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ABSTRACT Embryonic developmental rates of the Oriental tobacco budworm, Heli-
othis assulta Guenee, were compared at various constant temperatures and 16 hours
of light, and detailed embryogenesis was also studied at 25°C. The egg was nearly
globular in form and had an average equatorial diameter of 0.53mm. A single micro-
pyle was in the center of the circular area at the anterior pole of the egg. Durations
of embryogenesis at 20, 25, 30, and 35°C were 147, 81, 61, and 67hrs, respectively.
Embryonic death was especially higher at 35°C than any other temperatures investi-
gated. Embryogenesis progressed with changes in colur and pattern, which are quite

characteristic at each developmental stage of the embryo.

At 25°C, organogenesis

began in l4hrs after oviposition, formation of gut completed in 44hrs and eclosion
occurred in 80 hrs. The embryo formed along the long axis at early developmental
stage, moved towards the equatorial plane in 24hrs, and made a half-turn on the plane
in 36hrs. In 40hrs, head was oriented to the anterior pole of the egg until eclosion.
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Table 1. Duration of embryogenesis of Heliothis assulta
No. No.
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Fig. 1. Change in external pattern at different
developmental stages at 25°C.
A. A 20 hour-old egg, showing a band formed
along the equatorial plane.
B. A 30 hour-old egg, showing the band spread-
ing towards anterior pole of the egg.
C. A 42 hour-old egg with a band spreading
towards the micropyle.
D. A 76 hour-old egg with black head capsule
under the chorion.
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Fig. 2. Diagrammatic lateral view of an egg to
illustrate orientation of embryo.
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Table 2. Embryomc developmental stages of Heliothis assulta at 25°C

Age(hrs) Developmental phenomena

3 Energids move to form blastoderm.

4 Blastoderm differentiates into germ band and serosa.
Amnion starts to form.

6 Serosa is completed and germ cells appear.

7 Head lobe appears at the anterior end of the germ band.

10 Segmentation starts and gnathal and thoracic appendages begin to appear.

14 Segmentation is completed and proctodeal invagination and neural groove develop.

16 Stomadael invagination starts.

20 Midgut starts to develop.

24 Frontal ganglion starts to develop and germ band rotates through 90° to be located in
the equatorial axis.

28 Growing ends of the midgut meet at the center.

36 Growing embryo rotates through 180° along its longitudinal axis.

38 Dorsal wall closes.

44 Midgut formation is completed and thoracic and abdominal ganglia show their typical
appearance. '

56 Midgut epithelial cells become columnar.

66 A pair of the silk gland develop at the lateral sides of the gut and darkly staining
materials appear in the glands.

80 A larva hatches.
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Fig. 2. A micropyle of the budworm egg. Micropylar opening is placed in the center of the petal-like
pattern.

Fig. 3. Cross section of a 10 minute-old egg.

Fig. 4. Cross section of a 1 hour-old egg, showing energids approaching the periplasm and yolk cells
remaining behind.

Fig. 5. Cross section of a 3 hour-old egg, showing blastoderm formed at periphery of the egg.

Fig. 6. Longitudinal section of a 8hour-old egg. The germ band is oriented along the long axis of
the egg.

Fig. 7. Longitudinal section of a 7 hour-old egg, showing head lobe formed at the anterior region.

Fig. 8. Cross section of a 28 hour-old egg, showing body wall and spiracular invagination.

Fig. 9. A 52 hour-old egg, showing closing membrane between foregut and midgut.

Fig. 10. Cross section of a 16 hour-old egg, showing neural groove and free cells.

Fig. 11. Longitudinal section of a 22 hour-old egg. The ventral surface of the embryo faces outward.

Fig. 12. Longitudinal section of a 46 hour-old egg. The ventral surface of the embryo faces inwaid.

Fig. 13. Longitudinal section of a 52 hour-old egg.

Fig. 14. Longitudinal section of a 64 hour-old egg, showing midgut cell differentiated.

Fig. 15. A 52 hour-old egg, showing closing membrane between midgut and hindgut.

Fig. 16. Longitudinal section of a 68 hour-old egg, showing abdominal legs and gland cells located
each side of midgut.

Abbreviations
a: amnion; ag: abdominal ganglion; al: abdominal leg; b: blastoderm; bw: body wall; c: chorion;
cm: closing membrane; e: energid; fg: foregut; fc: free cell; frg; frontal ganglion; hl: head
lobe; hg: hindgut; mg: midgut; ng: neural groove; p: periplasm; r: rectum; s: serosa; sg:
silk gland; si: spiracular invagination; sog: suboesophageal ganglion; tg: thoracic ganglion; vm:
vitelline membrane; y: yolk; yc: yolk cell
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