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Table II. Effect of ethylene during the forcing period (day temp. 
18~ night temp. 16~ 

Ethylene concentration (ppm) No. of bulbs formed �9 

0 3 
1 3 
2 5 
5 7 

10 7 

Tulip (ev. Paul Richter) plants treated during forcing after the flowers 
bloomed gave different number of daughter bulbs depending on the 
ethylene concentration. The plants were exposed to ethylene concen- 
trations of 0, 1, 2, 5 and 10 ppm for a period of 1 week. The ethylene 
was then removed and the plants allowed to mature. After the 
foliage leaves had died down, the bulbs were lifted and the number 
of bulbs formed noted. 
~Counting was done on a population of 5 bulbs for each concentra- 
tion. 

11 S. P. BURG and E. A. BURG, Science 152, 1269 (1966). 
12 N. RETIG and J. RUDICIt, Physiologia plant. 27, 156 (1967). 

tu l ips  are v e r y  sens i t ive  to t he  gas.  T h e  va r i e ty ,  g r o w t h  
p h a s e  a n d  e n v i r o n m e n t a l  cond i t ions  u n d e r  w h i c h  t he  
bu lbs  are  t r ea t ed ,  however ,  d e t e r m i n e  to a large e x t e n t  
t he  c o n c e n t r a t i o n  t h r e s h o l d  for e t hy l e ne  ef fec t iveness .  
The  bu lb s  a ppe a r  to  be m o s t  sens i t ive  to t he  gas  d u r i n g  
per iods  of ac t ive  m o r p h o g e n e s i s  - f lower in i t i a t ion  a n d  
fo rma t ion ,  a n d  ini t ia l  pha se  of the  forc ing period.  In  t h i s  
s t udy ,  we found  m o s t  of t he  d i s t u r b a n c e s  descr ibed  b y  
o the r  a u t h o r s  3,4. E t h y l e n e  did no t  increase  t he  ' f emale -  
ness '  in t u l ip s  as i t  did in p ineapp le s  n a nd  c u c u m b e r  12, 
i n s t e a d  i t  i nduced  a n  a b n o r m a l  e longa t ion  of the  s t a m e n s  
r e su l t i ng  in t he  f o r m a t i o n  of 'open '  buds .  

The  d a t a  o b t a i n e d  in the  s tud ie s  on t he  nucleic  ac ids  
a nd  p ro t e in  are too s ca t t e r ed  to lead to def in i te  conclu-  
sions.  However ,  t h ree  po in t s  m a y  be s t ressed .  F i r s t ly ,  
e t h y l e n e  a ppe a r s  to  ac t  f i rs t  on t he  s o m a t i c  a nd  p h e n o -  
t yp ica l  a p p a r a t u s  of t he  cell, a n d  on ly  s u b s e q u e n t l y  on 
t he  D N A .  Secondly,  e t hy l e ne  p rove d  to be able to a l te r  
t he  nuc lea r  genet ic  i n fo rma t ion .  Th i rd ly ,  the  a l t e red  
genet ic  i n f o r m a t i o n  a ppe a r s  to be i rreversible.  A s t u d y  on 
t he  species  of D N A  a nd  R N A  of the  t r e a t e d  p l a n t s  would  
give a more  def in i te  a n sw e r  to the  q u e s t i o n  of t he  effect  
of e t h y l e n e  on morphoge ne s i s .  

G r o w t h  and D e v e l o p m e n t  of the  A m e r i c a n  B o l l w o r m  Heliothis arrnigera Hubn.  u n d e r  L a b o r a t o r y  
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Summary. A k i d n e y  bean  mea l  diet  was  the  m o s t  s a t i s f a c to ry  l a b o r a t o r y  diet  for t he  la rvae  of the  A m e r i c a n  bo l lworm 
Heliolhis armigera H u b n .  O p t i m u m  ra tes  of su rv iva l  (63.5%) occurred  a nd  the  la rva l  g r o w t h  was  be t t e r  t h a n  t h a t  of 
l a rvae  reared  on cas to r  oil p l a n t  leaves.  The  p u p a l  we igh t  and  t he  f e c u n d i t y  of t he  r e su l t ing  a du l t s  were also m u c h  
be t t e r  t h a n  those  on t he  cont ro l  h o s t  p lan t .  

Art if icial  d ie ts  h a v e  been  devised  for r ea r ing  a v a r i e t y  
of insec t  species in the  l a b o r a t o r y  b u t  m a n y  of t hese  die ts  
were deve loped  w i th  an  eye to n u t r i t i o n a l  a d e q u e n c y  
a n d  l i t t le cons ide ra t i on  to cost.  However ,  t h e  p r e s e n t  
e m p h a s i s  on m e t h o d s  of insec t  con t ro l  wh ich  can  supple -  
mer i t  or replace con t ro l  w i t h  insect ic ides  h a s  c rea ted  a 
d e m a n d  for large q u a n t i t i e s  of l a b o r a t o r y  reared  insects .  
T h e  success  of m e t h o d s  of con t ro l  ba sed  on p l a n t  resis-  
t ance  p h e r o m o n e s  and  insec t  p a t h o g e n s ,  and  t he  e v e n t u a l  
success  of cont ro l  b y  release of pa ra s i t e s  or steri le  ma le  
insects ,  d e p e n d s  on economica l  p r o d u c t i o n  of g rea t  
n u m b e r s  of t h e  pes t  species. D e v e l o p m e n t  of r ea r ing  
t e c h n i q u e  h a s  been  repor t ed  b y  a u t h o r s  x-a t h a t  would  
reduce  t h e  cos t  of r ea r ing  l a rvae  of t he  tobacco  b u d w o r m  
Heliothis virescens (F.) and  t he  bo l lworm H. zea Boddie .  
Since t h e se  species c o n s u m e  large q u a n t i t i e s  of t he  diet ,  

Table I. Constitution of an artificial diet for the Anlerican bollworm 
Heliothis armigera Hubn. 

Ingredient Quantities (g) Total weight (%) 

Dried kidney beans 236 26.4 
Dried brewers yeast 37 4.1 
Aseorbic acid 3 0.33 
Methyl p-hydroxybenzoate 2 0.22 
Agar 14 1.5 
Water 600 ml 67.2 

t he  cos t  of t he  m e d i u m  is an  i m p o r t a n t  fac tor  in pro-  
duc t ion .  Therefore  m a n i p u l a t i o n  of t he  ing red ien t s  in t he  
d ie t  was  an  obv ious  m e t h o d  of f u r t h e r  r educ ing  costs .  

The  pu rpose  of th i s  r esea rch  was  to  p roduce  a s imple ,  
h igh ly  reproduc ib le  art if icial  rea r ing  m e d i u m  for t he  
A m e r i c a n  bol lworm.  

Material and methods. The  soy be a n  p ro te in  d ie t  de- 
ve loped  b y  ~ a nd  5 as modi f ied  by  t he  p r e se n t  a u t h o r  was  
selected for th i s  s t u d y  (Table I). The  A m e r i c a n  bo l lworm 
la rvae  rea red  on th i s  diet  were c o m p a r e d  w i th  those  
reared  on cas to r  oil p l a n t  leaves.  A d u l t s  were conf ined  in 
one gal lon w i d e - m o u t h e d  glass  ja rs  in t he  rat io  of 3 ma l e s  
to 2 females .  T h e  m o t h s  were p rov ided  w i th  10% h o n e y  
solut ion.  J a r s  were covered  w i th  a b lack  c loth  on which  
the  m o t h s  depos i ted  the i r  eggs. Th i s  m e t h o d  m a d e  egg 
collect ion e a sy  as t h e  c lo th  could  be r e m o v e d  dai ly.  
U p o n  h a t c h i n g  of t he  eggs, t he  la rvae  were t r ans fe r r ed  to  
glass  v ia ls  (7.5 x 10 cm) pa r t i a l l y  filled w i th  t he  media ,  
a n d  were k e p t  a t  27 • 1~ 1000 l a rvae  were fed on a n  
art i f icial  die t  a nd  t he  s a m e  n u m b e r  were reared  on cas to r  
oil p l a n t  leaves.  10 l a rvae  were p u t  in each  glass  v ia l  f r o m  
1st to 3rd i n s t a r  followed b y  a single l a rva  per  vial  till  
p u p a t i o n .  

1 J .  R. RAULSTON and P. D. LINGREN, J. econ. Ent. 62, 959 (1969). 
2 j .  R. RAULSTON and T. N. SuAwm, J. econ. Ent. 63, 1743 (1970}. 
3 T. N. SHAVER and J. R. RAULSTON, Ann. ent. Soc. Am. 6d, 1077 

(1971). 
4 H. H. SHOREY, J. econ. Ent. 56, 536 (1963). 

H. H. SHOREY and R. L. HALE, J. econ. Ent. 58, 522 (1965). 
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Table II. Effect of the diet on some biological aspects of H. armigera at 27~ 
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Type of food Average larval Pupating Average weight of pupae (rag) Adults Average 
duration (days) (%) emerging (%) fecundity 

Males Females 

Diet 10.3 @ 0.2 64.1 -L 8.2 317.6 ~_ 13.3 316.7 ~ 6.8 63.5 -~= 7.9 568.0 =L 28.5 
Castor oil plant leaves (control) 15.2 ~_ 0.6 34.0 • 5.6 292.0 i 10.8 295.0 -= 12.5 33.5 ~2 5.2 472.0 • 25.9 

Larvae  reared on the  artificial  d ie t  were t r ans fe r red  to  
fresh diet  on the  5th day  of the  larval  deve lopment .  
La rvae  on fresh cas tor  oil leaves were t ransfer red  to  fresh 
food daily. P u p a e  were r emoved  f rom the  vials and 
placed in an emergence  chambe r  opera t ing  a t  27~ and  
70% R.H.  As the  mo ths  emerged,  t h e y  were collected in 
glass jars  and  the  oviposi t ion sites (deccan h e m p  flowers, 
Hibiscus cannabinus L.) were p rov ided  dur ing  the  per iod 
of egg laying. The larval  dura t ion  percentage  of survival,  
as well as t he  pupa l  weigh t  and the  fecundi ty  of the  re- 
sui t ing adults,  were t aken  into considerat ion.  

Results and discussion. Several  artificial  diets for mass 
rear ing  of insects were eva lua ted  for Heliothis species 2, a, 6, 
b u t  the  die t  shown in Table  I p rov ided  the  fas tes t  and 
mos t  uni form IarvaI g rowth  and  deve lopment .  This 
species was reared for 5 genera t ions  wi th  no a p p a r e n t  
change  in morpho logy  or fecundi ty ,  wi th  the  except ion  
of the  larval  colour. The colour of the  larvae was d is t inc t ly  
b lack  in compar i son  to  those  larvae fed on the  control  
p lant .  The survival  ra te  ( l s t  ins ta r  larvae to  adults) was 

high and a high percen tage  of adul t s  wi th  perfect  wings 
were produced.  The ra tes  of pupa t ion  as well as adu l t  
emergence  were s ignif icant ly  high in compar ison to  fresh 
cas tor  oil p l an t  leaves. The incidence of deformed adul t s  
was low. Also the  n u m b e r  of ins tars  reared on an artificial 
diet  was ident ica l  wi th  the  n u m b e r  ob ta ined  when cas tor  
oil p l an t  leaves were used. Newly  h a t ch ed  larvae can be 
reared to the  final  s tage w i t h o u t  t ransfer  bu t  larval  uni- 
fo rmi ty  and adu l t  recoveries were no t  as good. The t rans -  
fer also reduced the  incidence of microbial  con tamina t ion .  
Pupae  f rom the  k idney  bean  pro te in  diet  were s l ight ly  
heavier  and weighed an average of 317 mg compared  
wi th  293.5 mg for the  contro l  pupae.  Also the  larval  
dura t ion  was enhanced  in compar i son  to  the  control  and 
the  to ta l  n u m b e r  of eggs laid per  %mate was s ignif icant ly 
high (Table II).  

6 A. R. CHAUTHANI and P. L. ADKISSON, J. econ. Ent. 58, 1163 
(1965). 
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Summary. Electr ic  organ discharges  (EODs) of Gymnarchus niloticus in its na tu ra l  h a b i t a t  (Chaff River,  Chad Basin) 
and  accompany ing  ecological da t a  (pH, conduct iv i ty ,  t empera tu re ,  tu rb id i ty ,  O2 dissolved) were recorded.  The EOD 
frequencies  ranged f rom 204 to 313 Hz (day) and 196-326 Hz (night). In  social swimming  the  range of interf ish EOD 
f requency  differences was f rom 4 to  82 Hz.  The E O D  f requency  seems to decrease wi th  the  age of the  fish. 

The monospecif ic  electric fish, Gymnarchus niloticus, inhab-  
its f reshwater  sys tems  f rom E a s t  to  W e s t  Africa n o r t h  of 
the  equator .  In  1951 LISSl~qANN a moni to red  the  electric or- 
gan discharges (EODs) of these  fish in the  Black Vol ta  and 
la ter  sugges ted  t h a t  t he  electric signals emi t t ed  by  mor-  
myr i fo rm fishes serve as an e lectrolocat ing and/or  electro- 
signaling device ~,5. Dur ing  our s t ay  in the  Chad Basin 
( January  1975) we tape  recorded the  E O D  ac t iv i ty  of 
G. niloticus and moni to red  associa ted ecological da t a  
such as water  t empera tu re ,  conduc t iv i ty ,  tu rb id i ty ,  pH,  
and  dissolved O ,  in the  fishes '  na tu ra l  h a b i t a t  in 2 s tudy  
areas:  A) a la teral  channe l  of the  Chaff River  in the  
Ka lamaloue  Rese rva t ion  in Cameroon,  located abou t  
12 km downs t r eam f rom N 'Djamena(Chad)  and  B) a 
s w a m p y  marsh  type  area on the  is land of I rounda,  abou t  
4 k m  off N 'Djamena .  The lateral  channe l  is p e r m a n e n t l y  
connec ted  wi th  the  ma in  river,  whereas  the  mar shy  area 
was dry ing  up, leaving several  p e r m a n e n t  pools, no 
longer in connect ion  wi th  t he  Chaff. 

Method. The EODs were de tec ted  wi th  submerged  
pairs  of e lectrodes (detect ion range:  app rox ima te ly  
1.50 m ;~) and  recorded on a por t ab le  casse t te  recorder  
:for analysis  wi th  a sonograph  s p ec t ru m analyzer.  Figure  1 
shows an example  of a sonogram i l lustrat ing the  presence  
of 5 di f ferent  fish wi th  individual  EOD frequencies.  The 
ecological measu remen t s  were t aken  wi th  portable ,  
b a t t e r y  powered equ ipment .  

Results. A) The noon measu remen t s  in 195-215 cln 
d e p t h  in the  cen te r  of the  40 m wide Kalamaloue  channel  
were : t e m p e r a t u r e  20.2 -k 0.2 ~ and conduc t iv i ty  105.7 
• 5.3 ~zmho. cm -1. The corresponding  da t a  t aken  at  

1 Supported by CUNY/RF No. 10748; Hunter College; American 
Philosophical Society, Penrose Fund No. 7135. 
Supported by C. N. R. S./R. C. P. 
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