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Introduction

The Mediterranean corn borer Sesamia nonagrioides
Lefebvre (Lepidoptera: Noctuidae) is considered to be the
most important pest of maize in many countries distributed
across southern Europe between the 45°N parallel and
north-west Africa (Melamed-Madjar & Tam, 1980; Galichet,
1982). Sesamia nonagrioides completes a variable number of
generations annually from two in southern France to up to
four in Morocco (Anglade, 1972). In the study region of the
Ebro Valley in north-east Spain, two complete and one
incomplete generations have been recorded (Alfaro, 1972).
Sesamia nonagrioides overwinters as a fully developed larva
in diapause (Galichet, 1982). In the laboratory the two
youngest larval instars are the most sensitive to diapause
induction. Once diapause is induced, larvae continue to
grow and moult without pupating and up to six
supernumerary instars have been observed when larvae are
maintained in diapausing conditions (Eizaguirre et al., 1994).
Miiller (1965) and Mansingh (1971) proposed the term
oligopause to refer to the diapause of those insects in which
diapausing larvae continue to feed, moult and grow, as in
the case of S. nonagrioides (Hilal, 1977; Galichet, 1982).
However, other authors (Beck, 1980; Saunders, 1982; Danks,
1987) recognize only two general categories in insect
dormancy: quiescence and diapause. Beck (1980) therefore
proposed the most widely accepted definition of diapause as
‘a genetically determined state of suppressed development,
the expression of which may be controlled by environmental
factors’. Non-diapausing S. nonagrioides larvae pupate after
five or six instars (depending on the sex). No criteria such as
external morphology or differential behaviour have been
identified to distinguish between diapausing and non-
diapausing larvae (Eizaguirre et al., 1994). Lopez et al. (1995)
showed the effects of changing the photoperiods from
constant darkness 0:24 and 16:8 (L:D) on reversing field
diapause induction in larvae of S. nonagrioides. Non-
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diapausing larvae completed their development after the
same length of time under both photoperiods. However,
diapausing larvae exposed to 0:24 (L:D) showed an extreme
prolongation of their development, with supernumerary
moults before they pupated or died, whereas those kept at
16:8 (L:D) overcame the diapause and pupated quickly. This
different response of diapausing larvae to these
photoperiods may be the only way of distinguishing
diapausing from non-diapausing young larvae when they
are collected in the field.

Eizaguirre & Albajes (1992) and Fantinou et al. (1995)
confirmed that the photoperiod is the most important factor
in diapause determination in this species, but the influence
of temperature is also important when the photoperiod is
close to the critical value. The critical photoperiod in the
laboratory for studied populations of S. nonagrioides
originating from north-east Spain occurs in the region from
August 15 to 30 (Eizaguirre & Albajes, 1992).

Diapause allows insect survival under adverse
conditions and synchronizes the life cycles of the individual
insects within a population as well as with their food supply
(Danks, 1987). Food has been shown to be a major factor
regulating diapause in a few species of insects, particularly
those that undergo aestival rather than hibernal diapause
(Tauber et al., 1986). However, it is probably more usual for
food quality to interact with photoperiodic and temperature
responses to influence diapause (Hunter & MacNeil, 1997).
For herbivorous insects, the host plant is the primary
interface between individuals and their environment
(Juniper & Southwood, 1986) and nutritional features of the
host plant that result in variable growth rates may also result
in variable diapause induction (Beck, 1980).

In north-east Spain it is common to sow grain maize Zea
mays L. (Poaceae) from March to June and forage maize,
which is harvested green, from June to late July after wheat
or barley. As a consequence of this cultural practice, in late
August, the time of critical photoperiod for diapause
induction in S. nonagrioides, grain-senescent maize and green
maize can be found growing simultaneously in the field.
Eizaguirre & Albajes (1992) obtained data which suggested
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that green maize could delay diapause induction under
critical photoperiods, as occurs in other lepidopterous larvae
(Steinberg et al., 1988; Goto, 1985). This could influence
winter survival of this species.

The aim of this work was to confirm the laboratory
results of diapause induction and critical photoperiod under
conditions in the field, and to study the influence of maize
phenology on diapausing induction using the method
described by Lépez et al. (1995).

Materials and methods
General procedure

The study was carried out in 1994, 1995, 1997 and 1999. In
each year larvae were collected every week, from mid-
August until late September in two commercial fields: one
sown in April (normal sown) and the other in June-July (late
sown). The two fields were chosen each year by their growth
stage: at the first sampling, in mid-August, the stage of
normal sown maize was between 9.1 (cob full size; kernels in
blister stage) and 9.2 (kernels in soft dough stage) and that of
late sown maize was 6 (vegetative, late whorl stage)
(Hanway, 1966). At the last sampling the stage of the normal
sown maize was 9.5 (grain mature and drying) and the stage
of late sown maize was 7 to 8 (between tips of tassel visible
and pollen shedding). The two fields had similar FAO 700
cycle varieties (approximately 130-135 days needed to
complete their life cycle), which are the most common in the
region.

Larvae collected in each field were divided into two
groups with the same number of larvae of the same age in
each group. Field-collected larvae were transferred and held
at either 16:8 (L:D) or 0:24 (L:D) in an environmentally-
controlled climatic chamber (FredControl, Spain) at 25 + 1°C.
Larvae were placed in small transparent plastic cages (3.2 cm
high x 5.5 cm in diameter) provided with a semi-artificial diet
(Eizaguirre & Albajes, 1992) and observed individually until
pupation or death. Larvae held in complete darkness were
observed under a red light (4 lux). Larvae were in the second
or third instar in all samples, except for some first instars
collected in the first samples of 1994.

The number of larvae was determined by availability and
is specified for each treatment or collection day. Sample
cages differed among weeks and among years due to the
difficulty of finding sufficient larvae, with endophytical
behaviour, of the same age on the same day. Generally, the
last samples in September were bigger than the first samples
in August because the population was larger in September.
The number of larvae collected ranged from 20 (10 larvae
per treatment) in all samples in 1994 to 60 (30 per treatment)
in almost all samples in 1999.

Data analysis
Duration of larval development

Data comparing the duration of development (days) of
larvae exposed to 16:8 and 0:24 (L:D) photoperiods at each
sowing date and sampling date were analysed statistically
using Student’s T-test (P > 0.05). Duration of larval
development was calculated as the number of days elapsed up
to pupation plus the number of days needed to reach the
collected instar, according to Lopez et al. (2001). Thus, if a field-
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collected larva was in the third instar, 7.2 days were added; if
the larva was in the second instar, 4.2 days were added.

Assessment of percentage of diapause

In 1994 it was observed that when diapausing larvae
were exposed to 0:24 (L:D), after several supernumerary
moults some of them died before reaching the pupal stage.
For this reason they were not included in the calculation of
the duration of larval development (but they were
considered as diapausing larvae), and in some cases the
number of larvae that reached pupation was very low. For
this reason, in the following years the percentage of
diapausing larvae was also calculated as the percentage of
individuals that remained as larvae when 150% of the
duration of development under 16:8 (L:D) h (control
conditions) had elapsed. In this study both duration of larval
development and percentage of diapause forms are
presented because they were considered complementary.
The means of differences between percentage of diapause in
normal and late sown fields were compared using a t-test on
all sampling dates in 1995, 1997 and 1999 to contrast
diapause induction.

Results and Discussion

The current study conducted over four years confirmed
the suitability of the criteria described by Lépez et al. (1995)
for identifying diapause induction in young larvae of S.
nonagrioides in the field, which until now had not been
possible with other methods. Young larvae from normal
sown maize in north-east Spain entered diapause after the
second fortnight in August, depending on the year, while
young larvae from late sown maize entered diapause one
week (1995, 1999) or more later (1994, 1997) (fig. 1). In the
first samples, collected before the critical photoperiod
established from August 15 to 30 by Eizaguirre & Albajes
(1992), there were no diapausing larvae. However, in the last
samples, corresponding to larvae developed under clearly
inducing photoperiod and temperature, there were some
non-diapausing larvae mainly in green maize. The
occurrence of non-diapausing larvae with a poor chance of
survival at this time can be stated as a cost related to
maintaining genetic variation (Tauber et al., 1986).

The influence of maize phenology is evident in all the
years studied. In the normal sown maize fields 50%
diapause was achieved one week after critical photoperiod
and in the late sown maize 50% diapause occurred in some
years a week later (1995, 1999) and in 1997 this percentage
was never attained (fig. 2). Similar results have been
obtained by several authors who have studied the effect of
nutrient factors in diapause induction in stem borers. Usua
(1970) found diapausing larvae of Busseola fusca Fuller
(Lepidoptera: Noctuidae), an African maize borer, in dry
tissues of maize and non-diapausing larvae in young maize
tissues. El-Gamil et al. (1978) and Morris (1967) considered
nutrition to be one of the most important factors influencing
diapause induction of some phytophagous insects. Hunter &
McNeil (1997) indicated that in insects with diapause
induction in a specific life instar, nutritional features of host
plants result in variable growth rates that may also result in
variable diapause induction.

The effect of temperature on diapause induction in the
field is difficult to assess. The temperature modifies
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Fig. 1. Duration of larval development (in days) of Sesamia nonagrioides larvae collected in 1994, 1995, 1997 and 1999 in fields of normal
sown maize exposed to 16:8 L:D photoperiod (@) and 0:24 L:D photoperiod () and late sown maize exposed to 16:8 L:D (O) and 0:24
L:D (1) at 25°C. Bars with different letters indicate a significant difference in the duration of development of larvae from the same field

exposed to 16:8 L:D and 0:24 L:D and thus indicate diapause. The line inside each column represents the standard error.

the diapause induction in S. nonagrioides. Moreover,
thermoperiods reinforce the inductor effect of photoperiod
(Eizaguirre et al., 1994). Temperature also affects maize
development and therefore the quality of the host plant.
Furthermore, thermoperiods in the field vary daily and
different thermoperiods can produce the same mean daily
temperature. Temperature during the critical period explains
the differences in diapause induction in three of the four
years studied (1994, 1995 and 1997). However, though 1999
was the year with the highest heat accumulation during the
critical period, the percentage of diapausing larvae was
higher than expected.

The low percentages of diapausing larvae of S.
nonagrioides collected in September from green maize may
explain the high number of adults of the third generation in
late September-early October recorded in the region in some
years.
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The fact that late sown maize was still green in
September could be considered as an advantage to
populations of S. nonagrioides because non-diapausing
larvae use resources more efficiently than diapausing
larvae. This is probably true in southern Spain and North
Africa (the region of origin of the species), where these
larvae reach pupation and give rise to a the third
generation of adults whose offspring then enter diapause.
In these regions early crop harvesting has been proposed as
a possible measure to reduce winter populations of the
pest, as Crowder et al. (1975) proposed for the pink
bollworm Pectinophora gossypiella Saunders (Lepidoptera:
Gelechiidae). However, in the region of this study this
could be an additional mortality factor as late maize is
harvested green for forage and resident larvae will be
destroyed; in addition, non-diapausing larvae could be
more easily affected by the first frosts in autumn. On this
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Fig. 2. Percentage of diapausing larvae of Sesamia nonagrioides in normal sown (E) and late sown maize (E3) fields in 1995, 1997 and
1999. Horizontal arrows show 50% of diapause and vertical arrows the date of theoretical critical photoperiod.

point, Tauber et al. (1986) stated that is clearly disadvanta-
geous for multivoltine species to produce incomplete
generations at the end of the growing seasons because
individuals that do not reach the diapause stage almost
invariably succumb.

To the north of the study region, in the south of France
the great majority of second generation larvae will enter
diapause due to environmental conditions of short
photoperiod and low temperature, and due to French
populations of S. nonagrioides having a longer critical
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photoperiod and longer duration developmental time than
Spanish populations (Bues ef al., 1996).
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