao is within the Intertropical

Convergence Zone (ICZ) below the monsoon belt.

The ICZ extends to Indonesia and is typified by a 9 –

10-month rainy season (4100 mm/month). With the

construction of the Marbel River Irrigation System

(MRIS) 1972 – 1974, the dominant rice culture

changed from single to double cropping. Surround-

ing the MRIS are small community irrigation systems

based on free-flowing wells allowing farmers to plant

five rice crops in 2 years. MRIS farms are planted

synchronously due to scheduled water delivery (first

crop June – September, second crop November –

February in most years), whereas in the communal

systems, individual farmers control water delivery

leading to asynchrony. In the asynchronous area,

fields can be found in all growth stages virtually year-

round. We selected an equal number of study fields

from both irrigation systems which were expected to

potentially differ substantially in stemborer popula-

tion ecology. One field per village was selected from

each system: MRIS villages of Caloocan, Barrio 1,

Namnama, and Concepcion and artesian spring

villages of Avancenia, Magsaysay, Esperanza, and

Morales. The villages were located to the north, east,

and southeast of Koronadal within a 3-km radius of

the town and ca. 0.5 km between neighbouring

villages.

2.2. Species dominance shift

Adult stemborers were monitored by kerosene light

traps (Litsinger et al. 1979) placed two per village

from 1 January 1983 to 31 December 1991. Light

traps were placed individually in ricefields out of sight

from one another and unobstructed by trees within a

radius of 100 m. Enough kerosene was used so that

the traps burned all night (van der Goot 1925). The

height of the flame was standardised by adjusting the

wick. Identification of stemborers was undertaken by

one of us (ATB) using the keys of Angoon (1981).

Voucher specimens are deposited in the IRRI

Entomological Museum. Daily rainfall data was taken

from the National Irrigation Administration’s gauge

in Santo Niño village 5 km from Koronadal from 1

July 1981 to 31 December 1991.

From 10 to 40 farmers were censused each season

in each of the eight villages from 1983 to 1991 to
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record agricultural practices important to understand

WSB ecology. The farmers surveyed were those

whose fields were closest to the light traps. Solicited

information included dates of field operations, choice

of cultivar, occurrence of pest epidemics, and

agrochemical usage.

2.3. Population ecology and damage

The succession of WSB life-stages and resulting

damage was sampled from farmers’ fields on a weekly

basis in the first and second rice crops in Koronadal

over 8 years. Seedbed infestation was not examined

as most farmers transplanted 10 – 14-day-old (dapog

method) seedlings. In each crop, eight ricefields (one

per village) were monitored for WSB with farms

selected over the range of planting dates that season

to allow expression of the full range of insect

densities. New farmer co-operators were changed

each season among those growing the most popular

cultivar at the time. Within each co-operator’s field, a

0.2-ha research area was demarcated with plastic

string tied to bamboo stakes. Yield loss trials as

described in Litsinger et al. (2005) utilised the

insecticide check method.

Stemborer moths were flushed and counted in the

field using a wooden elbowed ‘hockey stick’ swiping

the foliage while walking a 20-linear m transect per

plot. Stemborer egg masses were collected from

100 hills following a stratified sampling plan. Larvae,

pupae, and damaged tillers (internal damage) were

recorded from plant dissections. Twenty hills were

selected for tiller dissection, but as farmers had

objected to whole hills of rice being removed, the

hills were cut with only one half removed as ‘half-hill’

sample sizes. As Scirpophaga larvae could not be

distinguished by species they were pooled. In

addition to damaged tillers measured from dissec-

tions, standard field damage symptoms (deadhearts

and whiteheads) were measured on a per-hill basis

(n¼ 20 hills) taken in a stratified pattern in each field.

Mechanical hand counters were used to record the

number of tillers per hill. Rice growth stages were

categorised as vegetative, reproductive, and ripening

based on Yoshida (1981).

2.4. Statistical analysis

Data were subjected to one-way ANOVA and

regression/correlation analysis where appropriate.

Treatment means were separated using the paired

t-test for two variables or least significant difference

(LSD) test for more than two variables. Means are

shown with standard errors of the mean (SEM) or

standard deviations (SD) using a pooled estimate of

error variance. Light trap data were analysed to

determine periodicity of WSB adult population

incidence as a measure of generation cycles using

SAS time-series models. Datasets of daily, weekly

and monthly totals from the four synchronous

planting sites 1985 – 1991 were analysed by indivi-

dual site and the average of all four sites from raw

data or using standard transformations. Moving

average overlays were generated with the various

datasets using different lambda values to indicate

patterns. Further analyses were undertaken by

modifying the datasets by removing the dry season

fallow periods from the synchronous sites.

3. Results

3.1. Species dominance shift

Five rice stemborer species were encountered in

the light traps dominated by YSB from 1983 to 1984

(66.5+ 11.4% of all species based on yearly averages

of each of the eight traps) but became supplanted by

WSB from 1985 to 1991 (73.8+ 13.3%). Less

abundant species were Chilo suppressalis (Walker)

13.5+ 1.5%, Saluria sp. (Pyralidae formerly called

Maliarpha sp.) 6.4+ 2.4%, and pink stemborer

Sesamia inferens (Walker) 1.3+ 0.5% averaged over

years. WSB supplanted YSB in 1985 (Figure 1A,B).

WSB relative to YSB increased from 17.6 to 98.9%

of adults from 1983 to 1986, afterwards annually

varying between 99.6 and 99.9%.

The low rainfall during the 1982 – 1983 and

1984 – 1985 crop seasons (Figure 1C) were the result

of the El Niño Southern Oscillation affecting the

Philippines where only 39 and 23% of normal rainfall

occurred (Canby 1984, Glanz 1996). Less than

50 mm per month of rain fell in January – June 1983

and a similar drought period occurred 2 years later

causing many farmers not to plant. The droughts

affected the flow in artesian wells more than the river

flow. Before 1983 the site also had a history of

epidemics of brown planthopper Nilaparvata lugens

(Stål) and grassy stunt disease as well as tungro virus

(vectored by Nephotettix green leafhoppers) which

continued until farmers planted IR60 beginning in

1982. The farmer survey in 1983 revealed 64% of

farmers interviewed had an average of 2.2 crop

failures due to these pests from 1978 to 1982 (IRRI

1988). A failed crop was one that had been planted

and then became damaged and subsequently not

harvested versus fields that were never planted. The

result of the droughts and crop failures was long

fallow periods. Fields were not barren however. In

the case of drought, stubble from the previous crop

was present, and in the case of failures, wilted crops

in various stages were evident. Such conditions

would have allowed WSB larvae to survive at the

base of tillers in aestival diapause. Rainfall normal-

ised from 1986 to 1991.

The farmer surveys showed the insect pest-

resistant IR60 replaced the susceptible IR36 by

1983 and was the most popular variety (66% of area

planted) during the switch from YSB to WSB. IR64

appeared briefly only in 1985 and was planted in

20% of the area in the first crop while IR62 covered

Rice white stemborer S. innotata in southern Mindanao, Philippines 13



60% of the area in first crop in 1986. Each crop

averaged 591 days in the field from transplanting to

maturity. Due to inherently fertile soils, farmers

applied a mean of 30 kg N/ha, one-half to one-third

of N rates used in Luzon. Insecticides (dominantly

organophosphates, carbamates, and synthetic pyre-

throids) were mostly applied as foliar sprays

averaging 3.2 applications per crop, one application

more than the national average, but each application

averaged half the recommended dosage.

3.2. Population ecology and planting synchrony

The two planting areas were distinctly different

regarding the variance in the timing of field opera-

tions in the first and second crops because many

farmers in the asynchronous area grew a third crop

(Table I). Standard deviations in computed averages

of field operations from censused farmer data serve

as a measure of the degree of synchrony in each

irrigation system each season (Loevinsohn et al.

1988). The smaller the standard deviation, the

greater is synchrony. Except for the date of first

ploughing, results showed standard deviations for

crop operations were significantly less in the syn-

chronous areas over 9 years. Differences became

even greater during the second crop where there was

a 1-month delay in the mean time of transplanting in

the asynchronous area and 1 month more of the

mean fallow period in the synchronous area.

Population dynamics data from field sampling over

the 6 years when WSB was dominant were averaged

per crop over all fields after the results from first

separating them as to synchrony revealed no distinct

differences on a single crop basis. The combined data

showed WSB moths, flushed from the field, were

most abundant between 4 and 8 w.a.t. in each of the

first and second crops (Figure 2). Moth densities

fluctuated dynamically during the first crop but

generally increased, reaching 2.1 – 2.3 per 20-m

transect, as a result of both colonisation and those

emerging from the crop itself. Their density pro-

gressively increased to peaks at 6 w.a.t. (early

reproductive stage) in the first crop and 4 w.a.t.

(vegetative stage) in the second crop. Adult abun-

dance was generally higher during the first crop and

markedly declined after 8 w.a.t. (early ripening) in

both crops.

Egg mass densities initially followed the adult

population pattern throughout the vegetative stage

peaking at 0.8/100 hills at 5 w.a.t. in both crops but

steadily declined thereafter. Larvae were detected

during the first sampling period 3 w.a.t. at 0.5/20 half

hills and steadily increased during the entire first

crop reaching 1.4/20 half hills. In the second crop,

larval densities were slightly higher at 3 w.a.t. but

Figure 1. Monthly light trap collections of yellow (YSB) and white (WSB) stemborers in (A) synchronously (4 crops in 2 years) and (B)

asynchronously (5 crops in 2 years) planting areas, set against (C) monthly rainfall, 1983 – 1991, Koronadal. The hash marks on the x-axis

delimit each calendar year.
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remained steady until 9 w.a.t. when there was a sharp

increase from one to two larvae/20 half hills at

11 w.a.t. indicating diapausing larvae were accumu-

lating at the base of the plants. Observing larvae in

the plant crowns during dissections confirmed that

larvae were diapausing, i.e., deeper yellow coloura-

tion indicating fat body accumulation. At the peak up

to seven larvae were detected per 20 half hills. Too

few pupae were detected to be included in the

analysis.

Van der Goot (1925) concluded light trap catches

of WSB are associated with dispersal. One would

expect greater regularity to occur in the light trap

collections in the synchronous areas which turned out

to be the case as a prominent peak was evident at the

end of the first crop (July to December) in all years

except 1990 (Figure 1A). In contrast (Figure 1B),

multiple peaks occurred annually in the asynchronous

areas varying erratically by month over years. WSB

was 1.7 times more abundant in the light trap col-

lections in the asynchronous areas (433 moths/trap per

month from 1985 to 1991) than synchronous areas

(248 moths) (P¼ 0.037, F¼ 5.51, df¼ 12, in paired

t-test). Van der Goot (1925) noted peaks of WSB

moth abundance in light traps occurred more or less

regularly every 35 days after the ‘stubble flight’, which

he took as the mean generation time. Such genera-

tional periods could not be distinguished from the

Koronadal data when graphed monthly, weekly or

daily or when analysed by time series models on raw

or transformed datasets with and without the fallow

periods. All regressions performed were highly insig-

nificant (P40.9). Overlay smoothing plots using

different lambda values also did not produce obser-

vable regularity in any of the datasets.

Despite its capacity to aestivate, WSB moths were

recorded year-round in the light trap collections from

both planting areas indicating that not all individuals

entered a resting period. Also in contrast to Java, no

distinct stubble flights were noted after the dry

fallow period in the synchronous areas from 1985 to

1991 when WSB dominated (Figure 1A). The pro-

minent peak each year occurred around October –

November marking the end of the first crop. In the

asynchronous areas, possible stubble flights were

detected only on three occasions (1988, 1990, 1991)

(Figure 1B). These could have been flights at the end

of the first generation from off season planting and not

stubble flights. The 1990 flight occurred after a short

fallow (64 days), whereas both other flights were

preceded by long fallows (90 – 111 days). The large

flight in March 1986 in the asynchronous areas was

not a stubble flight as it occurred during the second

crop (transplanted in mid-January) and not at the

beginning of the wet season.

3.3. Damage and pest status

WSB damage was monitored along with the key

life stages in the double rice pattern from 1986 to
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1991 when YSB had virtually disappeared. Damaged

tillers (from dissections) were evident on the first

sampling date 3 w.a.t. in both crops which progres-

sively increased throughout the crop (Figure 2). The

damage level was less in the first crop with a high of

3.2% damaged tillers compared to 4.6% in the

second crop. Deadhearts and whiteheads (external

symptoms) showed two peaks in each crop, the

former in the vegetative stage with the latter at

ripening. Whitehead densities were less than da-

maged tillers peaking at 2.7 and 3.1%, respectively,

for both crops. Deadhearts actually declined in both

crops during the reproductive stage as withered tillers

were shed (6 – 8 w.a.t.).

Deadheart and whitehead incidence was graphed

for each of 16 crops as averages for each growth

stage from 1983 to 1990 for first and second crops

combining planting areas (Figure 3). During 1983 –

1984, when YSB was the most abundant stemborer,

damage was generally higher in the first crop than the

second crop but both were at moderate levels.

Highest damage occurred in 1986, the year WSB

became dominant, particularly in the vegetative

stage, but then declined thereafter before rising again

in 1990. In any given year, average deadheart and

whitehead incidence per crop was 56%. Ripening

stage whiteheads generally were higher than dead-

hearts on all crops reflecting the greater larval

densities in the ripening stage. Using the same

data, a comparison of the damage between crops

dominated by YSB (1983 – 1984) and by WSB

(1986 – 1991) showed no significant difference for

any of the six comparisons of any of the three

growth stages in either crop. Comparing planting

areas, despite the more than 2-fold difference in

WSB moth abundance, damage averaged over first

and second crops was insignificantly different (1.8 –

1.9 vs. 1.3 – 1.5 deadhearts) and (1.7 vs. 2.8 white-

heads) during the crop cycle (F52.34, df¼ 35),

as was yield loss (0.63 vs. 0.71 t/ha) (F50.78,

df¼ 35), between synchronous and asynchronous

areas, respectively.

Figure 2. Population dynamics of the white stemborer life stages and damage incidence. Data are means of six crops averaged over

synchronous and asynchronous areas, 1986 – 1991, Philippines.
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4. Discussion

4.1. Population ecology and planting synchrony

From the monthly data, a distinct single peak in

moth abundance was noted in the synchronous areas

from 1985 to 1989 (Figure 1A,B), but these peaks

did not occur at the end of the flight season. The lack

of a progressive population build-up over the growing

season therefore indicated that key mortality factors

were prevalent. One such factor was the effect of

natural enemies which is dealt with in a separate

paper (Litsinger et al. 2006). We look to the within-

field population dynamics data for others.

The results from the field sampling data showed

similar population dynamics for synchronous and

asynchronous fields and thus the results were pooled.

Flushed moth densities dramatically declined in both

the first and second crops during the ripening stage

that is interpreted to indicate a dispersal period

where moths would have been more prone to be

collected in light traps. In the synchronous areas the

most prominent peak in most years occurred during

the ripening stage of the first crop which from

Figure 1A was that of second generation adults

issuing forth around October – November. First

generation moths were collected in minimal numbers

in the light traps, revealed as low peaks (one-quarter

to one-eighth the size of the second generation peak)

which can be discerned 2 – 3 months before the main

second generation peak particularly in 1987, 1988,

and 1989 (Figure 1A). No such regularity occurred

in the asynchronous areas. It is also noteworthy that

comparing Figures 1A,B, there was no population

build-up from the first to the second crops as density

levels for all WSB stages measured were of a similar

magnitude.

From the field data no regularity in generational

pattern was evident for any life stage in either the first

or second crops (Figure 2). For example, the pattern

of egg mass densities in either crop did not match

that of flushed moths. Moths were at their lowest

densities after 8 w.a.t. as van der Goot (1925) noted

that ovipositing moths do not prefer ripening stage

rice. Larval densities in the second crop did not build

up from the first crop (Figure 2), probably due to

destruction of straw and stubble between crops

Figure 3. Stemborer damage incidence in each of three rice growth stages in the first and second crops. Data are means of eight crops

averaged over synchronous and asynchronous areas, 1983 – 1990, Philippines. White stemborer supplanted the yellow stemborer from 1985

onwards.
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from harvesting and tillage operations as noted for

stemborers in general (Litsinger 1994). Farmers,

especially in the synchronous areas, were quick to

begin tillage for the second crop (averaging 10.5 days

turnaround) contributing to high mortality rates of

resident larvae and pupae. It is noteworthy that the

large flight in 1986 in the asynchronous areas was not

perpetuated later in the crop, further indicating lack

of build-up.

We conclude that generational expression was

suppressed due to the relatively short period each

crop is in the field (compared to traditional rices) and

the interruption of population buildup by habitat

destruction between crops. The second generation in

the second crop entered diapause thus did not

produce a moth peak. Therefore at most only four

generations occurred each year in the synchronous

areas. Higher densities recorded in the light trap data

in the asynchronous areas can be attributed to greater

crop apparency from farmers planting virtually

year-round as found by Loevinsohn et al. (1988).

The shorter dry season fallows and higher standard

deviations of planting dates in the asynchronous

areas attest to the longer temporal availability of a

plant host.

Harvest dates of the first crop averaged 17

September and 7 October for the synchronous and

asynchronous areas, respectively (Table I). As short

days begin 23 September in the northern hemi-

sphere, both generations that developed on the first

crop would have escaped the conditioning diapause-

inducing stimulus and thus could infest the second

crop. WSB occurred year-round as noted in light trap

captures but numbers slumped dramatically in the

dry season particularly in the synchronous area with

the longer fallow. Triwidodo (1993) confirmed van

der Goot’s (1925) finding that under both optimal

conditioning and triggering responses only 53 – 98%

of larvae diapaused, thus explaining how WSB could

be prevalent year-round. Only rarely were moths not

collected in any month but numbers were usually low

in March – April in the middle of the dry season.

4.2. The species shifts and why they occurred

Each of the Scirpophaga shifts in Java and Mind-

anao resulted in the almost total exclusion of the less

dominant species. In fact there are few locations

where both species occur in similar proportions.

Known areas occur along borders between two rice

cultures as censused from light trap data: (1)

drylands bordering irrigated wetlands in Sarawak

(Rothschild 1971) and (2) rainfed wetlands border-

ing irrigated areas in the Central Philippines

(Lumaban and Litsinger 1978). Thus a causal agent

triggering a shift would need to highly favour one

species while disfavouring the other.

WSB was the dominant rice stemborer in single-

crop, traditional-rice culture in the Southern Philip-

pines and Indonesia characterised by long dry

fallows. Only a single crop could be grown because

most traditional rices are photoperiod sensitive,

flowering in response to short day lengths. Because

of its aestivation behaviour, WSB was able to survive

at the base of the stubble which was left unploughed

until the first heavy rains fell marking the start of the

next wet season. YSB does not aestivate and could

not survive the extended dry season but probably

persisted in wild rices growing in swampy areas

(Catling 1992). In Indonesia, van der Goot (1948)

documented a build up of YSB in Java as early as the

1930s but this was confined to small irrigation

systems planted to photoperiod-insensitive, low-

yielding, bulu varieties. Thus only pockets of YSB

occurred until irrigation systems expanded in the

1970s with the advent of modern high-yielding, semi-

dwarf varieties. YSB soon supplanted WSB in Java

(Rubia 1994). YSB does not aestivate in the tropics,

although it does hibernate in temperate climates

(Catling 1992) and thus benefited from double

cropping and the extended temporal availability of

rice (Loevinsohn et al. 1988). But as not all ricelands

could be irrigated, WSB survived in isolated pockets

of rainfed, single-crop areas (Hattori and Siwi 1986).

From what is known in Mindanao, WSB was the

dominant rice stemborer at least up to the 1960s

(Cendaña and Calora 1967). By 1983, the first year

of this study, YSB had assumed dominance

which probably occurred in the mid-1970s after the

construction of the MRIS.

The shift from YSB to WSB occurred almost

simultaneously in both Koronadal and Java, indicat-

ing a wide-scale phenomenon. Triwidodo (1993)

ruled out the development of a nondiapausing strain

as the cause. A significant clue is that the known

distribution of WSB overlaps with the ICZ which is

periodically affected by El Niño droughts (Glanz

1996; Suplee 1999). In 1982 – 1983 one of these

droughts impacted northern Australia, Papua New

Guinea, Indonesia, Malaysia, southern Philippines,

and southern Vietnam just a few years before the shift

was detected in Koronadal. The planthopper- and

leafhopper-induced crop failures in Koronadal pre-

ceded and overlapped the El Niño drought years and

would have contributed in extending fallow periods

with fields of standing wilted rice plants. These two

phenomena acting in concert, first the failures and

then the drought, would have caused high YSB

mortality and allowed WSB to colonise from

peripheral rainfed areas. WSB has great powers to

survive droughts and crop failures as van der Goot

(1925) noted larvae can remain in diapause for 10 –

12 months. Also of significance is that both van der

Goot (1925) and Triwidodo (1993) found that even

under the strongest nondiapausing conditions, up to

18% of larvae diapaused in rearing colonies, thus if

drought or failure occurred in the first crop some

larvae could have survived. YSB on the other hand is

more adapted to flooding and the monsoon climate

(Catling 1992).
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In Koronadal, 1983 was a very low rainfall year as a

result of El Niño where 5100 mm rain fell from

January – May (Figure 1C) leading to protraction of

the dry fallow. YSB probably would have declined

first in the asynchronous areas, as the springs were

the first to dry up, followed by contraction of MRIS

command area. By 1983 WSB had reached 18% of

the Scirpophaga population rising to domination by

1985. The shift in Java occurred 2 – 3 years later in

the absence of pest-induced crop failures. El Niño

caused extensive crop failures in parts of Java and

much reduced planting area (Glanz 1996). Java is a

much larger rice area than Koronadal which would

have taken longer for WSB to colonise from the

isolated pockets of rainfed rice.

4.3. How WSB can survive in double cropped rice culture

It was a surprise when WSB supplanted YSB in

Java in the late 1980s (Rubia 1994) as double crop-

ping was cited as the main reason YSB supplanted

WSB. We offer the following explanation for this

occurrence. The first modern varieties were medium

maturing (4120 days), and with a 2-month turn-

around time between the wet and dry season crops,

the dry fallow period became shorter than the optimal

developmental time needed for aestivating WSB to

reach adulthood. But since the late 1970s, earlier

maturing varieties emerged in order to conserve

irrigation water. This occurred in both Java and

Koronadal and the new extended dry season would

have allowed WSB to complete its development to

adulthood. In Java, Cisadane, a 124-day variety

(including the seedbed) was replaced by IR64 in the

early 1980s which matured 12 days earlier. This

extended the dry fallow 24 days. Allowing a 60-day

turnaround period between the wet and dry season

crop, the dry fallow for IR64 would be 81 days,

whereas with Cisadane it was 57 days (the average

seedbed lasts 28 days). Van der Goot (1925)

determined that 120 days is needed in aestivation

before larvae respond to diapause terminating rains.

This period plus the 12-day development time to

reach adulthood (Litsinger et al. 2004) must be

satisfied to ensure moths will emerge before the

stubble is destroyed during wet season land prepara-

tion. Based on developmental data (Litsinger et al.

2004) up to 60 days could be spent by WSB larvae in

diapause in the second rice crop before harvest, which

along with the longer fallow period would allow

sufficient time to reach adulthood (141 vs. 117 days).

Therefore, due to the earlier maturing varieties, WSB

could now survive in double cropped rice.

4.4. Why WSB is not a serious pest in Koronadal

The species shift to WSB in Koronadal did not lead

to outbreaks or serious damage as in other locations

or even in Mindanao in the traditional system. We

therefore conclude, based on the results of this study,

that species shifts and subsequent outbreaks were

independent events. In Java the species shift and

subsequent outbreak were treated as a single pheno-

menon (Rubia 1994; Triwidodo 1993). Stemborer

damage levels in Koronadal, which were at low

chronic levels when YSB was dominant, continued

after the shift. The damage level in Koronadal was

barely discernable based on field observation and in

terms of deadhearts and whiteheads, averaged 52%

reaching a maximum per crop of 56% (Figure 3).

This damage level is consistent with levels commonly

associated with YSB in the Philippines (Litsinger et al.

2005) but well below what would be termed as severe

as described for WSB in Mindanao on the single-crop,

traditional system (Cendaña and Calora 1967).

Throughout most of its distribution, WSB damage

levels are perennially high. In Java van der Goot

(1925) reported severe infestations of up to 63%

infested tillers in seedbeds and 65% deadhearts and

90 – 95% whiteheads. These damage levels prompted

a control programme mandated by the colonial

government based on delayed planting of seedbeds

until after the stubble flight (van der Laan 1959). Van

Halteren (1979) in Sulawesi reported average damage

levels per crop of 22% deadhearts and 18% white-

heads over 3 years. In Australia, Li (1972) reported a

mean of 11% whiteheads with high of 46% in 1 year

over an 8-year study.

Triwidodo (1993), investigating the outbreak of

WSB in Java, concluded it was due to two causes: (1)

the adoption of the highly susceptible IR64 variety

(WSB exhibited twice the population doubling rate

as Cisadane) and (2) insecticide-induced resurgence

from carbofuran. Both carbofuran and IR64 were

widely promoted in Java in government subsidy

programmes, but neither of these factors is supported

in Koronadal. IR64 was introduced after the shift

occurred in 1985 and reached only 20% of the area

briefly for 1 year. Insecticide usage in Koronadal was

similar before and after the shift with carbofuran only

rarely used.

Reasons for the low damage reported in Koronadal

can be attributed to low population build up. The

following key limiting cultural practices and natural

events were brought out in the current study or in

rice stemborer literature: (1) medium (not early)

maturing varieties to reduce the dry season, (2) low

inorganic N levels, (3) natural enemies, (4) destruc-

tion of crop residue during land preparation, and (5)

rainfall in the dry season. Factors 2 – 4 also limit

YSB.

Medium maturing varieties extend the growing

season reducing the fallow period below that needed

by WSB larvae to successfully aestivate. These larvae

are killed during initial land preparation of the first

wet season crop. Due to the inherently fertile soils,

farmers apply only 30 kg N/ha compared to 60 – 90 kg

N/ha in most of the Philippines (Litsinger et al. 2005)

or 4150 kg N/ha in Java (Rubia 1994). Such low N

rates would be associated with lower nutritional value
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of the rice plant leading to lower survival rates, longer

developmental periods, and lower fecundity than

higher rates (Litsinger 1994).

A further limiting factor is that from natural

enemies whose role is the subject of the second

paper in this series (Litsinger et al. 2006). The

unusual situation in Koronadal of interspersing areas

of asynchronous and synchronous plantings, offer

year-round plantings that benefit not only WSB but

its natural enemies. Natural enemy activity in

Koronadal was higher than that measured in Java

by van der Goot (1925) and thus is a contributing

cause of keeping WSB as a chronic pest instead of an

epidemic pest. This same natural enemy complex

also held YSB in check before the shift to WSB.

When a crop is harvested, lingering WSB larvae

and pupae remain in the stubble and straw. Now that

farm animals have been mostly replaced by hand

tractors, rice straw is usually burned soon after

harvest. In addition stubble is ploughed during land

preparation of the following crop. Both activities kill

the residual WSB populations, and tillage would have

a particularly devastating effect in Koronadal bet-

ween the first and second crops because of the short

turnaround period. Li (1972) recorded 56% natural

WSB mortality in northern Australia in the non-

ploughed check but 29% added mortality after

ploughing during land preparation.

Van der Goot (1925) noted that largest flights

occurred in years of long dry fallows and that un-

timely early rains increased larval mortality either by

drowning or encouraging entomopathogens. But in

Koronadal, the distinctive stubble flights noted by van

der Goot were not evident thus emergence must have

taken place in more numerous but smaller flights

stimulated by sporadic rainfall common during the dry

season. Analysis by van der Laan (1959) associated

high WSB mortality with locations where the cumu-

lative dry fallow rainfall was4200 mm. The dry fallow

(February – April) in Koronadal received 4200 mm

over this period in five of the nine years with4400 mm

falling in one third of the years. WSB’s cocoon is more

adapted to keeping body moisture in than keeping

floodwater out, and impermeability is lost when

stubble decomposes under conditions of frequent

rains (van der Goot 1925). Rainfall as little as 10 mm

can terminate diapause leading to premature ‘suicide’

flights. Rothschild (1971) also attributed low WSB

densities to frequent rainfall during the dry fallow.

In Koronadal, two nearby volcanoes are probably res-

ponsible for the high frequency of dry season rainfall.

4.5. WSB control strategy

In Java between the 1920s and 1940s, community-

wide delayed planting based on annual predictions of

the stubble flight formed the basis of a highly

successful control programme (van der Laan 1959).

This method would be difficult to enforce nowadays,

particularly in a double crop system where early

planting is valued. Due to its low pest status in

Koronadal, only a generalised strategy of strengthen-

ing the natural crop compensatory capacity inherent

in high tillering modern varieties (Litsinger et al.

2005) would be needed for WSB control. But based

on WSB population ecology, a control strategy that

could be implemented in areas where losses are high,

would be to target the aestivating larvae in the dry

season stubble. Two measures could be employed

that would produce the greatest disturbance: (1)

reduce the fallow period by growing longer maturing

varieties and (2) undertake early ploughing for the

wet season crop.

Van der Goot (1925) calculated a minimum of

4.5 months (135 days) was needed from diapause

initiation until adult emergence. He found this period

could not be shortened regardless of rainfall or fallow

length. The minimum fallow would need to be at least

75 days (135 days less the 60 days in aestivation in the

second crop) before adult emergence. This could be

achieved with varieties such as Cisadane that mature

in 124 days or longer. Early land preparation therefore

should be encouraged for the wet season crop to

destroy WSB in the stubble.
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