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with the scotophase. Moreover, thermoperiod per se

could induce diapause, whereas both the duration and the

temperature of the cryophase were important factors con-

trolling the diapause response.

In the current study, we attempt to determine the inter-

acting effects of thermoperiod and photoperiod control-

ling induction, as well as the termination of diapause and

the ecological significance of the different thermoperiods

on the diapause development of this species.

MATERIALS AND METHODS

A laboratory colony of the stalk borer, originating from larvae

field-collected in 1999 in Kopais, central Greece and kept on

artificial diet (Tsitsipis, 1984) for 2 yr, was used in all our

experiments. Maintenance and handling of the colony has been

described (Fantinou et al., 1995). Larvae were considered dia-

pausing when they did not reach at 25°C larval-pupal ecdysis by

the age of 55 d from egg hatch (Fantinou et al., 1995).

Experiments were carried out in small incubators providing

either constant or changing temperatures and any photoperiodic

regime by daylight fluorescent lamps (8 W). Reported tempera-

tures were accurate to within ± 1°C, while the transition from

one temperature to another was complete within ca 30 min after

switching. Observations under DD were made using red light,

provided by a combination of red and orange plastic filters

allowing light transmission at a wavelength longer than 540 nm.

Larvae were kept on artificial diet, which was changed weekly.

Four replicates of 25 larvae were used per treatment.

To investigate the different effects of cryophase and cryosco-

tophase temperatures on the incidence of diapause in S. nonag-

rioides, neonate larvae less than 24 h old were exposed either to

constant darkness and a thermoperiod (Thermophase: Cryo-

phase) TC 12:12 in which the thermophase was 30°C and cryo-

phases varied from 10 to 25°C, or to a thermophotoperiod with

the same configuration.

 The effect of constant temperatures (25, 27.5 and 30°C) on

diapause development was evaluated by rearing 55 d old dia-

pausing larvae under different photoperiodic regimes (LD

10:14, 12:12 or 16:8 h). The involvement of thermoperiod on

diapause development was examined by measuring the time

needed for the pupation of diapausing larvae after their transfer

to different thermoperiodic treatments TC 12:12 (25° : 25°, 30° :

20° or CT 20° : 30°), and light conditions such as LD 12: 12 h,

constant light (LL) or constant darkness (DD). Moreover, the

role of temperature cycles of different amplitude was deter-

mined by comparing TC 12:12 (26° : 24°, 28° : 22°, 30 °: 20°,

32° : 18° and 34° : 16°), under a photoperiod of 12L : 12D h.

Each regime therefore, had a mean temperature of 25°C and a

symmetrical thermoperiod of two 12 h phases. Pupation was

recorded daily in each treatment. Data were analyzed by using

the procedures of a statistical programme provided by Statistical

Graphics (1991). Data on diapause incidence (%) were trans-

formed using an arcsine square-root transformation before

ANOVAs were conducted. The diapause response and days

needed for pupation between treatments were analysed with

analysis of variance (ANOVA); means were separated by least

significant difference test (LSD) ( p < 0.05).

RESULTS

The effect of different cryophase and cryoscotophase

temperatures on diapause incidence in S. nonagrioides is

shown in Fig. 1. The presence of the photoperiod 12L :

12D (which was the difference between the two treat-

ments) revealed quite great differences in insect response,

although there was a similarity in curves representing the

two treatments. A negative correlation of the incidence of

diapause with the increase of the temperature of the cryo-

phase was also evident, as the temperature rises from 15

to 25°C, whereas lower percentages of diapause appeared

at very low cryophase temperatures, such as 10°C, under

both lighting treatments. Moreover, significantly higher

percentages of diapause occurred under LD compared

with constant darkness when cryophase temperatures

were greater than 15°C (Fig. 1 and Table 1).

The effect of constant temperatures on different photo-

periodic regimes on diapause development was compared

(Table 2). The progress of diapause development is

expressed in days needed for the 50% of pupation of lar-

vae. Photoperiod had a definite effect on diapause termi-

nation in S. nonagrioides. Time needed for the pupation

of larvae was considerably reduced when larvae were

transferred to 16L : 8D or 12 : 12 h, compared with those

remained under the diapause promoting photoperiod (10L

: 14D h) at 25°C. The data also show that diapause devel-

opment was enhanced at 27.5°C in all photoperiodic

regimes tested. A further great reduction of the time

needed for pupation resulted from a relatively small

increase in temperature (from 27.5 to 30°C), and no sig-

nificant differences in time occurred in the photoperiods

tested (Table 1 and 2).

Table 3 shows the effect of a thermoperiod of TC 12:12

(30° : 20°) combined with a photoperiod of 12L : 12D h,

continuous illumination LL or darkness DD on the termi-

nation of diapause. Thermoperiod did not have a decisive

role in reducing the time needed for the diapause comple-

tion (Table 2 and 3). Under 12L : 12D h and a constant

temperature of 25°C, time needed for the completion of

diapause (48.5 d) was comparable with that under a ther-

422

Fig. 1. Diapause incidence (%) in S. nonagrioides larvae

reared under thermoperiodic (TC 12 : 12) at DD and thermo-

photoperiodic (12L : 12D h) conditions by regimes with dif-

ferent cryophase and cryoscotophase temperatures and a

thermophase of 30°C.

Each symbol shows the mean value of 4 replicates of 25

larvae each.

Values labeled with the same letter are not significantly dif-

ferent at P = 0.05 by LSD test after ANOVA.
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