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E f f e c t  o f  N o d a l  W a t e r  P o t e n t i a l  o n  t h e  G e r m i n a t i o n  o f  S u g a r c a n e  B u d s  

While  the  role of init ial  mois ture  con ten t  of sugarcane 
se t t  in the  germina t ion  of bud  has been  inves t iga ted  t-a, 
its impor t ance  in t e rms  of wa te r  po ten t i a l  has  no t  been  
assessed. The  significance of the  t e r m  h y d r a t i o n  of se t t  
depends  on whe the r  the  q u a n t i t y  f a c t o r  (water  content ) ,  
or the  in t ens i ty  factor  (water ac t iv i ty)  is involved.  The 
m o v e m e n t  of wa te r  f rom the  o ther  regions of t he  se t t  
t owards  the  mer i s t ema t i c  ceils of the  bud  as observed  b y  
PANJX and RAo 4 is inf luenced more  by  la t t e r  t h a n  the  
former.  The wa te r  po ten t i a l  of a noda l  t issue general ly  
is regarded  as the  sum of 2 componen t s ,  pressure  po ten t i a l  
and  osmot ic  potent ia l .  Al te ra t ion  in any  of the  2 com- 
ponen t s  could be expec ted  to resul t  in shif ts  of wa te r  
potent ia l .  The t e r m  wa te r  po ten t i a l  has  been  used in 
accordance wi th  the  r ecommenda t i ons  of SLATVER and  
TAYLOR 5 and  the  free energy  un i t  joules/kg has  been  
used to  express  the  d i f ferent  levels of energy  s t a tus  of 
wa te r  (101.3 joules/kg = i a tmosphere)~.  

The ini t ial  wa te r  po ten t i a l  of fresh noda l  t issues has  
been observed  to  range be tween  -- 607.8 to -- 810.4 joules/  
kg. This  value varies w i th  changes  in soil and  environ-  
men ta l  s tress which  in t u r n  affect  ge rmina t ion  of the  bud.  
Here  an a t t e m p t  has  been  m a d e  to  de te rmine  the  cri t ical  
noda l  wa te r  po ten t i a l  for ge rmina t i on  of t he  bud.  

Mater ia l  and methods. Nodes of ident ical  age hav ing  
viable  buds  were selected f rom the  top  half  por t ions  of 
s ta lks  of sugarcane va r i e ty  Co.453. These were d iv ided  
longi tud ina l ly  in to  2 equal  halves.  Por t ions  bear ing  the  
bud  were  t aken  for s tudy.  There  were 10 lots of 10 nodes  
in each t r e a t m e n t .  For  var ia t ion  in wa te r  po ten t i a l  in t he  
nodes,  the  lots of f resh nodes wi th  wa te r  po ten t i a l  of 
abou t  --607.8 joules/kg were kep t  as control .  The wa te r  
po ten t i a l  of t he  second lots was raised to  abou t  --303.9 
joules/kg by  soaking in dist i l led water .  The remain ing  
lots were al lowed to desiccate  to  abou t  -- 861.0, - 1063.6, 
- - 1 2 6 6 . 2 ,  -- 1468.8, -- 1722.8, - -1823.4 and  --2026.0 
joules/kg by  placing these  under  a fan  for d i f fe rent  
lengths  of t ime.  W a t e r  po ten t i a l  of t he  nodal  t issues in 
each lot  was de t e rmined  by  the  SC~IARDAKOW 7 dye 
t echn ique  as  modif ied by  MANOHAR s. 

Five  lots of nodal  t issues f rom each t r e a t m e n t  were 
t h e n  coated  wi th  beeswax,  except  the  buds,  to  avoid any  
change  in the i r  init ial  wa te r  potent ia l .  The remain ing  
lots were left  uncoated .  Bo th  uncoa ted  and  coated  lots 
were kep t  for ge rmina t ion  at  3 0 •  1 ~ and  96% relat ive 
h u m i d i t y  in darkness  in pe t r i  dishes w i th  and  w i t h o u t  
dist i l led wa te r  respect ively.  The results  are given in t he  
Table.  

Results  and discussion. The da t a  indica te  t h a t  in 
coa ted  nodes ge rmina t ion  s t a r t ed  earlier and increased at  
a fast  ra te  when  i ts  wa te r  po ten t i a l  was  raised f rom 
--607.8 to --303.9 joules/kg. Whi le  a decrease in wa te r  
po ten t i a l  f rom --607.8 to  - 1 0 6 3 . 6  joules/kg resul ted  90 
to 18.44% g e r m i n a t i o n ,  respect ively.  However ,  there  
was no ge rmina t ion  beyond  --1063.6 joules/kg. I t  m a y  
also be observed t h a t  dry ing  of nodal  t issue resul t ing in a 
decrease of wa te r  po ten t i a l  f rom --1063.6 to  --1823.4 
joules/kg did no t  cause p e r m a n e n t  in jury  as ev idenced 
by  no rma l  germinat ion,  t hough  wi th  slow rate,  when  kep t  
under  d i rect  influence of ex te rna l  water .  On the  o ther  
h a n d  fu r the r  decrease in po ten t i a l  beyond  --1823.4 
joules/kg caused p e r m a n e n t  damage  to v iabi l i ty  of the  
buds.  

I t  appears  f rom this  s tudy  t h a t  buds  can germina te  up 
to  - - 1 0 6 3 . 6  joules/kg nodal  wa te r  po ten t i a l  even in t he  
absence of any  ex te rna l  wa te r  intake,  p rov ided  the re  is 
no loss of in te rna l  t issue moisture .  "With a reduc t ion  in 
wa te r  po ten t i a l  f rom -- 1063.6 to  -- 1823.4 joules/kg, buds  

could ge rmina te  only on absorp t ion  of wa te r  by  noda l  
t issues.  This  indica tes  t h a t  under  field condit ions,  nodes 
des iccated up to --1823.4 joules/kg can be made  to ger- 
mina t e  if t hey  are pre-soaked  and p l an t ed  in the  soil w i th  
adequa te  moisture ,  while -- 2026.0 j oules/kg which  caused 
failure of ge rmina t ion  even under  o p t i m u m  condi t ions  
m a y  be considered as a suble tha l  wa te r  defici t  for 
ge rmina t ion  of the  buds.  

The physiological  mechan i sm causing the  revival  of 
ge rmina t ion  of a des icca ted  bud,  when  kep t  in wa te r  is 
no t  ve ry  clear. However ,  the  in te rna l  osmot ic  tens ion  
which  gets rel ieved due to  in take  of wa te r  seems to  be 
the  cause of inh ib i t ion  of germinat ion ,  p ro b ab l y  due to  

Influence of nodal water potential on the germination of sugarcane 
buds 

Nodal Data transformed by sin-l/% germination" 
water (time in h) 
potentials 
(joules/kg) 30 40 60 80 100 120 

- -  303.9 45.00 ~ 67.21 9 0 . 0 0  9 0 . 0 0  9 0 . 0 0  90.00 
(67.21)b (90.00) (90.00) (90.00) (90.00) (90.00) 

- -  607.8 33.21 53.73 6 7 . 2 1  7 1 . 5 6  75 .56  90.00 
(63.44) (90.00) (90.00) (90.00) (90.00) (90.00) 

- -  861.0 22.79 22.79 3 6 . 2 7  5 3 . 7 3  6 0 . 0 0  60.00 
(63.44) (90.00) (90.00) (90.00)(90.00) (90.00) 

1063.6 0.00 12.92 1 8 . 4 4  18 .44  1 8 . 4 4  18.44 
(57.79) (90.00) (90.00) (90.00) (90.00) (90.00) 

--1266.2 0.00 0.00 0.00 0.00 0.00 0.00 
(50.77) (71.56) (7%08) (90.00) (90.00) (90.00) 

--1468.8 0.00 0.00 0 00 0.00 0.00 0,00 
(0,00) (26.56) (63.44) (67.21)(90.00) (90.00) 

--1722.1 0,00 0.00 0.00 0.00 0.00 0.00 
(0,00) (12.92) (50.77)(71.56} (71.56) (90,00) 

--1823.4 0,00 0.00 0.00 0.00 0.00 0.00 
(0.00) (0.00) (30.00) (39.23) (39.23) (50.77) 

--2026.0 0.00 0.00 0.00 0.00 0.00 0.00 
(o.oo) (o.oo) (o .oo)  (o .oo)  (o .oo)  (o.oo) 

The figures without parenthesis denote the % germination of node 
coated with beeswax kept as such in Petri dishes, b The figures in 
parenthesis denote the % germination of the uncoated nodes when 
kept in Petri dishes in distilled water on filter paper. 
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water. Taking free water as the reference, the water potential in 
sugarcane tissues will always be negative, water will tend to flow 
from a region with low negative values to one with large negative 
values. 
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al ter ing the  metabol ic  pa thways  leading to sprout ing of 
the  bud. Some more informat ion  is required to expla in  
the  mechan ism of germinat ion  under  water-def ic ient  
condit ions 9. 

ha l ten  austreiben,  w~hrend ein Wasserpoten t ia l  yon  
2026,0 Jou le /kg  t6dlich war.  

SUDAMA SINGtt a n d  K. K.  SRIVASTAVA 

Zusammen/assung. Das Ke imen  der Zuckerrohr-Achsel-  
knospen wurde  als v o m  Knotenwasserpo ten t ia l  beein- 
f lussbar beobachte t .  Die Sprossentwicklung erfolgte noch 
bei so ger ingem Wasserpoten t ia l  wie 1063,6 Jou le /kg  und 
selbst bei  Fehlen  jegl icher  Wasseraufnahme.  Ausge- 
schni t tene  Knospen  m i t  e inem Wasserpoten t ia l  von  
1063,5 bis 1823,4 Jou le /kg  konnten  nur  im Wasser  ge- 

Indian Institute o/Sugarcane Research, 
Lucknow-2 (India), 29 May 7969. 

9 Thanks are due to Dr. KISttAN SINGH, Indian Institute of Sugar- 
cane Research, for his valuable suggestions and kindly going 
through the manuscript. 

Caffeine-Induced Contractures and Related Calcium Movements  of Muscle in Hypertonic Media 

Hyper ton ic  solutions marked ly  reduce the  mechanica l  
responses of frog skeletal  muscles to electrical  s t imuli  
while t hey  leave t h e  act ion po ten t ia l  normal  1-4. The  
present  paper  describes effects of caffeine on cont rac ture  
deve lopmen t  and  related ~sCa m o v e m e n t s  in skeletal  
muscles in hyper ton ic  media  and media  of normal  ton ic i ty  
and shows t h a t  45Ca stil l  can be released by  the  act ion of 
caffeine on muscles in hyper ton ic  media,  a l though 
caffeine con t rac tu re  deve lopment  largely is blocked. 

Methods. Afte r  excision the  sartori i  of the  frog (Rana 
pipiens) were equi l ibra ted  for about  1 h in normal  
Ringer ' s  solut ion before use. Normal  Ringer ' s  solution 
contained,  in mmoles  per  l i ter  of deionized water :  108 
NaCI, 1.6 KC1, 1.0 CaC12, 2 Tris (hydroxymethyl )  amino-  
methane-HC1 buffer  at  p H  7.1, and 2 • 10 -2 g/1 of curare  
( I>tubocurar ine chloride). Hyper ton ic  Ringer ' s  solut ion 
was prepared  e i ther  by adding 330 m M  sucrose to normal  
Ringer ' s  or else by  using 2.5 t imes  as much  NaC1 and KC1 
as in normal  Ringer 's .  Convent ional  massive s t imula t ion  5 
was used and isometr ic  tension was recorded wi th  a 
S t a t h a m  (-E 4 oz) s t rain gauge and Sanborn  amplif ier  and 
char t  recorder.  An a tomic  absorpt ion spec t rophotomete r  
(Perk in-Elmer  303) was used for to ta l  calcium analyses 6. 
45Ca m o v e m e n t s  were s tudied by  s tandard  techniques~-S 
and work  was done at  room t empera tu re  (about 23 ~ 
Caffeine (Eas tman  Organic Chemicals) was added to 
Ringer ' s  solut ion as the  free base. 

Results. Exposure  of muscles to the  hyper ton ic  sucrose 
Ringer ' s  solut ion itself caused a cont rac ture  of 1-3 g (i.e. 
abou t  1 -3% o f  m a x i m a l  te tanic  tention,  P0), which began 
wi th in  the  first  minute ,  reached a m a x i m u m  wi th in  3 min,  
and then  s tar ted  to decline af ter  about  10 rain (after 1 h 
the  cont rac ture  tension was reduced by  about  half-  
max imum) .  Af ter  the  complet ion  of this work  a paper  by  
D. K .  I-tILL 9 was publ ished t h a t  also describes contrac-  
tures of frog sartori i  in hyper ton ic  sucrose (al though these 
are called 'changes of rest ing tension due to changes of the  
ton ic i ty  of the  solution') .  No such cont rac tures  were 
observed in the  N a - K  hyper ton ic  Ringer ' s  solution. 

Table  I shows tha t  muscles in normal  Ringer ' s  solution 
e x p o s e d  to caffeine (10 mM) develop a cont rac ture  tension 
of about  40% P0, whereas  muscles pre-soaked in e i ther  
form of hyper ton ic  Ringer ' s  solution and then  exposed 
to caffeine (10 mM) added to the  hyper ton ic  Ringer ' s  
develop much  less cont rac ture  tension. This  block by  
hyper ton ic i ty  of caffeine cont rac ture  (and twi tch  and 
te tanic  responses as well) appeared wi th in  10 rain af ter  the  

muscles had been immersed  in the  hyper tonic  Ringer ' s  
and was a lmost  complete  by  1 h. Caffeine cont rac tures  of 
normal  magn i tude  were obta ined  by  re turn ing  a muscle 
to normal  Ringer ' s  solution af ter  a soak in hyper ton ic  
Ringer ' s  solution. 

Using fresh frog sartorii,  I tes ted for effects of hyper-  
t0nic i ty  on the  to ta l  calcium con ten t  and the  up take  and 
release of 4~Ca. Figures  1 and 2 demons t ra te  t h a t  hyper-  
tonic media  (either wi th  sucrose or ex t ra  Na and K) can 
cause a two- to three-fold increase in the  ra te  of release of 
45Ca from frog sartorii.  Control  exper iments  show no such 
effect in the  Achilles tendon of frog, so p resumably  in the  
whole muscle the  45Ca release represents  an effect on the  
muscle fibers per  se. Fur thermore ,  the  effects of ttyper- 
tonic i ty  are shown in Figures i and 2 af ter  about  120 rain 
of washout  of 45Ca in normal  Ringer ' s  and thus  represent  
an effect on essential ly the  slow componen t  of ~sCa 
release tha t  is bel ieved to reflect  the  ra te  of release of Ca 
from an intracel lular  locus across the  surface membranes  
of the  muscle fibers s,1~ This effect of hyper ton ic i ty  on 
4~Ca efflux is sustained for 1 h (Figures 1 and 2) and is 
somewhat  be t te r  sustained in sucrose. 

Tile addi t ion of caffeine (10 m M ;  Figures 1 and 2) 
causes an increase in the  ra te  of 45Ca release in Ringer ' s  
of both normal  and increased tonici ty.  In  the  l a t t e r  case, 
the  increase in 45Ca release caused by  caffeine appears  
addi t ional  to t ha t  caused by the  hyper ton ic i ty  itself. 

Table  I I  compares  the  to ta l  calcium con ten t  and the  
a m o u n t  of 45Ca uptake  of frog sartori i  t ha t  were exposed 
to ~Ca for 10 rain in ei ther  normal  Ringer ' s  solution (C) 
or in hyper ton ic  Ringer ' s  solut ion (E). Sta t is t ica l ly  there  
is a significant  increase of 0.22 ixmoles of ca lc ium per  
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