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INTRODUCTION

Most investigations concerning larval dia-

pause of bivoltine rice stem borer, Chilo 
suppressalis, have been to date centred on 
the relation to environmental factors (FUKA-
YA, 1950, 1951a, b; INOUE and KAMANO, 1957), 
and little has been known on the hormonal 
mechanism of diapause.

In the previous paper, it was pointed out 
that the brain plays important role in the 
metamorphosis of the rice stem borer, and 
the critical period of the brain hormone 
liberation comes about 2 days prior to the 
metamorphosis (FUKAYA, 1955). Further, 
then an assumption was given that the brain 
also may act on the termination of larval 
diapause in this borer.

Recently, the larval or pupal diapause is 
considered to be caused by the temporary 
interruption in the cyclical activities of the 
endocrine system, essentially in the neuro-
secretory cells of the brain (LEES, 1955). In 
the case of the rice stem borer, however, 
it was suggested that besides this there may 
exist some source of principle which controls 
the development to pupation and maintains 
the larval characteristics during diapause 

period (FUKAYA, 1951b).
The present paper deals with the experi-

mental results hitherto obtained on our at-
tempt to clarify the hormonal mechanism 
of diapause in the rice stem borer, which 
formerly could not have been explained suf-
ficiently.

The experiments were performed under 
the aid of Miss E. Tanimura, to whom we 
express our cordial gratitude. In refering 
to the material we are indebted to Dr. M. 

Ono, Mr. K. Nakano, Mr. T. Tsuchiyama, 

Mr. Y. Ito and Mr. H. Santa to whom we 

wish to express our acknowledgements.

MATERIALS AND METHOD

As experimental materials, the diapaus-

ing larvae belonging to the Saigoku strain 
were gathered at the end of October in 

Kagawa Prefecture. As is in the case with 
other insects, it is certain that the termina-

tion of diapause in the rice stem borer is 
induced by exposure to low temperatures, 

since the percentage of pupation gradually 
increases and time required for pupation 

becomes still shorter on warming, with 

seasonal advancement from autumn to 
winter. Most of the experiments concerning 

the termination of diapause were undertaken 
during a period from November to De-

cember. At this period, a majority of larvae 

used for the experiments were considered 
to be prior to the completion of diapause 
development (Table 1).

The prothoracic glands which were im-

planted into different test preparation in 
order to induce the terminatin of diapause, 

have been taken from prepupae of the 
cabbage armyworm, Barathra brassicae as 

well as the rice Stem borer belonging to 

the Shonai strain (Figs. 1 and 2). The pro-
thoracic gland of Barathra is, as shown in 
Fig. 1, about 50 to 60 times as large as that 

of Chilo. Chilo larvae belonging to the 

Shonai strain are suitable as a source of 
donor, because they are able to pupate in 
shorter period with considerable high per-

centage, whenever they are incubated during 
the period of this experiment (Table 1).

The brains used for the termination of
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diapause were removed from Chilo larvae 

near the critical period.

On the other hand, the larvae reared on 

artificial diet under aseptic condition at 

25•Ž, were also applied in this experiment 

according to the need (Fig. 3). As was stat-

ed above, although most of the larvae 

gathered from the fields in October still 

remained in diapause, yet there was a pos-

sibility that some individuals may have 

been terminated from diapause. In case of 

the diapausing larvae reared at 25•Ž, how-

ever, almost all materials were considered 

to be of perfect diapause.

As the artificial diet for the rice stem 

borer, a mixture of the following ingredients 

was successfully used.

Water 40cc Cholesterol 0.02g

Agar 0.6g Choline chloride 0.02g

Cellulose* 0.5g Dried yeast (Ebios) 1.00g

Glucose 0.7g McCullum-Simmond

Cane sugar 0.3g salt mixture 0.20g

Casein 1.0g Rice stalk meal•õ 20.00g

*Milled filter paper.

•õ From rice stalks picked from the fields and 

sterilized.

The mixture of these substances is put 

into 200cc Erlenmeyer flask and given 30 

minutes sterilization in an autoclave at 110•Ž.

Under the long day photoperiod at 25•Ž, 

the larvae artificially reared reached the 

final instar in about 25 days after hatching 

and began to pupate within several days, 

whereas in those destined for diapause by 

short day photoperiod such as 8•`15 hours, 

the feeding period was generally delayed as 

long as 50 days.

The performance of the operation was 

essentially the same as that described pre-

viously; the brain or the prothoracic gland 

was implanted with a minute drop of Ring-

er's solution by means of injection. After 

the operation the test preparations were 

kept at 25•Ž and observed every day.

EXPERIMENTAL RESULTS

1. Morphology of endocrine organs concerned 

with metamorphosis

The brain of the rice stem borer is not 

so different from that of other lepidopter-

ous larvae. A semisphere of the brain shows 
egg form (Fig. 4). Its long and short dia-

meters are about 0.5mm. and 0.3mm. 
respectively in the fully grown larva. In 

pars intercerebralis and lateral parts of its 
protocerebrum, there are 16 neurosecretory 
cells in all arranged in pairs of medial and 
lateral groups (Fig. 5).

From ventral side of deutocerebrum, 
nervus corporis cardiaci, being about 0.1

mm. in length, runs out. Corpus cardiacum 
and corpus allatum are connected to the 

end of nervus corporis cardiaci. Corpus 

allatum is compactly attached to corpus 
cardiacum, and nervus corporis allati is not 

found (Fig. 6). The diameter of corpus al-
latum is about 0.06mm. in the fully grown 

larva. A nerve from corpus cardiacum, 
runs back and is connected to sympathetic 
nerve behind the brain.

The prothoracic glands are found inside

Text-fig. 1. Nerve supply to prothoracic gland 

of rice stem borer larvae. Br, brain; Epid, 
epidermis; MedN, median nerve; MG, 

mesothoracic ganglion; Mus, muscle; PG, 

prothoracic ganglion; PrGl, prothoracic 

gland; SG, suboesophagial ganglion; 
VNC, ventral nerve cord.
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of first spiracles. The gland of this borer 

consists of about 50•`60 cells in single layer. 

It has four branches, namely antero-dorsal, 

antero-ventral, latero-dorsal and latero-

ventral branches. Both ends of the anterior 

branches attach to ventral margin between 

head and thorax. The lateral branches end 

in the connective tissues just behind the 

inside of first spiracles. This gland is about 

0.6•`0.8mm. in length and 0.05mm. in 

width at the narrowest part. The posterior 

part of this gland receives nerve supply 

from a median nerve which comes from the 

prothoracic ganglion (Text-fig. 1 and Fig. 7). 

So, the nerve supply to this gland should 

be from prothoracic ganglion alone. Al-

though, Lee (1948) has described that ante-

rior branch is innervated from a ventral 

nerve of the suboesophagial ganglion, we 

were unable to find any nervous supply from 

the latter.

2. Termination of diapause

In general, pupal or larval diapause is be-

lieved to be induced by the temporary fail-

ure of secretory activity in the brain. Con-

sequently, if the brain or prothoracic gland 

removed from material at the critical period, 

is implanted into diapausing test prepara-

tion, immediate termination of diapause will

Table 1. Days required for pupation in hi-

bernating larvae at 27•Ž.

*Containing both sexes except the four in-

stances designating sexes.

•õ With confidence interval at 95% probability.

occur. But in the preliminary experiments, 
it was demonstrated that the termination 
of the rice stem borer could hardly be in-
duced by implantation of as many as 10 
active prothoracic glands obtained from the 
same species. So, the 'giant' prothoracic 

gland from the cabbage armyworm was tri-
ed in the following experiment.

Implantation of prothoracic gland When 
single or a pair of prothoracic glands re-
moved from prepupa of the cabbage army-
worm were implanted into abdomen of the 
diapausing Chilo larva, the extramouting 
occurred and prothetely followed, while in 
the control, where Ringer's solution alone 
was injected, the recipient remained unaf-
fected (Table 2).

It may be noted that there are several 
types of prothetely, probably according to 
the degree of upsetting of hormone balance. 
Such prothetely as shown in Fig. 9, appear-
ed in later period after the operation, where-
as such ones as shown in Figs. 10 and 11 
earlier. Among the larvae which didn't un-
dertake prothetelic extramoulting, there 
were some individuals succeeded in pupation 
after considerable period but an exceptional 
individual which pupated in 5 days after 
implantation.

The fact that the prothetelic moulting 
occurs instead of pupal one, seems to prove 
the presence of tropical activity of corpora 
allata in the diapausing larvae, since corpo-
ra allata are considered as the source of 
hormone which promotes the larval moult-
ing jointly with prothoracic gland hormone 

(FUKUDA, 1944).
Thus, the implantation experiment be-

comes necessary to be undertaken in the test 

preparation which is lacking in corpus al-
latum. Therefore, the active prothoracic 

glands from Barathra prepupae were im-
planted into isolated abdomen of the dia-
pausing Chilo larvae. In this case the nor-
mal pupation occurred with the percentage 
as high as 33 to 60 (Table 3 and Fig. 15).

The implantation of from 2 to as many 
as 10 prothoracic glands from Chilo prepu-

pae into isolated abdomens of diapausing
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Table 2. Implantation of prothoracic glands obtained from Barathra prepupae 

into diapausing Chilo larvae.

Table 3. Implantation of prothoracic glands from Barathra or Chilo 

prepupae into isolated abdomens of diapausing Chilo larvae.

Chilo larvae was also tried. Judging from 

the results obtained, it may be recogniz-
able that so much prothoracic gland is re-

quired in order to reach a threshold level 

causing the pupation of the diapausing 

larvae (Table 3).
Further, experiments were undertaken to 

locate the source of the principle which in-
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Table 4. Implantation of prothoracic glands from Barathra 

prepupae into diapausing Chilo larvae decapitated.

terrupts metamorphosis and maintains the 
larval characteristics during diapause period 

in the rice stem borer. To this end, the 
active prothoracic glands from Barathra pre-

pupae were implanted into diapausing Chi-
lo larvae ligatured between head and thorax. 
In this experiment, the suboesophagial 

ganglion, which is believed to be a source 
of diapause hormone in the silkworm, was 
located in the posterior compartment of the 
body. As shown in Table 4 and Fig. 16, the 
decapitated, diapausing larvae bearing act-
ive prothoracic glands were able to pupate 
in average after 10 days, and no prothetely 
occurred.

The mortality of larvae which were kept 
as control was such as shown in Table 5.

Implantation of brain In a series of ex-

periments, active brains from Chilo larvae 
were implanted into diapausing larvae in

Table 5. Mortality of isolated abdomens and 

decapitated larvae.

Table 6. Implantation of brains from Chilo larvae at critical 

period into diapausing Chilo larvae.
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order to know the interaction between the 

principle acting so much to inhibit the pro-
thoracic gland activity and them. From the 

results obtained, as shown in Table 6, it was 

demonstrated that there was no individual 
which succeeded in immediate pupation but 

prothetely as shown in Fig. 9, was induced 
just like in the case of implantation of pro-
thoracic gland. But, in general, prothetely 

induced here seems to be less developed 
than that obtained by implantation of active 

prothoracic gland. It may be noted that the 

pupation in a few larvae was, in some ex-
tent, accelerated as compared with that in 

control one, and this fact seems to differ 

from results obtained in experiment concern-
ing prothoracic gland.

On the other hand, when the active brains 
from Chilo larvae at critical period were 

implanted into the abdomens of diapausing 
larvae ligatured between head and thorax 

with suboesophagial ganglions being placed 

in posterior parts, about 19% of larvae were 
able to pupate in an average of 12.4 days 

after operation (Table 7), and the remaind-
er which failed to pupate died almost within 

about 40 days.

Table 7. Implantation of brains at critical 
period into decapitated, diapausing Chilo 
larvae.

From this result, it may be reasonably as-
sumed that developmental factor from the 
implanted brain is able to activate the pro-
thoracic gland of the diapausing larva which 
lacks in inhibitory principle and leads to 
termination of dormant state of tissues.

3. Artificial acceleration of development 
in diapausing larva

Text-fig. 2. Ligation applied under strong 

pressure to a head at both dorsal and 
ventral sides. A: Normal situation of brain 
and other ganglions. B: Brain alone can 
be moved to prothorax by pressing a head. 

C: Situation of brain and other ganglions 
after ligation. Br, brain; CC & CA, corpus 

cardiacum and allatum; FG., frontal gan-

glion; PG, prothoracic ganglion; RN, re-
current nerve; SG, suboesophagial gan-

glion.
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Table 8. Artificial acceleration of pupation in diapausing 

larvae reared at 25•Ž by means of ligation.

In general, if the larva is ligatured be-

tween head and thorax, the brain, corpora 

cardiaca and allata remain in head, whereas 

suboesophagial ganglion is located in the 

prothorax. But when the larva is ligatured 

behind head under pressure to a head at 

both dorsal and ventral sides, the brain 

alone is easily moved to prothorax, leaving 

corpora cardiaca and allata in the head 

(Text-fig. 2). In such a way, brain can be 

separated perfectly from corpora cardiaca 

and allata. As shown in Table 8, this kind 

of ligation caused the acceleration of devel-

opment in diapausing larvae and the period 

before pupation was considerably shortened 

even in the case where the larvae have been 

reared at 25•Ž. during feeding period and 

have never been chilled.

As generally recognized, corpus allatum 

is a hormone centre concerning larval moult-

ing in the non-diapausing insects. Judging 

from the results of experiments hitherto 

made, corpus allatum seems to play some 

important role in the diapausing larva of 

the rice stem borer, because the larva in 

diapause is able to undertake prothetelic 

moult by implantation of brain or prothorac-

ic gland which is active in secretion. Fur-

ther, the fact that the acceleration of devel-

opment in diapausing larvae occasionally 

occurs whenever some organs including cor-

pora allata are removed by means of liga-
tion, leads us to the opinion that there 
should be some tropical factors in the head 
of diapausing larva.

4. Induction of prothetely

As previously reported (FUKAYA and HA-
TTORI, 1957), normal moulting of the dia-

pausing rice stem borer sometimes takes place 
on warming alone, but in this case any 
morphological abnormality can be scarcely 
observed. The real prothetely is frequently 
induced in varying degrees by wounding of 
integument or implantation of some struc-
tures concerning metamorphosis.

As above stated, there appears varying 
degrees of prothetely probably responding 
to the hormone balance in the diapausing 
Chilo larvae, and it seems to be difficult to 
determine which is more developed physiol-
ogically. But, we have the opinion that 
the degree of physiological development in 
the larva is able to be determined by state 
of differentiation in spermato- or ovogenesis. 
As Fukaya (1951b) pointed out, the devel-
opment of both ovaries and testes is far 
more retarded in the diapausing larvae of 
Chilo than in other individuals which are 

going to pupate without diapause (Fig. 12).
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In prothetely as shown in Fig. 9, pupal 
characteristics appear sometimes at antenna 

or both the antenna and 10th abdominal 
segment including anal prolegs (Fig . 9). As 
shown in Fig. 13, the ovary of such prothete-

ly is not so differentiated. On the other 
hand, the prothetely induced by active pro-

thoracic gland removed from prepupa of 

Barathra is more developed in morphologi-
cal structure, whose detail will be described 

elsewhere (Figs. 11 and 14). Besides, there 
can be often induced some kind of prothete-

ly bearing imaginal wing buds at both later-
al sides of mesothorax (Fig . 10). This one 
is also seems to be considerably advanced. 

It may be further noted that the prothete-
ly which indicates slight abnormality in 

morphological characteristics can undergo 

more extramoulting towards pupa, whereas 

the developed one as shown in Fig. 11 fails

Text-fig. 3. Induction of different kinds of 

moulting during diapause development. 
Prothetely (1): Extramoult can be under-
taken and sometimes pupation occurs. Pro-
thetely (2): The same as prothetely (1). 

Prothetely (3): Any extramoult cannot 
be undertaken.

to pupate.
The relation above may be summarized 

in Text-fig. 3.

DISCUSSION

Since the original work of Williams (1946, 
1947) in the Cecropia silkworm, diapause of 
insect has been believed to be caused by the 
temporary failure in the secretion of the 
endocrine system which normally initiates 
moulting and growth. This is clearly prov-
ed in most insects by the experiments of 
transplantation or parabiosis.

It is evident that diapause of this borer 
is also related to the temporary interruption 
of the brain hormone and it can be reactiv-
ated by cold. This may be further ascer-
tained by the evidence that the hibernating 
larvae gradually terminate from diapause 
with the advance of cold season (Table 1).

Notwithstanding the above facts, we can-
not deny the existence of some tropical prin-
ciple which is inhibitory in action during 
the diapause development of the rice stem 
borer. As already shown, if active prothora-
cic gland or brain is implanted into diapaus-
ing larva, prothetelic moulting occurs im-

mediately after operation instead of pupation 

(Tables 2 and 6). This phenomenon may 
be explained as follows. Corpora allata hor-
mone of recipient reacts with hormone from 

prothoracic gland, and different kinds of 
extramoulting occur according to the degree 
of upsetting of hormone balance (Text-fig.3). 
So, when the power of corpora allata in dia-

pausing larva is extremely predominant as 
compared with that of prothoracic gland, 
there may occur a case where any kind of 
supernumerary moulting cannot be under-
taken and larval state is maintained. How-
ever, in a case where such endocrine organ 
as brain or prothoracic gland which is active 
in hormone release, is implanted into de-
capitated, diapausing larva, the pupation is 
considerably facilitated (Tables 4 and 7).

Further, if diapausing Chilo larva is de-
capitated so as to remove corpora cardiaca 
and allata but leaving the brain intact, ter-
mination of diapause in this borer occasion-
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ally occurs (Table 8, Text-fig. 2). This fact 
seems to indicate a possibility that the in-
active brain can be abruptly changed to ac-
tive one in the medium where the inhibitory 

principle lacks.
In the silkworm, Bombyx mori, the 

hormone secreted from suboesophagial 

ganglion is said to be concerned in the re-
versal of voltinism, and Hasegawa recently 
succeeded in detecting diapause hormone 
from suboesophagial ganglion itself (Personal 

communication). So, the role of this organ 
in the rice stem borer should be ascertained 
too. But, the results of experiment showed 
that the activity of prothoracic gland as 
well as brain was not prevented by the coex-
istence of suboesophagial ganglion. The 
latter, indeed, seems to have no relation 
to the maintenance of diapause in the rice 
stem borer.

Based upon the result of experiment on 
Galleria performed by Piepho (1942), Boden-
stein (1953) assumed that the time of mou-
lting may be affected by the relative pro-

portion of moulting and juvenile hormone. 
Besides, he pointed out that a delaying effect 
on the time of moulting by the corpora 
allata as shown by Piepho must indicate a 
depression of the normal prothoracic gland 

activities. In larval diapause of the rice stem 
borer too, similar mechanism as above 
mentioned seems to be available. Thus, we 
came to the opinion that real source of 
active principle in head which maintains 
larval diapause may be corpus allatum itself, 
because there is no other organ which can 
be responsible for this kind of action.

SUMMARY

1. When active prothoracic glands or 

brains are implanted into diapausing Chilo 

larvae, extramoulting followed by prothete-

ly occurs immediately after operation. But, 

in case of brain implantation, development 

towards pupation in some larvae, which 

have not initiated prothetelic moulting, is 

somewhat accelerated as compared with that 

of non-operated controls.

2. Active prothoracic gland from Bara-

thra prepupa is able to cause the immediate 

termination of diapause in decapitated Chilo 

larva as well as its isolated abdomen.

3. Brain obtained from Chilo larva at 

critical period can also induce abrupt termi-

nation of decapitated, diapausing Chilo 

larva.

4. If diapausing Chilo larva is decapitat-

ed so as to remove corpora cardiaca and 

allata but leaving the brain intact, the 

termination of diapause occasionally occurs.

5. It is suggested that there is a hormone 

centre in the head of diapausing Chilo larva, 

which is inhibitory in action on the develop-

ment of larva. This centre is considered to 

be corpus allatum itself.

6. There is a possibility that the inactive 

brain can be abruptly changed to active one 

in the medium where the inhibitory princi-

ple likely from corpora allata is lacking.
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EXPLANATION OF PLATES

P L. I

(Br, brain; CC & CA, corpus cardiacum and 

corpus allatum; SG, suboesophagial ganglion; 

PG, prothoracic ganglion; NSC, neurosecretory 

cell; N, nerve; CC, corpus cardiacum; CA, 

corpus allatum)

Fig. 1. Proth. gland of Barathra prepupa, •~35.

Fig. 2. Proth. gland of Chilo prepupa, •~35.

Fig. 3. Culture of rice stem borer larvae on arti-

ficial diet.

Fig. 4. Ganglions of Chilo larva, •~30.

Fig. 5. Pars intercerebralis of Chilo larva, •~600.

Fig. 6. Corpus cardiacum and allatum of Chilo 

larva, •~200.

Fig. 7. Nerve supply to prothoracic gland of Chilo 

larva, •~350.

PL. II

(Ant, antenna; WB, wing bud)

Fig. 8. Diapausing Chilo larva with normal 

antennae.

Fig. 9. Prothetely with elongated antennae.

Fig. 10. Prothetely with imaginal wing buds.

Fig. 11. Prothetely considerably advanced.

Fig. 12. Ovary of diapausing Chilo larva, •~70.

Fig. 13. Ovary of prothetely as shown in Fig. 9, 

•~70.

Fig. 14. Ovary of prothetely as shown in Fig. 11, 

•~ 70.

Fig. 15. Induction of pupation in isolated abdo-

men of diapausing Chilo larva by im-

plantation of prothoracic gland from 

Barathra prepupa; pupal skin is form-

ed under the old larval skin.

Fig. 16. Induction of pupation in decapitated, dia-

pausing Chilo larva by implantation of 

prothoracic gland from Barathra pre-

pupa; pupal skin is formed under the 

old larval skin.

摘 要

ニ カメ イチュ ウの 幼虫休 眠 にお け る ホル モ ン支配

I. 幼虫休眠を維持する頭部内要因について

深 谷 昌 次・三 橋 淳

農林省農業技術研究所

ヨ トウムシの前蛹か らとったいわゆ る活 性化 した前胸

腺 をニカメイチュウの休眠期 幼虫に移植して も直 ちに蛹

化す る個体は ほ とん どな く,多 くの もの(32.0～66.7%)

は過剰脱皮 をしてプ ロセ トリー といわれ る幼 虫 と蛹 の中

間型で幼虫態に近い もの を生ず ることがわか った(第2

表 参照)。 一 方この活性化 した前胸腺 を休眠期幼虫 の遊

離腹部あ るいは頭部 を除 去した ものの体 内に移植す る と

かな りの高率(26.7～60.0%)で 蛹化の起 ることが確か

め られた(第3～4表 参照)。 また幼虫の蛹 化に関 与す

る脳 の臨界期は蛹 化前2日(25℃)に あ ることが明 らか

にされてい るが(深 谷,1955),こ の臨界期直前の脳 を

休眠 期幼 虫に移植した場合に も前胸腺を移 植 した ときと

同様 に過 剰脱皮 が起 ってプ ロセ トリーを生 ず る(第6表

参照)。 しか し この場合 に見 られ るプ ロセ トリーはわず

か に触 角 と尾脚に異状 が認 め られる程度 にす ぎない。一

方,結 紮 によ って頭部 を除去 した幼虫 に臨界期前 の脳 を

移植すれ ば正常 な蛹 化(18.5%)を 誘 導す ることがで き

る(第7表 参照)。

以上 の結果か ら頭部内には活性化した前胸腺あ るいは

脳 の働 きを直接 にか あ るいは間接 に阻止す るよ うな要 因

の存在す る ことが明 らか にされ たが,上 述 したよ うに休

眠期幼虫が過剰脱皮 をして種 々な段階の プロセテ リーを

生ず るとい う事実か らこの阻止的 に働 く要 因は アラタ体

その ものに由来 す ることが推論 され る。 したが って,ア

ラタ体は幼 虫の休眠期 を通 じてその活性 を維持 している

こと,し か もこ うした状 態が幼 虫休眠の特徴的一面であ

ることに注 目す る必要があ る。

また さらに休眠 期幼虫に対 し特殊の頭部結紮法(第2

挿図参 照)を 適 用して脳 をア ラタ体 ～咽喉側神経球結合

か ら切 り離 して前胸部 に移動 させる と低 率(3.7～7.4%)

では あるが,短 期間 内に蛹 化す る個体 を生ず る(第8表

参照)。 それは不活性状態 にある脳 が頭 部内に存在 す る

抑制的要因の影響力か ら離れ る と直 ちに活性化 され うる

ことを示 して いるよ うである。
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