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Chromosome number in the genus Salvia 
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Taxon Voucher Origin n Number 

*Salvia caslanea Diets Gill U.S.P.L. 480.65 Suni 11 
Gill 1546 Solan 11 

*S. coccinea Fuss. Gill 3205 Chandigarh 22 
var. Crimson King 

S. coccinea Fuss. Pink Pearl 
S. larinacea Benth 
S. glutinosa L. 

*S. hains Royle ex Benth 
* S. involucrata cav. 
S. lanata Roxb. 

* s .  t e u c a n t h a  cav. 

*S. moorcro]liana Wall. ex. Bth. 

S. oHicinalis L. 
S. plebeia R. Br, 

*S. pseudococcinia Jacq. 
S. splendens Kev. Gawt. 

Gill 7#58 Sutton Seed Calcutta 11 
Sutton Seed Calcutta 10 

Gill 7394 Khurpatal 8 
Gill 7482 Gulmarg 8 
Gill 7484 Khilanmarg 8 
Gill 3202 Kasauli 7 
Gill 7382 Nainital 11 
Gill 1644 Solan 11 
Gill 3192 Kasauli 11 
Gill 7388 Nainital 11 
Gill 7583 Solan 8 
Gill U.S.P.L. 480.36 Sirinagar 8 
Gill 3196 Rupar 7 
Gill 3207 Chandigarh 8 
Gill 1645 Jeolikot 8 + 1B 
Gill 7401 Khurpatal 11 

Sutton Seed Calcutta 8 

of  P a n j a b  U n i v e r s i t y ,  C h a n d i g a r h ,  I n d i a .  C o u n t s  for  
species  i n d i c a t e d  b y  a n  a s t e r i sk  a re  b e i n g  r e p o r t e d  for  
t h e  f i r s t  t ime .  

A p e r u s a l  of  l i t e r a t u r e  r evea l s  t h a t  t h e  f r e q u e n c y  of  
p o l y p l o i d y  in  t h e  genus  Salvia is a b o u t  21.7%.  Al l  t h e  
p r e s e n t l y  i n v e s t i g a t e d  t a x a  e x c e p t  S. coecinea va t .  Cr im-  
son  King,  are  a t  d ip lo id  level .  EPLING et  al.a, s t ud i ed  
Salvia species f rom Cal i forn ia  a n d  e s t ab l i s hed  a new 
base  n u m b e r  of x = 15. T he  c o m m o n e s t  ba se  n u m b e r s  
in  Salvia are  6, 7 a n d  8. However ,  ba se  n u m b e r s  of 9, 
10 a n d  11 a re  also n o t  u n c o m m o n .  F r o m  t h e  l i t e r a t u r e  
i t  a p p e a r s  t h a t  t h e  genus  Salvia is h i g h l y  po lybas i c  a n d  

h a v i n g  base  n u m b e r s  x = 6, 7, 8, 9, 10, 11, 13, 15, 17 
a n d  19. T h e  bas ic  n u m b e r s  of 6, 7 a n d  8 m a y  be  cons ide red  
as  p r i m a r y  b a s e  n u m b e r s  a n d  t h e  h i g h e r  n u m b e r s  seem 
t o  b e  of s e c o n d a r y  or igin.  

Rdsumd. D 6 t e r m i n a t i o n  de n o m b r e s  c h r o m o s o m i q u e s  
darts des  Sauges  (Salvia) encore  n o n  6tudi6s du  H i m a l a y a .  

L. S. GILL 

Department o/Biology, University o/Waterloo, 
Waterloo (Ontario, Canada), 15 May 1970. 

A d e q u a t e  S t i m u l u s  of  the  I n s e c t  T y m p a n i c  O r g a n  

The  m o s t  i m p o r t a n t  cha rac t e r i s t i c s  of s o u n d  s t i mu l i  
t h a t  exc i te  t h e  insec t  t y m p a n a l  o r g a n  h a v e  b e e n  con-  
s idered  va r ious ly  to  be  a m p l i t u d e  m o d u l a t i o n  1, r ise t i m e  
of song  pulses  *, a n d  s t a r t i n g  a n d  t e r m i n a l  t r a n s i e n t s  of 
pulses  3. T h e r e  is l i t t l e  ev idence  t h a t  t h e  t y m p a n a l  o r g a n  
ana ly se s  s o u n d s  in  t e r m s  of  t h e i r  f r equency* ,  5 b u t  o n l y  
t h e  pu lse  s t r u c t u r e  of t h e  s t r i d u l a t i o n s  is r e f l ec ted  in  t h e  
d i scha rge  a l o n g  t h e  a u d i t o r y  nerve .  HASKELL 6 showed  
t h a t  t h e  ea r  of t h e  g r a s s h o p p e r  Chorthippus brunneus 
r e s p o n d e d  in  a n  i n c o n s i s t e n t  f a sh ion  to  t h e  species  song  
p l a y e d  f rom a t a p e  loop  a n d  d e t e c t e d  on ly  t h e  gene ra l  
f ea tu re s  of t h e  a m p l i t u d e  m o d u l a t i o n  p a t t e r n .  

O r t h o p t e r a n  songs, w h i c h  are  u sua l ly  p r o d u c e d  b y  a 
ser ies  of t o o t h  s t r ikes  t h a t  se t  t h e  wings  v i b r a t i n g ,  
cons is t  a l m o s t  en t i r e ly  of v e r y  br ie f  t r a n s i e n t s  w i t h  
wide  f r e q u e n c y  ranges .  Never the les s ,  we k n o w  of no  
e x p e r i m e n t  on  t h e  insec t  ear  in  w h i c h  p rov i s ion  h a s  b e e n  
m a d e  for  r e p r o d u c t i o n  of t r a n s i e n t s  o v e r  t h e  ful l  fre- 
q u e n c y  r a n g e  m e t  w i t h  in  t h e  species  song.  W e  h a v e  
found  t h a t  a n o r m a l  r e sponse  c a n n o t  b e  e l ic i ted  in  t h e  
a u d i t o r y  n e r v e  of t h e  t e t t i g o n i i d  Metrioptera brachyptera 
unless  u l t r a son ic  e l e m e n t s  of t h e  song  t r a n s i e n t s  a re  
a d e q u a t e l y  r ep roduced .  

The  t y m p a n a l  o rgan  of M. brachyptera r e s p o n d e d  v e r y  
well  t o  t h e  song of a l ive  conspecif ic  s ing ing  in a cage 

close b y  (Figure  l a). The  song  was  t h e n  r eco rded  a t  
15 i.p.s. (38 cm/s)  on  a good a u d i o f r e q u e n c y  t a p e  r ecorde r  
(Akai  X-300) a n d  p l a y e d  b a c k  to  t h e  p r e p a r a t i o n  t h r o u g h  
a m o v i n g  coil  l oudspeaker .  A s y n c h r o n o u s  r e sponse  in 
t h e  n e r v e  was  b a r e l y  de t ec t ab l e ,  e v e n  a t  a n  i n t e n s i t y  
of  85 d B  ( m o n i t o r e d  o n  t h e  'A '  sca le  of a B r u e l  a n d  
K j a e r  s o u n d  leve l  m e t e r  o p e r a t i n g  u p  to  20 kHz)  com-  
p a r e d  w i t h  45 d B  f r o m  t h e  l ive  insec t  (F igure  1 b).  T h e  
insec t  song,  o n  s u b s e q u e n t  ana lys i s ,  was  f o u n d  to  h a v e  
i t s  m a i n  e n e r g y  in t h e  r a n g e  15-85 kHz .  

S imi la r ly ,  t h e  ca l l ing  song  of t h e  g rasshopper ,  Chor- 
thippus parallelus, evoked  a power fu l  s y n c h r o n o u s  re- 
sponse  in  t h e  t y m p a n a l  o r g a n  of M. brachyptera w h e n  
p r o d u c e d  b y  a caged  in sec t  (F igure  2), b u t  a c o m p a r a -  
t i v e l y  poor  r e sponse  was  o b t a i n e d  to  a n  a u d i o - f r e q u e n c y  

t R . J .  PUMPHREY, Biol. Rev. I5, 107 (1940). 
2 M. C. BUSHEL and D. BURKHARDT, Symp. zool. Soc. Lond. 7, 13 

(1962). 
s p. E. HowsE, Symp. zool. Soc. Lond. 23, I67 (1968). 
4 y.  KATSUKI and N. SUGA, J. exp. Biol, 37, 279 (1960). 
5 G. A. HORRIDGE, Proc. R. Soc. Lond. B 155, 218 (1961). 
e p. T, HASKELL, J. exp. Biol. 33, 737 (1956). 
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Fig. 1. a) Response of a tympanal nerve preparation of Melrioplera brackyplera (upper trace) to the song of a caged eonspecific (lower trace) 
at a distance of 50 cm and an intensity of 46 dB(A) at the preparation. The lower trace was monitored at 35-45 kHz. b) Response (upper 
trace) to the song of M. brachyptera played from an audio-frequency tape recording (lower trace) with an intensity of 85 dB (A) at the pre- 
paration. The lower trace is the tape recorder line output, c) Response (upper trace) to the song of M. brachyptera played from a high speed 
recording through filters set at 65 kHz (lower trace) at a distance of 7 cm. The lower trace was monitored at the filter frequency. 1 see scale 
for all traces. 
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Fig. 2. Response of a tympanal nerve preparation of M. brachyptera (upper trace) to the stridulatory pulses of the calling song of the grass- 
hopper Ckortkippus parallelus produced by a eaged insect and monitored at 35-45 kHz (lower trace). 
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recording.  T h e  song  of t h i s  insec t  ha s  a f r e q u e n c y  spec- 
t r u m  of a b o u t  7 -80  kHz.  

The  songs  of C. parallelus a n d  M. brachyptera were  
n e x t  r eco rded  a t  37.5 i.p.s. (95 cm/sec)  t h r o u g h  a condense r  
m i c r o p h o n e  a n d  p l ayed  b a c k  to  t h e  p r e p a r a t i o n  t h r o u g h  
t h e  s ame  mic rophone .  I n  t h i s  w a y  r eco rd ing  a n d  r ep roduc -  
t i on  of song e l e m e n t s  w i t h  f requenc ies  up  to  a t  l eas t  150 
k H z  was  achieved .  S t i m u l a t i o n  w i t h  a wide  f r e q u e n c y  b a n d  

• . / 

was n o t  a lways  e f fec t ive  as t he  p r e p a r a t i o n  was  f o u n d  
to  be h i g h l y  sens i t ive  to  a n y  h igh  f r e q u e n c y  b a c k g r o u n d  
noise g e n e r a t e d  b y  r ep roduc t ion ,  a n d  t h e  r e sponse  to  
t h i s  s w a m p e d  responses  to  t h e  song.  W h e n  t h e  song  was  
p l a y e d  b a c k  t h r o u g h  e lec t ron ic  f i l ters  se t  to  give a n a r r o w  
f r e q u e n c y  b a n d  of emiss ion  w i t h  slopes of 24 d B / o c t a v e  
e i t he r  side of se lec ted  f requencies ,  r e sponses  c o m p a r a b l e  
w i t h  those  o b t a i n i n g  f rom t he  song  of a caged insec t  
were  e l ic i ted w i t h i n  t h e  r ange  of cen t r e  f requenc ies  f rom 
35-100 kHz.  A b o v e  t h i s  f r e q u e n c y  t h e  f i l te rs  were  re la-  
t i v e l y  ineffec t ive ,  wh i l e  be low 25 k H z  t h e  s igna l  to  
noise  r a t i o  of t h e  n e r v o u s  r e sponse  was g r ea t l y  d imin i shed .  

T h e  h i g h  f r e q u e n c y  t r a n s i e n t s  in  t h e  songs  were  
iden t i f i ed  b y  m o n i t o r i n g  w i t h  a t u n e d  u l t r a son ic  d e t e c t o r  
o p e r a t i n g  over  a 5 k H z  b a n d .  A d i r ec t  c o m p a r i s o n  was  
poss ib le  b e t w e e n  these  records  a n d  t h e  sequence  of 
ac t ion  p o t e n t i a l s  on  t h e  n e r v e  (F igure  2). T h e  r e l a t i onsh ip  
b e t w e e n  t he  two  was  assessed b y  c o u n t i n g  t he  n u m b e r  of 
large  u l t r a son ic  ' sp ikes '  in  a sound  pulse  a n d  c o m p a r i n g  
these  w i t h  t h e  n u m b e r  of ac t ion  p o t e n t i a l s  ove r  a n  

Correlations between ultrasonic 'spikes' in song pulses and numbers 
of large action potentials 

Stimulus Corr. No. of 
coefficient pulses 

Chorthippus song, caged insect 0.97 15 
audio tape recording 0.74 24 
tape recording at 25 kHz 0.98 .7 

Metrioptera song, caged insect 0.75 27 
audio tape recording 0.03 14 
tape recording at 65 kHz 0.73 18 

a r b i t r a r i l y  chosen  b u t  c o n s i s t e n t  he igh t .  The  resu l t s  are  
s h o w n  in t h e  Tab le .  

I t  is e v i d e n t  f rom t h e  co r re la t ions  a n d  f rom v i sua l  
i n s p e c t i o n  of h i g h  speed  osc i l lograms t h a t  a t  f requenc ies  
w i t h i n  t h e  r a n g e  of t h e  species song  t h e  t y m p a n a l  o rgan  
r e sponds  w i t h  a h i g h  s igna l  to  noise  r a t i o  a n d  t h a t  t h e  
r e sponse  ref lec ts  t h e  n u m b e r  of t r a n s i e n t s  in  t he  song  
pulse.  A t  aud io- f requenc ies ,  o n  t h e  o t h e r  h a n d ,  t h e  o r g a n  
r e sponds  w i t h  a low s ignal  to  noise  r a t i o ;  t h e  r e sponse  
is r e l a t i ve ly  d i sordered  a n d  ref lec ts  t he  a p p r o x i m a t e  
d u r a t i o n  of t he  pulse  (or a m p l i t u d e  m o d u l a t i o n  envelope)  
b u t  no t  i t s  t r a n s i e n t  s t ruc tu re .  

I t  is c lea r ly  essent ia l ,  in  phys io log ica l  or  b e h a v i o u r a l  
e x p e r i m e n t s  on  insec t  hear ing ,  to  ensure  t h a t  t he  t r a n -  
s i en t  cha rac t e r i s t i c s  of t h e  species song  are  ade~iuate ly  
p r o d u c e d  a t  t h e  a p p r o p r i a t e  f requencies ,  o the rwise  t h e  
resu l t s  m a y  h a v e  l i t t l e  b iological  s ignif icance.  The  t h e o r y  
t h a t  t h e  n e r v o u s  response  follows t h e  a m p l i t u d e  m o d u l a -  
t i o n  enve lope  shou ld  now be  d is regarded ,  for  our  ev idence  
ind ica t e s  t h a t  t h e  response  n o r m a l l y  mi r ro r s  t h e  suc- 
cession of t r a n s i e n t s  w i t h i n  the  n a t u r a l  song  pulse.  

Rdsumd. Les r6ponses  du  ne r f  t y m p a n i q u e  des T e t t i -  
gonides  s o n t  confo rmes  ~, la  s t r u c t u r e  ac tue l l e  des  t r a n s -  
m c t t e u r s  du  c h a n t  n a t u r e l  ma i s  n o n  pas  si le c h a n t  es t  
r e p r o d u i t  p a r  e n r e g i s t r e m e n t  m a g n 6 t i q u e  ord ina i re .  On  
a m o n t r 6  que  les c o n s t i t u a n t s  u l t r a s o n i q u e s  s o n t  essen-  
t ie ls  e t  que  les r6ponses  pa r f a i t e s  n e  son t  o b t e n u e s  quc  
l o r s q u ' o n  a p u  p r o d u i r e  des  f r6quences  trSs hau te s .  

P.  ]~. HOWSE, D. B. LEwis  
a n d  J.  D. PYE7 

Department o] Zoology, Southampton, 
Department o] Biological Sciences, Sir John Cass College, 
London, and Department o] Zoology, 
University o[ London, King's College, Strand, 
London W.C. 2 (England), 23 November 1970. 

7 Address: Department of Zoology, University of London Kings 
College, Strand, London W.C. 2 (England). 

The A n t i m i c r o b i a l  Act iv i ty  of Citral 

T h e  a n t i m i c r o b i a l  a c t i v i t y  of essen t ia l  oils h a s  been  
t h e  sub j ec t  of n u m e r o u s  pub l i ca t ions ,  a n d  m a n y  of t h e  
c o n s t i t u e n t s  of t he se  oils h a v e  been  t e s t e d  for  a c t i v i t y .  
I n  pa r t i cu l a r ,  c i t ra l  has  b e e n  c i ted  b y  m a n y  a u t h o r s  
as h a v i n g  s u b s t a n t i a l  a n t i m i c r o b i a l  ac t iv i ty .  BALAKHOV- 
SKI1 a n d  MEISEL X in  1945 r e p o r t e d  on  some f r a g m e n t a t i o n  
p r o d u c t s  of v i t a m i n  A, one  of w h i c h  was  ci t ra l .  T h e y  
s t a t e d  t h a t  c i t r a l  h a d  a n t i m i c r o b i a l  a c t i v i t y  a n d  sug- 
ges ted  some  poss ib le  uses  in  c l in ical  medic ine .  T h e  a c t i v i t y  
of c i t ra l  i so la ted  f r o m  l e m o n  grass  oil a g a i n s t  Bacillus 
typhosus was r e p o r t e d  b y  B o s e  e t  al.  ~, i n  1949. Of t h e  
c o m p o u n d s  t es ted ,  c i t ra l  was  t h e  m o s t  effect ive,  h a v i n g  
a R i d e a l - W a l k e r  coeff ic ient  3 of 20.0. T h e  s a m e  a u t h o r s  4 
s t a t e d  in 1950 t h a t  t he  ge rmic ida l  power  of l e m o n  grass  
oil was  d i rec t ly  p r o p o r t i o n a l  to  t h e  c i t ra l  con t en t .  
MASHIMO, SERISAWA, a n d  KURODA 5 h a v e  s h o w n  t h a t  
c i t ra l  s t rong ly  i n h i b i t e d  Micrococcus pyogenes var .  aureus 
b u t  was  ineffect ive  aga i n s t  Salmonella enteritidis a n d  
Pseudomonas aeruginosa. Likewise,  OKAZAKI a n d  OSHIMA s 

r e p o r t e d  t h a t  c i t r a l  (a long w i t h  o t h e r  c o m p o u n d s )  was  
e f fec t ive  a g a i n s t  fungi .  T h e y  t e s t e d  Epidermophyton 
inguinale, Achorion gypseum, a n d  Trichophyton inter- 
digitale. I t  was  fa i r ly  ac t ive  a g a i n s t  Mycobacterium 
tuberculosis ( av ian  type)  b u t  inef fec t ive  a g a i n s t  Eschet- 
ehia coli, B. dysenteriae, a n d  Staphylococcus aureus. 
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