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Abstract
Ice nucleus  production of  larvae of  the rice stem  borer, Chilo suppressatis  Walker has been observed  to be
related  to diapause and  cold  temperature  exposure.  To  determine the effects of  insect hormenes that regu-
late larval diapause on  ice nucleus  production, non-diapausing  mature  and  overwintering  (diapausing) larvae
were  treated with  juvenile hormone (JH) and  ecdysone.  When  JH-I was  applied,  the crystallization  tempera-
ture of  the muscle  and  epidermis rose in non-diapausing  mature  larvae, but not  in overwintering larvae, which
might  contain  highly endogenous  JH. However, injection of  20-hydroxyecdysone lowered the crystalliza-
tion temperature  in overwintering  larvae. These results show  that ice nuclei  in the muscle  and  epidermis  are

activated  by JH  and  inactivated by ecdysone,
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INTRODUCTION

  Overwintering larvae of  the rice  stem  borer,
Chilo suppressalis  Walker are  freeze-tolerant

(Tsumuki, 1990). The crystallization  tempera-

ture of  the overwintering  larvae decreases due to

a reduction  of  the gut contents,  which  act as ice
nuclei  from autumn  to winter  (Tsurnuki and

Konno, 1991; Tsumuki et al., 1992). However,

the crystallization temperature of  the whole

larva is rnaintained  constant  at around  -14eC

in winter,  even  though  the crystallization  tem-

perature of  the gut is lower (Tsumuki and

Konno, 1991). The crystallization  temperature

of  the whole  larva is regulated  by ice nuclei  in
the muscle  and  epidermis  in winter  (Tsumuki
and  Konno, 1991; Hirai and  Tsumuki,  199S).

The  ice nuclei  appear  from autumn  to winter

and  disappear in spring, suggesting  that photo-

periodic and  temperature variations  may  affect

ice nucleus  production. In fact, the ice nucleus

production was  affected by photoperiod and

temperature. Potent ice nuclei were  produced in
diapausing larvae under  short  photoperiod
when  the larvae were  acclimated  at cold  tem-

perature, but not  in non-diapausing  mature  lar-

vae  under  long photoperiod. Consequently, ice
nucleus  production is related  to diapause. Lar-
val  diapause of  insects is regulated  by juvenile
hormone (JH) and  ecdysone  (Nijhout, 1994).
Thus, in this study,  we  examined  the effects  of

JH  and  ecdysone  on  ice nucleus  production in
rice stem  borer larvae.

MATERIALS  AND  METHODS

  Insect and  hormone applications.  The larvae
were  reared  on  rice  seedlings at 25eC under  a

long photoperiod (16L:8D). Ten microliters of

acetone  containing  1 pag of  JH-I was  topically

applied  to the dorsal surface  of  26 day old  lar-
yae  and  the larvae were  then incubated at  40C.
After 30 days, the muscle  and  epidermis  were

removed  in O.9% NaCl and  the crystallization
temperature  of  these tissues was  measured.

  Overwintering larvae were  collected  from  the
field in January. JH-I  (O.5 ,ug) was  applied  on

the dorsal surface  or  O.05ug of  20-hydroxy-
ecdysone  in water  solution  was  injected into the
haemocoel (Tsumuki and  Kanehisa, 1981). The
1arvae treated with  JH-I were  incubated at 40C
for 8 days. The  larvae injected with  20-hydro-
xyecdysone  were  kept at 250C for one  day and
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then at  40C  for 7 days. The crystallization tem-

perature of  the muscle  and  epidermis  was

measured.  Non-treated larvae were  used  as  a

control. The control  larvae were  incubated un-
der the same  conditions  as the treated larvae.

 Crystallization temperature measurement.

The muscle  and  epidermis  of  the larvae were
removed  in O.9% NaCl solution  and  used  for
the measurement  of  crystallization  tempera-

tures. Dissected and  combined  tissues in O.9%
NaCI  solution  were  sandwiched  between two
layers of  paraffin oil in capillary  tubes attached
to 30-gauge copper-constantan  thermocouples

and  cooled  at a rate of  about  10Clmin until

frozen (Tsumuki and  Konno, 1991; Tsumuki et

al., 1992).

RESULTS  AND  DISCUSSION

Table 1. Effect of  JH-I on  the crystallization tempera-
ture  of  the  muscle  and  epidermis  in non-diapausing  mature

         larvae of  the rice stem  borer

Crystallization temperature (OC)

ControlJHJI -16.9
± O,4

-125
± O,7

All values  are  means ±SE (n= 8).
Significant difference (Student t test) between control

and  JH-I. p<O.Ol.

Table 2. Effect of  JH-I on  the crystallization  tempera-

  ture of  the muscle  and  epidermis  in overwintering
     (diapausing) larvae of  the  rice  stem  boTer

Crystallization temperature (eC)

ControlJH-I -10,2
± O,3

-9.4
± O,3

 In the preliminary experiment,  we  observed

that ice nucleus  production in the muscle  and

epidermis  of  the rice  stem  borer was  primarily
affected  by exposure  to short  photoperiod  and

cold  temperatures. Larval diapause of  the rice
stem  borer is induced by short  photoperiod
(Tsumuki, 1990) and  high JH  titre (Yagi and
Fukaya, 1974), and  broken by ecdysone  (Nij-
hout, 1994). In this study,  the crystallization
temperature of  the muscle  and  epidermis  was

higher in non-diapausing  mature  1arvae treated
with  1ptg of  JH-I than  in the  control  (Table 1).
The findings show  that ice nucleus  production in
the muscle  and  epidermis  is stimulated  by JH.
In overwintering  larvae, however, no  difTer-
ence  in the crystallization temperature was  ob-

served  between 1arvae treated with  JH-I and  the

control  (Table 2). Overwintering Iarvae that
were  collected in the field in January were  as-

sumed  to be in diapause, as shown  by Tsumuki
(1990). The highly endogenous  JH  titre in the
overwintering  (diapausing) larvae (Yagi and

Fukaya, 1974; Tsumuki et al., unpublished  ob-

servation)  may  mask  the effectiveness of  exoge-

nous  JH  on  ice nucleus  production. On  the

other  hand, the crystallization ternperature was
lower in overwintering  larvae injected with  20-

hydroxyecdysone than in the control  (Table 3),
showing  that potent ice nuclei  in the muscle  and

epidermis  are inactivated by ecdysone.  Neither
acetone  application  nor  water  injection affected

the crystallization temperatures. However,  there

All values  are  means ±SE  (n=8).
No  significant  difference (Student t test) between control

and  JH-L p<O.Ol.

Table 3. Effect of  20-hydroxyecdysone on  the crystalli-

  zation  temperature of the muscle  and  epidermis  in
overwintering  (diapausing) larvae of the rice stem  borer

Crystallization temperature (eC)

Control20-Hydroxyecdysone -12.9
± O.4

-18.7
± O,4

All values  are  means ±SE  (n=8).
Significant difference (Student t test) between control

and  20-hydroxyecdysone. p  <  O.Ol .

was  a significant difference in the crystalliza-

tion temperature between the control  in JH-I
treatment and  in 20-hydroxyecdysone. The
difference may  be induced by the difference in
incubation temperature condition  between the
two. Ice nucleus  production is triggered and

regulated  in the same  manner  that antifreeze

protein synthesis  (Horwath and  Duman,  1983)
and  glycerol synthesis  (Tsumuki and  Kanehisa,
1981) are triggered and  regulated.  Therefore the
low temperature  tolerance  of  overwintering  1ar-

vae  of  the rice  stem  borer may  be controlled  by
the hormones such  as  JH  and  ecdysone  that are

produced in response  to environmental  cues.

NII-Electronic  



Japanese Society of Applied Entomology and Zoology

NII-Electronic Library Service

JapaneseSociety  of  Applied  Entomology  and  Zoology

Effects of  JH and  Ecdysone on  Ice Nucleus Production in C.smpprassalis 121

ACKNOWLEDGEMENTS

 This study  was  supported  in part by a  Grant-in-Aid for

Scientific Research (07660060) from  the Ministry of  Edu-

cation,  Science, Sports and  Culture of  Japan and  by a
grant from the Ohara Foundation for Agricultural
Research.

REFERENCES

Hirai, M. and  H. Tsumuki (1995) Characterization and  localiza-

   tion of  the ice-llucleating active agents in iarvae of  the rice

   stem  borer, Chiio smpressalis  Walker (Lepidoptera: Pyrali-

   dae), Co,obiology 32: 209-214,
Horwath, K. L. and  J. G. Duman  (1983) Photoperiodic and  ther-

   mal  reguiation  of  antifreeze  protein levels in the beetle Den-

   dlroides canadbnsis.  X  insect Physiol. 29: 907-917.
Nijhout, H,F, (1994) insect Honnones, Princeton University

   Press, New  Jersey, 267  pp,
Tsumuki,  H. (1990) Environmental  adaptation  of  the rice  stem

   borer, Chilo st{lrpressatis and  blue alfalfa  aphid,  Acyrthosi-

   phon  kondoi to seasonal  fiuctuation. In Advances in lvver-

   tebrate Reproduction  5 (M, Hoshi  and  O, Yamashita  eds,).

   Elsevier Science Publishers, Amsterdam, pp. 273-278.
Tsumuki, H. and  K. Kanehisa (1981) Effect of  JH  and  ecdysone

   onglycerolandcarbohydratecontentsindiapausinglarvaeof

   the rice stem  borer, Chilo stmpressalis  Walker (Lepidoptera:
   PyTalidae), AlrpL Entomol, ZeoL 16: 7-15,
Tsumuki, H,  and  H,  Konno  (1991) Tissue distribution of  the ice-

   nucleating  agents  in larvae of  the rice stern  borer, Chilo sup-

   pressaiis Walker (Lepidoptera: Pyralidae). Cryobiology 28:
   376-381,
Tsumuki,  H., H. Konno,  T, Maeda  and  Y. Okarnoto  (1992) An

   ice-nucleating active  fungus isolated from the gut of  the

   rice stem  borer, Chiio smpmssalis  Walker (Lepidoptera:
   Pyralidae). X I}tsect PtsLsiol, 38: 119-l25,
Yagi, S. and  M.  Fukaya (1974) Juvenile hermone as a  key factor

   regulating  1arval diapause of  the rice stem  borer, enilo sup-

   pressalis (Lepidoptera; Pyralidae). .4mpt, E}ttomol, Zool. 9:
   247-255.


