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P r e l i m i n a r y  S t u d i e s  on  T i t r a b l e  Ac id i ty  in  X e r o p h y t i c  P lants :  Salvadora persica Linn.  a n d  Prosopis 
juliflora D.C. 

Organ ic  acid m e t a b o l i s m  occupies  a c e n t r a l  pos i t ion  in  
p l a n t  m e t a b o l i s m .  M a j o r i t y  of p l a n t  acids a re  p r o d u c e d  
in r e s p i r a t o r y  cycle  a n d  t a k e  p a r t  in  va r i ous  m e t a b o l i c  
ac t iv i t i e s  l ike t h e  m a i n t a i n i n g  of cell pH ,  i n t a k e  of w a t e r  
a n d  e v e n  con t ro l  t r a n s p i r a t i o n .  T i t r a b l e  a c i d i t y  n u m b e r  
(T.A.N.) gives a fa i r  i n d i c a t i o n  of organic  acid m e t a b o l i s m  
in p l a n t  t i ssues  ~-~. I n  t h e  p r e s e n t  i nves t iga t ion ,  a n  a t -  
t e m p t  ha s  b e e n  m a d e  to  s t u d y  t h e  d i u r na l  v a r i a t i o n s  in  
T .A.N.  in  t h e  p h o t o s y n t h e t i c  p a r t s  of 2 a r id  zone t rees  
before  t h e  onse t  of m o n s o o n a l  r a ins  w h e n  t h e y  are sub-  
j ec t ed  to  m a x i m u m  soil  m o i s t u r e  stress,  a t  J o d h p u r .  

T h e  c l ima t e  of t h e  reg ion  is ar id  w i t h  p ro longed  dessi-  
c a t i n g  s u m m e r  due  t o  h i g h  t e m p e r a t u r e ,  h i g h  w i n d  
veloci ty ,  h i g h  r a t e  of e v a p o r a t i o n  a n d  a s h o r t  r a i n y  season  
w i t h  e r ra t i c  ra infal l .  N i g h t s  a re  a lways  cool. T h e  y e a r  of 
s t u d y  was  a y e a r  of p ro longed  s u m m e r  due  to  de l ayed  
monsoon .  T h e  s t u d y  was  c o n d u c t e d  in J u l y  before  t he  
m o n s o o n  in  2 a l t e r n a t i v e  24 h per iods .  The  a v e r a g e d  
va lues  of t e m p e r a t u r e  a n d  r e l a t i ve  h u m i d i t y  of t he se  2 
per iods  showing  d i u r n a l  changes  are  g iven  in t he  Figure .  

Twigs  of t h e  p l a n t s  g rowing  n e a r  R a i  K a  B a g h  Pa lace  
J o d h p u r  were  cu t  a n d  b r o u g h t  to  t he  l a b o r a t o r y  in a i r -  
t i g h t  va scu lum.  Y o u n g  a n d  old  leaves,  s t e m  a n d  f lowers  
were  sepa ra t ed .  T h e  apica l  12 l eaves  were  t a k e n  as y o u n g  
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Diurnal variation in temperature, relative humidity and titrable 
acidity number (ml of 0.1N NaOH[100 g of fresh plant tissue) in 
Salvadora persica Linn. and Pros@is luliflora D.C. during summer 
before monsoon. I S, young Ieaves of S. persica; 2 S, old leaves of 
S. persica; 3 S, young stem of S. persica; 4 S, old stem of S. persica; 
1 P, youngleaves of P. juli]lora; 2 P, old leaves of P. fuli]lora; 3 P, 
young stem of P. ]uli]lora; 4 P, old stem of P. lull/Iota; 5 P, inflores- 
cence of P. ]uliflora. 

a n d  t h e  basa l  15 as old a n d  t h e i r  r e spec t ive  s t e m  regions  
were cons ide red  as  y o u n g  a n d  old. A t  t he  t i m e  of t h i s  
i nves t iga t ion ,  Salvadora persica was n o t  in  flower, whe reas  
Prosopis  ~uli/lora was a t  f lower  b u d  s tage.  T h e  c o m p l e t e  
inf lorescence  of l a t e r  was  also ana lysed .  

T i t r a b l e  ac id i ty  n u m b e r  was  d e t e r m i n e d  b y  t h e  m e t h o d  
of THOMAS a n d  BEEVERS 7 twice  w i t h i n  a week  w i t h  2 
r ep l i ca t ions  of each  p l a n t  p a r t  and  t he  r e su l t s  were 
ave raged .  The  d e v i a t i o n  for t he  h ighes t  v a l u e  m a y  be  
4- 5 T .A.N.  U n i t s  a n d  for t h e  lowest  + 3 T .A.N,  Uni t s .  

The  c r a s su l acean  acid m e t a b o l i s m  has  been  r e p o r t e d  
in  d i f fe ren t  t e m p e r a t e  a n d  t rop ica l  p a r t s  of t h e  
world*,4,6,7-xa." T h e  p h o t o s y n t h e t i c  p a r t s  of succu len t s  be-  
l ong ing  to  f a m i l y  c rassu laceae ,  c a c t a c e a e  a n d  a few o t h e r s  
also, e x h i b i t  a specia l  t y p e  of m e t a b o l i s m  k n o w n  as 
c r a s su l acean  acid m e t a b o l i s m .  U n d e r  n a t u r a l  cond i t i ons  
i t  conduced  to  h i g h  t i t r a b l e  a c id i t y  d u r i n g  t he  n i g h t  a n d  
decreased  d u r i n g  t he  day.  

I t  is i n t e r e s t i ng  to record  t h a t  in  t h e  p r e s e n t  inves t iga -  
t ion  whi le  work ing  w i th  2 ar id  zone p l a n t s  : S. persica a n d  
P .  ]uliflora, t h e  leaves  a n d  s t e m  of b o t h  t h e  t rees  e x h i b i t  
c r a s su lacean  acid m e t a b o l i s m  before  t h e  onse t  of t h e  
r a ins  (Figure) .  T h e  s tud ies  on  t he  inf lorescence  of P .  
]uli f lora also showed  c r a s su l acean  ac id  m e t a b o l i s m .  I t  is 
w o r t h  m e n t i o n i n g  t h a t  in  _P. ~uli[Iora n o n e  of t h e  p l a n t  
p a r t s  is succu len t .  These  r e su l t s  are  in  c o n f i r m i t y  w i t h  
t h e  c r a s su l acean  acid m e t a b o l i s m  in n o n - s u c c u l e n t s  Iike 
Geran ium 1~, L indenbergia  urt ic i /ol ia  x3 a n d  A n a n a s  como- 
sus  ~4 a n d  also s u p p o r t  t he  v iew t h a t  t h e  c ra s su lacean  ac id  
m e t a b o l i s m  is no t  a n  i n v a r i a b l e  a t t r i b u t e  of succu lence  
b u t  m a y  be  d e p e n d e n t  on  o t h e r  e n v i r o n m e n t a l  fac tors  15 
All t h e  succu len t s  in  w h i c h  c ra s su lacean  ac id  m e t a b o l i s m  
is o b s e r v e d  are  e i t h e r  x e r o p h y t e s  or  h a l o p h y t e s  a n d  
succulence  is t h e i r  ecophys io logica l  a d o p t a t i o n .  S imi la r ly  
non - succu l en t s  w h i c h  e x h i b i t  c ras su lacean  acid m e t a b o -  
l ism m a y  also be  e i t h e r  x e r o p h y t e s  or  easi ly  a d a p t a b l e  to  
x e r o p h y t i c  e n v i r o n m e n t s .  

I t  is e v i d e n t  f rom t h e  F i g u r e  t h a t  t h e  h i g h e s t  t i t r a b l e  
a c i d i t y  n u m b e r  was  d u r i n g  t h e  co ldes t  a n d  m o s t  h u m i d  
per iod  a t  n igh t ,  i.e. b e t w e e n  04.00 a n d  07.00 a n d  m i n i m u m  
d u r i n g  t h e  h o t t e s t  a n d  d r y e s t  pe r iod  of t h e  day ,  i.e. 13.00 
t i l l  16.00. I t  dec reased  w i t h  a n  increase  in t e m p e r a t u r e  
a n d  fall  in r e l a t ive  h u m i d i t y  a n d  vice versa .  The  increase  
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in t i t r ab le  ac id i ty  a t  n igh t  m a y  be a t t r i b u t e d  to  more  
accumula t ed  s t a rch  dur ing  the  day  becoming  conve r t ed  
in to  organic acids a t  n igh t  a t  t he  lowering of t e m p e r -  
a ture  4,5,16. 

The h igher  t i t r ab le  ac id i ty  in young  p a r t s  of b o t h  the  
p l an t s  showed  h igher  concen t r a t i on  of organic acids in 
y o u n g  pa r t s  t h a n  the  old and  conf i rms  the  f indings of 
earl ier  workers  *,*,Iv,Is. This  could be due  to  the  reason 
t h a t  t he  young  p a r t s  were  ac t ive ly  associa ted  wi th  the  
g rowth  and  resp i ra t ion  1°,2°. 

Zusammen]assung .  Zwei B a u m a r t e n  der  a r iden  Zone 
zeigen den Crassulaceen-SAurestoffwechsel ,  obwohl  sic 
keine Sukku len ten  sind. Dieser  SXurestoffwechsel  h~ng t  
also yon  der  Anpas sung  an gewisse U m w e l t f a k t o r e n  
(Tempera tur ,  Luf t feucht igke i t )  ab. 
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R e c o v e r y  C y c l e s  o f  P r i m a r y  E v o k e d  P o t e n t i a l s  i n  

Convincing  ev idence  of r ecu r r en t  col la teral  inh ib i t ion  
in sensor imotor  co r t ex  has  r ecen t ly  been  ob ta ined  b y  
s t udy ing  the  inh ib i to ry  effects  of an t i d romic  p y r a m i d a l  
t r a c t  s t imula t ion  on p y r a m i d a l  t r a c t  neurons  x,2. P r e s u m-  
ably  the  effect  would  be exe r t ed  via  inh ib i to ry  in ter-  
neurons  analogous  to  the  R e n s h a w  cells of t he  spinal  
cord 8. However ,  i t  has  no t  been  possible  to  record  f rom 
single cells in the  cerebra l  cor tex  whose  proper t ies  corre- 
spond  to the  R e n s h a w  cell; t h a t  is, cells which  are m o s t  
ac t ive  dur ing  the  per iod  of inh ib i t ion  1,4. This  no te  
d e m o n s t r a t e s  t he  presence,  in t he  p r i m a r y  evoked  re- 
sponse  of sensor imoto r  cor tex ,  of neura l  ac t iv i ty  which  
m a y  have  been  recorded  f rom such in te rneurons .  

For  a s t u d y  of t he  effects  of sleep on evoked somato-  
sensory  ac t iv i ty ,  ca ts  were  p r epa red  wi th  chronic  elec- 
t rodes  unde r  p e n t o b a r b i t a l  anes thes ia  5. S t imu la t ing  elec- 
t rodes  in or ad j acen t  to  n. ven t ra l i s  pos tero la tera l i s  were  
p laced  s te reo tax ica l ly  6 and  the i r  locat ion la te r  verif ied 
in K1/iver-stained sections.  The  resul t ing  evoked  ac t iv i ty  
was recorded  by  small  screws in skull over ly ing  p r i m a r y  
somat ic  cor tex,  d i sp layed  on an oscilloscope and  pho t o -  
g r aphed  wi th  a k y m o g r a p h  camera .  The e lec t roencephalo-  
gram,  eye m o v e m e n t s ,  and  neck  muscle  a c t i v i t y  were  
recorded  e lec t rographica l ly  to  de t e rmine  phase  of sleep. 
Record ing  was  begun  several  days  pos topera t ive ly .  
E v o k e d  ac t iv i ty  r e l evan t  to  t he  p r e sen t  s t u d y  was  large 
enough  to  measure  a d e q u a t e l y  in 3 of 6 an imals  s tudied.  

F igure  A shows t h e  evoked  response  recorded  in these  
expe r imen t s .  The var ious  waves  of t he  response  are  
n u m b e r e d  fol lowing the  c o n v e n t i o n  used for the  visual  
co r t ex  responseT,S; several  l ines of evidence  show t h a t  
visual  and  somat ic  responses  are equ iva len t  5,9,4°. F igure  
C shows the  recovery  cycle of waves  2 and  4 when  con- 
d i t ion ing  and  t e s t  s t imul i  were g iven a t  t he  in te rva l s  
shown.  W a v e  1, t he  a f fe ren t  r ad ia t ion  volley, was fully 
recovered  a t  an in te rva l  of 5 msec and  showed  no change  
in a m p l i t u d e  at  longer  in tervals .  Recove ry  of waves  3 
and  5 was similar  to  t h a t  of wave  4. W a v e  4 showed an 
ear ly  peak  of recovery  a t  6 msec fol lowed by  a phase  of 
inh ib i t ion  las t ing a b o u t  200 msec.  The  inh ib i to ry  phase  
was i n t e r r u p t e d  by  a faci l i tory peak  a t  30-50 msec.  The  
t ime  course of inhib i t ion  was ve ry  s imilar  to  t he  r ecu r r en t  

Cat  S e n s o r i m o t o r  Cor tex  

col la teral  inh ib i t ion  of p y r a m i d a l  t r a c t  cells 1,2, which  also 
show a peak  of fac i l i ta t ion a t  a b o u t  40 msecL  Thus  i t  is 
reasonable  to  assume t h a t  the  inh ib i t ion  shown in t he  
Figure  is due a t  leas t  in p a r t  to  r ecu r ren t  col lateral  in- 
h ibi t ion.  

In  cont ras t ,  an increased exc i t ab i l i ty  of wave  2 mir rors  
fair ly well t h e  inh ib i t ion  of wave  4 (Figure ]3, C). Dur ing  
waking  (W) a max i ma l  inh ib i t ion  of wave  4 was associa ted  
wi th  a m a x i m a l  e n h a n c e m e n t  of wave  2; dur ing  's low 
wave '  sleep (SS) and  ' r ap id '  or ' r h o mb en cep h a l i c '  s leep 
(RS) decreased  inh ib i t ion  of wave  4 was  associa ted  wi th  
decreased  e n h a n c e m e n t  of wave  2. F u r t h e r m o r e ,  in t e s t  
responses  a t  a given in t e r s t imulus  in te rva l  t he re  was  a 
good corre la t ion  b e t w e e n  e n h a n c e m e n t  of wave  2 and  
depress ion  of wave  4. Since wave  2 is m a x i m a l l y  exc i tab le  
dur ing  the  per iod of m a x i m a l  depress ion  of waves  3-5, i t  
is p roposed  t h a t  wave  2 is t he  s u m m a t e d  ac t iv i ty  of 
in t e rneurons  on the  p a t h w a y  for r ecu r r en t  col la teral  in- 
hibi t ion.  

The peak  l a t ency  of wave  2 is a b o u t  1.0 msec,  or abou t  
0.6 msec af ter  the  arr ival  of t h e  a f fe ren t  volley.  I t  is there -  
fore p r o b a b l y  evoked  mo n o s y n ap t i c a l l y  b y  the  a f fe ren t  
volley. T h a t  t he  p r e s u m e d  in t e rneu rons  on  the  r ecu r ren t  
p a t h w a y  are ac t i va t ed  m o n o s y n a p t i c a l l y  by  the  r ad ia t ion  
vol ley m i g h t  be ex p ec t ed  f rom the  fac t  t h a t  t he  specific 
t ha l amic  af ferents  end  ma in ly  a m o n g  ' s te l la te '  cells, 
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