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ABSTRACT Four mechanisms within the resource concentration hypothesis influence Os-
tnnia furnacalis (Guenee) densities. Fewer ovipositing moths were attracted to (1) low density
maize «20,000 plants/ha) and to (2) small patches «325 m2). (3) In small patches more
females oviposited in monocropped than intercropped maize, when offered a choice. Com-
panion crops may interfere with chemical or visual cues emanating from maize. (4) The
companion crop may act as a barrier to silk-dispersing first-instar larvae. Plant density and
patch size act independently of intercropping, although intercrops are often planted at low
maize density. However, the degree of maize borer control from the combined mechanisms
is low and intercropping cannot be recommended as a sole means of control. Although
important, there was no evidence that intercropping affected natural enemy abundance or
that there was any significance to diurnal nlicroclimatic differences of an intercrop. Maize
borer behavior in small patches has implications for experimental design of intercropping
trials.
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MAIZEGROWNin association with rice or legumes
is among the most common intercrops in tropical
subsistence agriculture (Kass 1978, Andow 1983).
Intercropped maize is often characterized by re-
duced insect pest populations compared to mono-
cropped maize (Altieri et al. 1977, Risch 1981,
Matteson et al. 1984), suggesting one reason for its
popularity with small-scale farmers.

The oriental maize borer, Ostrinia furnacalis
(Guenee), is a major constraint to maize production
in Southeast Asia (Kranz et al. 1977, Nafus &
Schreiner 1986). Its life history and damage are
described by Camarao (1976a,b) and are similar to
O. nubtlalis (Hiibner). Agronomic experiments at
the International Rice Research Institute (IRRI),
Los Banos, Philippines, were the first to show lower
egg and late-instar larval numbers on maize inter-
cropped with soybean or peanut than when mono-
cropped (IRRI 1973, 1974, 1976; Suryatna 1976).
In Canada, Lambert et al. (1987) found less O.
nubtlalis damage in maize inter cropped with red
clover than in maize monocrop.

Mechanisms to explain reduced maize borer
populations in intercroppings have not been fully
elucidated. Agricultural ecologists have proposed
a theory that increased plant diversity through in-
tercropping fosters stability of insect populations.
There are many examples of pest suppression sup-
porting this theory, although it is pointed out that
the type of diversity is important (van Emden &
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Williams 1974). Risch (1983) stressed the need to
determine the ecological bases underlying insect-
suppressing intercrops, which could be used to de-
sign new insect-stable associations. The underlying
causes of associational resistance that depress insect
pest numbers from intercropping have been cat-
egorized into two hypotheses (Risch 1981). In the
natural enemies hypothesis, a pest is suppressed
because of the increased favorable environment to
predators, parasites, or pathogens in an intercrop.
Natural enemies may increase in abundance in an
intercrop because of more continuous availability
of food and shelter (Risch 1981).

Seven mechanisms under the resource concen-
tration hypothesis, enumerated by Altieri & Lieb-
man (1986), interfere with plant host-seeking be-
havior and population development. Natural
enemies may be favorably or unfavorably affected
by resource concentration mechanisms. Gen-
eralizations therefore become difficult because of
the array of possible interactions. Moreover, the
insect-suppressing effects of intercropping may be
sensitive to levels of crop management.

We tested six mechanisms to explain lower O.
furnacalis populations in maize intercrops. The
first mechanism is the natural enemies hypothesis,
whereas the remaining five mechanisms fall under
the resource concentration hypothesis. IRRI (1974)
suggested that intercroppings favored higher re-
cruitment of spider predators of maize borer moths
and larvae. More spiders, particularly Pardosa spp.
and Lycosa spp., colonized intercropped maize from
the peanut companion crop than occurred on
monocropped maize. However, results of those ear-
ly studies were inconclusive. As O. furnacalis egg
and larval parasitization levels are normally <1%

oo46-225Xj91j0988-1oo4$02.oojO © 1991 EntomologicalSocietyof America



August 1991 LITSINGER ET AL.: MAIZE BORER INTERCROPPING 989

and <8%, respectively, and pathogens are also in-
significant (Camarao 1976a), we compared pred-
ator populations in monocropped and intercropped
maize with various companion crops.

The second mechanism tested is an interference
effect posed by a companion crop to pests during
dispersal (Cromartie 1981). This is normally a taller
crop acting as a barrier to insects dispersing to a
shorter crop. In maize, the barrier effect is posed
by the shorter companion crop. First-instar maize
borers disperse by wind on silk threads soon after
hatching (Hasse 1981). Dangling from the end of
a silk strand, their movement is totally dependent
on wind. There are four ways in which the inter-
ference effect can be realized: (1) The replacement
of maize rows by a companion crop increases the
distance larvae must traverse between maize rows;
the wider the distance, the lower the probability
of success. (2) Even though the companion crop is
short statured, it still can playa role in blocking
dispersing larvae. Larvae would succumb to star-
vation or natural enemies after landing on a non-
host companion crop. (3) The presence of a com-
panion crop may create air turbulence, causing
airborne larvae to fall. (4) If the companion crop
is a host, it may act as a trap crop. The maize borer
is polyphagous and larvae are recorded to tunnel
into mungbean, soybean, and cotton, but they pre-
fer maize (Morallo-Rejesus 1985). Larval dispersal
behavior was observed in the greenhouse and field
and population buildup was compared with various
companion crops and monocropped maize.

Intercropping is often practiced by resource-poor
farmers who cultivate maize at less than 20,000
plants/ha, three to four times less than a highly
managed monocrop. Low plant stands may inde-
pendently affect maize borer densities, which may
be interpreted as intercropping effects (Willey
1979). We designed experiments to test separately
the effect of maize density in monocrops as an
indirect third mechanism that may affect coloni-
zation rates of ovipositing moths. If maize borers
are attracted to olfactory or visual cues emanating
from maize, then low-density maize would send
weaker signals to ovipositing moths. Maize density
also has been shown to interact with O. nubilalis
predators. The report of Ficht (1932) that higher
larval survival occurred at higher maize densities
may have been explained by Risch et al. (1982),
who found lower lady beetle searching efficiency
at higher plant leaf area indices.

The fourth mechanism 'tested was the effect of
plant species purity in the host-seeking behavior of
O. furnacalis. The odor or visual spectra of other
plants growing in association with maize may in-
terfere with similar cues used by ovipositing moths
to locate host plants (Cromartie 1981). These sig-
nals may interfere either actively as repellents, or
passively to dilute or mask host-seeking cues (Tah-
vanainen & Root 1972). There is evidence that
Ostrinia utilizes olfactory and visual cues to seek
appropriate host plants for oviposition. Marston &

Dibble (1931) and Savinelli et al. (1986) demon-
strated with olfactometers that O. nubilalis moths
responded to maize plant volatiles. There is also
evidence of an oviposition deterrent in O. nubilalis
that is odor based (Dittrick et al. 1983). O. fur-
nacalis moths disperse at night but may home in
on far-infrared spectral signatures emitted from
maize. Preliminary work at IRRI (1974) showed
lower O. furnacalis oviposition rates in maize with
green than with brown burlap bags laid between
rows. In the current study, oviposition densities
were compared under various levels of maize pu-
rity caused by different companion crop species,
weeds, or bare soil.

It later became apparent (Hasse 1981) that patch
size was important in explaining O. furnacalis ovi-
position behavior in intercroppings. This fifth
mechanism (Bach 1988) would have significance
relative to selecting plot sizes in experimental de-
signs for testing intercropping patterns. Like plant
density, patch size is not a direct effect from in-
tercropping, but falls within the resource concen-
tration hypothesis. A number of researchers (Wil-
ley 1979, Andow 1983, Stanton 1983) summarized
pitfalls in experimental design which, if not fore-
seen, can confound the interpretation of intercrop-
ping experiments. O. furnacalis population build-
up (particularly egg mass densities) was compared
in various plot sizes of monocropped and inter-
cropped maize.

A sixth mechanism is based on suspected micro-
climatic differences between monocropped and in-
tercropped maize which affect pest survival (Cro-
martie 1981). Batchelder (1949) and Camarao
'(1976a) reported greater Ostrinia larval abun-
dance in moist habitats. An intercrop with wider
rows should result in greater evaporative demand
than monocrops. If temperature and relative hu-
midity differences were found, these may directly
affect survival of dispersing larvae or may indi-
rectly affect maize borer through effects on natural
enemies. Temperature and humidity were mea-
sured during the day in intercropped and mono-
cropped maize and populations of O. furnacalis
and predators were censused.

It is important to understand underlying pest-
suppressing mechanisms of a control tactic (such
as intercropping) when making recommendations
to ensure compatibility between other control tac-
tics and between crop husbandry practices (Mora-
llo-Rejesus 1985).

Materials and Methods

General. All research was carried out at the Ex-
perimental Farm of the International Rice Re-
search Institute, Los Banos, Laguna, Philippines.
'DMR2', a 97-d yellow flint suspectible to O. fur-
nacalis, was the chosen maize cultivar in all ex-
periments. The intra-row distance between maize
hills was thinned to uniformity in all treatments.
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For dense maize the number of plants per hill was
increased and the inter-row distance was decreased
from 1.5 m (intercrop spacing) to 0.75 m (normal
monocrop spacing). Maize rows were replaced by
companion crops at their optimal monocrop spac-
ing following Willey's (1979) replacement method.
Maize and companion crops were planted simul-
taneously in all experiments. Normal inter-row
spacings for field crops in Asia are: maize, 0.75 m;
legumes, 0.5 m; and rice, 0.25 m. The 1.5-m in-
tercrop spacing allowed either 3 rows of a legume
or 5 rows of rice to be sown between maize rows.

Fertilizer was applied to all crops on a per-row
basis. Maize received 120 kg N/ha in three splits
(50 kg N/ha basal, and 40 plus 30 kg N/ha side
dressings). Companion crops received a single basal
application of 30 kg N/ha. Maize yields in the
various treatments within each experiment provide
a means to assess the degree of inter-plant com-
petition between various companion crops and
maize, which in turn may affect the attractiveness
of maize to O. furnacalis and natural enemies.

Intercrop versus Monocrop
(Field Experiments 1-5)

General. Five field experiments, conducted se-
quentially, compared treatments of different com-
panion crops or weeds, maize densities, and plot
sizes on maize borer abundance, natural enemies,
and micro climates. Overhead irrigation enabled a
crop to be grown during any season. Experiments
1, 2, and 4 included companion crops-rice, pea-
nut, soybean, and mungbean-common in maize
polycultures in Asia. Experiment 3 eliminated nat-
ural enemies from the companion crop with in-
secticide (0.75 kg [AI] methyl-parathion/ha) in one
treatment to test if the companion crop was a ref-
uge for predators that could disperse to maize.
Microclimate readings were taken in experiment 4.

Experiments 1-3 involved 625-m2 plots in a Lat-
in square design with four replicates per treatment.
Large plots were chosen to reduce inter-plot effects
(Bhatnagar & Davies 1982). Resources were econ-
omized in experiment 4 by using smaller plots (375
m2) and fewer (3) replicates in a randomized com-
plete block design. Results of experiment 4 led to
the design of experiment 5, which tested the effect
of three plot sizes on maize borer and natural en-
emyabundance. Yield was taken from experiments
1-4 from five 50-m2 yield cuts per plot but was not
taken on experiment 5. Arthropod sampling oc-
curred outside of yield areas.
Experiment 1. The first experiment tested pea-

nut and rice as companion crops in four treatments:
(1) maize + 'CES101' peanut, (2) maize + 'IR36'
rice (a modern semi-dwarf), (3) monocropped
maize, the same 1.5-m spacing as treatments 1 and
2 but without any companion crop, and (4) mono-
cropped maize (normal dense 0.75-m spacing).
Maize density was 25,000 plants/ha in the first

three treatments and 100,000 plants/ha in treat-
ment 4. All plots were hand weeded clean.
Experiment 2. In experiment 2, maize density

was 60,000 plants/ha with 1.5-m inter-row spacing
in all four treatments: (1) maize + 'TK5' soybean,
(2) maize + 'Dagge' rice (a tall upland cultivar),
(3) maize + weeds, and (4) maize kept weed-free.
Experiment 3. In the third experiment, 'Dagge'

rice was cut at harvest to produce 40-cm-tall stub-
ble. Maize, following rice, was sown at 60,000
plants/ha with 1.5-m inter-row spacing in all four
treatments: (1) maize drilled between rows of rice
stubble that was sprayed weekly for 5 wk with 0.75
kg (AI) methyl-parathion EC/ha, a broad spectrum
insecticide, (2) maize + rice stubble (unsprayed),
(3) maize + 'Pagasa-l' mungbean, and (4) mono-
cropped maize (bare soil). During spraying, mesh
barriers were held to prevent drift to adjacent maize
plants. Spraying began 45 d after crop emergence
when a high density of O. furnacalis egg masses
appeared.
Experiment 4. The fourth experiment compared

four treatments: (1) maize + 3 rows of 'Pagasa-l'
mungbean, (2) maize + weeds, (3) monocropped
maize (1.5-m spacing), and (4) monocropped maize
(0.75-m spacing). Maize density was 60,000 plants/
ha in the first three treatments with 1.5-m inter-
row spacing and 120,000 plants/ha in treatment 4
with 0.75-m inter-row spacing.
Experiment 5. The fifth experiment compared

plot sizes in a split-plot design. Whole plots com-
pared three sizes (625, 156, and 36 m2) and subplots
compared monocropped maize to maize + mung-
bean (Fig. 1). The plot sizes were randomly posi-
tioned in each of four replicates. Because of the
size of the experiment, the replicates were located
at different sites on the farm. Each whole-plot
treatment was divided into two subplots randomly
assigned as intercropped or monocropped. A fourth
treatment involved 36-m2 plots of intercropped and
monocropped maize isolated from each other by
15 m of bare soil. Each replicate was surrounded
by a 20-m-wide boundary of bare soil. Maize row
spacing was 1.5 m with 40,000 plants/ha in both
monocrop and intercrop. CES 16-21 (Pagasa 1)
mungbean was the companion crop planted in three
rows between each maize row.

Sampling Maize Borer. Egg masses were count-
ed from 100 randomly selected plants per plot,
excluding three border rows. In experiments 1-4,
egg masses were recorded throughout the ovipo-
sition period at 7- or lO-d intervals in the pre- and
posttasseling stages beginning 3-4 wk after crop
emergence at the start of peak oviposition until 12
wk after crop emergence. In experiment 5, 50 ran-
dom plants were tagged and observed each sam-
pling day in the centers of the plots. Number of
eggs per mass was not recorded.

To determine maize borer larval density, we dis-
sected 10 randomly selected maize plants per plot,
excluding three border rows, and recorded the
number of larvae and tunnels per plant at 10- to
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14-d intervals from 7 to 12 wk after crop emer-
gence. Only tunnels having a lengthwise cavity >2
em were counted.

Sampling Predators. Predators were sampled in
experiments 1-4 with a whole-plant netting tech-
nique modified from Byerly et al. (1978). Two days
before sampling, a nylon net (l-mm mesh)-1.5-
m and 2.2-m tall for young and old plants, respec-
tively-was slipped over each of 10 randomly se-
lected plants per plot and gathered at the base,
where it rested on an elevated bamboo support. It
allowed free access to maize plants by both ground-
dwelling and flying arthropods. The act of placing
the net at the base of the plant agitated the maize
foilage, exciting some predators. The 2-d interval
between net placement and sampling allowed time
for predators to resettle. Whole-plant sampling was
carried out 2 h after sunset, when observed pred-
ator activity on the plant canopy was greatest (Hasse
1981). The netting method did not require visual
recognition of predators. As one person pulled to
seal the net to the base of each plant, another person
quickly lifted the net up around the plant and tied
the top end.

The next morning, plants were cut off at their
bases and brought to a farm building to be fumi-
gated with chloroform in a 44-gallon oil drum
chamber. Dead arthropods were suctioned using
an industrial vacuum cleaner equipped with re-
tention nets inside the nozzle.

Companion Crop Interference with Dispersing
Larvae. The dispersal behavior of O. furnacalts
larvae was studied in two experiments in the green-
house and field.
Greenhouse (Experiment 6). Two treatments,

intercropped and monocropped maize, were rep-
licated twice. Potted plants were arranged on a
bench in two rows of five plants each 1.5 m apart.
Intra-row distance was 0.5 m. Plywood sheets set
on clay pots formed the "ground" to make location
of fallen larvae easier. Maize plants emerged
through holes in the sheets, sealed with modeling

clay. The edges of the plywood sheets were coated
with Tanglefoot (Tanglefoot Co., Grand Rapids,
Mich.) to prevent larvae from leaving and ants
from entering the arena. Leaves were pruned to
prevent contact between plants. Fishnets (2-cm
mesh) were hung 1 m aboveground, halfway be-
tween the maize rows to simulate a companion
crop. The nets reached two-thirds of the height of
the maize plants. The monocrop treatment was the
same setup without fishnets.

Between 30 and 32 d after crop emergence, 8
egg masses of uniform size (mean, 35 eggs) on leaf
sections were clipped to the central plant in both
rows per treatment. Dispersal behavior was ob-
served throughout the day from the time of eclo-
sion. Colonization success and the influence of the
fishnet barrier were measured by dissecting all
plants 3 wk after infestation.
Fteld (Experiment 7). Dispersal behavior of O.

furnacalts larvae was also tested in the field, com-
paring intercropped and monocropped treatment
with four replicates. Each treatment comprised
seven rows of seven plants spaced 1.5 m within and
between rows. The monocropped treatment was
kept weed free and the intercropped treatment was
undersown with mungbean as a companion crop.
Each day the plants were inspected and any nat-
urally occurring maize borer egg masses were re-
moved. Six weeks after emergence, each central
plant was artificially infested with 32 egg masses of
uniform size per plant over a 3-d period. Direct
observation and dissection were conducted as in
the greenhouse experiment.

Microclimate. Temperature and relative hu-
midity were recorded in experiment 4 in mono-
cropped maize (1.5-m rows) and mungbean in a
maize intercrop at weekly intervals from 32 to 53
d after emergence, the period of greatest oviposi-
tion and larval dispersal. Fan-ventilated, cotton-
wick, wet-bulb, and dry-bulb thermocouple psy-
chrometers (modified from Lourence & Pruitt 1969)
were set at maize and mungbean canopy heights
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Table 1. Predators collected from whole-plant sam-
pling of maize in experiments 1-4

continuously elevated with crop growth. The setup
covered the free space between maize rows from
the mungbean level to the top of the maize plants,
where maize borer first instars were expected to
initiate dispersal.

The 24 thermocouple sensors were calibrated in
a stirred water bath (±0.3°C) using a digital read-
out meter (Omega Engineering, Stamford, Conn.)
of O.I°C resolution. Temperature and humidity
readings were taken at 30-45-min intervals from
0600 to 1400 hours.

Predator guild
Order

Family
Species

Egg predators
Coleoptera

Coccinellidae
Microspis htroshima; Sasaji
Scymnus sp.
Menochilus sexmaculatus (F.)

Hemiptera
Anthocoridae
Grius tantll/us (Motsch.)<'

Pentatomidae
Menida formosa (Westwood)

Orthoptera
Gryllidae
Anaxipha longipennis (Serville)
Melioche vUtaticollis (Stlll)

Teltigoniidae
Conocephalus longipennis (de Haan)

Larval predators
Hymenoptera

Formicidae
Solenopsis geminata (F.)

Araneae
Lycosidae
Pardosa pseudoannulata (Boos. et Str.)
Pardosa oakley; (Gravely)

Araneidae
Araneus inus/us (L. Koch)
Neoscona theisi (Walck.)
Argiope sp.

Oxyopidae
Gxyopes javanus Thorell

Thomisidae
Thomisus cherapunjeus Tikader
Thomisus labefactus KaTSch

Tetragnathidae
Tetragnatha javana (Thorell)

Theridiidae
Coleosoma blandum (Camb.)
Chrysso argyrodiformis Yaginuma

Micryphantidae
Atypena fOTmosana (Oi)

Dermaptera
Carcinophoridae
Euborellia stali (Dohrn)

Chelisochidae
PrOTeus stmulans (Stal)

Coleoptera
Staphylinidae
Paederus fuscipes Curtis

Carabidae
Ophionea ntgrofosciata (Schmidt-Goebel)

a Egg-larval predator.

Per-
centage
of total

collected

21.9
1.0
0.9

6.8

0.9

2.6
2.3

0.3

22.5

6.8
0.7

3.1
1.3
0.9

2.2

2.5
0.5

0.7

1.3
0.6

1.5

1.2

0.4

1.5

0.9

Results

Predators. Whole-plant sampling in experi-
ments 1-4 from monocropped and intercropped
maize produced 4,392 specimens which were di-
vided into egg (38%) or larval (62%) predators (Ta-
ble 1). The egg predators were coccinellids (24%
of the total), hemipterans (8%), and orthopterans
(5%). Micraspis hirashimai Sasaji was the most
prevalent egg predator. The larvae and adults were
observed to consume pollen and egg masses both
day and night. In caged conditions it fed on first
instars but this was not observed in the field. The
anthocorid egg-larval predator Orius tantillus
(Motsch.) became abundant only during the first
generation of O. furnacalis. The pentatomid Meni-
da formosa (Westwood) punctured eggs both as
nymphs and adults. Ants and spiders were the most
persistent larval predators. The red fire ant Sole-
nopsis geminata (F.) attacked all five larval instars,
but up to three ants could not overwhelm and carry
away a mature O. furnacalis larva. Free-roaming,
hunting spiders were more abundant than web
builders.
Experiment 1. Predator abundance in the first

experiment was lowest of experiments 1-4 where
natural enemy comparisons were made (Fig. 2).
Predator abundance rose at a low rate with crop
age. Spiders as a guild were most prevalent, dom-
inated by the orb-web spider Araneus inustus (L.
Koch) and three hunting spiders-Pardosa pseu-
doannulata (Boes. et Str.), Thomisus cherapunjeus
Tikader, and Oxyopes javanus. Their numbers were
three- to four-fold lower than maize borer larvae.
S. geminata populations were also relatively low.
The most common egg predators were the lady
beetle M. hirashimai and the anthocorid bug O.
tantillus. Their low numbers matched the low maize
borer egg mass density.

No statistical differences in predator abundance
attributable to intercropping on a per-plant basis
were found (Table 2). When converted on a per-
area basis, predator abundance (with the exception
of M. hirashimai) was significantly lower at wide
1.5-m than narrow 0.75-m rows. The ratio of the
difference in overall predator abundance between
1.5-m rows (29.5-35.3/10 m2) and 0.75-m rows
(126.4/10 m2) was consistent with the four-fold
difference in plant density (25,000 versus 100,000
plants/ha). M. hirashimai numbers were low but
were twice as abundant as in the narrow (2.4/10
m2) than wide (1.0-1.2/10 m2) row maize showing
a consistent, although not significant, trend.
Experiment 2. The predator density in experi-

ment 2 was almost double that of experiment 1 on
a per-plant basis (Fig. 2). Maize with bare soil had
equal or higher predator numbers than inter-
cropped maize or maize + weeds (Table 3). The
egg predator M. hirashimai was twice as abundant
in the monocrop with no weeds as in other treat-
ments. Ant and spider larval predators were equal-
ly abundant in all treatments. The most prevalent
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Companion Crop Interference with
Dispersing Larvae

Greenhouse. At dawn, maize borer larvae eclosed
within minutes of one another from each egg mass.
They stayed together for about 20 min, consuming
parts of their egg shells. Individuals moved in dif-

spiders were P. pseudoannulata, A. inustus, and
Atypena formosana. Predator numbers followed
maize borer larval populations remarkably closely
as seen in the maize + soybean intercrop (Fig. 2).
Stem dissections recovered low densities of older
larvae, because earwigs and ants were found inside
the tunnels. The predator curve therefore trailed
that of the young larvae that went undetected in
dissection.
Experiment 3. Predators in experiment 3 at-

tained highest numbers of experiments 1-4 (Fig.
2). S. geminata and M. hirashimai were particu-
larly abundant, but spiders were relatively few
compared to other experiments (Table 4). An usu-
ally high number of the anthocorid bug O. tantillus
(egg-larval predator) coincided with the peak of
maize borer egg masses. Despite the high egg mass
density, the resulting larval population was the low-
est of experiments 1-4, probably as a result of nat-
ural enemies.

There were no differences in predator abun-
dance on maize between any of the four treat-
ments. Lowest predator numbers were in maize
with unsprayed stubble. Rice stubble, which was
sprayed with insecticide to eliminate natural en-
emies, had lower numbers of O. furnacalis egg
masses than maize with bare soil (Table 4). The
insecticide may have killed ovipositing moths. The
resulting larval and larval tunnel densities were low
but equal between treatments, suggesting no nat-
ural enemy differences.
Experiment 4. Predator numbers were high again

in experiment 4, led by the lady beetle M. hirashi-
mai (Fig. 2). However, no differences were noted
in predator density between any crop treatments
on a per-plant basis (Table 5). When measured on
an area basis (per 10 m2), M. hirashimai was sig-
nificantly more abundant in 0.75-m row mono-
cropped (135.2) maize than 1.5-m row mono-
cropped (28.2) or intercropped (37.0-39.4) maize.
The difference in lady beetle numbers between the
narrow 0.75- and wide 1.5-m row planting was 4.8
times, although plant density was only two-fold
higher. S.geminata and spiders were also abundant
in this crop. O. furnacalis larval population de-
clined rapidly from its peak at 60 d after emer-
gence.



994 ENVIRONMENTAL ENTOMOLOGY Vol. 20, no. 4

ferent directions without feeding on plant tissue.
Those that reached the leaf margin or tip secreted
a silk strand that was attached to the leaf, from
which they lowered themselves to be wind dis-
persed. All observed neonate larvae (n = 83) en-
tered dispersal behavior. Sometimes they returned
to the plant by consuming the strand, but usually
more silk was secreted (1.5-m lengths were ob-
served) until they landed on an adjacent plant to
form a bridge.

The larvae continued to disperse even if they
happened to reland on a maize plant; the unsatis-
fied dispersal urge was still stronger than the ar-
restant stimulus of the host plant. Other larvae
sometimes followed a pioneering larva that formed
a bridge. Once, 10 larvae were observed moving
back and forth simultaneously on one silk strand
between two adjacent plants.

After their dispersal phase, which lasted
throughout a day, larvae moved into maize whorls
to feed. Only first instars were observed to disperse
between plants by use of silk. Larvae were slow
crawlers. First instars could crawl 2 m within 1 h
on a plywood sheet or smooth maize leaf surfaces.
However, when larvae were released on the ply-
wood at the base of maize plants, the direction of
their movement was without apparent orientation.
Sometimes they came to within a few millimeters
of a maize stem, only to turn away. However, when
released on fine-textured soil in large pots, first
instars moved <5 cm in 1 h and appeared disori-
ented.

Fishnets hung midway between maize plants set
50 cm apart in the greenhouse physically simulated
a companion crop. Several larvae, dangling at the
end of silk strands, readily reached neighboring
plants by passing over the fishnet. Others, partic-
ularly those starting from lower leaves, became
entangled in the nets. However, in all observed
cases (n = 14) larvae were able to free themselves
and make their way back over the silk bridges to
their points of origin. For example, one larva took
16 min to cross a 40-cm-long silk bridge between
the net and the maize plant.

Dissection of all maize plants 24 d after infes-
tation showed that the fishnet did not prevent sig-
nificant (P = 0.14 by paired t test) numbers of
maize borer larvae from dispersing to adjacent
plants. There was a mean of 7.0 ± 2.6 (x ± SE)
larvae and pupae per 10 plants in the adjacent
plants across a fishnet barrier versus 5.7 ± 1.9 with-
out a barrier. Similarly, there was an insignificant
(P = 0.09 by paired t test) mean of 4.8 ± 2.1 tunnels
per 10 plants across a barrier versus 2.8 ± 1.3
without a barrier.

Field. In the field, larvae were more reluctant
to disperse by silk bridges, presumably because of
stronger winds than in the greenhouse (wind runs
at 2 m aboveground ranged from 6 to 43 km/h)
as recorded at the IRRI upland weather station.
However, larval silk has a high tensile strength and
withstood gusting winds without breaking. Larvae
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Table 3. Predator abundance (:i ± SE) in maize monocrops and intercrops, experiment 2

Predator
No. arthropods per 10 plants"

Maize + soybean Maize + rice Maize + weeds Maize + bare soil

Spiders (adults, juveniles) 12.1 ± 4.la U.3 ± 3.8a U.2 ± 4.2a 12.6 ± 4.3a
Lady beetle

Mlcraspis hlrashlmal
(adults, larvae) 5.5 ± 1.9b 6.5 ± 2.1b 4.6 ± 2.1b U.3 ± 3.2a

Ant Solenops/s gemlnata
(adults) 1.4 ± 1.3a 1.8 ± 1.2a 1.3 ± 1.2a 3.3 ± 2.4a

Others (adults, larvae) 2.4 ± LOa 3.1 ± 1.3a 3.5 ± 1.7a 2.7 ± 1.6a

Total 21.5 ± 4.9b 22.6 ± 4.5ab 20.7 ± 6.2b 29.9 ± 6.8a

a In a row. means followed by a common letter are not significantly different (P = 0.05 by Tukey's test [Steel & Torrie 1980]). Maize
was thinned to 60,000 plants/ha, 1.5-m row spacing in all treatments. Values are the means average over 4 replicates and 5 samplings
41-76 d after crop emergence.

that followed later tended to use existing silk strands
as bridges even while the pioneer larva, still in the
act of forming the silk bridge, was hovering in
midair.

In the fjeld, larvae could only secrete silk strands
<1 m long. Dispersing larvae were never actually
observed to reach maize plants set 1.5 m apart;
consequently they usually tried to climb back to
the point of attachment by consuming their silk or
detaching themselves from the strand and falling
free. It was not possible to trace larvae after they
dropped onto the ground but most of them prob-
ably died because, as the greenhouse experiment
showed, they became disoriented without their silk
as guidance. A larva's capacity to remain airborne
was also greatly reduced upon loss of silk.

In experiment 7 with artificially infested plants,
there were significantly (P = 0.001) fewer (x ± SE)
larval tunnels (per 48 plants) in intercropped (18.4
± 4.6) than monocropped (44.9 ± 7.4) maize (Ta-
ble 6). In addition, the intercrop resulted in fewer
(P = 0.05) larvae (per 48 plants) (5.2 ± 2.3) than
the monocrop (11.4 ± 4.7). The fewer larvae than
tunnels could have been the result of predation by
earwigs and ants, which were observed in tunnels
during stem dissections. But more (P = 0.01) ants

-So geminata-and earwigs-Euborellia stali
(Dohrn) and Proreus simulans (Stal)-were encoun-
tered per 48 plants on monocropped (57.7 ± 14.6%)
than intercropped (22.5 ± 5.2%) maize. The pred-
ator population may have responded to higher bor-
er numbers in the monocrop.

Mungbean harbored coccinellids-M. hirashi-
mai, Menochilus sexmaculatus (F.), and Harmo-
nia octomaculata (F.)-mainly feeding on the black
bean aphid, Aphis craccivora Koch. A staphylinid
beetle, Paederus fuscipes Curtis, was occasionally
encountered as well as spiders (mostly Tetragnatha
javana (Thorell) and O. javanus). These predators
preyed on dispersing maize borer larvae that land-
ed on the mung bean crop.

Evidence of disruption of dispersing larvae by a
companion crop should appear in experiments
where larvae and larval tunnels are reduced, but
not egg densities. This situation occurred in ex-
periments 1 and 2. Both larvae and larval tunnels
were significantly reduced in experiment 1 in the
presence of peanut or rice compared to the maize
monocrop (Table 7). However, the differences were
not large and only the pooled analysis (treatment
5) was significant. In experiment 2, significantly
fewer larvae and larval tunnels were found in the

Table 4. Predator abundance (:i ± SE) in maize monocrops and intercrops, experiment 3

No. arthropods per 10 maize plants"
Predator

Ant Solenops/s gemlnata
(adults)

Lady beetle
Mlcrasp/s h/rashlmal
(adults, larvae)

Pirate bug
Onus tantlllus
(adults, nymphs)

Spiders (adults, juveniles)
Others (adults, larvae)

Total

Maize + sprayedb

rice stubble

12.3 ± 7.3a

9.4 ± 5.6a

8.1 ± 5.3a
5.4 ± 3.7a
2.2 ± 1.8a

37.4 ± 21.7a

Maize + rice stubble

5.6 ± 4.9a

3.5 ± 2.6a

7.0 ± 3.7a
5.0 ± 2.9a
1.6 ± l.la

22.7 ± 13.4a

Maize + mungbean

15.5 ± lO.4a

5.8 ± 3.6a

4.7 ± 3.1a
5.1 ± 3.1a
3.8 ± 1.7a

34.9 ± 25.2a

Maize + bare soil

16.4 ± U.7a

7.4 ± 4.9a

4.7 ± 2.9a
4.8 ± 2.6a
4.0 ± 1.9a

37.3 ± 23.6a

a In a row, means followed by a common letter are not significantly different (P = 0.05 by Tukey's test [Steel & Torrie 1980]). Maize
was thinned to 60,000 plants/ha, 1.5-m row spacing in all treatments. Values are the means averaged over 4 replicates.

bO.75 kg (AI) methyl-parathion/ha was sprayed on rice stubble at weekly intervals from 45-74 d after crop emergence.
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Differ-
enc&

26.5··
6.2·

35.2··

Maize

44.9 ± 7.4
11.4 ± 4.7

57.7 ± 14.6

Maize +
mungbean

18.4 ± 4.6
5.2 ± 2.3

22.5 ± 5.2

Larval tunnels" (no.)
Larvae" (no.)
Plants hosting

predators (%)

Maize plants in both treatments were equally spaced 1.5 m
between rows and plants (7 rows, each row of 7 plants). Mono-
cropped maize was kept weed-free. plants were dissected 21 d
after infestation of central plant with an equal number of egg
masses, for maize + mungbean and monocropped maize. Average
of 4 replicates.
a Per 48 plants (7 x 7 plants except central plant).
b Paired I test: ., P = 0.05; •• , P = 0.01; Steel & Tonie 1980.

Table 6. Field dispersal of O. furnacalis larvae be-
tween maize rows witb and witbout mungbean intercrop,
experiment 7

presence of weeds compared to bare soil (Table 8).
But in experiments 3 and 4, larval and larval tunnel
densities were unaffected by a companion crop
compared to bare soil or a monocrop on a per-plant
basis (Tables 9 and 10).

Maize Density. In experiment 1, monocropped
maize was planted four times as dense (100,000
versus 25,000 plants/ha) as in the intercropped
maize. On a per-area basis, there was a proportional
four-fold increase (43.3 versus 11,0 egg masses per
100 plants) in egg mass densities and subsequently
larval (231.3 versus 53.0 larvae per 10 m2) and
larval tunnel (368.0 versus 95.0 tunnels per 10 m2)
densities in monocropped treatments (Table 7). The
effect of plant density was less apparent in exper-
iment 4, however, when monocropped maize den-
sity was doubled (120,000 versus 60,000 plants/
ha), In that experiment, the number of larvae (120.5
versus 78.8 larvae per 10 m2) and larval tunnels
(347,5 versus 174.6 tunnels per 10 m2) but not eggs
(64,1 versus 50.6 egg masses/lOO plants) were sig-
nificantly greater in the higher density treatment
(Table 10).

Maize Purity. Maize borer suppression attrib-
utable to activity of antagonistic plants could affect
ovipositing moths and subsequently egg densities.
In experiments 1-4 different companion crops and
weeds were compared to bare soil treatments at
the same maize densities and intercrop row spac-
ings. Field experiments 1-3 compared more than
one companion plant. Similar maize borer egg den-
sities occurred regardless of companion species (in
experiment 3 with peanut and rice [Table 7], in
experiment 2 with soybean and rice [Table 8], and
in experiment 3 with rice stubble and mungbean
[Table 9]).

In experiments 1-4, yields of weeded maize at
1,5-m spacing were not significantly different than
those of 1.5-m maize intercropped with a legume
or rice. Therefore, the companion crops were not
competitive with maize and maize grew normally.
Weeds were highly competitive with maize in ex-
periments 1 (Table 7) and 2 (Table 8), where sig-
nificant yield reduction occurred. However, great-
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er growth of weeds relative to companion crops
did not result in any differences with respect to
maize borer.

For treatments with similar maize densities, dif-
ferences in egg densities were evident between bare
ground and the various companion plant species.
In experiment 4, the presence of mungbean or
weeds reduced pretasseling egg density compared
to bare soil (Table 10). The effect disappeared by
posttasseling growth stage. The presence of mung-
bean in medium and nonisolated small sized plots
in experiment 5 resulted in significant reductions
in egg mass densities compared to the maize mono-
crop (Table 11).

Patch Size. The results of experiments 1-4 con-
tradicted previous reports of IRRI (1974) and Sur-
yatna (1976), which consistently showed that in-
tercropped maize received fewer egg masses than
monocropped maize on a per-plant or per-area
basis. Those earlier workers utilized smaller plots
suited for agronomic trials-156 m2 (IRRI 1973),
144 m2 (IRRI 1974), and 56 m2 (Suryatna 1976).

In experiment 5 there were significant effects of
plot size on egg mass (F = 6.21) and larval (F =
4.15) densities and a significant interaction of plot
size and intercropping on numbers of egg masses
(F = 7.38) and larvae (F = 8.71) (Table 11). Sig-
nificant egg mass reduction from intercropping oc-
curred in small (P = 0.004) and medium (P = 0.05)
but not large (P = 0.44, NS) plots. However, if the
small monocropped and intercropped plots were
separated by 15 m of bare soil (Fig. 1), egg mass
densities were equal (4.6 ± 1.9 versus 4.4 ± 0.4
egg masses per 100 plants, P = 0.70, NS).

Larval counts in various plot sizes revealed a
similar trend to that found for eggs. The suppress-
ing effect of intercropping was greatest on small
(P = 0.002) and medium (P = 0.01) plots but not
large (P = 0.52, NS) plots. Larval numbers (14.8
± 8.0 versus 12.0 ± 5.4 larvae per 10 plants) in
small isolated plots were not significantly different
(P = 0.47, NS).

Plot-size effects on larval tunnels were less than
those on eggs and larvae, where only medium sized
plots showed a difference (28.0 ± 8.8 versus 18.4
± 6.2 tunnels per 10 plants, P = 0.04). There was
no effect of intercropping on tunnel density in small
plots (10.5 ± 3.2 versus 7.0 ± 3.1 tunnels/1O plants)
possibly because of the interaction of natural en-
emies. Larval tunnel numbers per 10 plants in small
isolated monocropped (13.2 ± 4.0) versus inter-
cropped (12.6 ± 4.1) plots were not significantly
different (P = 0.84, NS).

Another effect of patch size was the reduction
of maize borer density as plot size decreased,
whether monocropped or inter cropped. From Fig.
I, four patch sizes can be constructed-l,250 m2,

312 m2
, 72 m2

, and 36 m2-through combination
of monocropped and intercropped subplots. When
maize borer densities were averaged for the com-
bined subplots, egg density (y) increased in a log-
arithmic fashion as patch size (x) increased from
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Table 8. O. furnacalis abundanee (x ± SE) in maize monoerops and intererops, experiment 2

Treatment No. egg masses per No larvae rr No. larval tunnels Maize yield, t/ha100 plants" 10 plants per 10 plantsh

Maize + soybean 14.2 ± 3.9a 249 ± 8.3ab 31.9 ± 9.3a 3.9 ± 0.3ab
Maize + rice 13.2 ± 3.6a 288 ± 9.8ab 34.9 ± 1O.6a 4.0 ± 0.5a
Maize + weeds 13.0 ± 4.2a 210 ± 8.6a 31.2 ± 1O.4a 3.3 ± 0.3b
Maize + bare soil 11.6 ± 2.7a 351 ± 9.2b 43.9 ± 9.4b 4.0 ± 0.4a

In a column, means followed by a common letter are not significantly different (P = 0.05 by Tukey's test [Steel & Torrie 1980)).
Values are means of 4 replicates. Maize was thinned to 60,000 plants/ha, 1.5-m row spacing in all treatments.
a Values were averaged over 7 sampling dates 30-65 d after crop emergence (DE), 100 plants were sampled per date.
b Values were averaged over 5 sampling dates 41-76 DE, 10 plants were sampled per date.

36 to 1,250 m2 (Fig. 3). The regression model was
y = 4.76 + 2.58 10glOx.

Microclimate. The temperatures recorded in
intercropped and monocropped maize were not
significantly different for each of the four sampling
dates at both canopy heights (Table 12). Readings
deviated by no more than 1°C between treatments
on any of the 14-18 readings per recording day.

Only at 46 d after emergence was there a sig-
nificant difference between the relative humidities
in the maize canopy of the two treatments. Mono-
cropped maize was 2.1% less humid than the in-
tercrop. However, there were highly significant
differences between the recordings in the mung-
bean canopy (Table 12).

The greatest observed difference occurred on 32
d after emergence, a bright sunny day with only
occasional winds up to 6 km/h. The average rel-
ative humidity was 6% higher at the canopy level
of the mungbean intercrop compared to the same
level above bare soil in the monocropped maize
treatment. The greatest absolute difference (14%
RH) between those two cropping treatments oc-
curred at 1400 hours on the same day.

The other sampling days were cloudy and partly
rainy and resulted in few pronounced differences
in the relative humidity between the two cropping
patterns.

Discussion

There was evidence that four of the six tested
mechanisms acted to reduce maize borer abun-
dance. The four mechanisms-(1) companion crop
interference with larval dispersal, (2) maize den-
sity, (3) maize purity, and (4) patch size-are

grouped within the resource concentration hy-
pothesis (Root 1973). Natural enemies are impor-
tant in their own right, but no evidence suggested
that intercropping increased their abundance or
effectiveness either directly or indirectly. There
was no evidence that the microclimate measured
during the day in a maize intercrop differed enough
to affect populations of O. furnacalts.

Maize yields recorded in Tables 7-10, however,
were a poor indicator of the benefit of intercrop-
ping because the yields of the companion crops
were not presented. Maize yields in intercrops were
also variable between experiments because of the
different planting densities. The objective of the
study was to determine mechanisms rather than
benefits of intercropping per se. Maize densities
between treatments were often exaggerated to de-
tect responses of the maize borer. Maize yields in
the intercrop were low in experiment 1 because of
the low seeding rate (25,000 plants/hal (Table 7),
but in experiments 2 and 4 at 60,000 plants/ha,
yields became acceptable (Tables 8 and 10).

The mechanisms center on the plant host-selec-
tion behavior of ovipositing moths and dispersal
behavior of larvae. A full elucidation of these
mechanisms will require a better understanding of
the biology of O. furnacalis.

Predators. There was no evidence that compan-
ion crops were a source of predators that enriched
the maize fauna. In experiment 7 there were more
plants with predators in monocropped than in in-
tercropped maize (Table 6). The natural enemies
appeared to track their prey and there were more
prey in the monocrop. Maize in insecticide-sprayed
rice stubble recorded insignificantly higher pred-
ator levels than in unsprayed stubble (Table 9).

Table 9. O. furnacalis abundanee (x ± SE) in maize monoerops and intererops, experiment 3

Treatment No. egg masses No. larvae rr No. larval tunnels Maize yield, t/haper 100 plants" 10 plants per 10 plants!>

Maize + sprayede rice stubble 5.2 ± 1.8a 2.4 ± 0.7a 6.6 ± 1.6a 3.0 ± O.4b
Maize + rice stubble 7.0 ± 2.9ab 2.0 ± 0.5a 5.3 ± 0.6a 3.2 ± 0.5b
Maize + mungbean 8.5 ± 3.2ab 1.4 ± 0.4a 4.4 ± 0.8a 4.0 ± 0.3a
Maize + bare soil 9.3 ± 2.7b 17 ± 0.3a 5.1 ± lOa 4.1 ± O.4a

In a column, means followed by a common letter are not significantly different (P = 0.05 by Tukey's test [Steel & Torrie 1980]).
Values are means of 4 replicates. Maize was thinned to 60,000 plants/ha with 1.5-m row spacing in all treatments.

a Values are averaged over 6 sampling dates 25-60 d after crop emergence (DE), 100 plants were sampled per date.
b Values are averaged over 5 sampling dates 43-87 DE, 10 plants were sampled per date.
e 0.75 kg (AI) methyl-parathion/ha was sprayed 5 times on rice stubble at weekly intervals from 45-73 DE.
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15

Egg mass density I In 1100 plants)

Patch size 1m2 )

Fig. 3. Logarithmic increase in O. furnacalis egg
massdensity with increasing patch sizes.Four patch sizes
are evident from Fig. 1 combining monocropped and
intercropped plots.

experiment 2 (Table 8), the data suggest a reduc-
tion in larvae or tunnels from the presence of rice
or soybean companion crops. However, only the
presence of weeds showed a significant larval re-
duction over bare soil. The low yield in the un-
weeded treatment probably meant that the maize
crop was stunted, and dispersing larvae possibly
did not attain sufficient altitude to clear the weeds.
In experiments 1 and 2, egg densities were similar
between treatments, so that differences would have
resulted from effects on larvae, not eggs. Natural
enemy populations were also similar between treat-
ments. We could not determine if the presence of
plants growing between rows of maize interfered
with air turbulence or acted as a barrier or trap
crop.

The lack of larval suppression in some experi-
ments may have been a consequence of larval dis-
persal when the companion crop was small or of
differences in direction and intensity of prevailing
winds. However, in experiments 3 and 4, egg num-
bers peaked after 40 d after emergence, at a time
when companion crops would have attained max-
imum height. In the calm wind conditions of a
greenhouse, larvae that reached a nonhost com-
panion crop could crawl back on their silk bridges.
Higher normal wind turbulence in the field could
have prevented larvae from constructing silk bridg-
es.

The direction of the wind during larval dispersal
would also be important. If the winds blow parallel
to the row orientation, larvae would have a high
probability of reaching a neighboring maize plant
within the same row. Larvae that disperse in a
perpendicular wind have to traverse 1.5 m between
rows.

There was no evidence to suggest that dispersal
success is influenced by companion crops that are
hosts or nonhosts to O. furnacalis. In experiment
2, soybean was a host and rice was not, but similar
larval numbers occurred in each treatment (Table
8). None of the weeds encountered in the experi-
ments are known hosts but an extensive evaluation
on the host range of O. furnacalis has not been
carried out.

Maize Density. The increase in numbers of O.
furnacalis egg masses in experiment 1 was directly
proportional to the increase in maize density (Table
7). Four times more plants (100,000 versus 25,000)
per hectare resulted in four times more egg masses
per hectare, indicating that four time more moths
were attracted to the denser plantings. The pro-
portion held constant for larvae and tunnels. How-
ever, predator numbers in experiment 1 were quite
low, so that possible differences in host-searching
efficiency would not have been apparent.

The growth of the monocropped dense maize
(0.75-m rows) in experiment 4 at 120,000 plants/
ha was poor compared with the monocropped
treatment (60,000 plants/ha) spaced at 1.5-m rows
(Table 10). The dense maize may have been less
attractive to ovipositing moths and resulted in only

1250

Y=4.76+2.58log10X

,2=0.62'1·

312~72

Companion Crop Interference with
Dispersing Larvae

Observation of neonate larvae in the field under
low wind speeds showed that the 1.5-m interval
between maize rows was a formidable distance for
silk-dispersing larvae to traverse. The unfortunate
larvae that landed on the ground or a non host crop
would likely succumb to starvation or natural en-
emies.

There was further evidence in experiments 1 and
2 that the presence of a companion crop decreased
larval dispersal success more than bare soil. In ex-
periment 1 (Table 7), the pooled analysis showed
significantly fewer larvae and larval tunnels in in-
tercrops with peanut or rice than with bare soil. In

10

The insecticide application was designed to remove
natural enemies from the rice stubble, a possible
colonizing source to adjacent maize plants. But the
insecticide may have also killed alternate prey on
the stubble (many potential prey species build up
on the rice crop and linger in the stubble), which
may have caused colonizing predators (arrivals af-
ter insecticide toxicity subsided) to search among
the more prey-enriched unsprayed stubble or com-
panion crops in other plots.

In no experiment where maize borer numbers
were reduced from intercropping, was there an
associated increase in predator abundance. How-
ever, predator efficiency (Risch et al. 1982) was not
determined. Except for M. hirashimai, which was
more abundant in dense maize (Table 6), there was
no evidence that predators were affected by any
mechanisms in the resource concentration hypoth-
esis. Our results are consistent with other studies
with annual crops that show that the resource con-
centration hypothesis explains more pest suppress-
ing effects than the natural enemies hypothesis (An-
dow 1983).
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Small (36-m2) isolated plots had the same egg
densities, whether intercropped or not. Ralph (1977)
and Bach (1984) also concluded that small patches,
particularly those with distinct edges, retain insects
longer if surrounded by nonhosts; i.e., bare soil.
Our interpretation is that moths flying nearby were
attracted toward the maize plot, whether it was
intercropped or not. Only when confronted with
a choice between a maize monocrop and an inter-
crop within 15 m did O. furnacalis tend to reject
the inter crop. In large plots, the antagonistic effect
of a non maize crop would have occurred over a
smaller spatial scale along plot borders and there-
fore would not be detected over the plot as a whole.
This could explain why egg densities were not low-
er in experiments employing larger plots.
Ostrinia furnacalis, a polyphagous species, may

have oviposited on other hosts such as mungbean
or weeds. We only censused egg masses on maize.
However, there was little evidence to suggest that
this was a factor because, within each field exper-
iment, there was no difference in egg densities on
maize intercropped with hosts such as a legume or
nonhost such as rice.

The effect of weeds in reducing larval survival
was inconsistent. Weedy plots with lower larval
numbers were observed in experiment 2 but not in
experiment 4. Moderate weed densities (moderate
yield) in experiment 2 reduced larval and larval
tunnel numbers but had no effect on egg density
(Table 8). The most probable explanation for lower
larval abundance in weedy plots was reduced N
fertility. Low maize yields meant that much of the
N was taken up by weeds. Larval survival was
found by Medrano & Raros (1975) to be less with
lower rates of N fertilizer. Weed species compo-
sition may also be important (Morallo-Rejesus 1985),
but was not determined in our study.

Stanton (1983) hypothesized that if the ovipos-
iting female followed olfactory or spectral cues,
patch size would be a more powerful factor than
plant density in attracting and retaining colonizing
adults. However, maize borer seemed to respond
more to increased density than to patch size or
purity. There were four times more egg masses per
area in plots of 100,000 plants/ha than 25,000
plants/ha (Table 7), but the difference in egg den-
sity between 36-m2 and 1,250-m2 (Fig. 1) plots was
less than two-fold (Table 11). Perhaps there are
other host-seeking responses important to O. fur-
nacalis. .

Microclimate. There was no evidence that dif-
ferences in microclimate between intercrops and
monocrops influenced the maize borer or its natural
enemies. It is unlikely that the slight differences in
relative humidity between monocrops and inter-
crops had biological significance. The relative hu-
midity at the height of the companion crop was
higher than at the maize canopy, which could have
favored survival of dispersing first instars. How-
ever, lower rather than j1igher survival of first in-
stars occurred in intercropped maize.

Moisture levels at ground level were also higher
in the companion crops, which perhaps favored
soil dwelling ground beetles, ants, and earwigs.
However, there was no evidence that these pred-
ators were more abundant in intercropped maize.
Higher relative humidity would be expected to
encourage insect pathogens. Diseased larvae were
rarely encountered during stem dissections, and the
epizootics prevalent in North America (Siegel et
al. 1987) and Europe (Kotlan 1928) with O. nu-
baalis have not been reported for O. furnacalis.

The microclimate was only measured from 0600
to 1400 hours, and factors such as plant host selec-
tion and oviposition occur during the night. In the
future, measurements should also be taken during
other periods of activity. Other factors of the mi-
croclimate such as shade and air speed and tur-
bulence were not measured. The presence of the
companion crop might influence the air flow pat-
tern through the crop, which in turn may affect
the dispersal success of first instars.

Intercropping effects on the maize borer fit the
prevailing ecological theories that classify re-
sponses by specialist and generalist arthropods in
annual and perennial cropping patterns. O. fur-
nacalis and its natural enemies are generalists and
the crops in this study were all annual. The resource
concentration hypothesis was supported, rather than
the enemies hypothesis. Generalist natural enemies
would be encouraged more in perennial polycul-
tures (Sheehan 1986). Risch et al. (1983) concluded
that resource concentration effects would be more
prominent in annual crops, particularly with spe-
cialist herbivores. Although polyphagous, O. fur-
nacalis responded to concentrations of its preferred
host, maize. Even though mungbean is a host, ovi-
positing moths preferred pure maize to maize +
mungbean over short distances.

Only two mechanisms, companion crop inter-
ference and maize purity, are strictly intercropping
effects. Patch size and plant density act indepen-
dently of intercropping. However, maize densities
in intercropping systems of subsistence farmers are
usually much lower than in maize monocrops. De-
signing new intercropping patterns to feed the bur-
geoning human populations of Asia will call for
higher plant densities. Higher maize densities would
favor O. furnacalis buildup. There is also a strong
interaction of maize purity and patch size. The
maize borer suppression effect of interference by
a companion crop with host finding cues only oc-
curs in patch areas <375 m2• To recommend that
farmers plant in small patches is impractical.

O. furnacalis suppression in the intercropping
systems tested as inconsistent and often occurred
under agronomic conditions unlikely to be adopted
by farmers. The greatest suppression effect was the
interaction of maize density and purity in exper-
iment 5, which reduced maize borer egg mass den-
sities >50%. Even in combination, none of the fac-
tors achieved a level of suppression that could be
relied upon as a singular method of borer control.
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We conclude that there is little to offer as a result
of this study for purposes of designing pest stable
cropping patterns that will maintain O. furnacalis
populations below economic injury levels. Two of
the four mechanisms, maize purity and patch size,
reduce oviposition only under a spatial scale of a
home garden. The third mechanism, low plant den-
sity, does not fare well against the need to produce
more food on a limited land base. The fourth mech-
anism, establishing a companion crop to interfere
with dispersing larvae, gives inconsistent results
probably attributable to the fickleness of the pre-
vailing winds. The expected level of maize borer
control from oriention of maize rows perpendicular
to prevailing winds will convince few farmers to
adopt such a practice. Asian farmers evidently have
adopted maize intercropping systems for reasons
other than maize borer control.

Our results underscore the need for conducting
intercropping trials with large plots. The contra-
dictory results in egg density between the first three
field experiments with 625-m2 plots and those with
smaller plots (325 m2)point out pitfalls for extrap-
olation from small research plots to a scale of farm-
ers' fields. This study provides evidence on this
point, about which Willey (1979), Bhatnagar &
Davies (1982), Andow (1983), and Sheehan (1986)
have already cautioned intercropping researchers.
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