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Abstract
Monthly plantings conducted over 4 years in a rainfed triple maize cropping system in southern Mindanao, Philippines,
revealed the Asian corn borer (ACB) Ostrinia furnacalis (Guenée) as the most important insect pest. Of minor importance and
being restricted to one crop stage were rice seedling maggot Atherigona oryzae Malloch, thrips Thrips palmi Karny and
Megalurothrips usitatus (Bagnall), corn leafhopper Cicadulina bimaculata (Evans), corn earworm Helicoverpa armigera
(Hübner), and corn leaf aphid Rhopalosiphum maidis (Fitch). Farmers escape damage from ACB, seedling maggot, and thrips
by planting the first crop in April. Planting of the second crop should be shifted from August to September to avoid ACB
damage. Pest damage was low during the third crop, thus planting time is not an important consideration. Additional
information on ACB bionomics was revealed in the study. Mean egg mass size was 36 eggs (range 1 – 169). Oviposition was
found to be positively correlated with cumulative rainfall over the previous 3 – 8 weeks indicating that females seek healthy
crops. Most (70%) oviposition occurred over a 4-week period in the 39 crops studied as a single peak between late-whorl
through mid-tasseling stages when developing larvae would be more assured of feeding on the more nutritious pollen. The
strong attraction of maize at early tasseling along with heavy parasitism in older maize become population synchronizing
agents in the year round cropping study area, although less perfect than winters in temperate regions. Yield loss in southern
Mindanao ranged from 20 to 49% which was more closely correlated with larval tunnels than moth exit holes. Correlations
were significant only when damage was related to yield loss but not yield.
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palmi Karny, Megalurothrips usitatus (Bagnall), Cicadulina bimaculata (Evans)

1. Introduction

Maize Zea mays L. is widely consumed in the

Philippines as a staple by those with low-income; two-

thirds of the hectarage is in Mindanao (Bouis and

Haddad 1990). Its demand is increasing due to its

use as livestock feed. Southern Mindanao is an area of

recent colonization where farmers followed quickly

after loggers removed the dipterocarp forests. High

yields were realized without fertilizer on the volcanic

soils during the early years, but yields have steadily

declined due to nutrient mining. Farmers attempt to

compensate for the low yields and declining prices for

maize by growing more crops per year. Most

commonly planted are traditional open-pollinated

cultivars but hybrids introduced in the early 1980s

enable higher profits for farmers who can afford the

seed and fertilizer.

Mindanao sits in the Intertropical Convergence

Zone which enjoys a 10-month rainy season of short

duration rainfall events where up to three maize crops

can be grown per year under rainfed conditions

(Gerpacio et al. 2004). Nearby irrigated rice farmers

may plant a maize crop after a second rice crop on

residual moisture in the light soils. Thus, in a given

area, maize can be commonly seen year-round. Input

usage is normally low, and even on the naturally fertile

volcanic soils, fertilizer is the first priority. Weeds are

controlled by off-barring with animal drawn imple-

ments supplemented by hand weeding. Insecticides

are rarely used, and fungicides even less. The main

disease downy mildew Peronosclerospora philippinensis

(W. Weston) C.G. Shaw has been controlled with

resistant varieties.

The main insect pest is the Asian corn borer (ACB)

Ostrinia furnacalis (Guenée) with rice seedling maggot

Atherigona oryzae Malloch only occurring in economic

numbers at the start of the rainy season. ACB stalk

tunneling during the vegetative stages results in

shorter plants with fewer and smaller leaves reducing

vascular bundle density. Impediment of the flow of

water, photosynthate, and nutrients is particularly

devastating if larval damage occurs during the kernel-

filling period. Teng et al. (1992) conducted a nation-

wide survey and found that 88% of farmers ranked

ACB as the most serious constraint to maize yields

followed by drought (58%), weeds (28%), and

diseases (21%). In the Philippines, losses to ACB

vary between 20 and 80% based on the insecticide

check method (Nafus and Schreiner 1991). Using a

different yield loss method using damage correlation

indices, Teng et al. (1992) recorded highest ACB
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losses in S. Cotabato and nearby Sultan Kudarat

provinces ranging from 11 to 31%. In S. Cotabato,

Yadao (1982) noted fields with severe stalk breakage

with up to 20 tunnels per plant.

Discussion with farmers in the area as well as

surveys in other regions (Litsinger et al. 1980)

revealed that one method used by farmers to avoid

insect pest damage is by adjusting the planting date.

Follow up questions revealed that farmers did not give

consistent answers as to whether to plant early or late.

Early planting is a general recommendation in the

Philippines for maize planted at the beginning of the

wet season (Morallo-Rejesus 1985). A separate study

determined that early planting resulted in escape of

damage from seedling maggot in rice and maize

(Litsinger et al. 2003). In a triple crop system the

effect of planting time would need to be assessed

individually for each crop and pest. The continuous

maize planting systems in S. Cotabato provided a

natural laboratory to carry out such an investigation.

We initiated a study to monitor insect pest

abundance and damage in monthly plantings over a

4-year period to determine the ecological basis of

using planting time as a cultural control practice

for the most common insect pests and to expand

our knowledge of the field ecology of maize pests

influenced by rainfall and in the case of ACB by egg

parasitism. The second part of this study reports on

natural enemies in the triple crop system (Litsinger

et al. 2007).

2. Materials and methods

2.1. Site description

A study site was located in Koronadal munici-

pality, S. Cotabato to develop integrated pest

management practices for maize and rice farmers.

The village of Esperanza was selected which is

located in the Marbel River Valley. The soils are

light, derived from volcanic ash and topography is

generally flat. Maize is the principal annual crop

occupying over 95% of the cultivated annual crop

land with tillage being carried out by animal drawn

implements and seeds hand sown in open furrows

pressed into the soil by foot. Rainfall data was taken

from the National Irrigation Authority in Santa Niño,

5 km from Esperanza. On a monthly basis, the

Philippine Department of Agriculture extension

agent surveyed all 146 farmers in Esperanza noting

sowing dates, area sown, cultivars utilized, and

quantity of fertilizer over the 4-year period. No maize

farmer was recorded using pesticide. The mean farm

size was 1.25+ 1.47 ha (range 0.4 – 9 ha; n¼ 146).

2.2. Experimental design

It was planned that four fields per month would be

randomly selected from the extension worker’s list of

farmers who sowed maize. The study encompassed

four crop years 1985 – 1989 beginning in March and

we monitored fields sown in 39 out of a possible 48

months with each month represented by two to four

experimental fields (¼replicates) per month. A total

of 145 fields was included in the study and in each

field, 0.1 ha was demarcated by plastic string tied to

stakes where the crop was monitored and the farmer

agreed not to apply pesticides.

There was no attempt to standardize the fields in

terms of cultivar or management practice. For their

cooperation, farmers were each given a bag of

fertilizer at the end of the crop season. Hybrids

made up 78% of the fields (Pioneer 6181, SMC 305,

Pioneer XCJ 47, Cargill 711, Pioneer 3274) with

open pollinated cultivars including Cebu White and

the improved IPB Var 1 making up the balance.

Farmers applied 70+ 3 kg N/ha based on monthly

averages. Yield was not taken.

2.3. Insect pest sampling

Beginning 3 weeks after crop emergence (WE) 50

plants were censused on a weekly basis per field to

record insect pests in a stratified grid where 10 plants

were selected randomly from each of five rows also

randomly selected. On this date, thrips Thrips palmi

Karny and Megalurothrips usitatus (Bagnall) and corn

leafhopper Cicadulina bimaculata (Evans), both

adults and immature stages, were counted and the

number of plants damaged by seedling maggot was

recorded. From 3 WE onwards ACB egg masses

were censused, from the same sampling methodology

per field, until after silking. ACB egg masses were

counted by careful plant inspection and 10 were held

each week per field for rearing. A 10-cm leaf section

with each sampled egg mass was clipped and held in

an inverted vial with the cut end held by water-

saturated tissue paper (Barrion and Litsinger 1985).

Egg mass size was determined from the sum of (1)

emerging ACB larvae, (2) trichogrammid wasps, and

(3) unhatched eggs. The percentage parasitized eggs

included the number of wasps plus unhatched eggs

that showed evidence of parasitism.

The number of ACB larvae were counted from 50-

plant samples of tassels just before the exsertion stage

(Felkl 1988). Likewise before harvest, the number of

ACB exit holes was censused. Exit holes are made by

the fifth larval instar in preparation for moth

emergence and are larger than the smaller entrance

hole made by the fourth larval instar. Corn earworm

Helicoverpa armigera (Hübner) and corn leaf aphid

Rhopalosiphum maidis (Fitch) were initially moni-

tored but as few numbers were encountered they

were dropped in subsequent years.

2.4. Field studies

2.4.1. Correlation of ACB oviposition rates with

rainfall. Hussein and Kameldeer (1988) found that

weekly oviposition was positively correlated with
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rainfall that fell the previous week in their single crop

study, prompting a similar analysis with our triple

crop dataset. We extended the period to the previous

8 weeks. Cumulated rainfall in weekly increments

over the preceding 8-week period was regressed

against egg mass density each sampling week from 3

to 10 WE. Regression analyses thus were performed

on the 64 combinations, e.g. mean egg mass counts

at 3 WE were regressed with cumulative rainfall over

the previous week, previous 2 weeks, etc. through the

previous 8 weeks and similarly for each of the eight

egg mass sampling weeks.

2.4.2. Correlation of ACB oviposition with maize area.

Having the trials conducted in one village with a

known maize area each month allowed us to analyse

the effect of that spatial dimension on oviposition

rate. Virtually all non-perennial crop farmland was

sown to maize in Esperanza. Farmers lived in a

village away from the farmland thus home gardens

which would include alternate ACB crop hosts

(Solanaceae and legumes) were removed from the

maize area. Percentage area in maize was deter-

mined for each calendar month by calculating the

total area sown divided by the total maize area

multiplied by 100. ACB egg mass density is a

function of the density of ovipositing moths. Thus

the following additional premises were included in

establishing the analytical parameters to measure the

potential spatial effect of crop area on ACB

abundance starting with the egg to egg life cycle

being ca. 1 month (Camarao 1976). Crop monitor-

ing showed that greatest period of ACB egg and

subsequent neonate larval density was from 4 to 7

WE (Figure 3), the second month of the crop cycle.

Based on the generation time and the fact that ACB

does not begin oviposition until 3 WE, a new

planting should therefore receive the greatest

number of ovipositing moths bred from the previous

month’s planting rather than from the current crop

or the crop planted 2 months earlier. Therefore if

the area of the previous month’s planting were

increasingly higher than that of the current month

this would create a greater concentration of moths

on the current crop. Using the 39 crop dataset,

these ratios of maize area were determined for each

monthly planting and correlated with the mean

weekly egg mass density of the current month’s

crop. The null hypothesis was an increasing ratio of

maize area of the preceding crop to that of the

current crop was not correlated to egg density.

2.4.3. ACB damage. Neonate larvae secrete silken

strands which they attach to the plant before

descending to be wind dispersed (Litsinger et al.

1991). Those larvae that survive eventually work

their way to the whorl of the same or an adjacent

plant where they begin to feed on plant tissue, or in

the case of an older plant, on the pollen of unopened

tassels or pollen that had collected in whorls or axils.

Larval abundance was monitored during the repro-

ductive crop stage by censusing nonexserted tassels

from 50 randomly selected plants per field. At the

fourth stadium most larvae bore into the stalk,

usually above a node, and feed on the internal tissues

before cutting an exit hole for the moth (Camarao

1976). Exit holes accumulate throughout crop

growth and were censused at harvest from 50

random plants.

2.4.4. Yield loss trials. A series of replicated trials on

farmers’ fields throughout the Philippines was under-

taken to determine the optimal insecticide control

regime. The number of insecticide treatments tested

in any one season ranged from 5 to 8 in a randomized

complete design with 100-m2 plots and three to five

replications. ACB damage (number of tunnels or exit

holes per stalk) was determined from samples of 50

randomly selected plants taken after harvest. Yield

was determined from 25-m2 areas per plot with the

grain dried to 14% moisture. Yield loss was

determined as the difference from the best perform-

ing insecticide regime and the untreated check. The

insecticide regimes normally were multiple sprays of

0.75 kg ai monocrotophos/ha or 1 kg ai carbofuran

granules applied by hand to the crop whorls at pre-

tasseling and tasseling stages.

2.5. Statistical analysis

All statistical analyses were performed by SAS with

P� 0.05 as the criterion for significance. Results

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) using a pooled

estimate of error variance.

3. Results

3.1. Rainfed cropping pattern

The extensive rainfall period shows why farmers

have been able to triple crop maize in most years in

Esperanza. Half the year from June to November

averaged 4100 mm per month with the driest

month in March (Figure 7C). The 4-year study

showed high variability among years in total rain-

fall, with 1988 highest (1925 mm) and 1985 lowest

(621 mm). Lack of rainfall was the main reason we

were not able to include all of the planned fields.

Averaged over the 4 years, a consistent annual

pattern is evident with the first crop sown in April

followed by a second crop peaking in August and a

third crop which exhibited greater variability ran-

ging from November to January. Averaged over 4

years, a mean of 86% farmers triple cropped

annually.
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3.2. Asian corn borer

The most important insect pest was ACB which

occurred in both the vegetative and reproductive

maize stages. Its population dynamics were mon-

itored from weekly samplings expressed both as

weekly means across all crops as well as crop means

per calendar month.

3.2.1. Oviposition. A mean (+SD) of 36.1+ 24.9

eggs per mass (median¼ 32, mode¼ 12 eggs) was

recorded over a range of 1 – 169 eggs (n¼ 3686

masses) collected in the weekly samplings (Figure 1).

Interestingly egg mass size increased in a linear

fashion from 32 to 55 eggs per mass at 10 WE with

crop growth from 3 WE (Figure 2). Despite the

increasing egg mass size with an older crop, the

impact of potential ACB injury was offset in the later

maize growth stages due to the dramatic reduction in

oviposition after 7 WE.

Egg densities were plotted by week as an average

from 39 crops (Figure 3). Data were converted to egg

density per plant by multiplying egg mass density by

egg mass size each week. The results revealed initial

low densities of ca. 1.5 eggs (0.05 egg masses) per

plant beginning 3 WE which then increased linearly

8-fold until peaking at 6 and 7 WE to ca. 15 eggs (0.4

masses) per plant, doubling each week before

declining precipitously, falling to near zero from 10

to 13 WE. The rate of decline was faster than its rise.

The rate of oviposition was highest at 6 and 7 WE

which was significantly more than at either tail (3 – 4

WE and 9 – 10 WE) as determined from LSD

analysis comparing weekly counts (P¼ 0.0015,

F¼ 3.94, df¼ 475).

No significant correlations occurred with oviposi-

tion in either end of the sampling periods (3 and 4

WE or 9 and 10 WE) with any of the 8-week periods

of previous accumulated rainfall. But during 5 WE,

rainfall summed from either 1 – 7 to 1 – 8 weeks prior

produced significant correlations (Figure 4). Max-

imum correlation occurred 6 WE when all eight

cumulated weekly rainfall periods (the previous

week, the two most recent weeks, etc., until the

eighth most recent weeks) were significant. Oviposi-

tion in both 7 and 8 WE was significantly correlated

with rainfall from 1 – 3 to 1 – 8 weeks.

3.2.2. Larval density and borer damage. In Esperanza

ACB suffered high mortality from egg parasitoids

(Litsinger et al. 2007). Weekly egg density data was

converted to neonate larval density per plant based

on emergence rates of nonparasitized eggs. Eggs

hatch in 3 days thus the neonate larvae were assumed

to come from those eggs censused the week of

sampling. The results showed larvae increased in

abundance at a similar linear rate as had eggs

between 3 and 6 WE from 1.2 to ca. 5 larvae/plant

(Figure 3). But larval densities dramatically fell

1 week earlier (7 WE) than egg densities to

Figure 1. Frequency of maize borer egg mass size by pentad class (1 – 5 eggs¼ 5, 6 – 10 eggs¼10, etc.). Data are from 3686 egg masses

collected from weekly samplings from 39 crops, 1985 – 1989, S. Cotabato, Philippines.
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3.8 – 4.6 larvae 7 – 8 WE due to the rapid buildup

of egg parasitoids. Neonate larval numbers fell to

near zero by 9 WE and thereafter due to high

parasitism.

Surviving larvae matured and either entered the

stalks or fed on pollen in tassels in the later growth

stages. Over the 39 crops, larvae averaged 0.2+ 0.03

per tassel, whereas exit holes were more (0.9+ 0.1

per plant). The higher exit hole densities would more

likely have come from vegetative stage larvae as very

few larvae developed from eggs laid after tasseling

Figure 3. Highest levels recorded in any crop were

3.3 larvae per tassel and 2.1 exit holes per plant in the

July 1987 planting.

Figure 2. Linear correlation of increasing egg mass size with crop age. Data are means (+SEM) of weekly samples from 39 crops in a triple

maize cropping pattern, 1985 – 1989, S. Cotabato, Philippines.

Figure 3. Population dynamics of maize borer egg and emerging larval densities during a crop cycle. Data are means (+SEM) of weekly

samples from 39 crops in a triple maize cropping pattern, 1985 – 1989, S. Cotabato, Philippines.
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A series of correlation analyses was conducted to

determine the most probable source of both larval

densities in tassels and exit holes based on weekly egg

and neonate larval densities. Higher correlations

were obtained with neonate larvae (calculated as

the mean number of larvae hatching from egg masses

multiplied by egg mass density per plant) than egg

mass densities (Table I). Correlation coefficients for

larvae in tassels were significant for egg mass

densities spanning 4 – 7 WE and for neonate larvae

from 4 to 5 WE. Correlations of the same parameters

of ACB abundance with exit holes over the mean of

all sampling dates showed greatest significance with

eggs from 5 to 7 WE and larvae from 4 to 7 WE.

Based on this analysis, larvae in the tassels and exit

holes most likely came from vegetative stage maize

borers.

Additionally a significant positive linear correla-

tion was found relating exit holes to larval densities

in the tassels from the 39 crops (Figure 5)

(P� 0.0001, F¼ 34.98, df¼ 38). To test the rela-

tionship between ACB damage and yield we

analyzed 13 chemical control trials previously

conducted throughout the country on both hybrid

(four trials) and open pollinated (nine trials)

cultivars (Table II). Losses in southern Mindanao

were high, ranging from 20 to 49%. Collectively the

insecticide-protected hybrids (mean yield of 4.0 t/

ha) outyielded the open pollinated cultivars (2.6 t/

ha). Even in the unprotected plots, the hybrids

(2.9 t/ha) outyielded the open pollinated cultivars

(2.0 t/ha). Yield loss was higher for the hybrids (1.1

vs. 0.6 t/ha), but in terms of percentage of loss from

ACB, the comparisons were highly similar (27.5 vs.

23.3%). In these trials ACB damage was expressed

as both number of tunnels and number of exit holes

per plant and there were sufficient numbers of trials

each to allow regression analysis. Yields in the

insecticide protected plots were positively correlated

with tunnel number (r¼ 0.849, P¼ 0.03, F¼ 10.36,

df¼ 6) but not so in the untreated plots. Highest

correlations came, however, when yield loss both

expressed in terms of t/ha (P� 0.0001, F¼ 191.48,

df¼ 6) and percentage (P¼ 0.002, F¼ 17.00,

df¼ 6) was correlated with tunnel density. The

best fit for t/ha loss was a quadratic model while

that of percentage yield loss was a cubic model

(Figure 6).

3.2.3. Monthly abundance. When the weekly means

3 – 10 WE were averaged per crop for each calendar

month of planting and then averaged over years,

highest oviposition (0.5 – 0.7 egg masses per plant)

occurred in June and July plantings (Figure 7A).

LSD analysis revealed the means for these 2 months

were significantly different from all other months

(P¼ 0.04, F¼ 2.60, df¼ 38). There was no signifi-

cant difference between any of the other 10 months

which means ranged from 0.01 egg masses per plant

for September to 0.2 for May. Beyond 10 WE the

crop was senescing thus highly unattractive for

oviposition. Larval abundance in tassels ranged from

Figure 4. Significant (P� 0.05) correlation coefficients for weekly samplings relating maize borer oviposition rates as affected by different

periods of prior accumulated rainfall set above the respective rainfall periods. An accumulated rainfall period of 1 is the rainfall 7 days before

sampling, 1 – 2 is 14 days before sampling, etc. Data were taken from weekly samples from 39 crops in a triple maize cropping pattern, 1985 –

1989, S. Cotabato, Philippines. WE, week after crop emergence.
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0.1 to 0.4 per plant per calendar month, and

although were most numerous in June, July, and

August plantings (in that order) the differences were

not significant between months (Figure 7A). Mean

numbers of exit holes, however, were significantly

highest in the June planting (P¼ 0.003, F¼ 3.45,

df¼ 38) over all months except May, July, and

August (Figure 7A).

Most (78%) of Esperanza farmers avoided the

maximum borer numbers by planting the first crop

in March or April rather than in May or June

(Figure 7C). The second crop was mostly (62%)

planted in August, which while was minimal in terms

of mean egg mass density, it was high and slightly

below peak numbers for both exit holes and larvae in

tassels. The third crop, mostly planted between

November and February, occurred at a time of the

lowest rainfall and overall low and declining ACB

densities.

The examination of the spatial dimension of the

ratio of the area in the preceding crop to that of the

current crop proved non-significant (F¼ 0.24,

df¼ 38) and thus does not appear to be an

explanatory variable for egg mass density.

Table I. Correlation coefficients (r) showing the relationship between maize borer abundance with crop age and plant damage as averages of

39 crops over 4 years, S. Cotabato, Philippines 1985 – 1989.1

Maize borer (no./plant)

No. larvae/tassel No. exit holes/plant

4WE 5WE 6WE 7WE 4WE 5WE 6WE 7WE 8WE

Egg masses

r 0.251 0.674 0.406 0.425 0.251 0.385 0.412 0.207

P 0.006 50.0001 0.0002 0.0001 ns 0.006 0.0003 50.0001 0.01

F 9.06 55.70 18.42 19.93 9.05 16.90 18.93 7.06

df 38 38 38 38 38 38 38 38 38

Neonate larvae

r 0.683 0.774 0.541 0.254 0.329 0.265 0.496

P 50.0001 50.0001 ns 0.002 0.005 0.001 0.009 0.002 ns

F 58.17 92.31 17.65 9.18 13.21 8.29 14.78

df 38 38 38 38 38 38 38 38 38

1Maize borer egg masses were sampled weekly from 3 to 14 weeks after crop emergence (WE) from 50 plants per 2 – 4 fields per planting

month. Each week 10 egg masses were reared from each field to determine the mean neonate larvae per egg mass. Neonate larvae were

determined by the product of egg mass density per plant and mean number of emerging larvae per egg mass. Level of significance was

P�0.05 and only the weeks where signficant correlations occurred are shown. During the tasseling stage, 50 tassels were placed in plastic

bags and the number of larvae was later counted. Before harvest 50 plants from each field were examined to determine the number of exit

holes as a measure of damage.

Figure 5. Relationship between the number of maize borer exit holes per stalk based on the larval density on non-exserted tassels. Data are

means of samples from 39 crops in a triple maize cropping pattern, 1985 – 1989, S. Cotabato, Philippines.
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3.3. Other maize pests

Three groups of minor insect pests were recorded.

The maize seedling maggot is an early season pest

which damage peaked at 2 – 3 WE. Larvae tunnel

into young plants and feed on developing leaves.

Damage is measured by percentage of damaged

seedlings. Its numbers were modest averaging

3.5+ 12.9% damaged maize plants by 3 WE with a

high of 67% damaged seedlings in July 1988. Highest

Table II. Insecticide – check, yield loss trial results on maize conducted in the three regions of the Philippines, 1975 – 1985.

Maize borer

infestation

(no. per plant) Yield (t/ha) Yield loss

Region/Location Year Season

Maize

type1 Variety Tunnels

Exit

holes

Insecticide

protected Untreated t/ha % Reference

Luzon

Los Banos, Laguna 1976 Dry OP DMR2 3.0 3.44 1.87 1.57 46.0 IRRI 1982

Tanauan, Batangas 1976 Wet OP Tinumbaga 0.3 2.15 1.80 0.35 14.6 IRRI 1982

Tanauan, Batangas 1976 Wet OP Tinumbaga 0.3 1.90 1.60 0.30 15.8 IRRI 1982

Tanauan, Batangas 1977 Dry OP Tinumbaga 0.8 3.10 2.50 0.60 19.3 IRRI 1982

Tanauan, Batangas 1976 Wet OP Tinumbaga 0.7 2.3 1.6 0.70 30.4 IRRI 1982

Tanauan, Batangas 1976 Wet OP Tinumbaga 0.8 3.2 2.5 0.65 19.8 IRRI 1982

Guimba, Nueva Ecija 1985 Dry Hybrid Cargill 2.48 2.50 2.26 0.24 8.8 IRRI 1987

Visayas

Tigbauan Iloilo 1975 Dry OP Early Thai

Composite

2.1 2.85 2.53 0.32 11.2 IRRI 1982

Tigbauan Iloilo 1975 Dry OP Early Thai

Composite

1.5 2.43 1.97 0.46 18.9 IRRI 1982

Mindanao

Koronadal,

South Cotabato

1984 Wet Hybrid Pioneer 6181 4.0 2.70 4.02 2.06 1.96 49.0 IRRI 1987

Koronadal,

South Cotabato

1985 Dry Hybrid SMC 305 0.20 6.41 5.10 1.31 20.0 IRRI 1987

Claveria,

Misamis Oriental

1984 Dry OP Calimpos 0.58 2.40 1.60 0.80 33.0 IRRI 1987

Claveria,

Misamis Oriental

1984 Dry Hybrid Cargill 0.68 3.10 2.10 1.00 32.0 IRRI 1987

1OP, open pollinated.

Figure 6. Relationship between maize borer damage measured as tunnels to yield loss determined in two ways, by percentage or grain weight.

Data are from seven chemical control field trials undertaken throughout the Philippines (Table II). Tunnel densities were determined from

stalk dissection at harvest. Both regressions were forced through zero.

154 J. A. Litsinger et al.



mean monthly populations over the 4-year period

(29% damaged plants) came in May, a month after

most farmers planted, thus avoiding greatest damage

(Figure 7B).

The seedling stage was also the preferred period

of commingled attack by two species of thrips

Thrips palmi Karny and Megalurothrips usitatus

(Bagnall) with T. palmi being the more dominant

(77% of the population). Both species averaged

only 1.5+ 0.4 individuals per plant (adults and

larvae) with a high of 34.8 in March 1987. Highest

mean numbers (10 per plant) occurred in the heart

of the dry season in March over the 4-year period

(Figure 7B).

A third insect pest, the corn leafhopper, was

collected at very low densities (50.2 per plant)

peaking in February during the dry season. Farmers

pointed out the damage on seedlings which had

turned darker in colour, became stunted, and had

swollen leaf veins. These are the symptoms of

wallaby ear syndrome. Wallaby ear is most likely a

physiological disorder based on plant reaction to

leafhopper saliva injected during feeding rather than

a virus or similar entity (Ofori and Francki 1983).

Less than 5% of plants were affected and was

localized to only some fields. None of these three

minor pest groups was considered to be of economic

importance.

The corn earworm was present but in non-

economic numbers and was not censused in this

study. Surprisingly absent was the maize leaf aphid

which normally is a pest in Luzon due to longer dry

seasons.

4. Discussion

4.1. ACB egg mass size

Nafus and Schneider (1991) found mean egg mass

size ranged from 20 to 40 eggs. In Luzon, Camarao

(1976) recorded a mean of 24 eggs per mass, whereas

Buligan’s (1929) data agrees precisely with ours at

36. Egg mass size was found to increase 39% over the

3 – 10 WE sampling period averaged over all crops.

This may be a sampling bias from overlooking egg

masses in older and larger plants. Secondly it may be

due to the method used to measure egg mass size

where it was assumed that one parasitoid wasp had

parasitized only one egg. Superparasitism has been

recorded from Trichogramma evanescens Westwood

and is most likely to occur when few unparasitized

egg masses are present (Strand 1986). This point is

supported by the field data where unparasitized eggs

became progressively more common in reproductive

stage maize.

4.2. ACB oviposition pattern

Our study showed that ACB moths were present

year-round in Esperanza and given the likelihood that

ACB, like the related O. nubilalis (Hübner) European

corn borer (ECB), has good powers of dispersal

(Beck 1987), one would think that egg masses would

be found in high numbers in all crop stages. However

a distinctive pattern emerged, common in single and

double maize cropping systems, where most oviposi-

tion occurs between late-whorl and mid-tasseling

stages (Nafus and Schneider 1991). This 4-week

period 5 – 8 WE, however, represents only one-third

of the crop cycle but resulted in 70% of egg masses

deposited.

As to likely causes, Camarao (1976) found high

mortality when she artificially infested early whorl

plants with young larvae which may be a primary

factor as to why ovipositing moths do not seek a

younger crop. It is possible young plants predispose

larvae to high natural mortality by not offering

sufficient shelter from rainfall or possibly young

plants possess toxic chemicals. Plants older than the

silk stage are less nutritious as senescing plants’

nutrients are transferred to the grain. This con-

clusion is also supported by trials where larvae

were reared on different maize stages. Nafus and

Schneider (1991) found larvae reared on late whorl

through silk stage developed faster and with greater

weight gain than on earlier whorl stages and after

silking. Saito (1985) also found larvae that fed on

tassel stage maize had the highest survival rate and

greatest body weight than when reared on whorl

stage or plants during senescence.

ACB larvae develop better on pollen than green

plant tissue (Felkl 1988). Therefore it would be

highly advantageous for the moth to oviposit just

before the period when pollen becomes available as

her progeny would stand a better chance of survival.

Another factor is known to attract ovipositing moths.

When Hussein and Kameldeer (1988) plotted weekly

egg mass densities against daily rainfall they found

highest oviposition during rainfall peaks within the

previous 7 days, but significantly only during the late

whorl to tasseling stages.

Correlations of oviposition with previous rainfall

agree with results from Hussein and Kameldeer

(1988) in that the effect was greatest during the

favourable late whorl through tasseling stages. The

youngest stage of maize where we recorded a

significant response was during the late whorl stage

(5 WE) but only under sustained rainfall over the

previous 2 months, ensuring the best growth condi-

tions which perhaps accelerated physiological devel-

opment. Greatest clustering of significant correlations

occurred during the peak oviposition 5 – 8 WE from

rainfall that fell over the prior 3 – 8 weeks. Only

oviposition at 6 WE was correlated with accumulated

rainfall over each of the prior 8 weeks. All Esperanza

farmers applied fertilizer as a single application 3 – 4

WE at mid-whorl stage after weed control tillage

(off-barring). The high correlations over the previous

2 weeks of rainfall at 6 WE may have been a plant

response facilitated from a flush from the recently
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Figure 7. Monthly (A) maize borer oviposition rates and subsequent larval abundance in tassels, and stalk infestation, (B) thrips

numbers and seedling maggot damage, in relation to the (C) triple maize cropping pattern and mean rainfall totals. Insect pest data are

means (+SEM) of monthly averages of weekly samplings of 39 crops over 4 years, Esperanza village, South Cotabato, 1985 – 1989.

Percentage maize area planted per month was calculated from the total maize field area, irrespective of the crop number, in the village

by all farmers each year over the 4-year period. The total of the 12 months equals 100%. Rainfall was taken daily from Santo Niño,

5 km from Esperanza.
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applied inorganic nutrients. Studies have related

increased oviposition on more heavily fertilized crops

(particularly with N) (Saito 1985) as well with taller

(0.7 – 1.5 m) plants (Hussein and Kameldeer 1988).

Taller plants may signify more vigorous growth and

thus better nutrition for developing larvae which is our

interpretation of their data.

Nafus and Schreiner (1991) concluded that the

source of most moths is from adjacent fields rather

earlier generations on the crop and that egg mass

density was a reflection of the attractiveness of the

particular crop growth stage. Litsinger et al. (1991)

recorded higher egg densities in larger monoculture

fields that were more densely planted that had

attracted moths from longer distances. Based on this

evidence, we conclude that ACB moths follow the

resource concentration hypothesis of Root (1973)

being attracted to maize in locations that have the

largest, purest, and most densely planted fields,

particularly those that are growing most vigorously

(least moisture stress, most optimally fertilized, and

tall plants), that are near to or during the tasseling

stage when pollen is expected thus leading to greatest

larval survival.

4.3. Number of ACB generations

In the corn belt of North America and in the

temperate regions of Asia, studies on the population

dynamics of ECB commonly mention first, second,

or more generations that occur successively during

the growing season. Camarao (1976) under tropical

conditions was able to rear two generations of ACB

in caged conditions via artificial infestation. Under

cages the second generation came from the first as

commonly noted for ECB (Beck 1987). As most

maize cultivars mature in over 3 months it would be

possible have three biological generations per crop.

Our data showed only single egg mass peaks on the

39 crops despite the fact that ACB breeds year-round

on maize. The peaks therefore cannot be assumed to

be evidence of biological generations as these over-

lap. With plantings almost every month ACB moths

can select a range of field ages in which to oviposit

and they exhibit a preference for stages which would

ensure the greatest survival for their progeny. We

propose that single peaks are the manifestation of the

preference of females for plants aged 5 – 8 WE.

In temperate areas distinct biological generations

can be inferred from population monitoring as

winters are strong synchronizing agents. In triple

crop systems where populations are asynchronous,

the strong attraction of maize at early tasseling and

the high egg parasitism become population synchro-

nizing agents, although less perfectly than winter in

temperate regions. Therefore, in the tropics it is

perhaps more appropriate to speak of vegetative and

reproductive populations or cohorts rather than first

or second generations due to high overlapping of

stages.

4.4. ACB damage and yield loss

As more research has been carried out on ECB,

some of the gaps in knowledge of ACB can be

inferred regarding yield loss. ECB damage, expressed

per tunnel, causes greatest loss in the mid-whorl

stage with the impact steadily declining until dough

stage (Bode and Calvin 1990). The results of our

study show that neonate larvae emerging 4 – 5 WE

during mid- to late-whorl stage most likely produced

the larvae in the tassels, thus only previous egg laying

(3 WE or before) would have produced larval tunnels

in the most vulnerable period which represented only

4% of egg deposition (Figure 3). Most exit holes,

however, coincided with eggs deposited 5 – 7 WE or

neonate larvae emerged 4 – 7 WE which span the

vegetative and reproductive stages but still result in

significant losses per tunnel. The increasingly heavy

egg parasitism rates were responsible for the declin-

ing neonate larval numbers from 7 WE onwards

when yield loss per tunnel may also decline.

ACB densities in the triple maize crop area were

similar to those from other studies examining single

or double maize cropping patterns (Young 1979;

Felkl 1988; Velasco 1992) and not the levels noted

by Yadao (1982) in his earlier report in S. Cotabato

with up to 20 tunnels per stalk along with extensive

tassel breakage. The difference between the earlier

study and this study was that egg parasitoids had

not yet been introduced. Their significant popula-

tion regulatory role is reported in Litsinger et al.

(2007).

Correlating yield loss with parameters of ACB

larval abundance and damage has shown wide

variation between studies (Nafus and Schreiner

1991). As in the current study, Velasco (1992) noted

high correlations between larval numbers per plant

and borer holes (entrance and exit) in the stalk.

Hussein and Kameldeer (1988) found the number of

bored holes rather than egg numbers was a better

predictor of larval density. In the present study, egg

densities were correlated to exit holes but correlation

coefficients were lower than those with neonate

larvae. This seems logical as eggs are one stage

removed from the larvae that cause the damage and

eggs suffer high mortality from natural enemies

(parasitoids and predators) and other causes.

Overall the yield relationship with number of

tunnels per plant seen in Figure 6 seems to over-

estimate yield loss based on the study of Medrano

and Raros (1975) in Luzon who reported a damage

function of 1% yield loss per tunnel. Young (1979)

felt that damage up to five holes per stalk does not

lead to significant yield loss. Nafus and Schreiner

(1991) cited a study in Thailand, which seems closer

to our results, where a 30% loss occurred when the

number of tunnels increased from 0.8 to 3 per plant.

In Figure 6 that damage level would have given a

16% increase. But from our data the first tunnel

results in 28% yield loss. Our results support Nafus
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and Schreiner’s (1991) contention that yield loss

relationships are nonlinear. In Figure 6 one tunnel

per plant results in 28% loss, whereas four tunnels

led to a 48% loss.

Several factors can be contributing to differences

in results between studies. First Bode and Calvin

(1990) point out that it is not only the number of

tunnels but when they occur, as a tunnel in the mid-

whorl growth stage caused twice the yield loss as one

made after silking. This adds another dimension to

damage correlations. Second, is differences in yield

potential can greatly distort percentage of loss.

A 1-t/ha loss on a 3-t/ha crop grown by a small-scale

farmer produces a 33% loss, but a better off farmer

who could afford hybrid seed and more fertilizer

would register only a 17% loss on a 6-t/ha crop.

Third, the insecticide check method used would be

controlling other insect pests that might affect yield.

In North America it has been found that ECB

tunnels allow fungal pathogens entry which in turn

rot out vascular bundles adjacent to tunnels exacer-

bating loss (Gatch et al. 2002). The extent of this

occurrence should be examined in the tropics.

Velasco (1992) did not obtain significant correla-

tions between borer holes and yield. From our study,

we likewise did not achieve significant correlations

between exit holes and yield. Highest correlations

occurred when we regressed damage to yield loss. The

yield in case of Velasco’s study was that of an

unprotected plot, but yield can vary greatly from

trial to trial from many factors aside from ACB

which could obscure the relationship. Therefore

we conclude the best way to correlate damage to yield

is to measure yield loss calculated as the difference

between insecticide protected and unprotected plots.

Tunnels were a better indicator of yield loss than

exit holes as the former directly measure injury

whereas an exit hole assumes that a tunnel was made.

Reasons tunnels are a better measure may be because

(1) the larva could have died before making an exit

hole, (2) exit holes are more likely to be overlooked

because the stalks are not dissected, and (3) entrance

holes may be mistaken for exit holes and be double

counted.

4.5. Planting time

Optimal planting times are often highly site

specific and are affected greatly by local cropping

systems. In the Philippines both dryland and wetland

environments often juxtapose one another in valleys

allowing maize to be sown in most months in such

locations. Nafus and Schreiner (1991) note even in a

temperate climate such as Shaanxi province in

China, the local cropping patterns cause maize to

be planted in different months with different results

regarding ACB densities. Early summer plantings

after winter wheat escape ACB but in the northern

part of the province spring plantings suffer high

infestations.

In the northern Philippines under a monsoon

climate, farmers attempt to plant maize at both tails

of the rainy season. Further south the climate changes

to the Intertropical Convergence Zone and is typified

by longer rainy seasons. In northern Mindanao, where

maize precedes dryland rice on adjacent fields, farm-

ers plant early to escape seedling maggot and ACB

(Litsinger et al. 2003). If rainfall is favourable in a

given year, farmers may attempt a second maize crop.

In most areas farmers attempt to maximize

cropping to fit within the length of the local rainfall

pattern leaving little wiggle room and therefore run

risks of crop failure due to unfavourable rainfall.

However even a change of 1 month can make a great

difference in pest abundance. In the less favourable

rainfall areas bordering Esperanza, where up to two

maize crops are grown, the first maize crop is planted

a little later, primarily in May or June. This would be

the probable source of the relatively high ACB

densities registered from May to August in Figure

7C. The rainy season begins earlier in Esperanza and

farmers plant in April ahead of the crowd and escape

the brunt of ACB and seedling maggot. An April

planting even escapes thrips which is a lower priority

as the crop normally outgrows the damage. Rainfall is

fickle as was seen in 1985 when heavy rains failed

thus only two crops were attempted and some of

these even failed due to drought.

The finding herein agrees with Yadao’s (1982)

observations in S. Cotabato that early planting in

March and April (during onset of earliest rains) gave

the highest yield and lowest ACB incidence on the

first crop. He noted maize planted in late May and

June was under the heaviest attack by both ACB and

downy mildew. He found plantings in August

and September had low incidence. In our study,

September indeed had the lowest incidence but not

August. If Esperanza farmers shifted the peak of

planting of the second crop from August to

September there should be less ACB damage. Some

19% of farmers plant in September and these farmers

seemed to manage to grow a third crop, keeping in

mind the need for a quick turnaround to plant the

first crop in April the next year.

The triple maize crop system allowed us to

conduct a planting time trial that included all 12

months thus acted as a living laboratory. The system,

however, is unsustainable as soil fertility is being

mined as only inorganic fertilizers are being used. As

Esperanza is the only known site in the Philippines

where wallaby ear syndrome has been found, it can

be surmised that the continuous maize plantings

fostered its development. It is fortunate for the

farmers that low infestation levels are tolerable.
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