











in Bussenla fusca lasts up to the pre-pupal stage of the
last instar. In addition, type-A neurosecretory cells stain
lesser with advance of time in non-diapause and diapause
development during the last instar while the presence of
glycogen in the corpora allata of the diapause larvae
signified storage of metabolites to be used in during the
long period of diapause. Ecdysone titers in the haemolymph
during non-diapause and diapause development were quite
normal and so were the JH titers in non-diapause
development. However, the persistent high titers of JH in
the haemolymph during diapause development indicates that
diapause development in Busseonla fusca is primarily
controlled by the juvenile hormone. Thus, both ecdysone and
juvenile hormone are involved in the regulation of the type
of development which occur cduring the last larval instar of

Bussenla fusca.
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Table 2. Behavioural phases in the last larval instar under

non-diapause developmentl

Phase Behavioural activity Duration (days,

meants.e)

Feeding Newly ecdysed, not feeding 1.00 = 0.00
~ Initial feeding 2.36 * 0.33

Resting 1.13 = 0.21

Second feeding 2.00 = 0.88

Post Feeding Exit hole making - 2.10 = 0.32
Prepural 1.14 = 0.23

132 larvae were used for this study.
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Table 5 Silk production, stationary moult, and pupation

of larvae of Busseonla fusca during late diapause

(November)
week No. of % Producing No. No. No.
larvae silk moultedl pupatedl diedl.
1 79 51.9 6 (7.6) 1 (1.3) (2.5)
2 74 31.1 6 (8.1) 3 (4.1) (1.4)
3 71 23.9 4 (5.6) 0 (0) (0)
4 64 21.8 5 (7.8) 5 (7.8) (3.1)

1Figures in parentliese indicate percentages.
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Figure 3 The fresh weights of larvae diapausing at the

end of short rains compared to those diapausing

at the end of the long raims.
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result of purging and emptying of their.guts. Similar
findings have also been reported for the cabbage looper,
Trichoplusia ni (Jones et al., 1881). By contrast, larvae
destined to enter diapause did not lose much weight but
showed steady and slow but consistent feeding and then out-
weighed the non-diapause larvae. Larvae with melanised soft
body cuticle were in non-diapause development (Schmutterer,
1969). Such larvae did not have hypertrophied fat body as
was the case with diapause-bound larvae.

The difference in fresh weights of larvae found
diapausing at the end of the long and short rainy seasons
probably indicate the difference in the growth of the larvae
during the two seasons and the the environmental conditions
under-which the larvae were exposed. Larvae diapausing at
the end of the long rainy season may have been exposed to a
better growth environment than those diapasusing at ths end
of the short rainy season. The behavior of the diapause
larvae from the two seasons in terms of stationary mcualts
and weight conservation appeared to be the same. This
observation also show that induction of diapause in the
larvae may be related more to the physiological status of
the host plant than to the developmental stage of the
larvae.

Although when in full diapause, Bussenla fusca larvae
were not feeding, they were able to maintain fairly stable
body weights over a long period. They also lacked the clear-

cut phases until they enter the pre-pupal stage at the end
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taticonary mouit during diapause reflects an

intricate internal control by the endocrine system.
2.5 SUMMARY

In summary this study has elucidated the biology of the
larval stages especially that of the last instar of Bussenla
fusca. Phases within the last larval instar of non-diapause
development were recognized as largely consisting of the
feeding phase and the post feeding phase. The feeding phase
was punctuated by brief resting periods while the post
feeding phase was characterized by a steady loss in fresh
weight and preparation for pupation. Diapause larvae had no
phases similar to those of the non-diapause larvae, but
showed stationary moults. Such larvae did not feed but
produced silk from time to time. Silk productior ceased as
the diapausing larvae approached pupation. Studi=zs on
patterns of weight changes during pupation gave a good
evidence of the occurrence of two forms of development
during the last larval instar. The two types of development,
namely, the non-diapause and the diapause were confined to
the period ending with the pre-pupal stage of the last

larval instar.
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Tissues were then bleached in 2.5% sodium
mefabisulphite solution, followed by ihorough washing in
distilled water. After this., the tissues were dehydrated in
graded series of ethyl alcohol (EtOH) ranging from 30% up to
70% ethanol (10 minutes in each change). and stained in
paraldehyde fuchsin (PF) prepared according to the method of
Cameron and Steele (1858). Briefly, it involved dissolving
1gm of basic fuchsin in 200ml of boiling distilled water and
allowed to boil for one minute. The solution was then left
to cool at room temperature, filtered and 2ml of
concentrated hydrochloric acid and 2mls of paraldehyde were
added to the filtrate. The mixture was left to stand for
four days at room température followed by further
filtration. The filtrate was discarded. The crystalline
residue on the filter paper was dried and stored in a
stoppered bottle until it was regquired for making the
staining solution. ftaining solution was made by dissolving
0.25gm of the dry stain in 50mls of 70% EtOH.

Tissues were stained for three minutes in the staining
solution. Excess stain was removed using 95% EtOH and then
dehydreted in 100% EtOH and cleared in Cedar wood oil
followed by xylene; they were then mounted in DPX on clean
s8lides and studied under Carl Zeiss light microscope. The
location of cells which stained positive with PF was noted.
Observations were also made on the number and gross
morphology of such cells, their cell bodies, axons and the

sites of axon terminals in the neurohaemal region.
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are'electron micrographs of typical CA cells during
diapause. Remarkable ultrastructural changes occur in the
intracellular organelles and neurosecretory axons. The
mitochondria are large and abundant in the cytoplasm. Three
main types of mitochondria can be differentiated, namely
round-, elongated, and oblong shape with a dense centre.
Some of the mitochondria have vacuoles'and contain electron
dense material within the matrix. The morphological
appearance of these mitochondria is unique and different
from those observed in the CA of the non-diapause larvae.
Apart from these large mitochondria, residual bodies are
occasionally formed in close proximity to this organelle
(Figure 19). The nuclei have irregular outlines and have
many nucleoli sca*tered evenly within the nucleoplasm. In
the cytoplasm, free ribosomes are detected and smooth
endoplasmic reticulum show characteristic whorls (Figure
20). In addition, the cytoplasm contain glycogen-like
deposits (Figure 1) unlike the situation in the CA of the
non-diapause larva which did not contain any glycogen-1like
deposits. The nuclei show irregular outline and they contain
nucleoli and chromatin bodies distributed throughout the
nucleoplasm. The CA is also transversed by different types
of axons containing neurosecretory granules (Figure 21). In
axons located in the periphery of the gland opaque
neurosecretory granules were detected (Figure 21). Spaces

are formed, including empty capsules in the cytoplasm near
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some of the nuclei and which indicate the transfer of the

materials.

The fine structure of the prothoracic gland of non-
diapause larva is shown in figures 22-28. The extensive
lacunae (channel) system formed by infoldings of the
cellular membranes are very prominent and appears to
~increase the surface area of the PG cells. This peripheral
channel system contained an amorphous material and
occasional microvesicles were observed within the channel
spaces which appeared to be filled with granulated material.
The cytoplasm of the non-diapause prothoracic gland is
loaded with numerous elongated mitochondria with well
developed cristae and dense matrices (Figure 24). The
cytoplasm also contain numerous free ribosomes spread
throughout the cytoplasm (Figure 25). Rough endoplasmic
reticulum are few but no smooth endoplasmic reticulum was
vbserved. Cytoplasmic inclusions such as dense bodies and
lipid-1like droplets were also observed (Figure 26). The
nucleus of the PG cell appear shrunken, convoluted and
contains several scattered chromatin bodies (Figure 27).
Figure 2B is a transverse section of an axon of a neurone
innervating the prothoracic glands of a non-diapause larva
and shows granules which are contains neurosecretory

material. Similar granules were observed in axons supplying

the PG of diapause larva.
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late- (December) diapause the intensity of staining with PF
steadily decreased. Nuclear width and cytoplasmic staining
of such cells at the stages considered are shown in table 7.
The widths of the cell nuclei were not significantly
different (P<0.05). By contrast, the perkaryon staining of
the cells in early diapause were significantly more intense

than those at late diapause.
4.3.2 Critical period:pupation of isolated abdomens

The effect of post ecdysial age at abdom{nal ligation of the
last instar larvae on subsegquent develo /ent of the isolated
abdomens is summarized in table 8. None of the abdomens
isolated fror head and thorax, within two days after
moulting pupated. Less than a guarter of abdomens isolated 3
days after moult pupated. However, as the larvae aged, nore
and mdre of them could proceed with development in the
absence of thre head and thorax which contain the
neuroendocrine system regulating moulting and pupation. Thus
23-98% of the abdomens ligated off 3-7 days after the
previous moult pupated. Therefore, the critical period
before which the brain can activate the prothoracic glands
and the later to start secreting/releasing ecdysone appeared
to be at least 3 days. More than 50% of the abdomens pupated

without PG after a post moult period of 5 days.
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comparatively lower than that found in the larvae during

early diapause.
Ecdysone titer

Ecdysone titers showed two peaks in the final larval instar
during non-diapause development (Figure 33). The first
occurred on day 4 and was relatively small compared with the
second peak on day 7, the beginning of the pre-pupal stage.
Thé first peak coincides with the critical period determined
by the abdominal ligation studies above, indicating that
aftep the first surge of ecdysones on the sixth instar,
abdominal development'(pupation) can proceed without the
involvement of the prcthoracic glands. Ecdysone titers in
the haemolymph of the diapausing larvae is given in Figure
34. Although the titers were generally iow it was present in
the haemolymph sample:: taken in July-October (mean monthly

titer less than 200ng/ml).
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Table 6. Mean diameters of Corpora allata (CA) and
Prothoracic glands (PG) during non-diapause and

diapause development in Busseola fusca

Mean diameter (arbitrary units)

Developmental

state sexl CA PG.

Non-diapause malel 0.356 0.347a2
femalel 0.338 0.376a

Diapause malel 0.4586 0.330b
femalel 0.469 0.284b

lno. larvae used = B.
2means in same column followed by same alphabet are not

significantly different from each other (p<0.05:
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month. The first larval moult for larvae that received 5Sug
of fluoromevalonate occurred during the second week after
treatment and in the fourth week for those on lpg of
fluoromevalonate. There was no larval moult during the third
week or later after the fluoromevalonate treatment.

By week 6, 7 of the untreated controls had pupated
whereas only 2 of those treated with S5pg FMev pupated. For
those treated with 10pg FMev, there was no pupation for over
a period of 3 months although they eventually pupated. The

resultant adults were all malformed.
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Table 10 Effect of various decses of ecdysone on moulting

in early diapause larvae of Busseola. fusca

Dose . % Larvae moulting into :
(pg/larva)
No. Larvae Larval-pupal Pupae
used intermediate
0 (control) 20 0 0 0
1 20 0 0 0
5 20 70 20 10

10 20 80 20 0
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CHAPTER 6
GENERAL DISCUSSION

The evidencé presented in the previous chapters shows how
non-diapause and diapause development in the last larval
instar of Bussenla fusca are controlled by the
neuroendocrine system. Since the onset of studies which
culminated into the current branch of Insect endocrinology,
many workers have attempted to unravel the ways by which
hormones regulate post embryonic development in insects (see
Granger and Bollenbacher, 1231; Hagedorn, 18985; Steel and
Davey, 1885).

In the case of BRusseola fusca, just as in other insect
species, three kinds of horrnones produced from the various
components of the neurcendocrine system, in particular, the
type-A neurosecretory cells of the brain, the corpora allata
and the prothorécic glands appear to play a major role in
the regulation of the type cf devel.orment occurring during
the final lzrva . instar.

Very little work. particularly in the.  interendoccrine
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the obvious fact that the tyrpe of regulation between the

varicus endocrine axes in insects is a process central to
























138

REFERENCES

AGUI, N. GRANGER, N. A., GILBERT, L. I. and BOLLENBACHER. W.
E. (1979) Cellular localization of the insect
prothoraéicotropic hormone. In vitro assay of a single
.neurosecretory cell. Proc. Natl. Acad. Sci. USA vol. 18

No. 11 pp 5694-5688.

ASSEFA GERRE-AMLAK, (1988) Development of maize stem borer,
Bussenla fusca (Fuller) in wild host plants in

Ethiopia. J. Appl. Ent. 106, 390-395.

BECK, S. D. and SHANE, J. L. (19638) Effects of ecdysone on

diepause in the European corn borer, Qstrinia

nubilalis. J. Insect Physiol. 158, 721-730.

BHASKARAN, G., DELEON, G. LOOMAN, B. SHIRK, P.D. and ROLLER,
H. 71980) Activity of juvenile hormone acid in
brainless, allectomized diapausing Cercropia pupae.

Gen. Comp. Endocrin. 42, 129-133.

BHATNAGAG-THOMAS, P. L., (1976) Synergistic pesticidal

action of juvenile hormone analog and B-ecdysone on

diapausing larvae of Khapra beetle Trogoderma granarium
Everts J. Food Sci. Techn. 13, 259-261



























147

JuDY, K. J. SCHOOLEY, D. A., DUNHAM, L. L. HALL, M. S.,

’ BERGOT, B. J. and SIDDALL, J. B. (1873) Isolation.
structure and absolute configuration of a new natural
insect juvenile hormone from Manduca sexta. Proc. Nat.

acad. Sci. USA, 170, 1509-1513

KATAOKA, H.,_NAGASAWA, H., ISOGAI, A., FUJIKAWA, Y., SUZUKI,
C., ISHIZAKI, H., and SUZUKI, A. (1987). Isolation and
partial characterization of a prothoracicotropic

hormone of the silkworm, Bambyx mori. Agric. Biol.
Chem., 51 (4), 1067-1076.

KAUFMANN, T. (1984) Behavioural biology, feeding habits, and
ecology of three species of maize stem-borers: Eldana
saccharina (Lepidoptera:Pyralidae), Sesamaia calamistis

- and Busseonla fusca (Noctuidae) in Ibadan, Nigeria, West

Africa. J. Géorgia Entomol. Soc. 1B, 2539-272.

KHAN, M. A. (1983) Control of corpus allatum activity of the
adult colorado potato beetle. PhD Thesis Agricultural

University, Wageningen.

KIGUCHI, K. and RIDDIFORD, L. M. (1978) The role of juvenile
hormone in pupal development of the tobacco hornworm,

Manduca sexta. J. Insect Physiol. 24, 673-680.



148

KOPEC, S. (1822) Studies on the neceSsipy of the brain for
the inception of insect metamorphbsis. Biol. Bull 42,

323-341.

LANZREIN, B., GENTINETTA, V. and LUSCHER, M. (1978)
Correlation between haemolymph juvenile hormone titer,
corpus allatum volume and corpora allata in vivo and in
vitro activity during oocyte maturation in the

cockroach (Nauphoeta cinerea) Gen.Comp. Endocrinol. 36,

339-345.

LEE, H. T. (1948) A Comparative Morphological study of the
Prothoracic glandular bands of some Lepidopterous
larvae with special reference to their innervation.

Annals Entomological Society of America. Vol XLI, 200-
205.

LUO, M. A. and BODNARYK, R. P'. (1887) Morphology and
Ultrastfucture of an isolated cell type of the corpus
allatum in adults of Bertha armyworm, Mamestra
configurats Wlk (Lepidoptera:Noctuidae). Int. J. Insect
Morrh. & Embryol. 18 (2), 143-151.

LYONET, P. (1762) Traite anatomigue de la Chenille qui Ronge

le Bois de Saule, La Haye.










































YIN,

YIN,

YIN,

YIN,

162

borer, Chila suppressalis (Lepidoptera:Pyralidae).

Appl. Entomol. Zool. 9, 247-255.

C. -M. and CHIPPENDALE, G. M. (1973) Juvenile hormone
regulation of the larval diapause of the Southwestern

corn borer, Diatraea grandiosella. J. Insect Physiol.
19, 2403-2420.

C. -M. and CHIPPENDALE, G. M. (1974) Juvenile hormone
and the induction of larval polymorphism and diapause

of the Southwestern corn borer, Diatraea grandinsella.
J. Insect Physiol. 20, 1843-1847.

C. -M. and CHIPPENDALE, G. M. (1975) Imnsect prothoracic
glands: Function and ultrastructure in diapause and

non-diapause larvae of Diatraea grandionsella. Can. J.
Zool. b3, 124-130.

C. -M. and CHIPPENDALE, G. M. (1976) Hormonal control
of larval diapause and metamorphosis of the
Southwestern corn borer, Diatraea grandiosella. J. Exp.
Biol. 64, 303-310.

ZIMOWSKA, G., HANDLER, A. and CYMBOROWSKI, B. (18985)

Cellular events in the prothoracic glands and

ecdysteroid titers during the last-larval instar of






