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IN TR O D U C T IO N

P o t a s s i u m  w a s  l u s t  t e e o g n i s e d  as a n  e s s e n t i a l  e l e m e n t  lot  p l a n t  
g i o w t h  b y  H o m e  111 17 62  T h e  i m p o r t a n c e  a n d  e s s e n t i a l i t y  ol  t h i s  u m v  d e n t  
c a t i o n  in p l a n t  k i n g d o m  h a s  b e e n  a c c l a i m e d  e v e r  s i n c e  It is t h e  m o s t  
a b u n d a n t  c a t i o n  in t h e  t i s s u e s  o t  h i g h e r  p l a n t s  m a k i n g  u p  a b o u t  I 7 to 2 7 
pei  c e n t  o t  t h e  d i y m a t t e r  ol  n o r m a l  l e a v e s  ( E v a n s  a n d  S o r g e i  1966)

W i t h  t h e  a w a r e n e s s  o t  t he  i m p o r t a n c e  ol  K in p l a n t  g r o w t h  g i e w  
t he  d e m a n d  foi  i ts  i n c i e a s e d  s u p p l y  T h e  l a e t  t h a t  I n d i a  d e p e n d s  c n l i i c l y  
o n  o t h e r  c o u n t n e s  f o r  i t s  l e q u i r e m e n t s  o f  p o t a s h  l e r t i h / e r s  m a d e  t h i s  
f e r t i l i z e r  n u t r i e n t  al l  t he  m o i e  e x p e n s i v e  A s  a r e s u l t  ol  t he  r e c e n t  d e c o n t r o l  
o t  l e i t i l i / . e r s  a n d  s u b s e q u e n t  e s c a l a t i o n  in l e i t i l i z e i  p n e c s  l a i m e i s  w c i e  
c o m p e l l e d  to  i c d u c e  t h e  u s e  o f  K  l e r t i h z e i s  c a u s i n g  in i m b a l a n c e  m the 
u se  ol  N P  a n d  K R e d u c t i o n  in K c o n s u m p t i o n  w a s  l e p o i t e d  i i o m  v u i o u s  

s t a t e s  a n d  o n  an  a v e r a g e  34  6 p e r c e n t  r e d u c t i o n  m  u s e  ot  K l e i t i l i z c r s  
w a s  r e p o r t e d  on  al l  I n d i a  b a s i s  a n d  4 5  p e i c e n t  r e d u c t i o n  in c o n s u m p t i o n  
w a s  r e p o r t e d  f r o m  K e r a l a  ( M a h a t v a r a j  1993)

C a s s a v a  ( M m n h o i  c u u l e n t a  C i a n t z  ) i s  an  l i n p o i t a n t  t u b e i  c i o p  of 
t h e  t r o p i c s  w i d e l y  c u l t i v a t e d  in s e v e r a l  c o u n t n e s  of  S A m e r i c a  A l l i c a  
a n d  S E  A s i a  T h e  l o o t  t u b e i s  l o i m  an  i m p o r t a n t  s o u i c e  ol  l o o d  m t h es e  
r e g i o n s  It is e s t i m a t e d  t h a t  a b o u t  7 0  m i l l i o n  p e o p l e  w ot  Id w i d e  o b t u n  
m o i e  t h a n  5 0 0  c a l o r i e s  a d a y  H o rn  c a s s a v a  ( B e e c h i n g  cl  a l  1 99 4)  In 
s o m e  \ l n c a n  c o u n t n e s  c a s s a v a  c o n t r i b u t e s  up  to 5 0 p e r  c e n t  of the  d i e t  11 v 
e n e i g y  ( C o c k  1 9 8 5)  C a s s a v a  l e a v e s  a i c  n c h  s o u i c c s  ol  p i o t c m  m d  ire
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c o n s u m e d  a s  l o o d  in s o m e  p a r t s  o t  A i n c a  It l ias  g o t  s e v c i a l  i n d u s t i i a l  
u s e s  It h a s  b e e n  e s t i m a t e d  t hat  6 5  p e r  e e n t  p i o d u c l i o n  i s  u s e d  l o i  h u m a n  
e o n s u m p t i o n  2 5  p e i  e e n t  f o r  i n d u s t r i a l  u s e s  m o s t l y  as  s t a i e h  ( 6 % )  oi  a n i m a l  

l e e d  ( 1 9 % )  a n d  10 p e i  e e n t  i s  l o s t  a s  w a s t e  ( B e e c h i n g  c t  o l  1 9 9 4 )

O u t  o f  t h e  t o t a l  a r e a  o f  1 5 8  l a k h  h e c t a r e s  u n d e i  c a s s a v a  in I n di a  

1 4 1 8  l a k h  h e c t a r e s  t a l l  in K e r a l a  ( F a u n  g u i d e  1 9 9 4 )  a c c o u n t i n g  l o i  8 9  7 
p e i  e e n t  o l  t h e  c o u n t i y  s t o t a l  p r o d u c t i o n  In K c i a l a  t e n  p e r  e e n t  o l  t he  
t o t a l  l o o d  c r o p s  a i c a  i s  u n d e i  c a s s a v a  w h i c h  i s  t h e  m o s t  p o p u l a i  s u b s i d i a r y  

l o o d  c l o p  in t h e  s t a t e

T h e r e  i s  a v i e w  t h a t  N a  c a n  p a i t i a l l y  s u b s t i t u t e  t h e  K r e q u n e m e n t  
in s o m e  p l a n t s  El  S h e i k h  c t  a l  ( 1 9 7 6 )  l e p o r t e d  f a v o u i a b l c  i c s p o n s c  o l  

s u g a r  b e e t  t o  N a  a p p l i c a t i o n  T h e  e x a c t  m e c h a n i s m  o l  l e p l a c e m t n t  o l  K 

b y  N a  i s  n o t  c l e a r l y  u n d e r s t o o d  S o m e  s c i e n t i s t s  s u g g e s t  t h a t  N  i c a n  

s u b s t i t u t e  a l l  t h e  n o n  s p e c i f i c  f u n c t i o n s  o l  K s p a t i n g  K l o r  i ts  s p e c i f i c  
l u n c t i o n s  S o m e  w o i k e r s  a r e  o l  t h e  v i e w  t h a t  K i s  r e p l a c e a b l e  m  t h e  

o s m o t i c  f u n c t i o n s  o n l y  S t i l l  a l l  o f  t h e m  a g i e e  t h a t  K c a n  b e  p a i t i a l l y  

s u b s t i  l u t e d

H e n c e  t h i s  w o r k  w a s  u n d e i t a k c n  w i t h  t h e  f o l l o w i n g  o b j e c t i v e s

1) To f i n d  o u t  w h e t h e r  o r  n o t  it  i s  p o s s i b l e  t o  s u b s t i t u t e  N a  f o r  K as  

n ut i  l e n t  in c a s s a v a

2 )  11 s u b s t i t u t i o n  i s  p o s s i b l e  t o  d e t e i m i n e  t h e  m o s t  d c s n a b l c  l e v e l  ol
s u b s t i t u t i o n

3) To u n d u s l a n d  t h e  m e c h a n i s m  of  l e p l i c e m c n l  to t h e  e x t e n t  p o s s i b l e
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P o t a s s i u m  is the  o n l y  u n i v a l e n t  c a t i o n  g e n c i a l l y  l e c o g m s e d  to he 
i n d i s p e n s a b l e  ( o r  g r o w t h  o l  al l  p l a n t s  S o d i u m  h a s  b e e n  c o n s i d e i e d  
e s s e n t i a l  o n l y  loi  t h e  h a l o p h y t e s  B u t  b e n e f i c i a l  el 1 e e l s  ol s o d i u m  on 
g r o w t h  o f  m a n y  p l a n t s  h a v e  b e e n  n o t e d  in m e d i a  h ig h  01 l ow  111 K ( d i u o g  
el  al  1953)  T u b e r s  in g e n e r a l  r e s p o n d  to N a  s u b s t i t u t i o n  to a g r e a t e r  
d c g i c c  as c o m p a i e d  to o lh e i  u o p s  ( La i  so n  a n d  P i u t e  1953 L l s h c i k h  
a n d  U l r i c h  1970)  T h e  b e n e f i c i a l  e l l e c t  ol  N a  h as  b e e n  e x p l a i n e d  as a 
s p a r i n g  a c t i o n  on K t h r o u g h  i e d i s t r i b u t i o n  o f  K i r o m  p l a c e s  ol  a b u n d a n c e  
to  t h o s e  o f  d e f i c i e n c y  T h i s  e x p l a n a t i o n  is n o t  c o m p l e t e  w h e n  a l a rg e  
a m o u n t  o f  N a  a d d e d  to a  l ow  K m e d i u m  i n c r e a s e s  g i o w t h  a b o v e  tha t  in a 
h i g h  K m e d i u m  w i t h  no  N a  a d d i t i o n  S e v e i a l  c o m p a i a b l e  e x p c i i m c n t s  
d e a l i n g  w i th  th i s  q u e s t i o n  h a v e  b e e n  c a r r i e d  o u t  F r o m  t h e s e  e x p c i i m e n l s  
h o w e v i  i o n l y  l i m i t e d  c o n c l u s i o n s  c a n  be  d r a w n  w i t h  r e s p e c t  to the  ex te n t  
o f  r e p l a c e m e n t  b e c a u s e  in m o s t  c a s e s  o n l y  K a l o n e  oi N a  a l o n e  w c i e  
c o m p a i e d  w i t h  e a c h  o t h e r  A n  e x h a u s t i v e  s u r v e y  o f  the  l i l e i a l u i e  on the 
c l f c c t s  o l  K a n d  N a  o n v a n o u s  p l a n t  g r o w t h  a n d  y i e l d  p a i a m c l u s  ol 
d i l l c r e n t  c r o p s  is a t t e m p t e d  in thi s  c h a p t e r

2.1  P la n t  h e ig h t

A n u m b e r  ol w o r k e r s  h a v e  r e p o r t e d  i n c i e a s e  in p l a n t  h e i g h t  wi th  
i n c i e a s e d  a p p l i c a t i o n  ol  K Fi l ia l  ( 1 9 6 7 )  o b t a i n e d  s i g n i f i c a n t  m c r e i s e  m 
h e i g h t  w i th  K a n d  C a  a p p l i c a t i o n  m c a s s a v i  I n c i e a s e  in h e i g h t  wi th  K 
a p p l i c a t i o n  h a ve  b e e n  i ecoi  d c d  by R a j a n n a  c(  « /  ( 1 9 8 7 a )  m p o t a t o  ind
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A s h o k a n  ct  a!  ( 1 9 8 8 )  a n d  J i m e n e z  ( 19 9 0 )  in c a s s a v a  Bui  c o n l i a d i c t o i y  
to the  a b o v e  o b s c i v a t i o n  i e d u c t i o n  in h e i g h t  w as  o b s c i v c d  by P u s h p a d a s  
a n d  A i v e i  ( 1 9 7 6 )  in c a s s a v a  G u p t a  et  aI  ( 1 9 9 2 )  in p o t a t o  R a y  ct  al  
( 1 9 9 3 )  m b a n a n a  a n d  S i n g h  et  a l  ( 1 9 9 3 )  in p o t a t o

I n c i c n s e d  s a l i n i t y  w a s  f o u n d  to l e d u c c  p l a n t  h e i g h t  in m a n y  ol (he 
p l a n t s  ( Gi l l  a n d  D u t t  1982 M a n g a l  ct  a l  1986  R o t h  1989 M a l i m  and  
K h a d e i  1989  D h i n d w a l  et  a l  1992 M a n g a l  et  a l  I 9 9 3  a n d  Val i a  ct al  
1993)

2 .2  N u n ib e i  o f  l e a v e s

N a n d  K - , 0  a p p l i c a t i o n  i n c r e a s e d  n u m b e i  ol  l e a v e s  p e r  p l a n t  in 
c a s s a v a  ( A s h o k a n  et  a l  1988)  B u t  n o  s i g n i f i c a n t  e l l e c t  on  n u m b e i  ol 
l e a v e s  c o u l d  b e  o b t a i n e d  b y  P u s h p a d a s  a n d  A i y e t  ( 1 9 7 5 )  in c a s s a v a  
R a j a n n a  el  a l  ( 1 9 8 7 )  a n d  S m g h  cl  al  ( 1 9 9 3 )  in p o t a t o  a n d  R a y  ct  al  
( 1 9 9 3 )  in b a n a n a

G u p t a  a n d  S r i v a s t a v a  ( 1 9 8 9 )  w h i l e  s t u d y i n g  t he  e l l e c t  ol  sa l t  s t i e ss  
on  m o r p h o  p h y s i o l o g i c a l  p a r a m e t e r s  in w h e a t  r e p o t t e d  l e d u c t i o n  m leal  
n u m b e r  w i t h  sa l t  s t r e s s  T h i s  r e d u c t i o n  w a s  m o r e  p i o n o u n c e d  in the w h e a t  
v a n e t y  K a l y a n s o n a  t h a n  K h a r c h i a  65 w h i c h  c o u l d  m a i n t a i n  its leal  
n u m b e r  on m o t h e r  s h o o t  e v e n  u n d e r  N a C I  s t r e s s  Yan g e t  a l  ( 1 9 9 0 )  f o u n d  
tha t  i n c r e a s i n g  c o n c e n t r a t i o n  o l  N a C I  in the  i r n g a t i o n  w a t e i  s ig n i f i c a n t l y  
r e d u c e d  (he n u m b e r  o f  g r e e n  l e a v e s  p e r  p l a n t  in s o t g h u m

R e d u c t i o n  in n u m b e r  ol  l e a v e s  w i t h  i n c i c a s i n g  c o n c c n l i a t i o n  ol 
N a C I  w a s  a l s o  r e p o r t e d  by  I b r a h i m  ct  a l  ( 1 9 9 1 )  a n d  M a n g a l  cl  al  
( 1 9 9 3 )  in p o t a t o  a n d  Vali  i cl  a / ( 1 9 9 3 )  m p a s s i o n  l iu i t



Prc i ru i  et  a !  ( 1 9 8 7 )  o b s e r v e d  i n t i  e a s e d  n u m b e r  ol  l e a v e s  111 

c o c o n u t  p a l m  w h e n  5 0 %  K w a s  s u b s t i t u t e d  w i th  Na

2 .3  L e a f  a r e a

S i g n i h c a n t  i n c r e a s e  in leaf  a r e a  in m u s t a i d  ( B i a s s i c a  / t t nc c a  L) 
w a s  o b s e r v e d  w i t h  a p p l i c a t i o n  o f  N an d K ( K u i l a  ct  a l  1992)  I Al  md 
L A D  g i a d u a l l y  i n c r e a s e d  in s w e e t  p o t a t o  c u l t i v i i s  u p t o  9 0  d lys  wi th  
e n h a n c e d  K l e v e l s  ( C h a k i a b a t t h y  et a l  ( 1 9 9 3 )  C o n t i a i y  to thi s  S i ngh  
et  a l  ( 1 9 9 3 )  r e p o r t e d  t h a t  i n c r e a s e  m t he  l e ve l  ol  K h a d  no s i gn i f i ca n t  
e f f e c t  on  leal  a r e a  pei  p l a n t  m p o t a t o  C o r r o b o r a t i v e  r e p o r t s  h a v e  been  
m a d e  by  W h i t e  ( 1 9 9 3 )  in l y e  p la n t s

M a l i w a l  a n d  P a l i w a l  ( 1 9 7 9 )  f o u n d  t h a t  t he  l e n g t h  a n d  w i d t h  ol 
l e a v e s  ol  c a r i o t  a n d  r a d i s h  d c c i e a s e d  w i t h  i n c r e a s e  m s a l i n i t y  ol  the  g r o w t h  
m e d i u m  a n d  m o r e  so  in r a d i s h  a b o v e  an  E C  v a l u e  ol  6 m m h o s / c m  
C o n l i r m a t o i y  o b s e r v a t i o n s  w e r e  o b t a i n e d  by  K a y a n i  a n d  R a h m a n  ( 19 8 8 )  
in m a i z e  Y a s e e n  et  a l  ( 1 9 8 9 )  m b a r l e y  G u p t a  a n d  S n v a s t a v a  ( 1 9 8 9 )  m 
w h e a t  a n d  M a l i n i  a n d  K h a d e i  ( I 9 8 9)  in tu b e  l ose  T h e  w h o l e  p l a n t  t e s p o n s e  
to N a C I  w as  s t u d i e d  in S o t g h i t m  b i c o l o t  a n d  S o t g h u m  h a l e p c n s c  by  Yang 
ct  a l  ( 1 9 9 0 )  a n d  t h e y  s h o w e d  t h a t  leal  a i e a  w a s  i c d u c e d  by  i n c r e a s i n g  
c o n c c n t i a t i o n  ol  N a C I  in the g i o w t h  m e d i u m

S i m i l a i  l e s u l t s  h a v e  b e e n  l e p o i t e d  by  P e z c s h k i  a n d  Pan  ( 1 9 9 0 )  in 
n e e  I b i a h i m  ct  a l  ( 1 9 9 1 )  in c o l e u s  B i u g n o l i  a n d  L a u t c n  ( 1 9 9 1 )  m 
G o s w p t u m  h u s u t a m  a n d  Val i a  ct  a l  ( 1 9 9 3 )  m p a s s i o n  frui t
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2 .4  D rj  m a t te r  p r o d u c t io n

Ii is g e n e i a l l y  k n o w n  that  K f e i t i h z e i s  i m p i o v e  v eg e t a t i v e  
g i o w t h  a n d  t h e i e b y  d r y m a t t c r  a c c u m u l a t i o n  in p l a n t s  In c a s s a v a  i l so 
s i mi l a r  r es u l t s  h a v e  b e e n  o b t a i n e d  by P u s h p a d a s  and  Aiyei  ( 19 7 6 )  A m i n  
in 1977 A s h o k a n  a nd  S r e e d h a r a n  f ound  that  d r y ma t t e i  p r o d u c t i o n  in ca s sa va  
( v a r i e t y  H 9 7 )  w as  m a x i m u m  at  1 I 2 5 kg level  o f  K- , 0 But  in 1989 Sa l im 
w h i l e  s t u d y i n g  the e f fe c t s  o f  N aCI  sa l in i ty  on g r o w t h  a n d  ion ic  re l a t ions  
o f  P h a s c o l u s  v u l g a u s  L  o b s e r v e d  that  the  p l an t  g r o w t h  w as  l e d u c e d  m o i e  
b y h i g hc i  c o n c e n t r a t i o n s  ol KCI  th an  eq u a l  c o n c c n t i  m o i l s  ol N iC I In 
m u s t a r d  b o th  Na  an d K s i g n i f i ca n t l y  i m p i o v e d  the d i y m  iltci iccti inul  l l ion 
in e x p e m n e n t s  c o n d u c t e d  by Ku i l a  cl a t  ( 19 92 )

In p o t a t o  w h e n  a p p l i c a t i o n  o f  K u p t o  80 kg ha  1 e n h a n c e d  the
d r y m a t t e r  p r o d u c t i o n  stil l  lugliei  l eve l s  d e c i e a s e d  it (Sliai  in a and  E / e k i e l  

e t  t s1993)  B u t  S i n g h  v( I 993$)  a n d  S i n gh  cl al  ( I 99 7lp \  c p o r t c d  h i g hc i  diy 
mat te i  p r o d u c t i o n  in s o y b e a n  a nd  w h e a t  r e s p e c t i v e l y  w i th  l n c i e a s i n g  K 
a p p l i c a t i o n

C o n t r a d i c t o i y  r e p o r t s  h a v e  e m e r g e d  w o r l d  w i d e  on  the e l l e c l  ol 
N a  in d r y m a t t e r  p i o d u c t i o n  of p l an t s  A t n p l c x  i s s u a n c e  in c u l t u i e s  wh ich  
h ad  l e c c i v e d  N a  m a d e  a b o u t  t o u r  t i me s  as m u c h  g i o w t h  as the p lan t s  m 
c u l t u i e s  w i t h  al l  o the i  n u t r i e n t s  e x c e p t  N a  T h e  d i y  w e i g h t  p i o d u c t i o n  
i n c r e a s e d  a s y m p t o t i c a l l y  w i t h  a p p l i c a t i o n  o f  N a  ( B i o w n e l l  1964)  In 
a g r e e m e n t  w i t h  th i s  the  d ry  w e i g h t  y i e l d s  w e n t  up  w i t h  N a  s u p p l y  m 
A n a b a e n a  tv lu id t  ica  ( B r o w n e l l  a nd  N i c h o l a s  1967)  In cas lo i  s unf l owe i  
a nd  I lax p l m t s  a l so  d i y  m a t t e r  i nc r e a s e d  u p t o  4 0  nic/ l  NaCI  level  in t r ials 
c o n d u c t e d  by H e i k a l  et al  ( 19 8 0)  A c c o i d i n g  to I nd i ra  ( 1 9 7 8 )  C a s s av a  
p l an t  g i o w l h  w as  r e t a i d e d  b e y o n d  2 0 0 0  p p m N a  m the g i o w t h  m e d i u m



D i l l e i e n l i a l  b e l i av io ui  w as  o b s e i v e d  m  d i l l u c n t  c u l t u r e s  ol p o t i t o  
( M o i p u i g o  a n d  R o d t i g u c /  1987)  on d i y  mal l e i  p i o d u c t i o n  un de i  sa l in i ty  
A m o n g  t he  d i f f e r e n t  c u l t i v a r s  t e s t ed  o n l y  s h o o t  l i e s h  w e i g h t  m c i e a s c d  in 
cv D e s i r e

A u Q a d a i  ( 1 9 8 8 )  o p i n e d  t ha t  v a r i e t i e s  ot  u c e  d i l l e i e d  m s ho o t  w e i g h t  
u n d e r  s o d i c i t y  s t re s s  In m a j o n t y  o f  the c a s e s  the e f f e c t  ol  s o d i c i t y  was  
1110 1 c p i o n o u n c c d  in g i a i n  y i e l d  c o m p a i e d  to  s h o o t  d iy  w e i g h t  B u t  
i e d u c t i o n  in tota l  d r y m a t t e r  y i e l d  has  b e e n  r e p o r t e d  l i o m  v a r i o u s  p a i t s  ol 
t h c w o i l d  ( K i y i m  inti R dim in 1988 m m i i / c  A l S u d i i t o /  1 9 8 8  in 
g i a p e  v i n e  C a m p o s  ct a l  1989 in u c e  P c s s a i a k l i  ct  a l  1989  in s w ee t  
c o r n  a n d  G u p t a  a n d  S n v a s t a v a  1989 in w h e a l )  M o d e l  a l e  c o n c e n l i  d io n  
ol  N aCI  (0 5 1%) s t i m u l a t e d  g i o w t h  a nd  i n d u c e d  p h y l l o e o i d  p m d u c l i o n  
in b o t h  s h o o t  s e g m e n t s  an d p l a n t l e t s  m  A s p a t  agt ts  o f f i c i n a l i s  (Mi l l s  
1 989)  P l a n t  d i y w e i g h t  w a s  a l so  no t  i c d u c e d  m t o m a t o  p l a n t s  un de i  low 
K s t r e s s  w h e n  t e p l a c e d  w i t h  N a  B u t  a t  t ox i c  l e v e l s  of  N a  i e d u c t i o n  in 
p l a n t  d r v  w e i g h t  w a s  o b s e r v e d  ( F t g d o r e  ct  a l  1 9 8 9 )  A b d u l l a h  a n d  A h m a d  
( 1 9 9 0 )  o b s e r v e d  r e d u c t i o n  m  s h o o t  g r o w t h  m  p o t a t o  w i t h  i n u c a s c  in 
s a l i n i t y  E v e n t h o u g h  B i u g n o l i  a n d  L a u t c n  ( 1 9 9 1 )  i c p o i l c d  t h a t  m 
P h a s t o h c s  n i f g a n s  p l a n t  g i o w t h  w as  d e c r e a s e d  by s a l i n i t y  K h a i a / i i n  ct 
a l  (1 99  1) f o u n d  t ha t  a d d i t i o n  of C a  at  al l  l e ve l s  of N aCI  i n c r e a s e d  shoot  
a n d  l o o t  d i y  w e i g h t  In bai  ley s e e d l i n g s  D h i n d w a l  ct  a l  ( I 9 9 2 )  o b t a i n e d  
s t i m u l a t i o n  ol  g r o w t h  at  l ow  l e ve l s  o t  s a l in i t y  Bu t  m I n d i a n  m u s t a i d  i 
p i o g i c s s i v e  d c c i e a s c  m p l a n t  g i o w t h  w as  o b s e i v e d  w i t h  i n c i e a s e  m s a l in i ty  
( G a i g  ct  a l  1997)

N a  a p p l i e d  to s a n d  c u l t u i e s  in the  a b s e n c e  ol p o t a s h  e n h  m e e d  the 
g i o w t h  t>l t he  s e v e n  c i o p s  t e s t ed  ( c o t t o n  o i l s  vvhc it s u g n h c c t s  ve tch



8

A u s t r i a n  w i n t e r p e a s  a n d  tu rn ip s)  by  an a v e r a g e  ot 5 3% It w as  o b s e r v e d  
t ha t  the  b e n e f i c i a l  e f f e c t  o f  s o d i u m  on p l an t  g r o w t h  d e c r e a s e d  as the po tash  
l eve l  of  t he  n u t r i e n t  m e d i a  i n c r e a s e d ,  b u t  no t  in d i r e c t  p i o p o r t i o n  to it 
( Ho l t  a n d  Volk 1945)  N a  a dd i t i o n  a l on g wi th  al l  o t h e r  n u t r i en t s  into a 
c u l t u r e  m e d i u m  i n c r e a s e d  p la n t  g r o w t h  than w h e n  N a  oi K a l o n e  was  g iven  
in the m e d i u m  in s ug a r  b ee t  p lan t s  (El  S h e i k h  et  a l  1967)  M o z a l a r  et  
al  , ( 1 9 7 0 )  f o u n d  t ha t  p la n t s  o f  A t r i p l e x  h a h m u s  L  g i e w  m u c h  be t t er  in 
s a l i n e  m e d i a  c o n t a i n i n g  e qu a l  par t s  o f  N a C I  a n d  KC1 T h e  f res h  w e i g h t  o f  
p l a n t s  i n c r e a s e d  w h e n  e qu a l  pa r ts  o f  N aCI  a n d  KCI  w e r e  g i ven  S i mi la r  
o b s e r v a t i o n s  h a v e  b ee n  i c p o i l e d  by Y osh id a a nd  C a s t a n e d a  ( 19 6 9 )  in n c c  
O h t a  et  a l  , ( 1 9 8 8 )  in A m a r a n t h u s  t r i c ol ot  J a i n  et  a l  ( 1 9 8 8 )  in b n n j a l  
F i g d o r e  e t  a l  ( 1 9 8 9 )  in t o m a t o  M a t o h  a n d  M u r a t a  ( 1 9 9 0 )  in P a n m m  
c o l o r a t u m  Von C h a n  D o  ( 1 9 9 0 )  in m a i z e  and  All  Q a d a r  ( 1 9 9 2 )  in Ai t  iplex  
a m i u t o l a

2 .5  N u m b e r  o f  s t o m a t a

E v e n t h o u g h  the  s t om a ta l  f r e q u e n c y  is m o i e  o r  less  a g en et i c  t rait  
s t u d i e s  h a v e  s h o w n  t ha t  a l t e r a t i o ns  ca n  b e  m a d e  by  soi l  f ac tor s

A p p l i c a t i o n  o f  K i n c r e a s e d  the s t om a ta l  n u m b e r  pe r  uni t  leaf area 
in a g r e e n  h o u s e  e x p e r i m e n t  wi th  a l fa l fa  c o n d u c t e d  by C o o p e r  et a l  ( 1967)

S a l i n i ty  is r e po r t e d  to d e c r e a s e  s to m a t a l  n u m b e r  in g e ne ra l  S ar ad a 
devi  an d R a o  ( 1 9 7 8 )  l e p o r l e d  that  the s t om a ta l  I r e q u c n c y  a nd  ind ex  ol the 
N aCI  t r ea t ed  s a f f l o w e r  p lan t s  w er e  l o w e r  than t ha t  o f  the con t r ol  But  
D w i v e d i  et a l  ( 1 9 8 2 )  c o u l d  no t  o b t a i n  a n y  c o n c l u s i v e  l e s u l l s  in this 
a s p e c t  A t  9 0  E S P  the  s to m a t a l  n u m b e r  in s o m e  g r a s s e s  d e c r e a s e d  in
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s o m e  it r e m a i n e d  u n c h a n g e d ,  b ut  in s o m e  it i n c r e a s e d  o v e r  that  oi  n orma l  
S h a d d a d  e t  aI  ( 1 9 8 8 )  an d K ay a n i  and R a h m a n  ( 19 8 8 )  in m a i z e  i cpo r t cd  
r e d u c e d  n u m b e r  o f  s t o m a t a  wi th  i n c r e a s e d  sa l in i ty

I n c r e a s e  in n u m b e r  o f  s t o m a t a  wi th  i n c r e a s e d  s a l in i t y  has  al so 
b e e n  r e p o r t e d  b y  Val ia  et  al  ( 19 9 3 )  in p a ss i on  f ru i t

2 .6  C h lo r o p h y l l  c o n te n t

T h e  u n i v a l e n t  c a t i o n s  e x e r t  a p r o n o u n c e d  i n f l u e n c e  on t he  
c h l o r o p h y l l  c o n t e n t  o f  p lan t s

F o r s t e r  ( 1 9 7 6 )  o b s e r v e d  that  c h l o r o p h y l l  c o n c e n t r a t i o n  in the Hag 
l e a f  o f  s p r i n g  w h e a t  i n c r e a s e d  w i t h  the  a p p l i c a t i o n  of  K. A l in ea r  i ncr ease  
in c h l o r o p h y l l  c o n c e n t r a t i o n  wi th  i n c r e a s e d  a pp l i c a t i o n  ol K was  not i ced  
in a l f a l f a  b y  C o l l i n s  a n d  D u k e  ( 19 8 1 )  Pat i l  et  a l  ( 19 8 7 )  r ep o r t e d  that  
e n h a n c e d  p o t a s h  s u p p l y  h a d  a p o s i t iv e  r e l a t i o n s h i p  w i th  c h l o r o p h y l l  c on te n t  
in t o b a c c o  C o n t r a r y  to the a b o v e  o b s e r v a t i o n s  Vo| t t ruba an d Kase  ( 1979)  
f o u n d  t h a t  i n c r e a s e d  r a t e s  of  K a p p l i c a t i o n  d e c r e a s e d  t h e  c h l o i o p h y l l  
c o n c e n t r a t i o n  in s p r i ng  b a r l ey  in a g re e n  h o u s e  trial

T ota l  c h l o r o p h y l l  c o n t e n t  in m a n y  p l an t s  w a s  f o u n d  to in c r ea s e  as 
a r e s u l t  o f  N a C I  a d d i t i o n  ( P a r a s h e r  a nd  V a r m a  1987 S i n e l n i k o v a  et al
1988 M o t s a n  e t  a l  1988 a n d  Ra di  e t  a l  1989 ) B u t  n e g a t i v e  r es po n se  
has  b e e n  r e p o r t e d  b y m a n y  sc i e n t i s t s  ( P a n d e y  an d S a x e n a  1987 Ashra l
1 9 8 9  O n k w a r e  1 9 9 0  L e g a z  e t  a l  199 3 a n d  V a l i a  et  a l  1993)  
K h a r a z i a n  et  al  ( 19 9 1 )  f o u n d  t ha t  a d d i t i on  of Ca  to all  l eve l s  of NaCI  
c o r r e c t e d  the  d e p r e s s i v e  e f f e c t  a n d  e n h a n c e d  the c h l o r o p h y l l  c o n t e n t  in
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P h a s e o l u s  v u l g a r i s  H o w e v e r  G u p t a  a n d  S r i v a s t a v a  ( 1 9 8 9 )  c o u l d  not  
o b t a i n  a n y  c h a n g e  in c h l o i o p h y l l  c o n t e n t  du e to sal t  t i c a t m c n t  A n d o  and 
O u g u c h t  ( 1 9 9 0 )  o p i n e d  t ha t  the c h l o r o p h y l l  c o n t e n t  i n c r e a s e d  b e c a u s e  Na 
t a ke s  p ar t  in c h l o r o p h y l l  s y n t he s i s  L o w  le ve ls  (0 5 % )  o f  s a l in i ty  s t imul a t ed  
p r o d u c t i o n  o f  c h l o r o p h y l l  in p o t a t o  ( A b d u l l a h  a nd  A h m a d  1990)  and  in 
b a r l e y  s e e d l i n g s  [ D h i n d w a l  et  al  1992]

O h t a  e t  a l  ( 1 9 8 7 )  f o u n d  t ha t  the  c h l o r o p h y l l  c o n t e n t  p er  uni t  l eaf  
a r e a  i n c r e a s e d  m a r k e d l y  in l e av es  o f  A m a r a n t h u s  t r u o l o r  L  p lan ts  when  
N a  w a s  a d d e d  to t he  n u t r i e n t  c u l t u r e  m e d i u m

2 .7  R e la t iv e  w a te r  c o n te n t  (R W C )

T h e  s p e c i a l  f u n c t i o n  o f  K in w a t e r  e c o n o m y  ol the h ig her  
p l a n t s  is w e l l  k n o w n  T h i s  e f f e c t  o f  K is a t l e a s t  p a r t i a l l y  c a u s e d  by 
i n f l u e n c i n g  the  s t o m a t a l  m o v e m e n t  ( P ea s l e e  a nd  M o s s  1966)  In c o w p e a  
s e e d l i n g s  t he  R W C  w a s  f o u n d  to be  h i gh  in K e n r i c h e d  p l an t s  ( Sas t ry  
1982)  B l a n c h e t  et  al  ( 19 6 9 )  a nd  B r a g  ( 1 9 7 2 )  o b s e r v e d  t ha t  i nc r ea s in g  
K l e v e l s  l o w e r e d  t h e  t r a n s p i r a t i o n  r a t e  a n d  i m p r o v e d  t h e  w a t e r  use  
e f f i c i e n c y  o f  p la n t s

It h a s  b e e n  n o t e d  by  s e v e r a l  w o r k e r s  t h a t  s o m e  p l a n t s  b e c o m e  
m o r e  t u r g i d  a n d  r e s i s t  w i l t i n g  b e t t e r  w h e n  s u p p l i e d  w i t h  s o d i u m  T h e  
w a t e r  c o n t e n t  o f  l e a ve s  w as  i n c r e a s e d  by s a l in i ty  in sal t  a l i e c l c d  q u a n d o n g  
(.S a n t  a l u m  a c u m i n a t u m ) ill t r i a l s  c o n d u c t e d  by W a l k e r  ( 1 9 8 9 )  A s l n a l
( 1 9 8 9 )  a n d  W i g n a r a j a h  ( 1 9 9 0 )  a l so  m a d e  s i mi l a i  o b s e r v a t i o n s  m  Vigna



m a n g o  a n d  P h a s e o l u s  v u l g a n s r e sp e c t i v e l y  Bu t  t i c a l m e n t  d i l l e i c n c t  cou l d 
no t  be o b s e r v e d  by Z i s k a  ct  a l  ( 19 8 9 )  in P i n n a s sa in  met  undei  s i l i n c  
c o n d i t i o n s  M a i n t e n a n c e  o f  l e a f  w a t e i  s t a t u s  m u lc t  s a l i n e  c o n d i t i o n s  
i c s u l l e d  p a i t l y  h o r n  m c i e a s c d  s t o m a t a l  c l o s u i c  c a u s i n g  a i c d u c t i o n  m 
leal  t i a n s p n a t i o n  la t e  L o w leve l s  of  s a l in i ty  w c i c  l o u n d  to in c i e as e  the 
leal  wa te i  p ot en t i a l  in b a i l e y  see d l i n gs  ( D h i n d w a l  ct a l  1992)  T h e  leal 
w ate i  c o n t e n t  w a s  ei t l iei  m a i n t a i n e d  01 m c i e a s c d  wi th  sal t  t i c a t m c n t  in 
e x p e i i m e n t s  by  L e g a z  e t  a l  ( 1993)  Bu t  m b ar l ey  p la n t s  at  eai  e me i g c n c c  
and  g i a i n  f i l l ing  s t a g es  a d c c i e a s i n g  t r end  in leal  wate i  po ten t i a l  d ue  to 
soi l  s a l i n i ty  has  b een  i cpoi  ted by Dut l  ( 1 9 8 8 )  H ow e vci in his cxpc i  i mcnts  
the m o r e  t o l e i a n t  v ar i e t y  D L 223  r e c o r d e d  a Icssci  d c c i c i s c  in leal v. itci 
p o t e n t i a l  t h a n  v a r i e t i e s  K 141 a n d  R a t n a  R e p o t t s  by N c p i d  ( 1 9 8 8 )  
O n k w a i c  ( 1 9 9 0 )  a n d  f l o w e i s  ct  a l  ( 1 9 9 1 )  a l so  p i o v c d  th it l e d  w itci 
c o n c e n t r a t i o n  is n e g a t i v e l y  c o r r e l a t e d  wi th  Na  c o n c e n t i a t i o n

W h e n  KC1 a nd  NaCI  w c i e  g iv en  in equa l  c o n c e n t i a t i o n s  1 indh iver  
ct  a l  ( 1 9 9 0 )  l o u n d  t ha t  the  d i o p  in l ea f  o s m o t i c  p o t e n t i a l  w as  less  in 
s u g a r  b e e t  p l an t s

2 7 1 Enzyme activ ity

A la i ge  n u m b e r  of e n z y m e s  c a t a l y z i n g  a w i d e  v a n e t y  ol inac t ions  
a i c  a c t i v a t e d  by c e r t a in  u n i v a l e n t  ca t io n s

b v a n s  a n d  S o r g e r  ( 1 9 6 6 )  p o i n t e d  o u t  tha t  the a c t i v i t i e s  ol so me  
l i l t y  d i f f e r e n t  i m p o i t a n t  e n z y m e s  k n o w n  to p a i t i c i p i l c  m i v u i c l y  ol 
m e t a b o l i c  p i o c e s s e s  w e i c  e i t h e i  c o m p l e t e l y  d e p e n d e n t  u p o n  oi u c t c  
s t i m ul a t e d  by  K o r  o thci  m m  a l ent  c a t i o ns  T h e y  c o n c l u d e d  that  a I n g c
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n u m b e i  o l  a p p a r e n t l y  u m e l a t e d  t y p es  ol e n z y m e  c a t a l y / t d  l e a e t i o n s  vveic 
a c t i v a t e d  by  K + 01 o th ei  u n i v a l e n t  c a t i o n s  a nd  t hos e  e n z y m e s  i c t i \  i lcd 
by  K 4 a l so  w e i e  u s u a l l y  a c t i v a t e d  by  R b + a n d  N H 4 + b u t  w c i e  act iv i tcd 
l i t t le  by  N a + a n d  n o t  at  al l  by  L i + A c c o i d i n g  to t h e m  t he  l e w  e n z y m e s  
( a s s o c i a t e d  w i t h  h a l o p h y t c s )  t h a t  w c i e  a c t i v a t e d  p i i n i a u l y  by Na  
w e r e  n ot  f u n c t i o n a l  m  t he  p i c s e n c e  ol K

T h e y  l u i t h e i  p r o p o s e d  t h a t  K + a n d  s i m i l a i  u n i v a l e n t  c a t i o n s  
i n d u c e d  s p e c i f i c  c o n f o r m a t i o n s  o f  e n z y m e  p i o t e i n s  t ha t  a i e  n e c e s s a i )  loi 
c a t a l y t i c  a c t i v i t y  N i t s o s  a n d  E v a n s  ( 1 9 6 9 )  p i o v i d e d  d e f i n i t i v e  infoi  m l t ion 
on t he  l o l e  o f  K + in t he  s t a i c h  s y n t h e t a s e  i c a c t i o n

h v e n t h o u g h  the  e l l e c t  ol N a  on e n z y m e  a c t i v i t y  h a s  n ot  b e e n  s t ud ie d  
as e l a b o r a t e l y  as K e x c e p t  m  h a l o p h y t e s  the  a v a i l a b l e  r e p o r t s  p o i n t  to the 
l a c t  t ha t  N a  c a n  r e p l a c e  K in s o m e  o f  t he  e t l e e t s  E v a n s  a n d  W i l d e s  ( 1 9 7 1 )  
l o u n d  t ha t  a d d i t i o n  ol 0 OS M N aCI  p i o d u c c d  s ma l l  bu t  i c p i o d u c i b l c  i c s u l t s  
w h e n  s u b s t i t u t e d  f or  KC1 as  an a c t i v a t o r  ol s t a i c h  s y n t h e t a s e

It w a s  o b s e r v e d  b y  R e d d y  a n d  Vora  ( 1 9 8 S )  t ha t  the  a c t i v i t y  ol  R N a s e  
a n d  p i o t e a s c  w a s  i m p i o v c d  in p i e s e n c e  ol  s a l i n i t y  G u e m e r  ( 1 9 8 8 )  i c p o i t c d  
th a t  t he  p h o s p h o r y l a s e  a c t i v i t y  w a s  i n c i e a s e d  in the  p i e s e n c e  ol  NaCI  m 
the  g e r m i n a t i o n  m e d i u m  I n i l u e n c e  o t  N a C I  on  s o m e  b i o c h e m i c a l  a s pe c ts  
ol  t w o  s o r g h u m  v a i i e l i c s  ( G i z a  10 sal t  t o l c i a n t  a n d  1S4087 sal t  s e ns i t i v e)  
w a s  s t u d i e d  by K h a n  et  a l  ( 1 9 8 9 )  S e e d s  w c i e  gci  m i n u t e d  in s o lu t io n s  
c o n t a i n i n g  50  1 0 0  o r  I 5 0  m e  N a C l / l  at  2 5 ° C  I n e i e a s m g  sal t  c o n c e n t i a t i o n  
d e c r e a s e d  a m y l a s e  a n d  p i o t e a s c  a c t i v i t y  p a i t i c u l a i l y  in I S 4 0 8 7

A b d u l l a h  a n d  A h m a d  ( 1 9 9 0 )  l o u n d  th it t he  s t a i c h  s y n t h e t a s e  
a c t i v i t y  w a s  i c d u c c d  o n l y  to i l essci  e x t e n t  by  i n c i e a s e  m s a l i n i t y  in p ot a t o
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In e n z y m a t i c  s t u d i e s  u s u a l l y  o n l y  s i n g l e  s a l t s  ol  K a n d  N a  a i e  
c o m p a r e d  B u t  d i f f e r e n t  r a t i os  o f  K / N a  in the  a c t i v a t i o n  o f  A l  P a s e  f ro m 
s u g a r b e e t  r o o t s  w e r e  t r i ed  b y  H a n s s o n  a n d  K y l i n  ( 1 9 6 9 )  T h e y  f o u n d  that  
t h e  h i g h e s t  a c t i v i t y  o f  t he  A T P a s e  w a s  n o t  o b t a i n e d  by  K o r  N a  a l o n e  bu t  
a t  c e r t a i n  c o m b i n a t i o n s  o f  K a n d  N a  W h i l e  s e a r c h i n g  f o r  A T P a s e s  
d e p e n d e n t  u p o n  t he  N a  K r a t io  in l e a v e s  o f  A v u c n m a  K y l i n  a n d  G e e  
( 1 9 7 0 )  p r e s e n t e d  e v i d e n c e  t ha t  s u ch  e n z y m e  a c t i v i t i e s  w e r e  p r e s e n t  a nd  
w e r e  d e p e n d e n t  u p o n  t h e  i o n i c  s t r e n g t h  o f  t h e  a s s a y  m e d i u m  T h e y  
o b t a i n e d  p e a k  a c t i v i t i e s  a t  m o r e  t h a n  o n e  c o m b i n a t i o n  o f  K  a n d  Na  
L i n d b e r g  ( 1 9 7 6 )  s u g g e s t e d  t ha t  in t he  a b s e n c e  o f  K + N a + a c t s  as  an 
u n c o m p e t i t i v e  m o d i f i e r  r a i s i n g  t he  a p p a r e n t  K m  a n d  V m a x  f or  M g  A TP 
a n d  N a + a n d  K + t o g e t h e r  s t i m u l a t e  t he  A T P a s e  a c t i v i t y  in a s y n e r g i s t i c  
m a n n e r

2.7.2 N itra te  R edu ctase  A ctiv ity

S i n h a  ( 1 9 7 8 )  o b s e r v e d  h i g h e r  N R  a c t i v i t y  d u r i n g  t he  ini t i a l  s t ag es  
o f  w a t e r  s t r e s s  a n d  s o o n  a f t e r  r e c o v e r y  f r o m  s t r e s s  w i t h  K a p p l i c a t i o n  
E n h a n c e d  N R  a c t i v i t y  w i t h  K  a p p l i c a t i o n  h as  a l s o  b e e n  r e p o r t e d  by  P r o s t  
e t  a l  ( 1 9 7 8 )  in  w h e a t  s e e d l i n g s

A s  a g a i n s t  t h i s  R a o  a n d  G n a n a m  ( 1 9 9 0 )  r e p o i t e d  t ha t  e v e n t h o u g h  
N R  a c t i n g  in s o r g h u m  l e a v e s  w a s  i n h i b i t e d  b o t h  b y  N a C I  a n d  KC1 the 
i n h i b i t i o n  w a s  g r e a t e r  w h e n  the e n z y m e  e x t r a c t  w a s  i n c u b a t e d  wi t h KCI

T h e r e  a r e  s e ve r a l  r e p o r t s  t ha t  a d d i t i o n  o t  N a  to the  c u l t u r e  m e d i u m  
d e p r e s s e s  t h e  a c t i v i t y  o f  N R  [ B i o w n c l l  a n d  N i c h o l a s  1968  L a i  a n d  
B h a r d w a j  ( 1 9 8 7 )  P a n d e y  a n d  S n v a s t a v a  ( 1 9 8 9 )  A b d u l l a h  a n d  A h m a d
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( 1 9 9 0 )  a n d  J a y a k u m a i  el al  ( 1 9 9 2 ) |  E v i d e n c e s  of  p o s i t i ve  ( es p ou se  to 
N a  a d d i t i o n  h a s  a l so  b e e n  r e p o r t e d  by v a r i o u s  s c i e n t i s t s  ( J o s h i  1987 
R e d d y  1987 a n d  S u d h a k a r  a nd  V ee r a n j a n e y u l u  1 9 8 8 1

2 .8  Y ie ld  a n d  Y ie ld  c o m p o n e n t s  

2 8 1 N um ber o f  tubers

N a t a r a j a n  ( 1 9 7 5 )  o b s e r v e d  m a x i m u m  n u m b e r  o f  t u be r s  in ca s sa va  
v a r i e t y  H 165 at  50  kg l eve l  ot  K

N u m b e r  ol  t ub er s  w a s  not  i n f l u e n c e d  by K b e y o n d  75 k g /h a  lor  the 
v a n e t y  H 97 in  t n a l s  c o n d u c t e d  by  A s h o k a n  a n d  S i c c d h a r a n  ( 1 9 7 7 )  
I n c r e a s e  in n u m b e r  o f  t u be r s  in c a s s a v a  wi th  e n h a n c e d  r at es  o f  K f er t i l i zers  
h a v e  b e e n  r e p o r t e d  la t e r  by  A s h o k a n  et  a l  ( 1 9 8 8 )  a n d  J i m e n e z  ( 19 90 )  
G u p t a  ( 1 9 9 2 )  r e p o r t e d  s ig n i f i c a n t  r i se in tota l  n u m b e r  o f  tu b er s  in pota t o 
v a r ie t y  ‘K uf r i  B a h a r ’ w i t h  a pp l i c a t i o n  o f  N a nd  K

H o w e v e r  no  s i g n i f i c a n t  e f fe c t  o f  K w as  n o t i c e d  by  S i n gh  et  al  
( 1 9 9 3 )  in the  s a m e  c r o p

A b d u l l a h  a nd  A h m a d  ( 19 9 0 )  w h i l e  s t u d y i n g  the e f fe c t  o f  p ie  and 
p o s t  k i n e t i n  t r e a t m e n t s  on  s a l t  t o l e r a n c e  o f  d i f f e r e n t  p o t a t o  c u l t i v a r s  
r e p o r t e d  t h a t  s a l i n i t y  r e d u c e d  t he  n u m b e r  o f  t u b e i s  p e r  p l a n t  K i n e t in  
r e d u c e d  t he  a d v e r s e  e f fe c t s  E v a l u a t i o n  o f  p o t a t o  c u l t i v a r s  f or  s a l in i t y  
t o l e r a n c e  b y M a n g a l  et  al  , ( 19 9 3 )  r e v e a l e d  tha t  the  n u m b e r  ol t ub er s  per  
p l a n t  w a s  d e c r e a s e d  s i g n 11 i c a n t l y  o n l y  w h e n  soi l  s a l i n i t y  e x c e e d e d  6 0 
d S m  1 H o c k i n g  ( 1 9 9 3 )  a nd  D u a  a nd  S h a r m a  ( 19 9 3 )  l o u n d  that  sa l in i ty  
r e d u c e d  the n u m b e r  o f  g ra i ns  p er  h e a d  in s o r g h u m  a n d  n u m b e r  o f  p o ds  per  
p l an t  in P i s u m  s a t i v u m  r e s p e c t i ve ly
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2 8 2 Length and Girth of  tubers

L e n g t h  o f  t u b er  w as  no t  s i g n i f i c a n t l y  m l l u e n c e d  by K a pp l i ca t i on  
in c a s s a v a  v a r i e t y  H 97 Bu t  m a x i m u m  g i r th  of t ub er s  w as  o b s e r v e d  at 
112 5 l g  l e ve l  of K ( A s h o k a n  a n d  S r e e d h a r a n  1977)  L a t e r  in 1988 
A s h o k a n  et  a l  f o u n d  tha t  l e n g t h  ol  t u b e r  w as  i m p i o v e d  by c o m b i n e d  
a pp l i c a t i o n  o f  N an d K 90  ap p l i c a t i on

A c o m p a r i s o n  o f  the g r o w t h  o b s e r v a t i o n s  o f  c a r r o t  a n d  r ad i sh  by 
M a l i w a l  a n d  P a l t wa l  ( 1 9 7 9 )  r e v e a l e d  that  the g i o w t h  ol the t a pr oo t  was  
a d v e r s e l y  i n f l u e n c e d  b y  s a l i n i t y  B u t  in a s t u d y  w i t h  f o u r  g r a m i n o i d  
f a c u l t a t i v e  a l ka l i  h a l o p h y t e s  v iz  , D e s m o s t a c h y a  b i p i n n a t a , S p o r o b o l u s  
m a r g i n a t u s  B t a t h a r i a  m u t i c a  an d P a m c u m  a n i i d o t a l e  D w i v e d i  el  al  
( 19 8 2 )  c o u l d  n o t  o b ta i n  a ny  c o n c l u s i v e  r esu l t s  T h e  t h i c k n e s s  o f  r oot s  in 
s o m e  g l a s s e s  d e c r e a s e d  w h e r e a s  in o t h e r s  it r e m a i n e d  u n c h a n g e d  or  
s o m e t i m e s  i n c r e a s e d  o v e r  that  o f  n o rm al

S i g n i f i c a n t  r e d u c t i o n  in r o o t  l e ng t h  o f  j a m u n  ( S y z y g u u n  ( u m t n u  
S k e e l s )  w a s  n o t i c e d  b y  P a t i l  a n d  P a t i l  ( 1 9 8 3 )  w i t h  i n c r e a s e  in E S P  
D e p r e s s i v e  e l l e c t  o f  E S P  s t a r t ed  f rom t w e l v e  but  the m o s t  s t r i k i ng  e l fec t  
w as  se e n  at  48 an d 6 0 E S P  le ve ls  R e d u c t i o n  in r o o t l e n g t h  f rom an E S P  of  
12 o n w a r d s  w a s  a l so  r e c o r d e d  b y  Val ia  et al  ( 1 9 9 3 )  in p as s i o n frui t

2 8 3 lu b er  yield

A sca n  t h i o u g h  the  v a t i o u s  w o r k s  r e po r t e d  r e v e a l e d  tha t  K has  a 
d e f i n i t e  i o l e  in b o o s t i n g  up y ie l ds  e s p e c i a l l y  in tubei  c r o p s  As ea r ly  in 
1955 M a l a v o l t a  et  a l  r e p o r t e d  that  in the  a b s e n c e  ol K the  w e i g h t  o f



r oo t s  d e c r e a s e d  w h i l e  that  o f  s h o o t  inc r ea sed*  M o h a n k u m a i  et  al  ( 1975)  
R a j e n d r a n  e t  a l  ( 1 9 7 5 )  an d P u s h p a d a s  and  A i y e r  ( 1 9 7 5 )  s ep a r a t e l y  tested 
the e f f i c i e n c y  o f  K in e n h a n c i n g  t u b e r  y ie l d in c a s s a v a  a nd  r ep o r t e d  that  
e n h a n c e d  r a t e s  ol  K a p p l i c a t i o n  a u g m e n t e d  y i e l d  ol c a s s a v a  t u b e r s  A 
l i n e a r  y l e l d  i n c r e a s e  d u e  to a p p l i c a t i o n  o f  N P a n d  K w a s  o b s e r v e d  in 
c o l o c a s i a  by  P i i l a i  ( 1 9 7 5 )  A s h o k a n  a n d  S r e e d h a r a n  ( 1 9 7 7 )  r e p o r t e d  a 
p r o g r e s s i v e  i n c r e a s e  in t u b er  y ie l d  u p t o  112 5 kg level  ol K 20  b e y o n d  
w h i c h  t h e r e  w a s  a s i g n i f i c a n t  r e d u c t i o n  Yi e l d  i n c i e a s e  w i t h  i n c r e a s e d  
ra t es  o f  K a p p l i c a t i o n  has  a l so  b ee n  r ep o r t e d  by N a n  ct  a l  (I 9 8 0)  A s h o k a n  
an d  N a i r  ( 1 9 8 2 )  A i y e r  an d P r a b h a k u m a r i  ( 19 8 3 )  N a i r  a nd  M o h a n k u n i a r  
( 1 9 8 4 )  N a i r  a n d  A i y e r  ( 1 9 8 5 )  J i m e n e z  ( 1 9 9 0 )  H o w e l e r  a n d  C a d a v i d
( 19 9 0 )  S u g i t o  a n d  G u r i t n o  ( 19 9 1)  in c a s s a v a  G u p t a  ( 1 9 9 2 )  S h a r m a  and 
E z e k i e l  ( 1 9 9 3 )  a n d  S i n g h  et  a l  ( 1 9 9 3 )  in p o t a t o  B u t  R a j a n n a  et  al
( 1 9 8 7 )  c o u l d  n o t  g et  a ny  s i g n i f ic a n t  y i e l d d i f l e r e n c e  wi th  i n c i c n s c d  levels  
o f  K 20  in p o t a t o  H e d g e  e t  a l  ( 19 8 6 )  a n d  C h a k r a b a r t h y  et  a l  ( 19 9 3)  
c o u l d  g e t  i n c r e a s e d  y ie l d  in s w e e t  p o ta t o  A s h o k a n  et  a l  ( 1 9 8 4 )  no ted  
a q u a d r a t i c  r e s p o n s e  to K a p p l i c a t i o n  in s w e e t  p o t a t o  t ub er s

A r e d u c t i o n  in  y i e l d  w a s  g e n e r a l l y  n o t i c e d  w i t h  i n c r e a s e d  
c o n c e n t r a t i o n  o f  N a  in the g r o w t h  m e d i u m  M a l i w a l  a n d  Pa l iw al  ( 19 7 9)  
o b s e r v e d  t ha t  the  tap  r o o t  y ie l d  o f  c a r r o t  a nd  r ad ish  r e g u l a r l y  d e c r e a s e d  
w i th  i n c r e a s e  in sa l t  c o n c e n t r a t i o n  H o w e v e r ,  c a r r o t  a p p e a r e d  to be  s l ight ly 
m o r e  sa l t  t o l e r a n t  t han  r ad ish

T h e  e f f e c t s  o f  s a l in i ty  on p la n t  g r o w t h  a nd  t u b e n z a t i o n  in c a ss a v a  
was  s tu d i e d  by I n d n a  ( 19 7 8 )  T h e  r esu l t s  s u g g e s t e d  t ha t  the p lan t s  were  
s u b j e c t e d  to t o x i c i t y  h o r n  2 0 0 0  p p m  o n w a r d s  r e su l t i n g  in l e t a r d a t i o n  ol 
p l an t  g r o w t h  a n d  t u be r  in i t i a t ion

Hi
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An i n v e r s e  r e l a t i o n s h i p  of t u b er  y ie l d  wi th  N a  w a s  a l so  n o t i c ed  by 
A b d u l l a h  a n d  A h m a d  ( 1 9 9 0 )  a n d  M a n g a l  et  a l  ( 1 9 9 3 )  in p o t a t o  In var ious  
o t h e r  c r o p s  a y i e l d  r e d u c t i o n  w i th  i n c r e a s e d  N a  c o n c e n t r a t i o n  in the r oot ing
m e d i u m  has  b e e n  r e c o r d e d  by  M a n g a l  et  al  ( 1 9 8 6 )  in c o r i a n d e r  a n d  fennel

V  11 £  -  Or -
Q a d a r  ( 1 9 8 8 )  in A t n p l e x  a w n / t  o / « ^ R a h i m  ( 19 8 8 )  in s p r i ng  w h e a t  A l am  
e t  a l  ( 1 9 8 9 )  in t o m a t o  H o c k i n g  ( 1 9 9 3 )  in s o r g h u m  a n d  O a r g  et  al  
( 1 9 9 3 )  in I n d i a n  m u s t a r d

A s i g n i f i c a n t  i n c i e a s e  in y i e l d  by  N a  a p p l i c a t i o n  h a s  a l s o  been 
r e p o r t e d  by s e ve r a l  w o r k e r s  H ol t  a n d  Volk ( 19 4 5 )  r e p o r t e d  an i n cr ea se  
in bol l  y i e l d  ol  c o t t o n  w i th  a p p l i c a t i o n  ol  N a  S t o i a g c  m o t  w e i g h t s  ol 
s u g a r b e e t  p l an t s  l ow  in K w e r e  s i g n i f ic a n t ly  i n c r e a s e d  as the N a  supply  
w as  i n c r e a s e d  in t he  c u l t u r e  m e d i u m  ( S a yr e  and  S h a f e r  1944 S a y i e  and 
Vi t turn,  1949 ,  C r o w t h e r  a nd  G a r n e r  1951 a nd  El S h e i k h  et  a l  1967)

T h e  r e s p o n s e  o f  r ed  b e e t s  s ug ar  b ee t s ,  r u t a b a g a s  c a r r o t s  ce ler y  
c o r n  b a r l e y  o a t s  a l f a l f a  a n d  p o t a t o e s  to a d d i t i o n s  o f  N a  in n u t u e n t  
so lu t i o n s  w a s  i n v e s t i g a t e d  in h y d r o p r o m c s  an d f i e l d  tes t s  by T i u o g  ct  al  
( 1 9 5 3 )  T h e  y i e l d  o f  b e e t s  r u t a b a g a s  c a r r o t s  a n d  c e l e r y  w e r e  n o t a b l y  
i n c r e a s e d  b y  a d d i t i o n  o f  N a  b u t  c o r n  a l f a l f a  a n d  p o t a t o e s  r e s p o n d e d  
o n l y  s l i gh t l y  b a r l e y  a n d  o at s  w e r e  i n t e r m e d i a t e  in r e s p o n s e

In t he  t r i a l s  c o n d u c t e d  by  T r u o g  et  a l  ( 19 5 3 )  the  h i g h e s t  y ie l ds  
for  r ed  b e e t s  c a r r o t s  r u t a b a g a s  c e l e r y  b a i l e y  a n d  o a t s  w e r e  obt  l ined 
w h e n  N a  a n d  K w e r e  s u p p l i e d  t o g e t h e r  m the  r oo t in g  m e d i u m  as  fer t i l i zers  
In t a bl e  b e e t s  L a r s o n  a n d  P i e n e  ( 1 9 5 3 )  a nd  in o a t s  C o p e  e t  al  ( 19 53 )  
a l so  o b t a i n e d  the s a m e  r esu l t s  C o o p e r  et  a l  ( 1 9 5 3 )  f ou nd  t ha t  30 lbs of  
K 20  a l o n g  w i t h  10 lbs  ol  N u t O  p i o d u c e d  the h i g h es t  y i e l d  in co t t on  T he
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s t o r a g e  l o o t  w e i g h t  of  p la n t s  111 s ug a r  b ee t s  h ig h  in K i n e i e a s e d  s i gn i f i ca n t ly  
w i t h  an i n c r e a s e  ot  N a  s u p p l y  in t r i a l s  c o n d u c t e d  by El  S h e i k h  el al  
( 1 9 6 7 )  S i m i l a r  o b s e r v a t i o n s  w e r e  m a d e  by  D r a y c o t t  et  al  ( 1 9 7 0 )  111 
c o c o n u t  a l so  it  w a s  r e p o r t e d  f rom K e r a l a  by  P r c m a  et  a l  ( 19 8 7 )  that  an 
i n c r e a s e  o f  104 15% in y i e l d  was  o b t a i n e d  w h e n  5 0 %  K w a s  su bs t i t u t ed  
w i t h  N a

2 8 4 C ooking  quality

In c a s s a v a  v a r i e t y  H 97 a p p l i c a t i o n  o f  K at  the  h i g h e s t  leve l  o f  
150  k g / h a  h a d  r e s u l t e d  in  an  a p p r e c i a b l e  i n c r e a s e  in c o o k i n g  q u a l i t y  
( A s h o k a n  an d S r e e d h a r a n ,  1977)

In a g r e e m e n t  to the  a b o v e  f i nd in g  N a i r  et  al  ( 1 9 8 0 )  r e po r t e d  that  
t r e a t m e n t s  w i t h o u t  p o t a s h  o r  h a l f  the n o r m a l  q u a n t i t y  w e r e  in g e n e i a l  
b i t t e r  to t a s t e

2 .9  Q u a l i ty  a t t r ib u t e s

It  is w i d e l y  r e c o g n i s e d  t h a t  K c a n  i m p r o v e  the  q u a l i t y  o f  c r o p  
p r o d u c e s  A n  e x t e n s i v e  a m o u n t  of  l i t e ra tu re  on this a s p e c t  is av a i l ab le  
B u t  s o m e  w o r k s  on N a  f e r t i l i za t i on  in a dd i t i o n  o r  in p l ac e  o f  K r evea l  
th a t  q u a l i t y  is a l so  a d v e i s e l y  a i l e c t e d  o r  i m p i o v e d  by Na

2 9.1 Starch

K is t h o u g h t  to p lay  a d e l i m t e  l o l e  in s t a ich  b i o s y n t h e s i s  K ll 
d e f i c i e n t  in t h e  p l a n t  s o l u b l e  c a r b o h y d r a t e s  a n d  r e d u c i n g  s u g a r s  
a c c u m u l a t e  s t a rc h  a nd  g l y c o g e n  s yn t h e s i s  a i e  i mp a i r ed
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P u s h p a d a s  a n d  A i y er  ( 19 7 5 )  s tu d ie d  t he  q u a l i t y  a s p e c t s  ol c a ss a v a  
a nd  r e p o r t e d  t ha t  a pp l i c a t i o n  o f  K i nc r e a s e d  the s t a ic h  c o n t e n t  ol tubers  
Pi l l ai  ( 1 9 7 5 )  a l so  o b t a i n e d  the s a m e  resu l t  in c o l o c a s i a  Bu t  o n l y  a s l ight  
i n c r e a s e  in s t a r c h  c o n t e n t  c o u l d  b e  o b s e r v e d  in c a s s a v a  by N a i r  et  al
( 19 8 0 )  w i th  e n h a n c e d  l e ve ls  o f  K a pp l i c a t i on

N a i r  a n d  M o h a n  K u m a r  ( 1 9 8 4 )  c o u l d  n ot  g e t  a n y  s i g n i h c a n t
i n c r e a s e  in s t r ac h  by N P K  ap p l i c a t i on

Bu t  R a j a n n a  et  a l  (1987i) g o t  s i g n i f i c a n t  i n c i e a s e  in s t a i ch  c on te nt  
in p o t a t o  A c c o r d i n g  to M o h a n k u m a r  et al  ( I 99 0)  i nc r e a s i n g  leve ls  ot 
K,  C a  a n d  M g  t e n d e d  to i n c r e a s e  the  s t a rc h in c a s s a v a  t ub er s  C o m b i n e d  
a p p l i c a t i o n  o f  N a n d  K r a i s e d  t he  s t a rc h  c o n t e n t  u p to  2 7 %  ( S u g i t o  and 
G ur i t n o ,  1991)

T h e  v a l u e  o f  s o d i u m  in p l an t  n u t r i t i o n  has  b e e n  w i d e l y  d i spu te d  
a nd  i ts b e n e f i c i a l  e l l e c t s  u po n  c ro p s  a rc  no t  wel l  u n d e r s t o o d  H o w e v e r  
r o o t  c r o p s  s e e m  to b e  b e n e h t t e d  by N a  ( T i u o g  et al  1953)  B u t  in an 
e x p e r i m e n t  by N a i r  et  a l  ( 19 8 0 ) ,  t he  s t a r c h  c o n t e n t  o f  c a s s a v a  tuber  
w a s  n ot  a f f e c t e d  b y  d i f f e re n t  l eve l s  o f  NaCI

In T r i t u u m  a e s t i v u m  L P a r a s h e r  a n d  Vat in a  ( 1 9 8 7 )  l o u n d  that  
s a l i n i ty  a t  6 m m h o s / c m  i n c r e a s e d  the  s o l u b l e  c a r b o h y d r a t e  c o n t e n t s  in 
leave> e s p e c i a l l y  in f lag  l e a f  In a s t u d y  c o n d u c t e d  by  S h a d d a d  et al
( 1 9 8 8 )  o n t he  a l l e v i a t i o n  of the a d v e r s e  e f f e c t s  o f  s a l i n i t y  o n n i t r o g e n  
f e r t i l i z a t i o n  f o u n d  t h a t  t he  c a r b o h y d i a t e  c o n t e n t s  w e i e  v a r i a b l e  u n de r  
d i f f e r e n t  s a l in i ty  t r e a t m e n t s
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T h e  s t u d i e s  b y  F o u g e r e  e t  al  ( 1 9 9 1 )  p r o v e d  tha t  0 15 M NaCI  
t r e a t m e n t  i n c r e a s e d  t h e  t o t a l  c a r b o h y d r a t e s  in M t d i c  a g o  s a t n a  L A 
r e d u c t i o n  in c a r b o h y d i a t e  c o n t e n t  w as  n o t i c ed  by  Radi  et al  ( 19 89 )  in 
m a i z e

2 9.2 Protein content

R e c e n t  r e f i n e m e n t s  in  b o t h  p h y s i o l o g i c a l  a n d  b i o c h e m i c a l  
i n v e s t i g a t i o n s  h a v e  p r o v i d e d  an o p p o r t u n i t y  f or  c o n s i d e r a b l e  i ns ig ht  into 
the r ol e  ol  u n i v a l e n t  c a t i o ns  in the  p ro te in  s y n t h e s i z i n g  m e c h a n i s m

C o n s i d e i a b l e  n u t r i t i o n a l  e v i d e n c e  i n d i c a t e s  t h a t  K d e f i c i e n c y  in 
s ev e ra l  d i f f e r e n t  k in d s  o f  o r g a n i s m s  r esu l t s  in i m p a i i e d  p ro t e i n  sy nt hes i s

P i l l a i  ( 1 9 7 5 )  s h o w e d  t h a t  in t he  c a s e  ol c o l o c a s i a  the  p ro t e i n  
c o n t e n t  g a v e  a p o s i t i v e  r e s p o n s e  to a d d e d  K R a j a n n a  et  aI  ( 19 8 7)  and 
S h a r m a  a n d  E z e k i e l  ( 1 9 9 3 )  a l so  a g r e e d  t ha t  K a u g m e n t e d  the c r ud e  
p r o t e i n  c o n t e n t  in p o t a t o  t u b e r s  B u t  c o n t r a r y  to the  a b o v e  r esu l t s  
P u s h p a d a s  a nd  A i y e r  ( 19 7 5 )  r e p o r t e d  t ha t  t he  a pp l i c a t i o n  ol K d e c i e a s c d  
c r u d e  p r o t e i n  c o n t e n t  in c a s s a v a  t uber s  L a te r  a g r a d ua l  r e d u c t i o n  in the 
c r u d e  p r o t e i n  c o n t e n t  o f  t ub e r s  o f  c a s s a v a  v a r i e t y  H 97  w i th  i n c r e a s e d  
le ve ls  o f  K w a s  r e p o r t e d  by A s h o k a n  a nd  Sr ee dh ar a i i  in 1977

Var io us  w o r k e r s  s u g g e s t  that  e v e n t h o u g h  N a  c a n n o t  w h o l l y  i cp l acc  
in i ts  r o l e  in e n z y m e  a c t i v a t i o n  l ow  c o n c e n t r a t i o n s  o f  N a  is f o u n d  to 
s t i m u l a t e  the  p ro t e i n  s y n th es i s

E x p e r i m e n t a l  e v i d e n c e  in thi s  a s p e c t  h a v e  b e e n  p r o v i d e d  by  R e d d y  
and  Ver a  ( 19 8 5 )  In th ei r  s tu di es  0 2 % sa l in i ty  s l i gh t l y  m c i e a s c d  the leal
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p ro t e i n  c o n t e n t  o f  b a j r a  l e a ve s  at  al l  s t ag es  c o m p a i e d  to tha t  o f  con t r ol s  
Jo sh i  ( 1 9 8 7 )  a l so  r e p o r t e d  that  the tota l  N a n d  p ro te in  c o n t e n t  in Ca janus  
c a j a a  i n c r e a s e d  u n d e r  NaCI  s a l in i ty  w h i l e  t h es e  d e c r e a s e d  u n d e r  N u t S O j  
sa l i n i ty  A b d u l l a h  an d A h m a d  ( 19 9 0 )  f o u n d  an i n c r e a s e  m  total  p ro t e i n  of  
p o t a l o  p l a n t  at  0 5 % s a l in i ty  bu t  d e c r e a s e d  at  1%

A c c u m u l a t i o n  ol a m i n o  ac id s  d u e  to sa l i n i ty  h a v e  b ee n  r ep o r t e d  by 
Lai  an d B h a r d w a j  ( 1 9 8 7 )  in f ield pea ,  P a r a s h e r  an d V ar ma ( 19 8 7 )  in wh ea t  
a n d  k i d n e y  b e a n  p l a n t  a nd  J a y a k u m a r  ct  a l  ( 1 9 9 2 )  in s u n l l o w e r

N o w a k o w s k i  (1 97 I ) s t u d i e d  the r e p l a c e a b i l i t y  o f  K by  N a  in I tal ian 
r y e g r a s s  a n d  o b s e r v e d  i n c r e a s e  in p ro t e i n  n i t r og en  by a dd i t i o n  o f  Na and 
K  t o g e t h e r  J o h a m  a n d  A m i n  ( 1 9 6 5 )  a l s o  m a d e  s i m i l a r  o b s e r v a t i o n  in 
c o t t o n  p l an t s

2 9 3 HCN content

C y a n o g e n e s i s  h as  b ee n  e x t e n s i v e l y  s t u d i e d  in m a n y  p la n t s  b ec au se  
o f  the p o s s i b l e  t ox ic  e f f ec t  o f  this d ea d l y  p o i s o n  on m a m m a l s

T h e  e f f e c t  o f  K a p p l i c a t i o n  on the  g e n e s i s  a n d  d i s t r i b u t i o n  o f  
H C N  c o n t e n t  in c a s s a v a  p l an t  a nd  t ub er s  h a v e  b ee n  a foca l  t h e m e  o f  s tudy 
till d a t e  b u t  no  c o n c l u s i v e  resu l t  h a v e  b ee n  e m e r g e d

A s  e a r l y  as  1 9 54  B o l h u i s  s u g g e s t e d  t h a t  d r o u g h t  a n d  K 
d e f i c i e n c y  i n c r e a s e d  t he  l i n a m a r i n  c o n t e n t  o f  c a s s a v a  t ub er s  K ur ie n  et  
al  ( 19 7 5 )  o p i n e d  that  a pp l i c a t i o n  ol  K a l o n e  o r  m c o m b i n a t i o n  wi th  N 
a n d  P r e d u c e d  the c y a n o g e n i c  g l u c o s i d e s  in c a s s a v a  t ub er s  T h i s  was  in 
c o n f o r m i t y  w i th  the  f i n d i n g  o f  P u s h p a d a s  a n d  A i y e r  ( 19 7 5 )  A s h o k a n  and
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S r e e d h a r a n  ( 1 9 7 7 )  a n d  N a i r  e t  a l  ( 1 9 8 0 )  M o h a n k u m a r  c t  a l  ( 1 9 7 0 )  
r e p o r t e d  t h a t  i n c r e a s i n g  l e v e l s  o f  K C a  a n d  M g  t e n d e d  to d e c r e a s e  the 
H C N  c o n t e n t  o f  t u b e r s

B u t  A s h o k a n  e t  a l  , ( 1 9 8 8 )  f o u n d  n o  s i g n i f i c a n t  e f f e c t  on the H C N  
c o n t e n t  o f  t u b e r s  in c a s s a v a  at  d i f f e r e n t  l e v e l s  o f  p o t a s s i u m  s u p p l y

O n l y  l i t t l e  i n f o r m a t i o n  is a v a i l a b l e  on  t he  e f f e c t  o f  N a  o n  the  H C N  
c o n t e n t  o f  t u b e r s  N a i r  el  a l  ( 1 9 8 0 )  s t u d i e d  t he  e l l e c t  ol  d i l l c i c n t  
l e v e l s  o t  N a C I  on  t h e  H C N  c o n t e n t  o f  c a s s a v a  t u b e r s  a n d  r e p o r t e d  that  
N a C I  h a d  n o  p a r t i c u l a r  i n f l u e n c e  o n  t h e  H C N  c o n t e n t  L e o n o v a  a n d  
C h e r e p e n y a  ( 1 9 8 9 )  s t u d i e d  t he  f r e e  a n d  b o u n d  C N  in b a r l e y  g r o w n  in 
s a l i n e  m e d i u m  a n d  o b s e r v e d  t h a t  t h e  f r e e  C N  l e v e l  d e c r e a s e d  a t  h i gh  
N a C I  c o n c e n t r a t i o n  in t he  m e d i u m

2 .9 .4  A m in o  acids

In t h e  s y n t h e s i s  u t i l i s a t i o n  o r  a c c u m u l a t i o n  o f  a m i n o a c i d s  the  
u n i v a l e n t  c a t i o n s  a r e  t h o u g h t  to  p l a y  an i m p o r t a n t  r ol e

It w a s  s h o w n  b y  E v a n s  a n d  W i l d e s  ( 1 9 7  1) t ha t  the  p r o t e i n  s y n t h e s i s  
w a s  b l o c k e d  b y  t he  d e f i c i e n c y  o f  K w h e r e b y  a m i n o a c i d s  a c c u m u l a t e

N g u y e n  e t  a l  ( 1 9 7 2 )  d e m o n s t r a t e d  t ha t  a p p l i c a t i o n  o f  K f e r t i l i s e rs  
d i m i n i s h e d  to ta l  t r e e  a m i n o a c i d s  in l u c e r n e  T h e  e n h a n c e d  p o t a s h  i n c r e a s e d  
t h e  r a t e  of  u t i l i s a t i o n  ol  t h e s e  a m i n o a c i d s  in p r o t e i n  l o r m a t i o n  t h e r e b y  
p r e v e n t i n g  t h e n  a c c u m u l a t i o n  S i m i l a r  o b s e r v a t i o n s  w e r e  r e p o r t e d  by 
V a i t h i l i n g a m  ( 1 9 7 5 )
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T h e  m l l u e n c e  o f  low s ub s t r a t e  N a  l e ve ls  u p o n  the  f i e e  a m i n o a c i d  
c o n t e n t  o f  c o t t o n  l e a v e s  w a s  e x a m i n e d  by P l u n n e k e  a n d  J o h a m  ( 19 7 2)  
A c c o i d i n g  to t h e m  leve l  o f  s u bs t r a t e  N a  h ad  a g re a t  e l l e c t  upo n sever ' d  
f ree  a m i n o a c i d s  p a r t i c u l a r l y  a sp a r a g i ne ,  m e t h i o n i n e  a nd  a i g i n m o s u c c m i c  
ac id  R a o  a n d  Ra o ( 19 7 9 )  a l so  m a d e  a s i m i la r  r ep o r t  in g i o u n d n u t  l eaves  
W h i l e  s t u d y i n g  the  e f fe c t  o f  s a l in i ty  on p ro t e i n  m e t a b o l i s m  in Ba j ra  l eaves  
R e d d )  a n d  Vora  ( 1 9 8 5 )  o b s e r v e d  a c o n s i d e r a b l e  i n c r e a s e  in f ree  a m i n o  
a c i d  c o n t e n t  a n d  s i m u l t a n e o u s  e n h a n c e m e n t  in p i o t e a s e  a c t i v i t y  und ei  
sa l ine  c o n d i t i o n s  a nd  s u g g e s t e d  that  the a c c u m u l a t i o n  ol i i e e  a m i n o a c i d s  
m i g h t  be  d u e  to h y d r o l y s i s  ol  p r o t e in  by the e n z y m e  p ro t e a s e

A c c u m u l a t i o n  o f  f ree a m i n o a c i d s  w i th  i n c r e a s i n g  l e ve ls  o f  sa l ini ty  
h a s  b e e n  r e p o r t e d  by La i  a n d  B h a r d w a j  ( 1 9 8 7 )  in f i e l d  p e a  D u b e y  and 
Ra ni  ( 19 8 9 )  in r ice  S h a i m a  et  al  ( 19 9 0 )  in root s  o f  al I al fa

B u t  c o n t r a r y  to  t he  a b o v e  r es u l t s  a d e c r e a s i n g  c o n t e n t  o f  a m i n o  
a c i ds  w i t h  i n c r e a s i n g  sa l i n i ty  h as  a l so  b e e n  r e p o r t e d  by sev era l  w o r ke r s  
S a l a m a  a n d  B a s s e t  ( 1 9 8 7 )  f o u n d  a d e c r e a s e  in the s e e d l i n g  p ro t e i n  and 
a m i n o  a c i d  w i t h  i n c r e a s i n g  s a l i n i t y  in w h e a t  a n d  k i d n e y  b e a n  p lan t s  
K h a n  i t  a l  ( 1 9 8 9 )  a l s o  o b s e r v e d  a s i m i la r  t r end  in s o r g h u m  H o w e v e r  
i n s t a n t  e s  h a v e  b e e n  n o t i c e d  w h e r e  c h a n g e  in s a l i n i t y  l e v e l s  h a d  no 
i n f l u e n c e  on  the  a m i n o a c i d  c o n t e n t  ( R e d d y  1987 an d Yan g et  a l  1990)

Total, R educing  and N on-reducing sugars

K a n d  N a  h a v e  b e e n  r e p o r t e d  to  h a v e  s o m e  i m p o i t a n t  r o l es  in 
d e t e r m i n i n g  the  total  a n d  types  ot  s u g ar s  in d i l l e r c n l  p l an t  spec ies

N a i r  a n d  M o h a n k u m a i  ( 1 9 8 4 )  l e p o i t e d  t ha t  N P a n d  K h i d  no 
s i g n i f i c a n t  e f f e c t  on suga i  c o n t e n t  in s w ee t  p o ta t o  A d e c r e a s e  in sugar
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co n t e n t  wi th  i nc r e a s i n g  leve ls  o f  N a nd  K has  been  o b t a i n ed  by  A shoka n 
et  al  , ( 19 8 4)  S h e e l a  et  a l  , ( 1991)  o b s e r v e d  an in c r ea s e  in sugars  and 
n o n - r e d u c i n g  sugar s  in b a n a n a  wi th  i nc r e a s e d  levi es  o f  K 20  Re duc ing  
su gar  i nc r e a s e d  u pto  5 00  g K 20  S h a r m a  and  Ezek i e l  ( 19 93 )  repor t ed  that  
p ot a t o  v ar i e t i es  d i f fe re d  in thei r  r es po n se  to K ap pl i ca t i on  In cv Kufri  
B a d s h a h ,  t he  to ta l  s ug a r  c o n t e n t  d e c r e a s e d  an d in all  o th e r s  i nc r e a s e d  
wi th  K a pp l i ca t i on

G u e r n e r  ( 19 8 8 )  r ep o r t e d  an i n c r ea s e  in the s ug a r  c on t e n t  o f  the 
s ee d l i ng s  w i th  i n c r ea s e  in NaCI  in t he  g e r m in a t i on  m e d i u m  I nc reased  
su g ar  c on t e n t  o f  the f rui t  j u i c e  o f  t om at o  wi th  i nc r ea sed  levels  ol sal ini ty 
h as  been  r e po r t e d  by A d a m  a nd  Ho  in 1989 C h a n d l e r  et al  , ( 1989)  found 
that  sugar s  a nd  suc r os e  c o n t e n t  o f  su gar  b ee t  i n cr ea sed  s l ight ly  in di rect  
p ro p or t io n  wi th  N a  c o n c en t ra t i o n  A b du l l a h  and  A h m a d  ( 19 90)  al so made  
a s i mi l ar  o b s e r v a t i o n  in p o t a t o  B u t  K h a n  et al  , ( 19 8 9)  o p i ne d  that  the 
red u c i n g  a nd  n o n- r e d u c i n g  su gar  c onte nt s  o f  so r gh u m d ec l i ned  wi t h sal ini ty 
S t ud ie s  on the e f fec t s  o f  sal t  s t r ess  on the c a r b o h y d r a t e  c om p o s i t i o n  of  
al fa l fa  by  F o u g e r e  et  a l  , ( 1991)  s h o w e d  that  sal t  s t ress  d id  en h an ce  the 
total  c a r b o h y d r a t e  c o n t e n t  in n odules  an d r oot s  o f  a l fa l la  S uc ro se  r emai ne d  
t he  p r e d o m i n a n t  c a r b o h y d r a t e  a n d  a c c o u n t e d  f or  3 7 %  at  l e a s t  o f  the 
c a r b o h y d r a t e  p oo l  in n o du le s  an d up to  7 0 % in the roots

T h e r e  are  e v i d e n c e s  to s ug ge s t  that  app l i ca t i on  o f  Na  and  K together  
c a u se d  c h a n g e s  in the c o m p o s i t i o n  a nd  total  c on t en t  o f  sugar s  in plants

T o t a l  s u c r o s e  c o n t e n t  i n c r e a s e d  in t h e  s t o r a g e  r o o t s  w i t h  
a p p l i c a t i o n  o f  N a  a n d  K in s ug a r  b e e t  p la n t s  (El  S h e i k h  et  al  1967) 
Ef f ec t s  o f  N a  a nd  K on the c on te n t s  o f  so lub le  c a rb o h y d r a t e s  in rye grass
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was  s t ud ie d  by N o w a k o w s k i  in 1971 He l o u n d  that  the l ower  rate  ol N 
( 4 0  p p m )  K a n d  N a  d e c r e a s e d  r e d u c i n g  s u g a r s  a n d  i n c r e a s e d  su cr os e  
c o n t e n t  b u t  h a d  l i t t le e f fec t  on  the  f ru ct os an  c on t e n t  o f  r ye gr ass  At  higher  
N leve l s  ( 1 60  p p m )  c o m b i n e d  ap pl i ca t i on  o f  N a  a nd  K i nc r ea s ed  the sugar  
c on t e n t  a n d  p r o d u c e d  m o r e  f ruc t os an  than K a l one

2 .1 0  U p ta k e  o f  n u tr ien ts

T h e  u p ta ke  m e c h a n i s m s  di f fe r  d ra s t i c a l ly  wi th  ionic  af f ini t ies  and 
se l ec t i v i t i e s  o f  the  s pec ies  C a t i on  c om p o s i t i o n ,  sp ec i f i ca l l y  K Na  Ca 
and  M g  o f  p lan t  s pec ies  a nd  pl ant  o rg an s  d e p e n d s  upon the p ro cesse s  of  
a bs o rp t i o n ,  t r a ns p o r t  a nd  a c c u mu l a t i on ,  w hi ch  in turn is r e l a t ed  to each 
s pec ies  a n d  c o m p o s i t i o n  o f  the g ro w i n g  m e d i u m

T h e  e f fec t  o f  K a pp l i ca t i on  on  the up tak e o f  nu t r i en t s  was  s tudied  
b y P u s h p a d a s  et  al  , ( 19 75 )  in c a ss a v a  A c c o r d i n g  to t he m K appl i cat ion  
d e c r e a s e d  the  N c o n t e n t  o f  t i ssues  o f  C a s s a v a  pe t i o l es  F ur t he r  in 1976 
t hey  r e po r t e d  that  in c a ss a v a  wh en  the K c on t en t  o f  the t i s sue o f  pet iole 
in c r e a s e d  wi th  a pp l i ca t i on  o f  K, the N and P c on te n t  d ec r ea se d

K  u p ta ke  in p o ta t o  w as  f o u nd  to inc r ea se  wi th  i n cr ea sed  rates  o f  
its ap p l i c a t i on  ( Sh u k l a  an d Si ngh ,  1976,  R a j a n n a  et  al  1987J U eb e l  ( 1992)  
r e p o r t e d  t ha t  p o t a t o e s  an d s u g a r b e e t  h ad  h ig h a v e r a g e  K r e m o v a l  rates
r e s p o n d i n g  to K f e r t i l i s e r s  I n c r e a s e  in  K u p t a k e  w i t h  e n h a n c e d  K

f (ap p l i ca t i on  has  b ee n  r ep o r t e d  by v ar ious  o th er  sc i ent i s t s  ( Singh  1 g^TFSingh 
et  al  , 1993i>and P ra s a d  1993)

S t u d i e s  in Z e a  m a y s  G l y c i n e  m a x , C i t r u s  j a m b h i r i  a n d  P e r s e a  
a m e r u a n a  by  H u f f a k e r  a n d  Wa l la c e  ( 1 9 5 9 )  s h o w e d  t ha t  a low K level
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s t i m ul a te d  N a  ab s or p t i on  a nd  a h igh  K level  d e c r e as ed  it But  cont rary  to 
this  no  s ig n i f i ca n t  e f fe c t  on N a  was  no ted  by Spi er s  ( 1993)  in the leaves 
o f  b l ac k  b e r ry  wi th  e n h a n c e d  K uptake

A p pl i c a t i o n  o f  K was  f ou n d  to d ec r ea se  the ab so r p t io n  o f  C a  and 
M g  in c a s s a v a  by  M o h a n k u m a r  et al  , ( 19 90 )  R a z m j o o  a nd  K a n e k o  (1993)  
a l so  o b s e r v e d  a r e du c t io n  in C a  a nd  M g  c onte nt s  in r ye gr ass  wi th  e nh anced  
K a p p l i c a t i o n  S p i e r s  ( 1 9 9 3 )  r e p o r t e d  a d e c r e a s e  in M g  c o n t e n t  in 
b l a c k b e r r y  wi th  in c r e as e  in K ap pl i ca t i on  b u t  no  e f fe c t  on  C a  conten t

S p i e r s  ( 1 9 9 3 )  a l so  o b s e r v e d  a d e c r e a s e  in t he  Z n  c o n t e n t  wi th  
e n h a n c e d  u p t a k e  o f  K in the l eaves  o f  b l a c k b e r r y  but  no i n f l u en ce  was 
see n  in the ca se  o f  Cu,  Fe  and Mn

E v e n t h o u g h  the av a i l ab le  r ep or t s  on the e f tec t  o f  N a  on the uptake 
o f  n u t r ie n t s  a re  c o n t r ov er s ia l ,  ther e  is ev ery  r easo n to b e l i ev e  that  this 
u n i v a l e n t  ion has  s o m e  i n f l u e nc e  on the  ab so r p t io n  and  t r ans l oc a t io n  of  
n u t r i en t  e l e m e n t s

In a s t u dy  by He ika l ^(1980)  wi th  castor ,  s u n f l o w e r  and  f lax it was 
f ou n d  that  the N c on te n t  in cr ea sed  upto  40  me/1 NaCI  bu t  dec re ased  at 
h i g h er  leve l s  A n a l y s i s  o f  n i t r ogen  f rac t ions  o f  the r oot  and  sh oo t  of  field 
p e a  a f t e r  15 d a y s  o f  soi l  s a l i n i z a t i o n  by  La i  and  B h a r d w a j  ( 19 8 7)  has 
r e v ea l e d  tha t  co n te n t s  o f  N 0 4 a nd  N H +4 n i t r og en  w e r e  i n cr ea sed  in salt  
f ed  p lant s  w h i l e  the co n te n t s  o f  total  an d prote in  N w e i e  lo wer ed  Parashcr  
and  V ar ma (19 87 )  r ep o r t e d  that  wi th  i nc r ea se  in sa l ini ty  N u pt ak e d ec reased  
in w h e a t  Soi l  s a l in i za t i on  up to  10 m m h o s / c m  w as  f ou nd  to i mp r ov e  the 
N c o n t e n t  o f  p lan ts  ( P a n d e y  and S a x e n a  1987) I nc rease  in N c on te nt  has 
al so b ee n  r e p o r t e d  b y  P o n gs k ul  et al  , ( 19 88 )  and  Pe ssa r ak l i  et al  (1989)
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O h t a  ct  a l  , ( 19 8 8)  f ou n d  that  ap pl ica t i on  o f  N a + at  a c o n c en t ra t i o n  of  0 5 
m M  s i g n i f i c a n t l y  i m p r o v e d  the N O  3 u p t a k e  c a p a c i t i e s  o f  A m a r a n t h u s  
t r i c o l o r  L  see d l i ng s

H e ik a l  et  al  ( 1980)  f ou nd  that  the P c on t e n t  in castor ,  su nf l owe r  
and  f lax i nc r e a s e d  wi th  i n cr ea se  in sa l in i ty  up to  4 0  me/ l  NaCI  but  dec re ased  
at  h i g h e r  l e v e l s  B u t  P a r a s h e r  a nd  V a r ma  r e p o r t e d  in 1987 tha t  wi th 
in c r ea s e  in sa l in i ty  the P u p t ak e d e c r e as ed  T h e  spec i f i c  e f fect  o f  NaCI 
on the u p t ak e  ra te  o f  N O  3 and  or t ho  p h os p h a t e  P was  s tudied  by Si lber bush  
a nd  A s h e r  ( 1 9 8 9 )  T h e  red uc t io n  in ion inf lux w as  n o t i c ed  for  N O  3 whi le 
p h o s p h a t e  inf lux  was  no t  a f fec ted  by NaCI

N aCI  a nd  N a 2S 0 4 h av e  got  di f fe rent ia l  i n f l uen ce  on the K c onte nt  
o f  sal t  s t r es se d  p ea n u t  p l an t s  ( Ch av an  and  Ka r ad ge ,  1980)  Heika l  ct al  
( 19 80 )  r e p o r t e d  an in c r e as e  in K c on te n t  up to  40  me/1 NaCI  a nd  a dec rease  
t h e r ea f te r  Lai  an d B h a r d w a j  ( 1987)  r ep or te d  a d ec r ea se  in K up take  with 
s a l in i ty

A d e c r e a s e  in K u p t a k e  wi th  i n c r e a s e  in s a l i n i t y  h as  a l so  been 
r e p o r t e d  by  P a r a s h e r  a nd  V ar m a ( 19 8 7)  in w h e a t ,  P a n d e y  a n d  S a x e n a  
( 1 98 7 )  in d i f fe ren t  plant s ,  S h a r m a  ( 19 88 )  in wheat ,  Pat i l  et  al  , ( 19 89 )  in 
saf f l ower ,  A l a m  et  al  , ( 198 9)  in tomato ,  Mi l l s  ( 19 89 )  in A s p a r a g u s  and 
W a l ke r  (1 9 8 9 )  in q u a n d o n g  A b du l l a  a nd  A h m a d  ( 19 90 )  r ep o r t e d  that  0 5% 
sa l in i ty  i n c r e a s e d  the  K c o n t e n t  in p ota t o  and  1% level  d e c r e a s e d  it  Watad 
et  al  , ( 19 91 )  al so r ep o r t e d  s imi lar ly

c /Heika l  , (1980) ,  in a s tudy c on d u c t e d  in cas tor  s u nf l owe r  and flax 
f o u n d  t ha t  the  c o n t e n t s  o f  C a  and  M g  i n c r e a s e d  upto  40  me/1 NaCI  but
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d e c r e a s e d  at  h i g h e r  l eve l s  D h i n d w a l  et  al  , ( 1 9 9 2 )  o b s e r v e d  t ha t  low 
leve ls  o f  sa l in i ty  s t im ul a te d  the u p t ak e o f  C a  and  M g  in s tudies  co nd uc t ed  
wi th  b a r le y  s ee dl in gs

O h t a  et  al  , ( 19 88 )  f ound  that  N O  3 u pt ak e was  s t im ul a te d  by 0 5 
m M  ol NaCI  a dd e d  to the cu l tu re  m e d i u m  c on t a i n i n g  KC1

In 1948 A n d r e w s ,  s tu dy in g the re la t ion  o f  s o d i u m  to ava i l abi l i ty  o f  
p h o s p h o r u s ,  r ep o r t e d  that  s od iu m  f er t i l i zer  ad de d  to soi ls  o f  low or high 
av a i l a b l e  K  s ta tus  i n cr ea s ed  y ie lds  o f  cot ton  by i mp r o v i n g  and mai nta in ing  
the ava i l ab i l t iy  o f  soi l  p h o sp h at e

W h e n  N a + an d K + w e r e  p re s en t  in e q u i v a l e n t  c o n c e n t r a t i o n  the 
ra te  o f  a b s op r t i on  o f  K + in ba r ley  i n cr ea sed  ( Ra i ns  a nd  Ep st e i n  1967)  and 
the total  r a te  o f  ab so r p t io n  o f  K + and N a + m ai n l y  r e l l e c t ed  the absorp t ion  
ch a ra c te r i s t i c s  o f  N a + Hi a t t  ( 1969)  r ep or te d  that  equa l  a bso rp t i on  o f  K + 
and  N a + o c c u r r e d  at  a  K N a  ra t io  o f  a pp r o x i m a t e l y  0 5 w h i c h  imp l i e d  a 
s l ig ht  p r e f e r e n c e  f or  K + o v e r  N a + in thi s  c o n c e n t r a t i o n  r a n g e  in bar ley 
r oo t s

W h e n  the  p la n t s  o f  A t n p l e x  a m m c o l a  w e r e  g i ve n  N a C l + K C l  it 
r e t a i n ed  m o s t  o f  the  Cl  in root s  wh i l e  N a + and  K + we re  t r an s l oc a t ed  more 
to the s ho ot  ( Qa da r ,  1992)

E ffe c t  o f  Cl on  p la n t  gro w th

O l l a g n i e r  a n d  O c h s  ( 1 9 7 1 )  r e p o r t e d  t ha t  c o c o n u t  a nd  o i l  pa l m 
b en ef i t t ed  f ro m a pp l i ca t i on  o f  mu r ia te  o f  po tash  an d the b en ef i t  was  due 
to Cl  r a the r  than K
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Ter ry  ( 19 7 7)  o b s e r v e d  a red uc t io n  in p lan t  g ro wt h  in the absence  
o f  Cl  M a n c i o t  et  a l  , ( 19 79 )  r ep o r t e d  tha t  Cl  has a spec i f i c  role  in the 
n u t r i t i o n  a n d  y i e l d  o f  o i l  p a l m  a n d  c o c o n u t  N a i r  ( 1 9 8 1 )  r e p o r t e d  
f a v o u r a b l e  r e s p o ns e  in oil  p a l m to the add i t ion  o f  Cl

C o n t r a r y  to the a b o v e  f in d in g s  S yv e r t s e n  e t  a l  ( 19 8 8)  r ep or te d  
that  t r e a t m e n t  wi t h  20 ml  m 3 Cl  l ow er ed  LAI  o f  al l  c i t rus  t rees  by  more 
than 5 0 % S h a r m a  e t  a l  , ( 19 90 )  r ep or te d  that  in po t  t r ials  p re d o mi n a n c e  
o f  Cl  a n d  S 0 4 types  o f  sa l i n i ty  r e d u c e d  the  c h l o r o p h y l l  c a r b o h y d r a t e  
s t a rch  and  pro te i n  c on t en t  o f  l eaves  in 2 c h i c k p e a  cu l t ivar s  D ecr ea se  in 
p l an t  d ry  w i e g h t  an d i n cr ea s ed  def ol i a t ion  d ue  to a h igh ch lo r i de  conten t  
has  b ee n  r ep o r t e d  by B a n ul s  and  P r im o  mi l l o ( 19 92 )  in Ci t rus

2.11 So i l  a v a i la b le  n u tr ie n ts

B h a r g a v a  e t  a l  , ( 1 9 9 2 )  w h i l e  s t u d y i n g  t he  d y n a m i c s  o f  a d d e d  
p o ta s s i u m  in a red  soi l  u n d e r  b a n a n a  p l an t at ion ,  r e po r t e d  t ha t  K appl ica t i on  
a t  r a t e s  o f  0 2,  0 4  o r  0 8 kg  K 20 / p l a n t  i n c r e a s e d  b o t h  r e a d i l y  a nd  
p o te n t i a l ly  av a i l a b l e  f o r ms  o f  K in the soi l  A p pl i c a t i on  o f  0 2 kg K 20 /  
p la n t  i n c r e a s e d  the s um o f  w a t e rs o lu b le  an d e x c h a n g e a b l e  K

S i n g h  et  a l , ( 19 93 )  s tud ied  K - N a  e x c h a n g e  e qu i l i b r i a  at  15°C and 
2 5° C in t h r ee  d o m i n a n t  soi l s  o f  C h a m b a l  C o m m a n d  a nd  r ep o r t e d  a higher  
p r e f e r e n c e  o f  N a  to  K b y t h e s e  so i l s  In a f i ve  y e a r  e x p e r i m e n t  wi th 
S o r g h u m  W h e a t  c r o p p i n g  s y s t e m ,  R a o  et  a l  ( 1 9 9 3 )  f o u n d  a
d e c r e a s e  in s u b s u r f a c e  soi l  K wh en  K was  no t  ad d e d  A dd i t i on  o f  o p t imu m 
a m o u n t  o f  K r e su l t e d  in d e c r e as e  o f  a v a i la b l e  K by  1 8 kg ha 1 w her eas  
h ig h ra te  r a i se d it by  146 kg ha  1
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B a l  a n d  D u t t  ( 19 8 7 )  r e p o r t e d  t ha t  wi th  i n c r e a s e  in soi l  sa l in i ty  Na  
a n d  Cl  e x c r e t i o n  i n c r e a s e d  g r a d u a l l y  b u t  in c a s es  o f  K C a  a nd  M g  there  
w a s  n o t  m u c h  i n c r e a s e  o v e r  c o n t r o l  B a j w a  et  a l  , ( 1 9 9 3 )  f o u n d  t h a t  
l e a c h i n g  w i t h  s a l i ne  w a t e r s  r e s u l t e d  in the  r e l e a se  o f  e x c h a n g e a b l e  K and 
h e n c e  i n c r e a s e d  its c o n c e n t r a t i o n  in t he  e f f l u e n t  s a m p l e s  S u c h  t rend s  
w e r e  p a r t i c u l a r l y  m o r e  p r o n o u n c e d  in s a n dy  l o a m  soi l

P r e m a  et  a l  , ( 1 9 8 7 )  r e p o r t e d  t ha t  to ta l  N,  a v a i l a b l e  P N a  and  Cl 
e x c h a n g e a b l e  C a  a n d  M g  d id  n ot  d i f fe r  d u e  to the  i n f l u e n c e  o f  N a  and 
K t r e a t m e n t s  in the  soi l
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MATERIALS AND METHODS

F i e l d  e x p e r i m e n t s  to e v a l u a t e  t h e  p o s s i b i l i t y  o f  s u b s t i t u t i o n  o f  
M O P  by  c o m m o n  sa l t  w e r e  c a r r i e d  o u t  f or  t w o  c o n s e c u t i v e  s e a s o ns  ol 
1 9 9 2 -9 3  a n d  1993 9 4 at  t he  I n s t r u c t i o n a l  F a r m  C o l l e g e  ol  A g r i c u l t u r e  
V e l l a y a n i  T h e  d e t a i l s  o f  t he  e x p e r i m e n t a l  s i t e  s e a s o n  a n d  w e a t h e r  
c o n d i t i o n s  m a t e r i a l s  u s e d  a n d  m e t h o d s  a d o p t e d  d ie  p r e s e n t e d  in thi s  
c h a p t e r

3 .1  E x p e r i m e n t a l  s i te

3.1.1 Location

T h e  I n s t r u c t i o n a l  F a r m ,  Ve l l a ya n i  is l o ca t e d  at  8°  30  N l a t i tude 
a nd  7 6 °  5 4 ’ E  l o n g i t u d e  a nd  at  29  m a b o v e  M S L

3.1 .2  Soil

T h e  soi l  o f  t h e  e x p e r i m e n t a l  s i t e  c o m e s  u n d e r  the  orde i  Ox iso l  
T h e  s o i l  b e l o n g s  to  t h e  f a m i l y  o f  L o a m y  s k e l e t a l  K a o l i n i t i c  
I s o h y p e r t h e r m i c  t l a p l u s t o x

T h e  p h y s i c a l  a n d  c h e m i c a l  c h a r a c t e n s t i c s  ol  t he  soi l  w h e r e  the 
e x p e r i m e n t  w as  c o n d u c t e d  are  g iv en  in t able  1

3 .2  S e a s o n

T h e  e x p e r i m e n t s  w e r e  c o n d u c t e d  d u r i ng  the m a i n  c a s s a v a  p l an t ing  
se a s o n  o f  M a y  to M a r c h  in 1992 93 an d 1993 94



3.3 W e a t h e r  c o n d i t io n s

T h e  m e a n  an n ua l  r a inf a l l  ot  the lo ca t io n  w as  1858 m m  The 
m e a n  a n n u a l  m a x i m u m  a n d  m i n i m u m  t e m p e r a t u r e s  w e r e  30 3 “ and  
23 0 2 ° C  r e s p e c t i v e l y  M o n t h l y  d i s t r i b u t i o n  o t  r a in f a l l  a n d  t e m o e r a t u r e  
p re v a i l e d  d u r i n g  t he  c r o p p i n g  p e r i o d  in b o t h  the  vea rs  are dep ic ted  in 
Fig 1 a n d  2

3 .4  M a t e r ia l s

3 4 1 P lanting material and variety

T h e  p l a n t i n g  ma t e r i a l  o f  the c a s s a v a  v ar i e t y  M 4 ( M a l a y a n  4) was 
o b t a i n e d  f r o m  the C e n t r a l  T u b e r  C r o p s  R e s e a r c h  I ns t i t u t e  S re e h a r v a m  
M 4 i s  a s e m i  b r a n c h i n g  c u l t i v a r  i n t r o d u c e d  f r o m  M a l a y s i a  D u e  t o  its 
s u p e r i o r  c o o k i n g  q u a l i t y  it  is  a v e r y  p o p u l a r  c u l i n a r y  v a r i e t y  w i d e l y  
cu l t i va te d  in K e r a l a  It is a l on g  d ur a t io n  v ar i e t y  o f  ten m o n t h s  durat ion

3 4.2 Fertilizers

F e r t i l i ze r s  and  m a n u r e s  u s ed  f or  the e x p e r i m e n t  w e r e  an a ly s ed  and 
p r e s e n t e d  m  T a b l e  2 Ca t t l e  m a n u r e  w as  a p p l i e d  @ 12 5 t /ha  N and 
P 2 0 5  w er e  a p p l i e d  as p er  the r e c o m m e n d a t i o n s  o f  P a c k a g e  o f  Prac t ices  
K was  a p p l i e d  as p e r  t r e a t m e n t  W o o d a s h  w a s  a p p l i e d  @ 2 0 0  kg /ha  to 
su ub s t i tu t e  t o r  25 k g / h a  K

3.5 M e th o d s

3 5 1 Design and lavout of  the experiment
D e s i g n  R a n d o m i s e d  B l o c k  D e s i gn
Var ie t v  - M  4
R e p l i c a t i o n  - 4
T r e a t m e n t s  - 7
P l o t  s i ze  - 5 2 5 m  x 4 5 m
N e t  p lo t  - 3 7 5 m  x 3m
S p a c i n g  7 5 c m  x 7 5 c m



1 reatments
1 T |  Fu l l  r e c o m m e n d e d  d o s e  ( 1 0 0 % )  o f  K as M O P
2 T 2 7 5 %  K as M O P  + 2 5 %  K r e p l a c e d  by N a  o f  c o m m o n  sal t
3 - 5 0 %  K as M O P  + 5 0 %  K r e p l a c e d  by N a  ol  c o m m o n  sal t
4 T 4 2 5 %  K as M O P  + 7 5 %  K r e p l a c e d  by Na  o f  c o m m o n  sal t
5 T 5 1 00 % K r e p l a c e d  by N a  o t  c o m m o n  sal t
6 T & 5 0 %  K as W o o d  ash  + 5 0 %  K r e p l ac e d  by Na  ol c o m m o n  sal t
7 T ? 5 0 %  K  as K H C O ,  + 5 0 %  K r e p l a c e d  by  N a  o f  N a H C 0 7

T h e  l a y o u t  p lan  of  the  e x p e r i m e n t  is p r e s e n t e d  in Fig 3

3 .6  B io m e t r i c  o b s e r v a t io n s

T h e  f o l l o w i n g  b i o m e t r i c  o b s e r v a t i o n s  o f  the  p l an t s  u n d e r  d i f f e r en t  
t r e a t m e n t s  w e r e  r e c o r d e d  at  t wo  m o n t h s  i n t e r v a l s  A p l an t  w as  s e l ec t ed  
f r o m  e a c h  p l o t  a n d  o b s e r v a t i o n s  w e r e  ta ke n  f ro m tha t  p l an t

3.6 1 P lant height

H e i g h t  o f  the  s t e m  w a s  m e a s u r e d  f ro m the b a se  o f  the s p r ou t  to the 
t e r m i n a l  b u d

3.6.2 N um ber o f  functional leaves per plant

T h e  tota l  n u m b e r  o f  f un c t i o n a l  l e a ve s  in the  p la n t  at  t he  s am p l i n g  
t i me  w a s  c o u n t e d

3 6.3 L ea f  Area Index

3^

T h e  l ea f  a r e a  w as  m e a s u r e d  us in g the L e a f  A r e a  M e t e r  (1 I C O R



34

M o d e l  3 1 0 0  A r e a  M e t e r )  a n d  the l e a f  a r e a  in dex  w as  c a l c u l a t e d  by the 
f o l l o w i n g  f o r m u l a  d e v e l o p e d  by Wa t so n  ( 19 4 7)

L e a f  a r e a / p l a n t  ( c m 2)I i A 1 — ^L a n d  a r e a  o c c u p i e d  by  the  p la n t  (cm*)

3 6.4 Root vo lum e at 2 MAP

V o l u m e  o f  t he  r oo ts  at  2 M A P  w as  m e a s u r e d  by w a t e r  d i s p l a c e m e n t
m e t h o d

3.6 5 N um ber o f  tubers

T h e  t ub e r s  f r o m  the o b s e r v a t i o n a l  p l a n t  w e r e  s e p a r a t e d  a n d  co u nt e d

3.6.6 Length  of  tubers

L e n g t h  o f  al l  t he  tu b er s  w e r e  m e a s u r e d  a nd  the a v e r a g e  taken

3.6 7 Girth o f  tubers

G i r t h  m e a s u r e m e n t s  w e r e  r e c o r d e d  f r o m  t he  m i d d l e  an d e n d  po rt i on s  
o f  the  t u b e r s  a n d  t he  a v e r a g e  w as  c a lc u l a t e d

3.6.8  Tuber yie ld

A f t e r  c a r e f u l l y  p u l l i n g  out  the  p la n t s  f rom the  soi l  t he  t ub er s  wer e  
s e p a r a t e d ,  c l e a n e d  a n d  the  f res h  w e i g h t  r e c o r d e d

3.6 9 Cook ing  quality

T h e  c o o k i n g  q u a l i t y  ol t ub er  w as  a s s e s s e d  by a t a s t e  p an e l  ( P r e ma  
et  a l  1 9 7 5 )  on  a d i s c r e t e  s c a l e  w i t h  f i v e  p o i n t s  T h e  b e s t  t a s t e  w as
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a s s e s s e d  as  s w e e t  a n d  w a s  a l l o t t e d  a s c o r e  ol  4  T h e  o t h e r  s c o i c s  in 
d e c r e a s i n g  o r d e r  o f  t a s t e  we r e  p o w d e r y  s w e e t  (3)  s t a i c h y  (2)  bi t tei  ( I )  
an d w a t e r y  b i t t e r  (o)  T ex tu r e  w as  a l so  r e c o r d e d  to d e t e r m i n e  the overal l  
a c c e p t a b i l i t y

3 .6 .10  S h e lf  life o f  tubers

F i f t e e n  t u b e r s  f r o m  e a c h  t r e a t m e n t  w e r e  h a r v e s t e d  c a r e f u l l y  
w i t h o u t  a n y  d a m a g e  B o t h  e n ds  w e r e  d i p p e d  in pa ra f f i n  w ax  T he se  
w e r e  k ep t  in s e p a r a t e  c a r d b o a r d  b o x e s  in s l ig ht l y  m o i s t  soi l  ( 2 0 %  Field 
M o i s t u r e  C a p a c i t y )  O n e  s a m p l e  e a c h  f ro m all the b o x e s  w as  d ra wn 
o n t h e  5 th 8 th 10th 11th, 12 th 13th a n d  15th d a y  a n d  t e s t e d  l o r  the  
c o o k i n g  q u a l i t y

T h e  s a m p l e s  w h i c h  d i d n o t  s h o w  e v i d e n c e  ol  dete i  l o ra t ion  w e r e  kept  
st i l l  f ur t he r ,  e x a m i n i n g  the  tu b er s  on e v e r y  3 rtl d a y  In the s e c o n d  yeai  
a l so  a s i m i l a r  e x p e r i m e n t  w as  c a r r i e d  o u t  to c o n f i r m  the  r es u l t s  o f  the l i rst  
e x p e r i m e n t

3 .7  P h y s io lo g i c a l  p a r a m e te r s

T h e  f o l l o w i n g  p h y s i o l o g i c a l  m e a s u r e m e n t s  w e r e  a l so  m a d e  f rom 
the u p r o o t e d  p l an t

3.7 1 N um ber o f  stomata

P e e l s  w e r e  t a ke n  l r o m the  a ba xi a l  s ide  ot the th i rd  leal  N u m b e r  
o f  s t o m a t a  p er  m i c r o s c o p i c  f ie ld  w a s  c o u n t e d  l r o m  f ive  d i l l e r e n t  p os i t io ns  
in p ee l  a n d  a v e r a g e  t a ke n ( S a m p s o n ,  1961)



3 7 2 Size o f  stom ata

T h e  l e ng t h  a nd  w i d t h  o f  f ive  d i f f e re n t  s t o m a t a  f ro m e a ch  pee l  wer e  
t a ke n  w i t h  an o c u l a r  m i c r o m e t e r  and  the  a v e r a g e  c a l c u l a t e d

3.7.3 C hlorophyll  content

C h l o r o p h y l l  c o n t e n t  w a s  d e t e r m i n e d  by the c o l o n m e t e r i c  m e t h o d  
as d e s c r i b e d  by  A r n o n  ( 19 4 9)

3 7 4 Cuticle (wax coating) thickness

T h e  t h i c k n e s s  ol  the cu t i c l e  f ro m l iv e  d i l l c r e n t  p o s i t io n s  in a 
s e c t i o n  w a s  m e a s u r e d  u s i n g  the  o c u l a r  m i c r o m e t e r  a n d  t he  a v e r a g e  
v a l u e  t a ke n

3.7.5  Size o f  ep iderm al cell

T h e  s i z e  w a s  m e a s u r e d  u s i n g  the .  o c u l a r  m i c r o  m e t e r  l r o m  l i ve  
d i f f e r e n t  p o s i t i o n s  in a sec t i on  a n d  the a v e r a g e  w a s  l o u n d  ou t

3.7.6 Si l ica  deposit

T h e  e p i d e r m a l  c e l l s  w e r e  e x a m i n e d  u n d e r  m i c r o s c o p e  l o r  s i l i ca  
d e p o s i t  as p e r  the  m e t h o d  o f  H a s h i o s u z u k i  ( 19 3 5)

3.7 7 Tissue turgid ity  (Relative water content)

R e l a t i v e  w a t e r  c o n t e n t  w as  d e t e r m i n e d  by the m e t h o d  p r o p o s e d  
by W e a t h e r l e y  ( 19 5 0 )  w h i c h  was  m o d i f i e d  by S l a t y e r  a nd  B a n s  
( 1 9 6 5 )

36
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R W C      —  x 100
T u r g i d  w e i g h t  - d r y w e i g h t
F r e s h  w e i g h t  d r y w e i g h t

3 .7 .8  N itra te  redu ctase  A ctiv ity

N R  a c t i v i t y  o f  t h i r d  l e a f  w a s  d e t e r m i n e d  at  6 m o n t h s  a l t e r  
p l a n t i n g  T h e  m e t h o d  s u g g e s t e d  b y  N a s o n  a n d  E v a n s  ( 1 9 5 5 )  was  
f o l l o w e d

3 .8  G r o w t h  a n a ly s i s

3 8 1 D rym a tter  produ ct ion  and d istr ibution

A t  e a c h  s a m p l i n g  o n e  p l a n t  f r o m  e a c h  p l o t  w a s  c a r e l u l l y  p u l l e d  
o u t  a n d  s e p a r a t e d  o u t  i n t o  s t e m  l e a v e s  p e t i o l e s  a n d  r o o t s  F r e s h  w e i g h t  
o f  e a c h  p a r t  w a s  r e c o r d e d  a n d  s u b s a m p l e s  w e r e  t a k e n  l o r  e s t i m a t i n g  the 
d r y w e i g h t  T h e  s u b s a m p l e s  w e r e  d r i e d  in o v e n  at  <-£C to  c o n s t a n t  d ry  
w e i g h t  T h e n  t h e  d r y  w e i g h t  o f  e a c h  p l a n t  p a r t  w a s  c o m p u t e d  a n d  r e c o r d e d

3 .8 .2  Net A ss im i la t io n  Rate

T h e  p r o c e d u r e  g i v e n  by  W a t s o n  ( 1 9 5 8 )  w a s  f o l l o w e d  f o r  c a l c u l a t i n g  
N A R  T h i s  w a s  e x p r e s s e d  a s  g m 2 d a y  1

W , - W l o g e L A 2 -  l o g e L A
N A R X w h e r e

L A 2 -  L A

L A ^  a n d  L A ( a r e  t h e  l e a f  a r ea s  a t  t 2 a n d  t, a n d  W 2 and  
W |  a r e  t he  d r y  w e i g h t s  at  t2 a n d  t|
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3.8 3 Crop G rowth Rate (CGR)

C G R  w a s  c a l c u l a t e d  by the  f o r m u l a  of Wa t so n  ( 1 9 5 8 )  a n d  e x p r es se d  
as gnt 2 d a y  1

( W 9 -  W . )C G R  =    L  w h e r e
( t 2 ~  t j )

W 2 a n d  W |  a re  t he  c r o p  dry  w e i g h t  p e r  u ni t  a rea  at  the t w o  t i me  uni ts  
t2 a n d  t |

3.8.4 Tuber B u lk ing  Rate (BR)

B R  is e x p r e s s e d  as  g d ay  1 p l an t  1 (dr y w e i g h t )

( W ,  W .)B R  =    — w h e r e
( t2 t | )

W 9 = D r y  w e i g h t  ol  t u b e r  at  t i me  t2 
W |  = D r y  w e i g h t  o f  t u b er  at  t i me  t,

3 8 5 Util isation Index

T h e  r a t i o  of  r o o t  w e i g h t  to  t o p  w e i g h t  w a s  c a l c u l a t e d  l o r  e ach  
t r e a t m e n t

3 .9  C h e m ic a l  a n a ly s i s

3 9 1 Plant analysis

L e a f  p e t i o l e  s t e m  a n d  r o o t / t u b e r  s a m p l e s  w e r e  s e p a r a t e l y  
a n a l y s e d  f or  t he  c o n t e n t s  o f  N P K N a  C a  a nd  M g  at  t w o  m on th  
i n t e r va l s  a n d  for  Cl  at  h a r v e s t  t ime

N i t r o g e n  w a s  e s t i m a t e d  by m o d i f i e d  K j e l d h a l  m e t h o d  af tei  
d i g e s t i o n  w i t h  H 2S 0 4 ( J a c k s o n  1973)  D e t e r m i n a t i o n  o f  o t h e r  e l e me nt s
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w c i e  d o n e  af lei  d i g es t io n  wi th  H N 0 4 H C I 0 4 H t S 0 4 m i x t u i e  (Pipei  
1966) P h o s p h o r u s  w a s  e s t i m a t e d  by the V a n a d o m o l y b d i c  y e l l o w  coloui  
m e t h o d  in a K l e t t  S u m m e r s o n  p h o t o e l e c t r i c  c o l o n m e t e r  ( J a c k s o n  
1973)  N a  a nd  K w e r e  e s t i m a t e d  u s in g the S y s t i o m e s  1 l a me  p ho to me te i  
a n d  C a  a n d  M g  w c i e  e s t i m a t e d  by  an A t o m i c  A b s o i p t i o n  S p e e d o p h o t o m e t e r  
(Pei  kin E l m e r  PE 3 0 3 0 )  Cl  w as  e s t i m a t e d  titi i m e t i i c a l l y  al tei  d iges t ion  
( H u m p h i  les  1979)

3 9 2 Uptake ol nutrients

U p t a k e  o t  N P K  Na  C a  a nd  Mg w c a l c u l a t e d  f i o m  the i r  co n te n t s  
in the p lan t  p ar t s  m u l t i p l i e d  b y the r e s pe c t i v e  d ry  w e i g h t s

3 9 3 f r e s h  tuber analysis

T u b e r s  w e i e  c o l l e c t e d  f resh f rom the p lo t s  and  a n a l y s e d  loi v a n o u s  
q u a l i t y  p a i a m e t e r s  T h e  p a r a m e t e r s  s tu d i e d  a nd  the a na l y t i c a l  m e t h o d s  
l o l l o w e d  a i e  g i v e n  in T a b le  3

3 9 4 Soil a n a h s i s

S o i l  s a m p l e s  f i o m  e a c h  p l o t s  w e r e  a n a l y s e d  loi  p H o i g a n i c  
c a r b o n  E C  a v a i l a b l e  P a va i l a b l e  K N a  C a  M g  and Cl

Soi l  p h y s i c a l  p i o p e r t i e s  l ike  w a te r  h o l d i n g  c a p a c i t y  a nd  w a t e r  s table 
a g g r e g a t e s  w e r e  a l so  d e t e r m i n e d  T h e  p i o c e d u i e s  l o l l o w e d  are  g iven  in 
T ab le  4

3 .1 0  S t a t i s t ic a l  a n a ly s i s

S t a t i s t i c a l  m e t h o d s  ol a n a l y s i s  s u c h  is a n a l y s i s  ol  v a n a n c c  
coi  u l a t i o n  i c g i c s s i o n  an d path  a n a l y s i s  w c i e  c a n i c d  out  to I md  out  the 
r e l a t i o n s h i p  b e t w e e n  v a r i a b l e s  a nd  to d ra w  d ef i n i t e  c o n c l u s i o n s
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T a b l e  I P h y s i c a l  a n d  c h e m i c a l  p i o p c i h c s  ol  t h e  s o i l  ol  the 
e x p e r i m e n t a l  s i t e

1 M e c h a n i c a l  c o m p o s i t i o n
S a n d  (%) 7 9  80
Si l t  (77) 1 1 60
C l a y  ( %) 8 10

2 T e x t u r e S a n d y  l o am
3 p H 4 34
4 T C ( d S m  ' ) < 0  02
3 C E C  ( c m o l  kg 1) 3 20
6 W H C  (%) 4 3 60
7 O i g a m c  c a i b o n  (%) 0 61
8 A v a i l a b l e  N ( kg  ha  ' ) 1 14 0 0
9 A v a i l a b l e  P ( kg  ha  1) 16 10

10 A v a i l a b l e  K ( kg  ha ' ) 7 0  30
1 1 A v a i l a b l e  N a  ( kg  ha  ' ) 68  0 0
12 E x c h a n g e a b l e  C a  ( p p m ) 28 6 0
13 E x c h a n g e a b l e  M g  ( p p m ) 10 10

T a b l e  2 A n a l y s i s  of  f e r t i l i z e r s  a n d  m a n u r e s  u s e d  in the  e x p e r i m e n t

F e r t i l i z e r / M a n u r e C o m p o s i t i o n

U r e a 4 6 %  N
M u s s o o n e  R o c k  P h o s p h a t e 2 0 4 %  P
M u r i a t e  o f  P o t a s h 6 0 %  K
C o m m o n  sal t 39  3 %  Na
W o o d  ash 12 4 %  K
C o w d u n g 0 3 % N  0 3 2 % P  0 3 % K
P o t a s s i u m  b i c a i b o n a t e  ( L R ) 3 9% K
S o d i u m  b i c a r b o n a t e  ( LR) 27 3 8 c/( Na
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T a b i c  4 A n a l y t i c a l  m e t h o d s  f o l l o w e d  in tuber q u a l i t y  s t u d ie s

SI
No

P a r a m e t e r s  
S 1 u d i c d

M e t h o d  l o l l o w e d Re 1 e r e  nc e

1 S t a r c h  c o n t e n t T i t r i m c t r y C liopi  i A. K i n w u ( 1 ) 7(  1

2 t o t a l  s u g a r s T i t r i m c t r y (  h o |  i i &. K a n w  u (1 ) 1 (  )

3 R e d u c i n g  s u g a r s T i t r i m c t r y C h o p r  i & K a n w a i  ( 1 9 7 6 )

4 S u c r o s e  c o n t e n t D i l l c r e n c e  m e t h o d ( ho i  i i V K m w  li ( 1 ) 7 6 )

3 A m y l o s c  m s( n t h (  o l o i  i m e d  > Me ( r i 1> V II i i 1 n  >4 3)

ft A m y  l o p e c d  n Fr  l c t i o n a t i o n  ol  s l a ieI t M e  ( ic idy & 11 i ss id (1 ) 43 )

7 H y d r o c y a n i c  a c i d  c o n t e n t C o l o r i m e t r y I nd i r  t &. S i n h  i (1 9 6 9  )

8 Total  p h e n o l s C o l o r i m e t r y T o l in  & (  u c i l t eu  ( 1 ) ~ ' l )

9 T ot a l  a m m o  a c i d s C o l o r i m e t r y S p i e s  ( 1 9 3 7 )

10 P i c e  a m i i u  a c i d s C o l o r i m e t r y Dr  i[ ci ( 1 ) 7 6 )

11 C r u d e  p r o t e i n  c o n t e n t k  N x 6 23 C h o pi  i &. K m w a i  ( 1 ) 7 6)

12 C r u d e  ( i b r e  c o n t e n t A s h i n g  a n d  w e i g h t  los s C ho p i  i & K m w  ir ( 1 9 7 6 )

n V i s c o s i t y V i s c o m e t e r 1S1 I 9 6 0

14 G e l  it in i s it i on  
t c m p e i  a t u i  c

I h e r m o m e t e i M i l  M i s l u  s (1 ) 6 4 )

i s St  i r c h  sy n l h e  s i 7 i n c 
e n / y  nits
i Pl u  s p i n  iy  1 i se  i t 1 1vi lv C oi l  i i m c d  y 1 t i n  Id 1 1 ( 1 )7  ))

h Q e n / y n i e  i c l i v i t y C i l o n m e r t y 1 c m  11 l / ( 1 4 7 4 )
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T a b i c  4  A n a l y t i c a l  m e t h o d s  l o l l o w e d  m  s o i l  a n a l y s i s

C li u  tc I cr i s i  ic s 
s t u d i e d

M e t h o d  ol 
c s t u n  i t i on

1 n s i r u i m  nl 
u s e d

Re 1 L It  111

pH D u e c t  re t d i ng pH metei J l c k s o n  (1 97 J )

Oi an it, c i r b o n W t l k l e y  B l a c k  
R a p i d  T i t r a t i o n

d m  UK n J a c k s o n  < 1 )1 J )

A \ d i )  i b l c  P M o l y b d e n u m  b l u e  
m e t h o d

Klct t  S u m m u s o n  
p h o t o  c l c c t i i c  
c o l o i  n u c l e i

J it k so n 1 )1 J )

A v a i l a b l e  K D i r e c t  r e a d i n g F l a m e  p h o t o m c t u J a c k s o n  f 1 J 7 J )

Avai l  i b l c  Na D n c c t  r e a d i n g r i a m c  p h o l o m c t c i J it k s o n  (1 )7 J )

Av n l a b l c  Ca  
( E x c h a n g e a b l e )

D i r e c t  r e a d i n g A t o m i c  i b s o r p t i o n  
s p c c t r o  p h o t o m c t e i

J a c k s o n  ( 1 77 J )

Av n l a b l c  M g  
( E x c h a n g e a b l e )

D i r e c t  r e a d i n g A t o m i c  a b s o r p t i o r  
s p c c t r o  p h o t o i ne l L i

J i c k s o n  (1  J 7 J )

Cl S i l v e r  n i t r a t e  
p r e c i p i t a t i o n

T i t r a t i o n Isw ir in (1  J 8 0 )

W a t e r  h o l d i n g  
c a p a c i  ty

K e e n  R a c k z o w s k i  
m e t h o d

K e e n  R l c k / o w s k i  
Box

Isvvaran ( 1 780)

Wa te i  st iblc 
ag l e g  i t cs

Y o d e r  m e t h o d Yodci  w et  sic v i n l 
mac l i  I lie

HI ick ( 1 J6 S )
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Fig. %. Meteorological observations from 
May 1993 to March 1994
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RESULTS

M u r i a t e  o f  p o t a s h  is the  s o le  s o u r c e  of  K u s e d  e x t en si ve l v  
T h . s  is b e  ng  i m p o r t e d  in I n d i a  H e n c e  a s e a r c h  f o r  o t h e r  i n d i g e n o u s  
c h e a p  s o u r c e s  to s u b s t i t u t e  the  c o s t l v  M O P  f or  p o t a s h  l o v i n g  c r o p s  h<e  
c a s s a v a  b e c a m e  a n  a r e a  o f  h i g h  p r i o r i t y  r e s e a r c h  S u c h  a s t u d y  Aas 
c o n d u c t e d  in t he  C o l l e g e  o f  A g r i c u l t u r e  d u r i n g  the p e r i o d  f r o m  1991 to 
19 94  u s i n g  M 4  v a r i e t v  o f  c a s s a v a  as  t e s t  c r o p  T h e  p o s s i b i l i t v  a ” d ex te n t  
of  r e p l a c e m e n t  of  M O P  w i t h  c o m m o n  sa l t  in c a s s a v a  the  m a i n  s uo s t i tu te  
o f  r i ce  in K e r a l a  w a s  the  a i m  o f  the  i n v e s t i g a t i o n  T h e  r e s u l t s  o b t a i n e d  n 
the s t ud y a r e  p r e s e n t e d  in t h i s  c h a p t e r  F i e l d  e x p e r i m e n t s  w e r e  c o n d u c t e d  
f r o m  1 99 2  to 1 9 9 4  in the  I n s t r u c t i o n a l  F a r m  a t t a c h e d  to the  C o l l e g e  of 
A g r i c u l t u r e  V e l l a y a n i  T h e  p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  ot  the so 1 

o f  the e x p e r i m e n t a l  s i te  a re  g i v e n  m  T a b l e  1 T h e  r e s u l t s  p r e s e n t e d  n 
T ab l e s  5-51 a r e  m e a n  v a i u e s  o f  f o u r  r e p l i c a t i o n s

4 .1  G r o w t h  C h a r a c t e r i s t i c s

4.1 1 P lant he ight

T h e  m e a n  p l a n t  n e i g h t  o f  t r e a t m e n t  p l a n t s  at  d i f f e r e n t  s t a g e s  ol 
g r o w t h  is p r e s e n t e d  in T a b l e  5 P l a n t  h e i g h t  d i d  n o t  v ar y  s i g n i C c a n t h  a'  
a nv  o f  t he  g r o w t h  s t a g e s  T ,  ( 5 0 %  M O P  + 5 0 %  C S )  r e c o r d e d  the h i gh es t  
v a l ue  d u r i n g  t he  m o s t  o f  t he  g r o w t h  s t a g e s  R e d u c t i o n  n p l a n t  h e i g h t  was  
o b s e r v e d  a t  s t i l l  h i g h e r  s u b s t i t u t i o n



4 0

T a b i c  4 H e i g h t  o l  p l a n t  ( c m )  a t  d i f f e r e n t  g i o w t h  s t a g e s

11  c a l m c n t s
P l a n t  h e i g h t  ( c m )

2 M A P 4 M A P 6 M A P 8 M A P H at  \ cs t

T i> 1 0 0 %  M O P 52 50 1 14 40 146 40 176 40 177 0 0

T 2 ) 7 5 %  M O P  + 2 5 %  C S 47 25 1 1 7 0 0 167 74 180 40 1 9 2 0 0

T O 50%, M O P  + 5 0 / „  C S 44 74 114 4 189 74 189 00 1 88  4

T 4> 2 5 %  M O P  + 7 5 %  C S 4 8  0 0 104 50 126  40 192 40 182 0 0

I ' , ) 1 0 0 %  C S 4 2  40 105 0 0 1 0 9  0 0 164 00 1 44 24

Tfi) 5 0 %  W o o d a s h  +
5 0 % C S 4 2  74 108 24 147 0 0 187 40 1 6 0  0 0

t 7) 5 0 %  K H C O ,  +
5 0 % N a H C O :( 41 0 0 104 25 147 0 0 148 40 149 0 0

C D N S N S NS N S NS

4.1  2 L e a f  c h a r a c t e r i s t i c s  

4 1 2  1 N u m b e i  o f  fu n c t io n a l  leaves

T a b l e  6  p i e s c n t s  t h e  d a t a  o n  n u m b e i  o l  f u n c t i o n a l  1c i v c s  it 
d i l l e i c n t  g r o w t h  s t a g e s  T h e r e  w a s  n o  s i g n i f i c a n t  d i l i c r c n c c  a m o n g  
L e a t m e n t s  i n  t h e  p i o d u c t i o n  o l  l e a v e s  u p t o  4  M A P  A t  6  M A P  t h e  
t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  d i f f e i e n t  f r o m  o n e  a n o t h e i  T h e  t i e a t m e n t  
w h i c h  l e c e i v e d  4 0 %  M O P  a n d  5 0 %  C S  r c c o i d e d  t h e  h i g h e s t  n u m b e i  ol  
l e a v e s  T h e  l o w e s t  n u m b e r  w a s  f o i  t h e  t i e a t m e n t  w h i c h  l e c e i v e d  f u l l  C S



A t  8 M A P  a n d  h a i v c s l  a l s o  t he  d i l l u u i c c  i m o n „  l i c i l m c i i t s  w is no t  
s t a t i s t i c a l l y  s i g n i f i c a n t  D u i i n g  m o s t  ol  t he  g i o w t h  st m c s  T ,  (At) ' /  M O P  
+ 5 0 %  O S )  r e t a i n e d  c o m p a i a t i v e l y  h i g h e r  n u m b e r  ol  l e a v e s  on  t h e  p l an t

T a b l e  6  N u m b e i  ol  f u n c t i o n a l  l e a v e s  a t  d i l l c i e n t  g i o w t h  s t a g e s

Nu mb ei  ol 1c wes
i il uinci i i s

2 M A P 4 M A P 6 M A P 8 M A P H II \ c si

T , ) 100% M O P 72 105 107 49 118

t 2) 75 % M O P  + 2 5 % CS 28 107 84 46 82

Ts) 50 % M O P  + 50% CS 77 105 1 72 61 98

T 4) 25 % M O P  + 7 5 % CS 71 67 59 60 76

T , ) 100% CS 29 71 76 41 78

T 6 > 50 % W o o da s h  + 
5 0 % C S 76 68 91 40 1 1 1

T 7) 50% K H C O ,  + 
5 ( ) % N a H C O , 25 57 86 41 68

CD NS NS 79 744 NS NS
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W e i g h t  o l  l e a l  l a m i n a  ( T a b l e  7 )  w a s  s i g n i f i c a n t l y  d i l l e r c n l  a t  
t u b e r  i n i t i a t i o n  ( 2  M A P )  a n d  a t  t u b e r  f i l l i n g  s t a g e  ( 6  M A P )  M a x i m u m  
w e i g h t  o l  l e a f  l a m i n a  w a s  r e c o r d e d  b y  T 4 ( 8 0 %  C S  +  8 0 %  M O P )

A t  a l l  o t h e r  s t a g e s  t r e a t m e n t  d i f f e i e n c e  w a s  n o t  s i g m l i c a n t

4 1 2  2 W e i g h t  ol  l ea f  l a m i n a

T a b l e  7 W e i g h t  o l  l e a l  l a m i n a  a t  d i l f e r e n t  g r o w t h  s t a g e s

11  e a t m e n t s
W e i g h t  o l  Ic d 1 i m i n  l ( i_)

2 M A P 4 M A P f. M A P 8 M A P H u ves t

T . ) 1 0 0 %  M O P 18 97 2 0  70 26  28 1 0  18 14 44

t 2 ) 7 8 %  M O P  + 2 8 %  C S 8 77 2 4  18 17 80 8 76 10 94

T V s 0 %  M O P  + 8 0 %  C S 2 0  91 81 4 8 88  94 8 88 1 1 88

t 4 ) 2 8 %  M O P  + 7 8 % C S 17 08 2 0  27 19 84 1 28 9 6 1

T V 1 0 0 %  C S 18 9 4 28 72 12 9 0 7 88 9 19

T V 8 0 %  W o o d a s h  +
8 0 %  C S 1 2  2 2 4 8 28 86  78 1 0  80 1 8 86

V 8 0 %  K I I C O ,  +
8 0 %  N a H C O ^ 8 9 0 28  4 8 28 19 1 2  88 1 0  80

C D 7 802 N S 14 4 1 7 NS NS
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T h e  t r e a t m e n t s  d d i e i c d  s i g n d i c a n t l y  a t  a l l  s t a g e s  e x c e p t  a t  4 M A P  
a n d  h a i v c s l  s t a g e s  f l a b l e  8 ) A t  l u b t i  i n i t i a t i o n  a n d  t u b c i  I d l i n g  st  igLS 
t h e  s a m e  t r e n d  a s  in  w e i g h t  o f  l e a l  l a m i n a  w a s  s e e n  f o l l o w e d  w i t h  T 7 

l e t o r d i n g  m a x i m u m  w e i g h t

T a b l e  8 W e i g h t  o f  p e t i o l e  a t  d i f t e i e n t  g r o w t h  s t a g e s

4 1 2  4 W e i gh t  o f  pet iole

Ti  e a t m e n t s
W e i g h t  ol  p e t i o l e  (g)

2 M A P 4  M A P 6 M A P 8 M A P H it \ es t

T , )  1 0 0 %  M O P 1 82 3 71 5 12 1 81 1 48

T 2 ) 7 5 %  M O P  + 2 5 %  C S 0 84 3 2 2 2 67 1 61 1 17

T 2) 5 0 %  M O P  + 5 0 %  C S 2  01 3 84 5 55 1 98 1 38

1 4 ) 2 5 %  M O P  + 7 5 %  C S 1 64 2 23 2 13 1 98 1 04

T 5 ) 1 0 0 %  C S 1 34 2 72 1 4 6 1 81 1 24

r 6) 5 0 %  W o o d a s h  +
5 0 %  C S 1 18 6 44 3 84 1 74 1 4 9

T 7 ) 5 0 % K H C O , +
5 0 %  N a H C O , 0 85 3 4 7 2 2 1 28 1 36

C D 0  701 NS 2 184 0 4 3 8 NS
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l a b l e  9 L t a l  A i e a  I n d e x  ol  t h e  p l a n t s  a t  d i l l u u i t  g i o w t h  s t i _ . e s  is
a t l e e t e d  b y  t r e a t m e n t s

I L il A i e  i I nd ex
11 e a t m e n t s

2 M A P 4 M A P 6  M A P 8 M A P Hai  v es t

T , ) 1 0 0 %  M O P 1 3 98 2 2 4 0 1 6 7 3 0 2 ° 4 0 3 14

T , ) 73% M O P  + 2 3 %  C S 0 9 8 4 2  1 1 1 1 3 34 0 2~>1 0  "OS

T , ) 3 0 %  M O P  + 3 0 %  C S 1 8 03 2 2 9 2 1 8 3 6 0 4 2 3 0 348

TV >3% M O P  + 7 3 %  C S 1 3 1 4 1 4 3 2 0 8 4 8 0 3 36 0 243

TV 1 0 0 %  C S 1 2 9 0 1 6 4 0 0 3 4 8 0 126 0 132

V 3 0 %  W o o d a s h  + 

3 0 %  C S 1 1 0 0 1 3 7 6 1 2 6 8 0 3 0 6 0 332

t 7) s 0 %  K H C O ^  + 
3 0 %  N a H C O ^ 0 7 3 6 1 3 98 1 0 3 3 0 2 8 9 0 2 17

C D NS N S 0 6 9 8 0 2 3 3 0 2 0 2

4 1 2  4 L e a f  A rea  In dex

T h e  I A l  a s  p e i  T a b l e  9  c l e a i l y  f o l l o w e d  t h e  t i e n d  is  t h a t  o l  the 
n u m b e i  o l  l e a v e s  in  t h e  e a r l y  g i o w t h  s t a g e  u p t o  6 th  m o n t h  A t  a l l  s t i g e s  
o l  g i o w ' t h  e x c e p t  a t  8 M A P  t h e  t r e a t m e n t  3 0 %  M O P  +  3 0 %  C S  i c g i s t e r e d  

t h e  m i x i m u m  L A I  W i t h  m e i e a s i n g  s u b s t i t u t i o n  o l  M O P  b v  C S  a  g e n e i a l



r e d u c t i o n  in L A I  w a s  s e e n  A t  2 M A P  a n d  4  M A P  t he  l u l l  C S  t i e a t m e n t  
r t c o r d c d  t h e  l o w e s t  L A I  At  8 M A P  t h e  t i e a t m e n t  f 6 w a s  i o u n d  to i c a i s t e i  
t he  l a r g e s t  l eaf  a r e a

A f t e i  6 M A P  t h e r e  w a s  a d r a s t i c  r e d u c t i o n  in t h e  L A I  in al l  the 
ti e a t m e n t s

4 1 2  4 Chlorophjll  content of leaves

T h e  c h l o i o p h y l l  c o n t e n t  ol  d i f l e i e n t  t i c a t n i c n t s  at  d i l l c i c n t  s t i g e s  
is p i e s e n t e d  in T a b l e  10 A t  4  M A P  8 M A P  a n d  h a r v e s t  s t a g e  t h c i c  w as  
s i g n i f i c a n t  v a r i a t i o n  a m o n g  t r e a t m e n t s  In al l  t he  t r e a t m e n t s  e x c e p t  T 6 

a n d  T 7 t h e  c h l o i o p h y l l  c o n t e n t  d e c i e a s e d  a l t e i  6 m o n t h  s t a g e  In g e n u a l  
t h e i e  w a s  a n  i n c r e a s e  in c h l o i o p h y l l  c o n t e n t  w i t h  N a C l  s u b s t i t u t i o n

A t  2 M A P  t h e  t i e a t m e n t  T j  ( fu l l  p o t a s h )  a n d  T 7 ( 5 0 %  M O P  + 5 0 % 
C S )  r e g i s t e r e d  l o w e r  v a l u e s  t h a n  t h e  o t h e r  t r e a t m e n t s  A t  8 M A P  a n d  
h a i v e s l  t h e  h i g h e s t  v a l u e  w a s  e x h i b i t e d  b y  T 7 ( 5 0 %  K H C 0 7 +  5 0 %  N a  
H CO - , )  In al l  t he  g r o w t h  s t a g e s  e x c e p t  2 M A P  T ,  ( l u l l  p o t a s h )  i c c o i d e d  
t h e  l o w e s t  c o n t e n t  o f  c h l o r o p h y l l

4 1 2  N u m b e r  of so m a ta

A s  e v i d e n t  f i o m  t h e  T a b l e  11 t h e r e  w a s  s i g n i f i c a n t  v a n a t i o n  in 
t h e  n u m b e i  o f  s t o m a t a  w i t h  N a  a p p l i c a t i o n  e x c e p t  a t  4  M A P  T hc i c  w is 
an  m c i e a s e  in I hc  s t o m a t a l  f r e q u e n c y  w i t h  N a  s u b s t i t u t i o n  H i g h e s t  
l i e q u c n c y  w a s  o b s u v e d  in Ts ( l u l l  C S )  a t  al l  s t a g e s  f 7 ( 5 0 %  C,S + 50% 
M O P )  a n d  T7 ( 5 0 %  K H C O ,  + 5 0 %  N a H C O ^ )  i c c o i d e d  a l m o s t  s a m e  
f i e q u e n c y  ol  s t o m a t a  pci  u n i t  a i e a  a t  al l  m a j o r  g i o w t h  s t a g e s
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T a b l e  10 C h l o i o p h y l l  c o n t e n t  o f  l e a v e s  a t  d i i l e r e n l  g i o w t h  s t a g e s

Ti e a l m e n t s
C h l o r o p h y l l  c o n t e n t  of  l e a v e s  ( p p m )

2 M A P 4 M A P 6  M A P 8 M A P H ti v es t

V 1 0 0 %  M O P 1 9 9 9 2 5 57 2 4 7 2 2 2 55 2  2 18

T 2 ) 7 5 %  M O P  + 2 5 %  C S 2  1 1 1 2 9 9 0 2 541 2 505 "> 501

t 3) 5 0 %  M O P  + 5 0 %  C S 1 9 6 0 2 4 9 5 2 8 1 4 2 7 5 9 2 7 2 0

t 4 ) 2 5 %  M O P  + 7 5 %  C S 2  105 5 2 5 6 2 8 7 4 2 7 8 9 1 7 59

T , ) 1 0 0 %  C S 2 521 2 6 8 9 2 6 5 4 2 4 8 5 2 4 1 2

t 6 ) 5 0 %  W o o d a s h  +
5 0 %  C S 2 525 2 6 7 6 2 7 2 5 2  8 5 6 2 8 07

t 7) 5 0 %  K H C O ^  +

5 0 %  N a H C O ^ 2 0 7 8 2 556 2 7 0 2 2  841 2  818

C D NS 0  5 26 NS 0 147 0 118
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T a b l e  1 1 b i l e d  ol  N a C l  s u b s t i t u t i o n  o n  n u m b e r  ol  s t o m a t a

1 i c a m i t n l s
N u m b e r  o f  s t o i na t a / mi c i o s c op i t .  h e l d

2 M A P 4 M A P  6 M A P 8 M A P Hai ves t

T | ) 0 0 %  M O P 25 59 50 50 50

T 2) 7 5% M O P  + 2 5 %  C S 26 54 28 28 n 8

T 3 ) 5 0 %  M O P  + 5 0 %  CS 2 1 57 56 51 5 1

r 4) 2 5 % M O P  + 7 5 %  CS 52 42 50 27 28

I’, )  ] 0 0 %  CS 50 42 57 55 54

T f ) 5 0 %  W o o d a s h  +

50 % C S 52 29 55 54 54

T 7 ) 5 0 % k h c o 7 +

5 0% N a H C O , 55 59 52 51 51

C D 1 604 NS 4 9 60 t 9 44 2 941
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T h i s  p a i a m e t e r  s h o w e d  s i g n i f i c a n t  v a n a t i o n  w i t h  t i c i t m e n t s  
( T a b l e  12)  A t  e a i l y  g r o w t h  s t a g e  (2 M A P )  T ,  ( l u l l  p o t a s h )  r e c o i d c d  the  
l a r g e s t  s i / e  ol  s t o m a t a  b u t  s h o w e d  d i a s l i c  i e d u c t i o n  w i t h  g i o w t h  T h e  
s t o m a t a  l i o m  T 6 ( W o o d a s h  + C S )  w e i c  a p p a i e n t  w i t h  t h e  l a r g e s t  s i / e  I his 
d i l l e r e n c e  b e c a m e  p r o m i n e n t  f r o m  4 M A P  o n w a r d s

T a b l e  12 Bl l ccL o l  N a C I  s u b s t i t u t i o n  o n  s i z e  ol  s t o m a t a

4 1 2  7 Size of s tomala

S i ze  ol s to m it i (area)  ( p i n 1)
1 I L il 11 MCI) I S

2 M A P 4 M A P 6 M A P 8 M A P H ar ve s t

T i> 1 00% M O P 596 2 24 178 176 160

T 2 ) 7 5 %  M O P  + 2 5 %  CS 277 197 2 10 7 10 192

Ty> 5 0 % M O P  + 5 0 % CS 215 155 191 200 168

'>4) ' 5 %  M O P  + 7 5 %  CS 756 178 261 197 165

T , ) 100% CS 248 181 202 209 172

T ( ) 5 0 %  W o o d a s h  + 
5 0 % C S 260 4 00 422 787 752

t 7) 5 0 %  K H C O ,  + 
s()% N a H C O , 446 145 201 186 168

C D 69 22 1 42 206 6 4 658 42 489 48 141



4 1 2  8 C u t i c l e  ( W a x  c o a t i n g )  t h i c k ne s s

T a b i c  11 s h o w s  Ihc v a l u e s  o b t a i n e d  in the  a b o v e  p a i a m e t c i  111 the 
d i l l u c n t  t i e a t m e n t s  C u t i c l e  ( W a x  c o a t i n g )  t h i c k n e s s  d i d  n o t  v a i y  
s i g n i l i c a n t l y  d u e  to d i l l e i e n l  l i e a t m c n t s  D u i i n g  al l  the s t a g e s  ol g i o wt h  
e x c e p t  6 M A P  t he  lu l l  p o t a s h  t i e a t m e n t  ( T | )  i c c o i d e d  the h i g h e s t  
v a l u e s  T h e  t i e a t n i e u t s  I a n d  c o n s i s t e n t l y  i c c o i d e d  lowei  v a l u e s  l ioni  
6 M A P  o n w a r d s

T a b l e  13 E l f e c t  ol N a C l  s u b s t i t u t i o n  on c u t i c l e  t h i c k n e s s

T i e a t m e n l s
Cut icle  (wax coat ing)  thickness  ( p m )

2 M A P 4 MAP 6 MA P 8 M A P Hai vest

T , ) 100% M OP 1 28 7 00 2 80 7 00 7 00

' I 2) 78%; M O P  + 21% CS 2 78 2 00 2 78 2 78 2 78

T 2) 80% M O P  + 8()% CS 7 00 2 00 2 00 2 80 2 8()

14 ) 28% M O P  + 78% CS 7 00 2 00 2 80 2 80 2 80

T , )  100% CS 2 00 2 28 2 78 2 80 2 80

' ! , )  80%. Wood isti +
80% CS 8 XS 2 00 1 % 1 s ■> s

r 7) 8 0 %; k h c o 4 +
80% N a l l C O , 7 00 7 00 2 00 2 ">8 2 28

CD NS NS NS NS NS
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E x c e p t  a t  2 M A P  a t  al l  t h e  o t h e r  s t a g e s  t h c i e  w a s  n o  s i g n i f i c a n t  
v a n a t i o n  in  t h i s  p a r a m e t e r  ( T a b l e  14)  A t  al l  t h e  s t a g e s  t h e  l u l l  p o t a s h  
t i e a t m e n t  r e c o r d e d  t h e  l a r g e s t  s i z e  o l  e p i d e r m a l  c e l l s  a n d  75%- C S  t i e a t m e n t  
( T 4 ) l e g i s l e r e d  t h e  s m a l l e s t  s i z e  S i n c e  t h e r e  w a s  n o  s t a t i s t i c a l l y  s i g n i f i c a n t  
v a u a l i o n  a l l  t h e  l i e a l m c n t s  w c i e  o n  a pa i  a s  l a i  is t h i s  p a i  u n c t c i  is 
co i i lc i  n c d

T a b l e  14 S i z e  o l  e p u l e i m a l  c e l l  o f  l e a v e s  a s  a i l e c t e d  b y  d i l l e i c n t  
t r e a t m e n t s

4 1 2  9 S i / l of e p i d e r m a l  cell

T r e a t m e n t s
Si ze  o f  e p i d e r m a l  cel l  ( p m )

2 M A P 4 M A P 6 M A P 8 M A P 1 1 11 vest

1 , )  10 0% M O P 7 50 7 00 7 00 7 00 7 00

T 2) 7 5 %  M O P  + 2 5 %  CS 7 25 7 00 7 00 6 75 7 00

T , )  5 0% M O P  + 5 0 % CS 6 75 5 50 6 00 6 75 6 75

1 4) 25 /c M O P  + 7 5 %  CS 5 00 5 50 6 50 6 50 6 50

T , )  1 00% CS 5 50 5 50 7 00 7 00 7 00

T ( ) 5 0 % W o o d a s h  +
5 0 % CS 5 25 5 50 7 00 7 00 7 00

1 7) 5 0 % k h c o 7 +
5 0 % N a H C O , 7 00 6 75 7 00 7 00 7 00

CD 1 560 NS NS NS NS



4 1 2 10 R e la t iv e  W ater  C on ten t  (R W C ) o f  leat t issues

R W C  l e c o i d e d  a t  d i i l e i e n t  g r o w t h  s t a g e s  is  p i e s e n t e d  m  f a b l e  IS 
R W C  r e d u c e d  w i t h  g r o w t h  in  a l l  t h e  t i e a t m e n t s

T a b l e  15 R e l a t i v e  w a t e r  
s u b s t i t u t i o n

c o n t e n t o f  l e a t t i s s u e s  a s a f f e c t e d  b y  N a C I

T i e a t m e n t s
R e l a t i v e  w itei c o n t e n t  ( />)

2 M A P 4 M A P 6 M A P 8 M A P Hai  \ e s l

T , ) 1 0 0 %  M O P 75 05 7 0  01 6 2 17 54 8 4 55 0 0

T 2 ) 7 5 %  M O P  + 2 5 %  C S 6 9  12 72 4 0 72  10 55 55 55 5(1

T 2) 5 0 %  M O P  + 5 0 %  C S 74  4 8 71 28 7 0  25 6 0  4 0 62  55

T 4 ) 2 5 %  M C P  + 7 5 %  C S 71 87 7 0  72 6 9  85 56  20 52 70

T , )  1 0 0 %  C S 6 8  61 65  71 7 2  17 65 50 64  50

T 6 ) 5 0 %  W o o d a s h  + 
5 0 %  C S 6 6  96 7 4 54 65  12 4 7  4 7 56 50

T 7 ) 5 0 %  K 1 1 C 0 7 + 
5 0 %  N a H C O - , 65 64 71 55 6 5  55 72  50 62 50

C D N S N S N S 7 4 8 9 8 0 1 2
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4 .1 .3  W e ig h t  o f  s t e m  at  d i f f e r e n t  s ta g e s

W e i g h t  o l  s t e m  ( T a b l e  16)  d i d  n o t  v a i y  s i g m l i c a n t l y  e x c e p t  at  
2 M A P  T h e  t r e a t m e n t  w h i c h  w a s  g i v e n  5 0 %  M O P  a n d  5 0 %  C S  ( I - , )  h a d  
t h e  h i g h e s t  w e i g h t  a t  t h i s  s t a g e  f o l l o w e d  b y  f u l l  M O P  ( T 1) t r e a t m e n t  A t  
6  M A P  a n d  8 M A P  a l s o  t h e  t r e a t m e n t  T 3 r e e o i d e d  t h e  m a x i m u m  
w e i g h t

T a b l e  16 W e i g h t  o f  s t e m  a t  d i f f e r e n t  g r o w t h  s t a g e s  a s  a l l e c t c d  b y  
t r e a t m e n t s

T r e a t m e n t s
W e i gh t  o f  s t em (g)

2 M A P 4 M A P 6  M A P 8 M A P Hai  ves t

T , ) 1 00 % M O P 69 45 138 89 375 00 4 1 8  05 4 79  16

t 2) 7 5 %  M O P  + 2 5 %  CS 41 67 2 19  45 28 6  81 4 3 8  88 573 61

T 3) 5 0 %  M O P  + 5 0 %  C S 77 50 170 84 4 5 6  94 451 1 1 4 34  72

t 4) 2 5 %  M O P  + 7 5 %  CS 55 83 123 61 2 4 4  44 361 11 4 25  00

t 5) 1 0 0% CS 41 81 184 03 181 95 3 00  00 258 33

t 6) 5 0 %  W o o d a s h  +
5 0 %  CS 52 64 191 67 363 88 3 29  17 2 77  78

t 7) 5 0 %  K H C 0 3 +
5 0 %  N a H C 0 3 51 11 139 58 2 6 8 05 315 28 277  78

C D 13 352 NS NS NS NS
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4 1.4 R oot  ch ara cter is t ic s  

4 1 4  1 Number of roots/tubers

E f f i c i e n c y  o f  the  v a r i o u s  t r e a t m e n t s  in t he  p r o d u c t i o n  o f  r o o t s / t u b e r s  
is  g i v e n  in  T a b l e  17 In t h e  e a r l y  s t a g e s  u p t o  6  M A P  t h e r e  w a s  n o  
s i g n i h c a n t  v a r i a t i o n  in p r o d u c t i o n  o f  r o o t s  b u t  at  t he  l a te r  s t a g e s  t he r e  
w a s  s i g n i f i c a n t  d i f f e r e n c e  a m o n g  t h e  t r e a t m e n t s  F r o m  the  t u b e r  i n i t i a t ion  
s t a g e  t i l l  h a r v e s t  t he  t r e a t m e n t  T 3 ( 5 0 %  M O P  + 5 0 %  C S )  p i o d u c e d  and  
m a i n t a i n e d  t he  m a x i m u m  n u m b e r  o f  r o o t s  a n d  t u b e r s  At  al l  t he  g i o w t h  
s t a g e s  e x c e p t  2 M A P  t he  t r e a t m e n t  T 5 ( fu l l  C S )  p r o d u c e d  the  l o w e s t  n u m b e r  
o f  r o o t s  a n d  t u b e r s

T a b l e  17 E f f e c t  o f  N a C I  s u b s t i t u t i o n  on  n u m b e r  o t  l o o t s / t u b e r s

T re a tm en ts
N u m b e r  o f  r o o t s  / t u b e r s

2 M AP 4 M A P  6 M A P 8 M A P Haives t

T j )  100% M O P 26 00 9 00 9 75 9 75 9 50

T 2) 7 5% M O P  + 25% CS 2 0  00 8 00 7 00 7 75 7 00

T 3) 50% M O P  + 50% CS 70 00 10  00  10 00 12 25 17 00

T 4) 2 5% M C P  + 75% CS 2 2  00 7 00 10 00 8 00 7 00

T j )  100% CS 21  00 7 00 7 00 7 50 6 50

T 6) 5 0% Woo das h  + 
50% CS 2 2  00 8 00 7 50 8 25 8 00

T ?) 50% K H C O ,  + 
50% N a H C 0 3 17 00 7 00 8 25 9 50 8 00

CD NS NS NS 2 077 7 789
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4 1 4  2 Root volume

R o o t  v o l u m e  r e c o r d e d  at  2 M A P  is g i v e n  in T a b l e  18 T h e r e  was  
n o t a b l e  d i l ' l e i e n c e  in t he  r o o t  v o l u m e  at  2 M A P  T h e  t r e a t m e n t  T 7 ( 5 0 %  
M O P  +  5 0 %  C S )  r e g i s t e r e d  t h e  h i g h e s t  r o o t  v o l u m e  a n d  t h i s  w a s  
s i g n i f i c a n t l y  h i g h e r  t h a n  al l  o t h e r  t r e a t m e n t s  T 7 ( 5 0 %  K H C O - ,  + 5 0 %  
N a H C O ^ )  r e c o r d e d  t he  l o w e s t  v o l u m e

T a b l e  18 R o o t  V o l u m e  at  2 M A P  as  a l f e c t e d  by  d i f l e r e n t  t r e a t m e n t s

T r e a t me n t Root  vo lume (cc)

T l) 100% M O P 47 75

T 2) 7 5% M O P  + 2 5% CS 24 00

t 3) 5 0 % M O P  + 50% CS 76 25

t 4) 2 5 % M C P  + 75% CS 56 25

t 5) 100% CS 15 00

t 6) 50 % Woodash + 50% CS 17 50

t 7> 50% K H C 0 7 + 50% NaHCO^ 11 25

CD 21 525
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4 1 4 3  Weight ol loot/tuber

T h e  weigh t ,  o l  r o o t / t u b e r  a t  i n i t i a l  g i o w t h  s t a g e s  f o l l o w e d  t he  s a m e  
t r e n d  as  t h a t  o f  r o o t  v o l u m e  ( T a b l e  19)

T a b l e  19 W e i g h t  o f  r o o t / t u b e r  as  a f f e c t e d  b y  d i f f e r e n t  t i e a t m e n t s

T i e a t m e n t s
We ight  ot  r oo t / t ub er  (g)

2 M A P 4 M A P 6 M A P 8 M A P Har ve s t

T j )  100% M O P 22 95 431 33 681 75 919 75 931 50

T 2 ) 7 5% M O P  + 2 5% CS 8 55 4 28  98 523 00 678 33 855 00

T 3) 5 0% M O P  + 5 0% CS 35 36 428  35 705 90 932 10 1066 00

t 4) 2 6 %  M O P  + 7 5% CS 16 39 407 45 758 35 8 09  10 754 00

t 5) 100% CS 6 56 4 4 6  40 5 54  40 769 65 4 68  00

t 6) 5 0 %  W o od a s h  +
50% CS 7 84 548  80 812 18 770  60 565 50

T 7) 5 0 % K.HCO-, +
5 0 % N a H C O 3 5 20 327 94 681 86 7 37  56 631 13

V 1 ) 1 0  L 19 NS 203 177 184 51 331 992
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A l  6 M A P  T 6 r e c o r d e d  t he  h i g h e s t  tubc i  w ei g l i t  w h i c h  w is on 1 

p a r  w i t h  al l  t h e  o t h e i  t r e a t m e n t s  e x c e p t  T s a n d  T 4 At  8 M A P  T ,  
r e c o i d e d  t he  h i g h e s t  t u b e r  w e i g h t  w h i c h  w a s  on  a p a r  w i t h  al l  t he  t i e a t m e n t s  
e x c e p t  T 2 a n d  T 7 A t  t he  h a r v e s t  s t a g e  T 7 r e c o i d e d  t he  h i g h e s t  t u b e r  
w e i g h t  in t h e  h i s t  e x p e r i m e n t  w h i c h  w a s  o n  a pai  w i t h  al l  t he  o th ci  
t i e a t m e n t s e x c e p t  T 4 ( 1 0 0  pei  c e n t  s u b s t i t u i o n  o f  K b y  N a)

4 1 5 lo ta l  b iom a ss  accu m u la t io n  during  different  stages

T o t a l  b i o m a s s  a c c u m u l a t i o n  of  d i f l e i e n t  t i c i t m e n t s  l i o m  2 M A P  
u p t o  h a r v e s t  is p r e s e n t e d  in T a b l e  2 0  T h e r e  w'as s i g n i f i c a n t  v a m t i o n  
a m o n g  t r e a t m e n t s  at  al l  s t a g e s  At  2 M A P  T ,  i c c o r d e d  the  h i g h e s t  total  
b i o m a s s  w h i c h  w a s  on  a pai  w i th  T |  Al l  t he  o t hc i  t i e a t m e n t s  i c c o i d e d  
low'er  \ a l u e s  at  t h i s  s t a g e  A t  8 M A P  a n d  H a r v e s t  s t a g e s  a l s o  T ,  i c c o i d e d  
t he  h i g h e s t  b i o m a s s  T ,  w a s  on a p a r  wi th  T t T 2 T-, a n d  T 4 ic c o m p l e t e  
K a n d  s u b s t i t u t i o n  o f  K u p t o  75  p e r  c e n t  by  N a

At  4 M A P  a n d  6 M A P  the  ash  + C S  t i e a t m e n t  ( 1 6 ) w a s  l o u n d  to 
g i v e  t h e  h i g h e s t  w e i g h t  D u r i n g  m o s t  ol  t he  m a j o i  g i o w t h  s t a g e s  the 
t r e a t m e n t  w h i c h  r e c e i v e d  lul l  C S  r e c o r d e d  the  l o w e s t  w e i g h t  In gcn ei  il 
t h e r e  w i s  an i n c t e a s e  in to ta l  w e i g h t  o f  p l a n t  w i t h  N.iCI s u b s t i t u t i o n  up to  
5 0 %  a n d  t h e r e a l t e r  a  d e c r e a s e  w i t h  h i g h e r  l e v e l s  ol  s u b s t i t u t i o n  at  all 
g r o w t h  s t a g e s

4 1 6 Crop Growth Rate (CGR)

T a b l e  21 i n d i c a t e s  t he  C G R  at  d i l l e i e n t  g i o w t h  s t a g e s  S i g n i f i c a n t  
d i f l e i e n c e  in C G R  c o u l d  be  n o t i c e d  at  al l  s t a g e s  C G R  ( p l a n t i n g  to hai ves t )  
w a s  h i g h e s t  m  5 0 %  C S + 5 0 %  M O P  t i e a t m e n t  1 lie l o w e s t  l a t e  w is 
o b s e i v e d  in T 7 ( lu l l  C S )
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T a b l e  2 0  E l l e c t  o l  N a C I  s u b s t i t u t i o n  o n  w e i g h t  ol  p l a n t s

1 l o a t n i c n t s
We ig ht  ol p l ant  (g)

2 M A P 4 M A P 6 M A P 8 M A P H ii vest

T.> 1 00% M O P 115 18 594  65 1088 12 15 54 76 1426 58

t 2) 7 5 %  M O P  + 2 5 %  CS 59 85 675  80 804  98 1 127 58 1440 98

T , ) 5 0 % M O P  + 5 0 % CS 1 55 78 6 54  49 1207 55 1595 77 1515 48

t 4 ) 2 5 %  M O P  + 7 5 %  CS 90 90 555 56 1024 26 1184 44 1 1 89 66

Ts) 1 00% CS 65 65 665  65 7 50  58 1078 81 7 56 76

T 6> 5 0 % W o o d a s h  +
5 0 %  CS 74 12 7 92  19 1216 65 1 112 00 858 55

T 7 ) ■>0% KHCO- ,  +
i 0 %  N a H C O , 66 06 4 9 9  45 975  54 1067 47 892 96

C D 25 452 2 44  0 1 6 525 518 252  168 4 8 0  467



Tabic 21 C r o p  G r ow t h  Rat e ( C G R )  as a f fe c t e d  by d i f fe re n t  t r ea t ment s

T r e a t m e n t
C G R  
u p t o  

2 M A P

C G R  
2 M A P  
4 M A P

C G R
4 M A P
6 M A P

C G R
6 M A P
8 M A P

C G R
8 M A P
H a r v e s t

C G R
P l a n t i n g

H a r v e s t

T , ) 1 0 0 %  M O P 1 89 8 03 8 23 4 4 4 1 26 5 28

T t) 7 7 %  M O P  + 2 5 % CS 2  0 0 10 27 3 09 5 37 5 22 5 34

t 3) 5 0 %  M O P  + 5 0 %  CS 2  2 6 8 31 9 5 4 3 11 2 0 4 5 61

t 4 ) 2 5 %  M O P  + 7 5 % CS 1 52 7 71 7 85 3 60 2 4 2 4 41

T-,) 1 00 % CS 1 0 6 9 98 1 4 6 3 78 0 18 2 73

V 5 0 %  W o o d a s h  + 5 0 %  C S 1 23 I 1 97 8 8 1 2 28 0 13 3 18

T 7-> 5 0 %  K H C 0 3 + 
5 0 %  N a H C O 1 1 0 7 22 7 93 3 27 0 00 3 3 1

C D 0 4 2 5 4 136 6 292 5 156 3 7 2 8 1 7 8 0



T a b l e  22 L e n g t h  a n d  g i r t h  of t u b e r s  at  d i f f e r e n t  g r o w t h  s t a g e s  as a f f e c t e d  b y  t r e a t m e n t s

T r e a t m e n t
4 M A P 6 M A P 8 M A P H a r v e s t

L e n g t h G i r t h L e n g t h G i r t h L e n g t h G i r t h L e n g t h G i r t h

V 1 0 0% M O P 25 10 6 28 28 70 9 38 2 6  15 9 0 0 34 10 85

T O 7 5 %  M O P  + 2 5 %  CS 27 28 6 25 27 05 9 48 23 30 9 33 2 9 50 11 28

T , ) 5 0 %  M O P  + 5 0 %  C S 2 4 50 6 60 26  15 8 68 2 6  85 9 7 3 33 75 11 03

T 4) 2 5 %  M C P  + 7 5 %  CS 22 15 5 97 27 65 8 28 25 27 9 25 25 75 9 80

1 00 % CS 25 38 7 17 26  20 7 05 2 2 85 10 20 2 4  75 8 52

V 5 0 %  W o o d a s h  + 5 0 %  CS 26 80 6 68 31 48 8 92 27 33 10 55 36 25 13 70

T ) 5 0 %  K H C 0 4 + 
5 0 %  N a H C O 29 73 7 10 27 63 8 68 23 20 S 63 27 00 1 77

C D NS NS NS 0 901 N S 1 0 2 8 s 5 96 0 7 20
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4 .2  Y ie ld  p a i  a m e t e r s  

4 2 I L ength  ol tubers

L e n g t h  ol  t u b e r s  ( Ta b l e  2 2)  v a r i e d  s i g n i h c a n t l y  o n l y  at  the h a r ve s t  
stage H o w e v e r  T 6 ( w o o d a s h  + C S )  p i o d u t e d  the  l o n g e s t  t u b er s  in m o s t  
o f  t he  g r o w t h  s t a g e s

4 2 2 Girth  o f  tubers

A v e r a g e  g i r th  ot t u b u s  o b t a i n e d  in v a r i o u s  ( i c i l m u i t s  it d i l l u u i t  
g r o w t h  s t a g e s  a r e  p r e s e n t e d  in T a b l e  2 2 T h i s  p a r a m e t e r  s h o w e d  s ig n i f i c a n t  
v a r i a t i o n  a m o n g  t r e a t m e n t s  f r o m  6 M A P  o n w a i d s  At  8 M A P  a n d  h a i v c s t  
T 6 ( W o o d a s h  + 6 0 %  C S )  r e g i s t e i e d  the h i g h e s t  v a l ue s

4 2 3 lu b e r  y ie ld  

First  y ea r  1992-1993

S i g n i f i c a n t  t r e a t m e n t  e f f e c t  c o u l d  be  o b s e r v e d  in t u b e r  y ie l d  d u t i n g  
t he  ti st  y e a r  ( Ta b l e  23)  ol  t he  e x p e r i m e n t  H i g h e s t  y i e l d  w a s  i c c o i d e d  by 
t h e  t r e a t m e n t  in w h i c h  6 0 %  M O P  a n d  60%'  C S  ( T ^ )  w e i e  g i v e n  T s 
r e g i s t e r e d  t he  l o w e s t  y ie l d

Second year 1993 1994

S i g n i f i c a n t  d i l l e r e n c e  in tube i  y ie l d  c o u l d  be  o b s e i v e d  in the  s e c o n d  
y e a r  a l s o  ( T a b l e  23)  H e r e  a l so  T , r e g i s t e r e d  the h i g h e s t  w e i g h t  ol t u b u s  
a n d  T 5 t he  l o w e s t  In the  s e c o n d  year  the  y i e l d  o b s e i v e d  in T |  ( 1 0 0 %  
M O P )  a n d  T^  ( 1 0 0 %  C S )  w e i e  a l m o s t  s i n n l a i  In al l  o t h e i  t i e a t m e n t s  
w h e i c  b o t h  t he  n u t u e n t s  w e r e  s u p p l i e d  t he  t u b e r  y i e l d  w a s  m o i e  than 
w h e n  s i n g l e  nul l  t e nt  a l o n e  w a s  s u p p l i e d
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Pooli d mean yield

T a b l e  2 3  s h o w s  t h e  p o o l e d  m e a n  y i e l d  o f  t u b e r s  t r o m  t h e  t w o  
e x p e r i m e n t s  T ,  w a s  s u p e r i o r  to  al l  o t h e r s  a n d  w a s  s i g n i f i c a n t l y  d i l l e r e n l  
f r o m  o t h e r s

T a b l e  2 3  T u b e r  y i e l d  in  t he  f i r s t  y e a r  a n d  s e c o n d  y e a r  as  a i l e c t e d  
b y  N a C I  s u b s t i t u t i o n

T r e a t m e n t

T ub er  yield 
( t on s / ha )

I year  
( 19 92  93)

Tubei  yield 
( to ns / ha)  

II year  
( 19 9 3  94)

Po ole d
mean

T , )  100% M O P 21 91 16 70 19 30

T 2) 7 5 % M O P  + 2 5 % CS 19 05 20 30 19 70

T 3) 5 0 %  M O P  + 5 0 % CS 26 04 24 50 25 30

T 4) 2 5 % M O P  + 7 5 % CS 18 42 17 90 18 20

T 5) 100% CS 11 43 15 30 H  40

T 6) 5 0 % W o o d a s h  + 5 0 % CS 13 81 18 30 16 10

T 7) •>()% KHCO-,  + 
>0% N a H C O , 16 19 17 80 17 00

C D  ( 0  0 5) 7 8 7 3 6 5 5 8 3 4 4 3
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4 .2 .4  B u lk in g  Rate (BR)

B u l k i n g  R a t e  d a y  1 is p r e s e n t e d  in T a b l e  24  T h e r e  w a s  s i g n i h c a n t  
d i f f e r e n c e  b e t w e e n  t r e a t m e n t s  a t  a l l  s t a g e s  A  s i g n i f i c a n t l y  h i g h e r  B R  
w a s  r e g i s t e r e d  b y  T 3 ( 5 0 %  M O P  + 5 0 %  C S )  a t  2 M A P  T u b e r  f o r m a t i o n  
w a s  s t a r t e d  in  T 3 a l o n e  a t  2 M A P  T h e  l o w e s t  B R  w a s  e x h i b i t e d  b y T 3 

( fu l l  C S )  D u r i n g  2 4 m o n t h s  s t a ge ,  t he  r at e  w a s  s i g n i f i c a n t l y  h i g h e r  to r  
T 6 w h e r e  a s h  in c o m b i n a t i o n  w i t h  c o m m o n s a l t  w a s  a p p l i e d  W h e n  the 
p e r i o d  f r o m  p l a n t i n g  to h a r v e s t  w a s  c o n s i d e r e d  the  r a t e  w a s  h i g h e s t  in T 3 

b u t  w a s  on  a p a r  w i t h  T |  ( fu l l  p o t a s h )  T 2 ( 7 5 %  p o t a s h )  a n d  T 4 ( 2 5 %  p ot as h)

T a b l e  2 4  B u l k i n g  r a t e  o f  t he  p l a n t s  a t  d i f f e r e n t  s t a g e s  as  a f l e c t e d  by 
d i f f e r e n t  t r e a t m e n t s

T re a t m e n t
B R u p
up to 

2 M AP
(g day *)

BR
2 MA P
4 M A P

(g day ' )

BR
Plant ing
Harvest

(g day ')

T j )  100% M O P 0 71 1 2 60 6 59

T 2) 7 5% M O P  + 25% CS 0 25 12 29 5 55

T 3) 5 0% M O P  + 50% CS 1 14 12 59 7 60

T 4) 2 5% M C P  + 7 5% CS 0 47 1 1 24 5 57

T 5) 100% CS 0 17 1 1 45 5 55

T 6) 5 0% Woodash  + 50% CS 0 27 18 40 4 05

T ?) 50% K H C 0 3 + 
50% N a H C O j 0 18 10 87 4 72

CD 0 550 4 961 2 298
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4.2 5 U ti l i sa tion  In dex  (U l)

T h e  t a b l e  25  r e v e a l s  t ha t  t he  UI  is a f f e c t e d  by  d i f f e r e n t  t r e a t m e n t s  
The t r e a t m e n t s  v a r i e d  s i g n i f i c a n t l y  in t he  UI T 3 ( 5 0 %  C S  + 5 0 %  M O P )  
r e g i s t e r e d  t he  h i g h e s t  UI  a n d  T 2 ( 2 5 %  M O P )  t h e  l o w e s t

T a b l e  25 U t i l i s a t i o n  i n d e x  as a f f e c t e d  b y  t r e a t m e n t s

T re a t m e n t Ut i l i zat ion index

T i ) 100% M O P 2 02

T 2) 75% M O P  + 25% CS 1 45

t 3) 5 0% M O P  + 50% CS 2 40

t 4) 2 5% M O P  + 75% CS 1 85

T 5) 100% CS 1 99

T 6> 50% Woo das h  + 50% CS 1 91

t 7) 50%- K H C 0 3 + 50% N a H C 0 3 2 29

CD 0 922

4 .3  Q u a l i t y  o f  t u b e r s  

4 3 1 Cooking quality

T a b l e  2 6  p r e s e n t s  s c o r e s  o b t a i n e d  f or  d i f f e r e n t  t r e a t m e n t s
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T a b l e  2 6  C o o k i n g q u a l i t y  o f  t u b e r  as  a f f e c t e d  b y  N a C I  s u b s t i t u t i o n

T r c a m e  nt S c o r e  o b t a i n e d  
l o r  s w e e t n e s s

T e x t u r e O v e r a l l
a c c e p l a b i l i U

T , ) 1 0 0 %  M O P 3 s o f t  f ; g o o d

T 2 ) 7 5 %  M O P  + 2 5 %  CS 2 8 p o w d e r y n o t  s a t i s l a c l o r y

T , ) 5 0 %  M O P  + 5 0 %  CS 3 s o l  t w S ° ° d

' O 2 5 %  M C P  +  7 5 %  CS 3 4 s l i g h t l y  h a r d no t  s it i s( ae U i v

T O 1 0 0 %  C S 4 h a r d not  s a t i s t  t c u  ry

T 6> 5 0 %  W o o d a s h  + 5 0 %  CS 2 8 p o w d e r y n o t  s a t i s f a c t o r y

t 7 > 5 0 %  KHCO-* + 
5 0 %  N a H C O , 3 4 s l i g h t l y  h a r d no t  s a i l s t a e t c  ry

T h e  m a x i m u m  s c o r e  o f  4  ( s w e e t )  w a s  o b t a i n e d  b y  t he  t u b e r s  f rom 
t he  t r e a t m e n t  w h i c h  r e c e i v e d  f ul l  C S  B u t  w h e n  c o o k e d  t h i s  b e c a m e  ha r d  
N e x t  h i g h e s t  s c o r e  w a s  r e c o r d e d  by  t he  t r e a t m e n t s  T 4 ( 2 5 %  M O P  + 7 5 % 
C S )  a n d  T ? ( 5 0 %  K H C 0 3 +  5 0 %  N a H C 0 3) T 6 ( 5 0 %  w o o d a s h  + 5 0 %  CS )  
r e c o r d e d  t he  l o w e s t  s c o r e

U p t o  5 0 %  s u b s t i t u t i o n  b y  C S ,  t e x t u r e  w a s  g o o d  a n d  c o m p a r a b l e  
w i t h  t h a t  o f  T |  b u t  at  h i g h e r  s u b s t i t u t i o n s  t h e  t u b e r s  w e r e  s w e e t e r  b u t  
b e c a m e  h a r d  w h e n  c o o k e d

4 .3 .2  S t a r c h  a n d  S u g a r s

T a b l e  27 i l l u s t r a t e s  t he  a v e r a g e  c o n t e n t  o f  s t a r c h  s t a r c h  l r a e t i o n s  
a n d  s u g a r  t r a c t i o n s  o b t a i n e d  as a r e s u l t  o f  N a C I  s u b s t i t u t i o n



T ab le  27 E ff ec t  o f  Na CI  s u b s t i t u t i on  on the  s t arch and s ug ar  c o n t e n t  o f  tubers

T r e a t m e n t
S t a r c h

c o n t e n t
%

A m y l o s e
in

s t a r c h  %

A m y l o p e c t i n
m

s t a r c h  %

Tota l
s u g a r s

%

R e d u c i n g
s u g a r s

%

S u c r o s e
c o n t e n t

%

T , ) 1 0 0 %  M O P 28 9 0 29  15 51 60 1 74 1 39 0 36

T 2 ) 7 5 %  M O P  + 2 5 %  CS 28 33 2 8 38 5 2  18 2  0 6 1 45 0 61

t 3) 5 0 %  M O P  + 5 0 %  C S 28 95 29  59 51 88 2 27 1 35 0 92

T 4 ) 2 5 %  M O P  + 7 5 %  C S 27 55 27  06 51 37 2 31 1 0 2 1 29

t 5) 1 00 % CS 27 15 27 61 5 2 77 2  60 1 49 1 1 2

t 6) 5 0 %  W o o d a s h  + 5 0 %  CS 2 6 75 27  94 5 2 90 2 39 1 4 0 0 99

t 7) 5 0 %  K H C 0 3 + 
5 0 %  N a H C 0 3 28 45 2 8  71 5 0  12 2 25 1 15 1 13

C D  (0 0 5 % ) NS 0 8 96 0 148 0 182 0 0 9 9 0 154
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S t a r c h  c o n t e n t  d i d  n o t  s h o w  a n y  s i g n i f i c a n t  v a r i a t i o n  as  a l e s u l t  of  
s u b s t i t u t i o n  T h e  h i g h e s t  c o n t e n t  w a s  s h o w n  b y  T-, ( 5 0 %  M O P  + 5 0 %  CS )  
a n d  t h e  l o w e s t  b y  T 6 ( 5 0 %  w o o d a s h  + 5 0 %  C S )

S t a r c h  f r a c t i o n s  ( a m y l o s e  a n d  a m y t o  p e c t i n )  s h o w e d  s i g n i f i c a n t  
v a r i a t i o n  d u e  t o  t r e a t m e n t  e f f e c t  A m y l o s e  w a s  s i g n i l i c a n t l y  h i g h e i  in 
f ul l  C S  t r e a t m e n t  (T^> w h e r e a s  a m y l o p e c t i n  w a s  h i g h e s t  in ( 5 0 %  w o o d  
a s h  +  5 0 %  C S )

S i g n i f i c a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  in t o t a l  s u g a r s  i c d u c i n g  
s u g a r s  a n d  s u c r o s e  c o n t e n t  o f  f r e s h  t u b e r s  u n d e r  d i f f e r e n t  t r e a t m e n t s  T ot a l  
s u g a r  c o n t e n t  w a s  l o w e s t  in t h e  t u b e r s  o f  f u l l  p o t a s h  t r e a t m e n t  W i t h  
i n c r e a s i n g  l e v e l s  o f  s u b s t i t u t i o n  w i t h  C S ,  t h e  c o n t e n t  o f  t o t a l  s u g a r s  
i n c r e a s e d  a n d  t h e  v a l u e  w a s  h i g h e s t  in  t h e  t r e a t m e n t  w h e r e  ful l  s u b s t i t u t i o n  
o f  M O P  b y  C S  w a s  e f f e c t e d  R e d u c i n g  s u g a r  c o n t e n t  w a s  a l s o  h i g h e s t  in 
T 5 ( fu l l  C S )

S u c r o s e  c o n t e n t  w a s  f o u n d  to  i n c r e a s e  w i t h  N a  a p p l i c a t i o n  u p t o  
7 5 %  s u b s t i t u t i o n  o f  K  b y  N a  ( T 4 )

4 . 3 . 3  P r o t e i n s  a n d  a m i n o a c i d s

C r u d e  p r o t e i n  c o n t e n t  ( T a b l e  2 8 )  v a r i e d  s i g n i f i c a n t l y  as a r e s u l t  o f  
N a  s u b s t i t u t i o n  T h e  h i g h e s t  c o n t e n t  w a s  o b s e r v e d  in t h e  t r e a t m e n t  T 6 

( 5 0 %  w o o d  a s h  +  5 0 %  C S )

T h e r e  w a s  s i g n i f i c a n t  v a r i a t i o n  in t h e  t o t a l  a n d  f r e e  a m i n o  a c i d  
c o n t e n t  o l  v a r i o u s  t r e a t m e n t s  T o t a l  a m i n o  a c i d s  c o n t e n t  m c i e a s c d  wi th  
i n c r e a s e  in N a  s u b s t i t u t i o n  u p t o  7 5 %  b u t  f r ee  a m i n o  a c i d  c o n t e n t  i n c r e a s e d  
w i t h  a l l  l e v e l s  o f  s u b s t i t u t i o n  T o t a l  a n d  F i e e  a m i n o a c i d s  w e r e  l o u n d  to 
b e  h i g h e s t  in T fi



73

T a b le  28 E f l e c t  o f  N a C I  s u b s t i t u t i o n  on the p r o t e i n c o n t e n t  a n d  a m i n o
a c i d  c o n t e n t  o f  t u be r s

T r e a t m e n t
C r ud e

Pr ote i n
c on t en t

%

Total  ami n o 
ac id (% leuc ine 

eq u i v a l e n t )

f r e e  ami no 
acids  (ppm 

leuc i ne  
e q u i v a l en t )

T , ) 100% M O P 2 56 1 1 32 31 18

T 2) 7 5 % M O P  + 2 5 % CS 1 80 12 32 31 1 2

t 3) 50% M O P  + 5 0 % CS 2  06 1 2  2 2 33 38

t 4) 2 5 %  M C P  + 7 5 %  CS 2 33 17 69 35 00

T s ) 100% CS 1 92 1 2  11 71 16

t 6) 5 0 %  W o o d a s h  + 5 0% CS 3 21 29 45 85 96

T 7) 5 0 %  K H C 0 3 +
5 0 % N a H C 0 3 3 15 12 23 45 20

CD 0 261 5 166 18 312

4 .3 .4  H y d r o c y a n ic  a c id  co n te n t  (H C N  con tent)

T h e r e  w a s  s i g n i f i c a n t  v a r i a t i o n  a m o n g  t r e a t m e n t s  in H C N  c o n t e n t  
o f  f re>h t u b e r s  ( T a b l e  2 9 )  T h e  t r e a t m e n t  T 3 ( fu l l  C S )  r e g i s t e r e d  t h e  h i g h e s t  
a n d  T 3 ( 5 0 %  M O P  + 5 0 %  C S )  t he  l o w e s t  v a l u e s  T h e  t r e a t m e n t  w i t h  7 5 %  
M O P  + 2 5 %  C S  o r  v i c e  v e r s a  l e c o r d e d  a l m o s t  e q u a l  H C N  c o n t e n t  in 
I r e s h  t u b e r s
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T a b l e  2 9  H y d r o c y a n i c  a c i d  c o n t e n t  o f  t u b e r s  as  a f f e c t e d  b y  d i i f c r e n t  
t r e a t m e n t s

T r e a t m e n t H C N  c on te nt  ( pg / g)

T l) 100% M O P 7 35

t 2> 7 5 % M O P  + 25 % CS 8 00

t 3) 5 0 % M O P  + 5 0% CS 6 75

T 4) 2 5 % M O P  + 7 5% CS 8 40

T s) 100% CS 17 10

T 6) 5 0 %  Wo o da s h  + 5 0% CS 8 55

T 7) 5 0 % K H C O j  + 5 0% N a H C 0 3 9 15

CD 5 010

4 .3  5 Tota l p h en o ls

T h e  t r e a t m e n t s  d i f f e r e d  s i g n i f i c a n t l y  in t o t a l  p h e n o l  c o n t e n t  Tota l  
p h e n o l  c o n t e n t  i n c r e a s e d  as  a r e s u l t  o f  N a  s u b s t i t u t i o n  W i t h  7 5 %  
s u b s t i t u t i o n  t h e  h i g h e s t  v a l u e  w a s  o b t a i n e d  ( T a b l e  30)

4 3 (i C ru d e  tibrc

T h e r e  w a s  s i g n i f i c a n t  d i t l e r e n c e  in  t h e  c r u d e  f i b r e  c o n t e n t  
( T a b l e  3 1 )  T h e  w o o d  a s h  +  C S  ( T fi) t r e a t m e n t  r e g i s t e r e d  t h e  h i g h e s t  c o n t e n t  
o f  c r u d e  f i b r e  in t u b e r
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Table 3 0  T o t a l  p h e n o l s  in t he  f l e s h  o l  t u b e r s  as  a l l e c t e d  b y  t r e a t m e n t s

T r e a t m e n t
Total  p h en o l s  
( p p m  c a te c ho l  

e q u i v a l e n t )

T , ) 1 00% M O P 7 79

t 2) 7 5 %  M O P  + 2 5 %  CS 7 88

T 3> 5 0 %  M O P  + 5 0 %  CS 7 81

t 4) 2 5 %  M O P  + 7 5 % CS 8 09

t 5) 100% CS 7 21

t 6) 5 0 % W o o d a s h  + 5 0 %  CS 8 06

t 7) 5 0 %  K H C 0 3 + 5 0 %  N a H C 0 3 7 28

C D 0 523

T a b i c  31 E f f e c t  o f  N a C I  s u b s t i t u t i o n  o n  t h e  c r u d e  f i b r e  o f  t u b e r s

T r e a t m e n t C r u d e  f ibre  c o n t e n t  (%)

T j ) 1 0 0 %  M O P 2 53

t 2) 7 5 %  M O P  + 2 5 %  CS 2 84

T 3) 5 0 %  M O P  4- 5 0 %  CS 2 64

t 4) 2 5 %  M O P  + 7 5 %  CS 2 78

t 5) 1 0 0 %  CS 2 58

t 6) 5 0 %  W o o d a s h  + 5 0 %  CS 3 55

T 7) 5 0 %  K H C 0 3 + 5 0 % N a H C 0 3 2 53

C D 0 161
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4 3.7 V iscosity  o f  the starch so lu tion

T h e  v i s c o s i t y  o f  t he  s t a rc h  s o l u t i o n  f r o m  the  d i f f e r e n t  t r e a t m e n t s  
w a s  f o u n d  to v a r y  ( T a b l e  3 2 )  T h e  s t a r c h  s o l u t i o n  l r o m  T 4 ( 7 5 %  N a  
s u b s t i t u t i o n )  w a s  t he  m o s t  v i s c o u s  f o l l o w e d  by  T 6 ( w o o d  ash  + C S )  T h e  
l o w e s t  v a l u e  w a s  e x h i b i t e d  by  T<j ( fu l l  C S )

T a b l e  32 V s c o s i t y  o f  s t a r c h  s o l u t i o n  as  a f f e c t e d  by  N a C I  s u bs t i t u t i o n

T r e a t me n t Viscosi ty 
(NS m 2)

T j )  100% MO P 10  23

T 2) 7 5% M O P  + 25% CS 10 48

T 4) 5 0% M O P  + 50% CS 10 2 2

T 4) 25% M O P  + 75% CS 10 70

T 5) 100% CS 9 90

T 6) 50% Wo od as h +5 0 % CS 10 55

T ?) 50% K H C 0 4+ 50% NaHCO^ 10 11

CD 0 340



T a b l e  33 M i n e r a l  c o n t e n t  o f  t u b e r s  f r o m  d i f f e r e n t  t r e a t m e n t s

T r e a t m e n t N
%

P
%

K
%

N a
%

C a
%

M g
%

T , ) 1 0 0 %  M O P 0 41 0  0 8 0  4 0 0 0 2 0 0 0 3 0 0 3 7

T 2 > 7 5 %  M O P  +  2 5 %  C S 0 2 9 0 0 9 0  58 0 0 2 0 0  0 1 0 0 4 3

t 3) 5 0 %  M O P  +  5 0 %  C S 0 2 7 0 0 9 0  55 0  0 2 0 0 0 3 0  041

t 4) 2 5 %  M O P  +  7 5 %  C S 0 3 7 0  0 8 0  2 6 0 0 1 8 0 0 4 0 0 3 2

T , ) 1 0 0 %  C S 0 31 0 0 7 0  38 0 0 3 0 0  0 2 0  041

t 6> 5 0 %  W o o d a s h  + 5 0 %  C S 0 51 0  08 0 3 6 0 0 2 0 0 0 1 0 0 4 2

T 7) 5 0 %  K H C 0 3 + 
5 0 %  N a H C O . 0 5 2 0 0 8 0 3 0 0  0 2 0 0 0 1 0 0 3 9

C D 0 041 N S 0 0 4 8 0  0 0 2 0 0 0 3 0 0 0 1
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4.3.8 M ineral content o f  tubers

T h e  m i n e r a l  c o n t e n t  o f  t ub er s  f ro m d i f f e r e n t  p lo t s  is p i c s o n t e d  111 

T a b le  33 T u b e r s  f r o m  p lo t s  w h i c h  w e r e  t r ea t ed  w i th  5 0 %  M O P  and  50% 
CS g e n e r a l l y  r e g i s t e r e d  h i g h e r  m i ne r a l  c o n t e n t  e x c e p t  N

4 3 9 S h e lf  life of  tubers (Keeping quality of  tubers)

F r o m  a p r e l i m i n a r y  s t ud y c o n d u c t e d  in s h e l f  l i fe o f  t ub er s  it 
w a s  o b s e r v e d  t h a t  the  t u b e r s  f r o m  al l  o t h er  t r e a t m e n t s  e x c e p t  Tj  and  T 3 

p e r i s h e d  a n d  c o u l d  n o t  be  u s ed  f or  c o o k i n g  by  6 th d a y  w h e n  s to r ed  in 
m o i s t  soi l  T u b e r s  f r o m  T |  a nd  T 3, t h er e f o r e  w e r e  s u b j e c t  for  d e t a i l e d  
s tu d y  n b o t h  the  e x p e r i m e n t s  T u b e r s  f r o m  T ( c o u l d  be  k ep t  l o r  12 days  
w i t h o u t  d e t e r i o r a t i o n  a nd  t u be r s  f ro m T 3 c o u l d  be s to r ed  u p to  35 th  day 
w i t h o u t  a f f e c t i n g  c o o k i n g  q ua l i ty

T h e  tota l  p h e n o l s  a nd  H C N  c o n t e n t  o f  the r ind  an d f lesh ol tubers  
f ro m T 3 a n d  T 4 w e r e  a n a l y s e d  a nd  p r e s e n t e d  in T ab le  34 In T 3 the total  
p h e n o h  a n d  H C N  c o n t e n t  w e r e  m o r e  in r in d  w h e r e a s  in t u b e r s  f rom T,  
th ey  w e r e  m o r e  in f lesh

4 .4  E n z y m e  a c t iv i ty  

4 4 1 Starch synthesis ing  enzym es activity

S i g n i f i c a n t  d i f f e i e n c c  w a s  n o t ic e d  a m o n g  t i e a t m e n t s  m the ac t iv i ty  
o f  p h o s p h o r y l a s e  a n d  Q e n z y m e  ( Ta bl e  35)

The  m a x i m u m  p h o s p h o r y l a s e  a c t iv i ty  was  s h o w n  by  the t r ea t me nt  
T 3 ( 5 0 %  M O P  + 5 0 %  C S )  a nd  Q e n z y m e  a c t i v i ty  by T 6



T a b l e  34  H C N  c o n t e n t  a n d  t o t a l  p h e n o l s  in t h e  r i n d  a n d  f l e s h  o f  t u b e r s  f r o m  d i f f e r e n t  t r e a t m e n t s

H C N  p g / g T o t a l  p h e n o l s  p p m  
c a t e c h o l  e q u i v a l e n t

1 0 th d a y  
a f t e r  

h a r v e s t

1 2 th d a y  
a f t e r  

h a r v e s t

1 5 th d a y  
a f t e r  

h a r v e s t

1 0 th d a y  
a f t e r  

h a r v e s t

1 2 th d a y  
a f t e r  

h a r v e s t

1 5 th d a y  
a f t e r  

h a r v e s t

T , R i n d 19 1 2 0  3 2 5  5 8 5 7 9 03 13 81

F l e s h 17 5 18 2 19 3 14 0 8 16 3 4 25  41

T 3 R i n d 18 6 2 1  6 2 0  8 27 45 32  13 26  63

F l e s h 9 6 1 0  8 1 I 8 8 0 4 8 16 7 13
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T able  35 A c t i v i t y  o f  s t a rc h  s y n t h e s i s i n g  e n z y m e s  as a i l e c t e d  by NaCI  
s u b s t i t u t i o n

Trea tm en t Phospho iy lase  
acivity  (units)

Q enzyme 
activity (%A660)

T , ) 100% MOP 10 10 0 099

T 2) 75% M OP + 25% CS 10 38 0 101

T-,) 50% M O P + 50% CS 11 63 0 101

T 4) 25% M CP + 75% CS 9 63 0 101

T5) 100% CS 6 08 0 095

T 6) i0% Woodash + 50% CS 5 38 0 108

T 7) 50% K H C 0 7 + 50% N aH C O , 7 70 0 098

( D 1 047 0 004

4.4.2 N itrate R eductase  Activity (NRA)

N R A  at  6 M A P  as  a f f e c t e d  by  d i f f e r e n t  t r e a t m e n t s  is g i v e n  in 
T ab le  36

T h e r e  w a s  n o  s i g n i f i c a n t  v a r i a t i o n  in N R A  a t  6 M A P  d u e  to 
s ub s t i t u t i o n  wi th  N a  T h e  h i g h e s t  a c t iv i ty  was  r e c o r d e d  by the 5 0 %  CS + 
5 0 %  M O P  t r e a t m e n t  ( T 7)
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T ab l e  3 6 N i t r a t e  R e d u c t a s e  A c t i v i t y  ( a t  6 M A P )  as  a f f e c t e d  b y  N a C I  
s u b s t i t u t i o n

Ti ea tm en t Nitrate Reductase Activity 
N 0 2 g 'h  1

T  ) 100% MOP 0 00290

T  ) 75% M O P + 25% CS 0 00298

T O 50% M OP + 50% CS 0 00305

t 4) 25% M CP + 75% CS 0 0029

T j ) 100% CS 0 00285

t 6) 50% Woodash + 50% CS 0 00285

t 7) 50% K H C 0 3 + 50% N a H C 0 3 0 00290

CD NS

4 .5  U p t a k e  o f  n u tr ie n t s  as  a f f e c te d  by N a  a n d  K

4.5.1 Nitrogen

U p t a k e  o f  n i t r o g e n  at  d i f f e re n t  g r o w t h  s t a g es  is g i v e n  in Table  37 
In al l  t he  t r e a t m e n t s ,  t he  N u p t a k e  f o l l o w e d  a d e f i n i t e  p a t t e r n  U p t o  6 

m o n t h s  in al l  t he  t r e a t m e n t s  t he  u p t a k e  s h o w e d  an i n c r e a s i n g  t r en d  and  
t h e r e a f t e r  a d e c r e a s e  T h e  d e c l i n e  in u p t a k e  w as  m o r e  c o n s p i c u o u s  in T-, 
t han  the o t h e r  t r e a t m e n t s  A t  2 M A P  6 M A P  a n d  h a r v e s t  s t a ge  ther e was  
s i g n i f i c a n t  v a r i a t i o n  a m o n g  t r e a t m e n t s  in  N u p t a k e  A t  2 M A P  a n d  6 

M A P  the 5 0 %  CS + 5 0 %  M O P  t r e a t m e n t  r e c o r d e d  the  h i g h e s t  u p t a k e  o f  N 
B u t  a t  h a r v e s t  s t a g e  t h e  t r e a t m e n t  T j  ( fu l l  p o t a s h )  s h o w e d  t he  h i g h e s t  
u p t a k e



T ab l e  37 Ni t r o g e n  u pt ake  as a f f ec te d  b y  d i f fe r en t  t r ea t ment s

N i t r o g e n  ( kg  h a ' )
n e a i m e i i i

2 M A P 4 M A P 6 M A P 8 M A P H a r v e s t

T i ) 1 0 0 % M O P 17 08 33 9 0 77  36 5 9  73 6 0  94

t 2) 7 5 %  M O P  + 2 5 %  CS 11 13 4 8  89 5 8 81 5 4  6 0 4 5 7 4

t 3) 5 0 %  M O P  +  5 0 %  CS 18 85 4 2  3 0 102 4 2 4 9  65 3 7 01

t 4) 2 5 %  M O P  + 7 5 %  CS 14 95 37  39 6 9  25 5 0  53 34  93

t 5) 1 00 % C S 1 0  2 0 4 3  32 6 6  48 53  58 23 97

T fi) 5 0 %  W o o d a s h  + 5 0 % C S 8 86 57  10 89  3 6 5 4  04 3 0  50

t 7) 5 0 %  K H C 0 3 +  5 0 %  N a H C 0 3 1 1  2 0 33  18 77  25 4 9  5 4 36  93

C D 4 162 N S 22  39 N S 28  3 99
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4.5.2 P hosp horu s

A s  c l e a r  f r o m  t he  t a bl e  38,  the  P u p t a k e  a l so  i n c r e a s e d  up to  6 M A P  
a n d  t h e r e a f t e r  d e c r e a s e d  T r e a t m e n t  d i f f e r e n c e s  w e r e  s i g n i f i c a n t  on ly  at 
2 M A P  D u r i n g  m o s t  o f  t he  g r o w t h  s tages ,  t he  h i g h e s t  u p t a k e  w as  s hown 
b y  T 3 ( 5 0 %  CS + 5 0 %  M O P )  an d the  l o w e s t  by T 5 ( ful l  CS )

4.5.3 Potassium

K  u p t a k e  ( T a b l e  39)  w a s  a l s o  f o u n d  to i n c r e a s e  u p t o  6 M A P  and  
d e c r e a s e  t h e r e a f t e r  E x c e p t  at  4 a n d  6 M A P  at  al l  o t h er  s t a g e s  ther e was  
s i g n i f i c a n t  v a r i a t i o n  a m o n g  t r e a t m e n t s  in K  u p t a k e  A t  al l  s t a g e s  the 
h i g h e s t  u p t a k e  w a s  s h o w n  b y  T 3 ( 5 0 %  CS + 5 0 %  M O P )  A t  l a ter  s t ag es  o f  
g r o w t h ,  N a  s u b s t i t u t i o n  a b o v e  5 0 %  o r  s u bs t i t u t i o n  w i th  a l t e r n a t e  so urc es  
( T 6 a n d  T ? ) d i d  n o t  f a v o u r  K u p ta ke

4 .5 .4  Sodium

N a  u p t a k e  ( Ta b le  4 0 )  a l so  s h o w e d  the  s a m e  p a t t e r n  as  tha t  o f  K 
U p t o  0 m o n t h s ,  t he  u p t a k e  w a s  in an a s c e n d i n g  o r d e r  and  a f te r  t ha t  in a 
d e s c e n d i n g  o r d e r  O n l y  at  2 M A P ,  N a  u p t a k e  v a r i e d  s i g n i f i c a n t l y  
b e t w e e n  t r e a t m e n t s  T h e  u p t a k e  by  T 3 at  2 M A P  w a s  s i g n i f i c a n t l y  h i gh er  
t h an  al l  o t h e r  t r e a t m e n t s  N a  u p t a k e  by  T ,  w h i c h  r e c e i v e d  no  N a  was  
g e n e r a l l y  h i g h e r  t h a n  o t h e r  t r e a t m e n t s  r e c e i v i n g  Na ,  e s p e c i a l l y  at  l a ter  
s t a g e s  o f  g r o w t h



T abl e  38 P h o s p h o r u s  u pt ake  as a f f ec t ed  b y  d i f f er ent  t r ea tm en ts

P h o s p h o r u s  ( k g  h a  ^
l r e a i i n e n i

2 M A P 4 M A P  6  M A P 8 M A P H a r v e s t

T i ) 1 0 0 %  M O P 1 92 4  3 6 8 87 8 65 6 27

t 2) 7 5 %  M O P  + 2 5 %  CS 0  61 5 47 7 29 6 32 6 61

t 3) 5 0 %  M O P  + 5 0 %  CS 1 82 5 19 11 14 9 55 7 0 2

T 4) 2 5 %  M O P  + 7 5 %  CS 1 1 1 4  65 8 7 0 7 77 5 0 0

T 5) 1 0 0 %  CS 0 65 4 84 6 6 0 7 53 3 09

T 6) 5 0 %  W o o d a s h  + 5 0 % C S 0 71 5 80 10 4 0 6 6 2 4 03

T 7) 5 0 %  K H C 0 3 +  5 0 %  N a H C 0 3 0 92 3 75 8 14 7 15 4  36

C D 0 361 N S N S N S N S



T a bl e  39 P o t a s s i u m  u p t a k e  (kg h a  as a f fe c t e d  b y  d i f fe re n t  t r ea t ment s

•s P o t a s s i u m  (kg ha

2 M A P 4  M A P 6 M A P 8 M A P H a r v e s t

T i ) 1 00 % M O P 12 4 4 11 03 4 6  66 35 35 28 45

t 2) 7 5 %  M O P  + 2 5 %  C S 4 4 0 18 25 38 0 0 35 77 38 53

t 3) 5 0 %  M O P  +  5 0 %  CS 12 14 16 4 9 4 8  36 37 5 4 38 76

t 4) 2 5 %  M O P  +  7 5 %  CS 6  4 4 10 0 5 2 9 76 2 4  33 14 13

T s ) 1 0 0 % C S 4  0 6 1 1  88 18 58 21 96 14 57

t 6) 5 0 %  W o o d a s h  + 5 0 % C S 3 84 23 34 4 6  5 6 31 49 15 95

T 7) 5 0 %  K H C 0 3 +  5 0 %  N a H C 0 3 2 79 10 54 30  56 2 0  82 14 37

C D 2 4 3 8 N S N S 1 0  188 17 501



Table 4 0  S o d i u m  u p t a k e  as a f f e c t e d  by d i f fe r en t  t r e a t m e nt s

S o d i u m  ( kg  h a  *)

2 M A P 4 M A P 6 M A P 8 M A P H a r v e s t

T , ) 1 0 0 %  M O P 0 48 2 17 2 76 2 7 0 1 45

t 2) 7 5 %  M O P  + 2 5 %  C S 0 2 4 2 47 1 96 1 81 1 4 2

t 3) 5 0 %  M O P  + 5 0 %  C S 1 0 0 1 68 2 75 2 38 1 65

t 4) 2 5 %  M O P  + 7 5 %  C S 0 63 1 4 9 3 87 2 9 2 1 14

t 5) 1 0 0 %  CS 0 62 2  1 1 2 56 2 4 0 1 0 9

t 6) 5 0 %  W o o d a s h  +  5 0 % C S 0 45 1 9 4 3 69 2 03 0 98

Ty) 5 0 %  K H C 0 3 +  5 0 % N a H C O 3 0 34 1 75 2  8 2 1 9 9 1 04

C D 0 2 9 2 N S N S N S NS
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4.5.5 Calcium

T h e t r e a t m e n t  d i f fe ren ces  (Table  41)  wer e  s ig ni f ica n t  at  al l  s tages 
e x c ep t  at  4  M A P  At  2 M A P  the  m a x i m u m  u p ta ke  w as  by  T j  ( ful l  potash)  
but  on a p a r  wi th  T 3 ( 50 % CS)  At  the tuber  f i l l ing s t age  T 3 r eco r ded  the 
h i g h e s t  u p t a k e  w h i c h  w a s  s i g n i f i c a n t l y  s u p e r i o r  to  al l  o t h e r s  H i g he r  
d e g r e e s  o f  su bs t i tu t i on  than 5 0 %  wer e  f ou n d  to l essen the up tak e o f  Ca  
T h e  t r e a t m e n t  T 7 ( N a H C 0 3 + K H C 0 3) h ad  the l ow es t  u p t ak e at al l  growth  
s t a ge s

4.5.6 M agnesium

E f f e c t  o f  t r e a t m e n t s  o n  the M g  u p t a k e  is p r e s e n t e d  in T ab le  42 
U p to  6 M A P  the M g  u p t ak e  s h o w e d  an inc r ea s in g  t r end  But  at  harves t  
this  w as  r e d u c e d  to  a l m o s t  h a l f  the va lu es  o b t a i n ed  at  8 M A P  Ex ce p t  at  4 
M A P  a t  a l l  o t h e r  s t a g e s  t he  t r e a t m e n t  d i f f e r e n c e s  w e r e  s t a t i s t i c a l l y  
s i gn i f ica nt  T h e  h i g h es t  u p ta ke  at  h a r ve s t  wa s  by  T 3 ( 5 0 %  CS + 5 0 %  MO P)  
and  the l o w e s t  by  T 5 ( ful l  CS)  t r ea t men t

4 .6

4.6.1 Soil pH

T ab le  4 3 s h ow s  the c h a n ge s  in p H  o f  the e x p e r i m e n t a l  p lo t s  wi th 
t h e  a p p l n  a t i o n  o f  t r e a t m e n t s  p H d i f f e r e n c e s  in t he  p l o t s  w e r e  no t  
s ign i f i can t  in the  ini t ia l  g ro wt h  s tages  At  4 M A P  a g ra d ua l  inc i ea se  in 
pH was  o b s e r v e d  wi th  7 5 % and 100% s ubs t i tu t ion  o f  Na



T abl e  41 C a l c i u m  upt ake  as a f f e c t e d  by d i f fe r en t  t r ea tm en ts

C a l c i u m  ( kg  h a  ^
i r e a t m e n t

2 M A P 4  M A P 6  M A P 8 M A P H a r v e s t

T i ) 1 0 0 %  M O P 0 53 4 63 4 41 6 51 6 41

t 2) 7 5 %  M O P  + 2 5 %  CS 0 24 5 23 13 28 5 6 0 5 00

t 3) 5 0 %  M O P  + 5 0 %  CS 0 51 4 4 0 17 23 5 8 0 5 32

T 4> 2 5 %  M O P  + 7 5 %  C S 0 32 2 48 5 0 6 2 33 3 80

t 5) 1 0 0 % CS 0 2 4 4  9 6 1 59 2  1 1 2  6 2

T 6) 5 0 %  W o o d a s h  + 5 0 % C S 0 2 2 5 65 5 4 8 3 13 1 99

T 7) 5 0 %  K H C 0 3 + 5 0 %  N a H C 0 3 0 2 1 3 92 2 7 4 1 1 0 1 46

C D 0 113 N S 2 2 6 4 1 6 3 3 1 961



T abl e  42  M a g n e s i u m  u p t a ke  ( kg  h a  L) as a f f ec te d  by d i f f e r e n t  t r ea t ment s

M a g n e s i u m  ( kg  h a  *)
i i e a u n c i u

2 M A P 4 M A P 6 M A P 8 M A P H a r v e s t

T i ) 1 0 0 %  M O P 1 59 5 2 6 9 38 9 4 6 4  58

t 2) 7 5 %  M O P  + 2 5 %  C S 0 57 5 4 0 7 9 4 13 4 6 5 29

t 3) 5 0 %  M O P  + 5 0 %  C S 1 34 5 4 0 18 3 9 9 0 4 5 91

t 4) 2 5 %  M O P  + 7 5 %  C S 1 0 2 5 16 7 23 6 25 4 21

t 5) 1 0 0 %  C S 0 71 4 81 4 05 5 92 2 93

t 6) 5 0 %  W o o d a s h  + 5 0 % C S 0 63 6 75 1 1  8 6 6 60 3 32

T 7) 5 0 %  K H C 0 3 + 5 0 %  N a H C 0 3 0 38 5 8 2 1 1  0 2 7 08 3 37

C D 0 311 N S 3 2 7 6 2  2 1 8 1 6 7 0



T ab le  43  S o i l  p H  as  a f f e c t e d  b y  N a C I  s u b s t i t u t i o n

PH
T r e a t m e n t

I n i t i a l 2  M A P 4  M A P 6 M A P 8 M A P H a r v e s t

T i ) 1 0 0 %  M O P 4 35 4  68 4  9 8 4 93 4 9 0 5 0 8

T 2) 7 5 %  M O P  + 2 5 %  C S 4  4 0 4 45 4  7 9 5 18 5 0 0 5 19

t 3) 5 0 %  M O P  +  5 0 %  C S 4  4 5 4 5 0 5 09 5 11 5 0 0 5 14

t 4) 2 5 %  M O P  + 7 5 %  CS 4 6 0 4 6 0 5 23 5 0 6 5 0 0 5 19

t 5) 1 0 0 %  C S 4 65 4  78 5 34 5 0 8 5 0 4 5 25

t 6) 5 0 %  W o o d a s h  + 5 0 %  CS 4 6 8 4 7 0 4  90 4 93 4 9 0 5 10

t 7) 5 0 %  K H C 0 3+ 5 0 %  N a H C 0 3 4 6 8 4 63 4 98 5 16 5 0 0 5 2 6

C D N S N S 0 0 8 4 0 0 5 0 0 0 6 0 0  071
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4 .6 .2  W ater H old ing  Capacity  (WHC)

T h e  W H C  o f  the  p l o t s  ( Ta b le  4 4 )  d i f f e r e d  s i g n i f i c a n t l y  wi th  the 
a p p l i c a t i o n  o f  t r e a t m e n t s  A t  2 M A P  in al l  the  s o d i u m  t r e a t e d  p lo t s  the 
W H C  i n c r e a s e d  a n d  in t h e  f u l l  p o t a s h  t r e a t e d  p l o t  it  d e c r e a s e d  w h e n  
c o m p a r e d  to i n i t i a l  v a l ue s  A t  6 M A P  al l  the t r e a t m e n t s  e x c e p t  T<; ( 1 0 0 %  
C S )  w e i e  on a par

4.6.3 O rgan ic  carbon

T h e  o r g a n i c  c a r b o n  s t a t us  ( Table  4 5)  d i f f e re d  s i g n i f i c a n t l y  d ue  to 
t r e a t m e n t s  a t  al l  s t a g es  I n i t i a l ly  the p lo t s  w e r e  h a v i n g  m e d i u m  sta tus  o f  
o r g a n i c  c a r b o n

A  s i g n i f i c a n t  i n c r e a s e  in T 6 ( w o o d  a s h  t r e a t m e n t )  w a s  o b s e r v e d  at  
2 M A P  A t  4  M A P ,  a s h a r p  d e c r e a s e  w a s  n o t i c e d  m  al l  t he  p lo t s  Bu t  at 
6 M A P  it  a g a i n  i n c r e a s e d  in al l  t he  t r e a t m e n t s  A t  h a r v e s t  s t a ge ,  the 
h i g h e s t  v a l u e  w a s  r e c o r d e d  by  T 6 ( w o o d  ash )  a n d  l o w e s t  by  T ,  ( ful l  p ot as h)

4 .6 .4  Available phosphorus

T h e  i n i t i a l  P  s t a t us  o f  the  e x p e r i m e n t a l  s i te  w a s  l o w  T r e a t m e n t s  
d i f f e r e d  s i g n i f i c a n t l y  in the  a v a i l a b l e  P  c o n t e n t  ( Table  46)  I n i t i a l ly  at  2 
M AP ,  t h e r e  w a s  a s ha r p  r i se  in the  a va i l a b l e  P  s t a t us  m  al l  t he  p lo t s  wi th 
t he  a p p l i c a t i o n  o f  p h o s p h a t i c  f e r t i l i z er  A f t e r  6 m o n t h s  s t ag e th er e  w as  a 
g r a d u a l  d e c l i n e  in  al l  t he  t r e a t m e n t s  A t  h a r v e s t  al l  t he  t r e a t m e n t s  a b o v e  
5 0 %  s u b s t i t u t i o n  w i t h  N a  an d s ub s t i t u t i o n  w i t h  a l t e r na te  s o u rc e s  g en e ra l ly  
r e g i s t e r e d  l o w e r  v a l ue s  o f  a v a i l a b l e  P  in soi l  T 2 ( 2 5 %  N a)  h a d  the  h i gh es t  
c o n t e n t  o f  a v a i l a b l e  P in soi l  at  h a r v es t



Table  44  Wa te r  ho l d i ng  c a p a c i t y  o f  soi l  as a f f ec te d  by Na CI  s ubs t i tu t ion

W H C  %
i r e a i m e n i

I n i t i a l 2 M A P 4  M A P 6  M A P 8 M A P H a r v e s t

T t ) 1 0 0 %  M O P 4 7  0 0 28  5 9 37  54 4 4  31 2 9  85 39  6 6

t 2) 7 5 %  M O P  + 2 5 %  C S 4 6  4 0 5 0  0 0 38  48 4 5 4 2 3 4  65 4 0  35

t 3) 5 0 %  M O P  +  5 0 %  C S 4 4  4 0 47  8 8 39  83 4 4  23 31 2 9 37 6 6

t 4) 2 5 %  M O P  + 7 5 %  C S 4 5  9 0 37  4 2 4 0  66 43  0 9 2 9  2 4 35 41

T s ) 1 0 0 %  CS 4 3  7 0 45  19 3 6  14 32  77 2 7  81 4 0  93

T 6) 5 0 %  W o o d a s h  + 5 0 %  C S 4 6  0 0 4 7  53 4 3  75 4 4  55 31 63 4 3 14

T 7) 5 0 %  K H C O 3 +  5 0 %  N a H C 0 3 4 6  4 0 4 8  21 4 4  43 4 4  30 3 2  7 2 4 0  98

C D N S 2 7 9 2 2 6 4 2 3 0 6 5 2  116 1 5 7 4



T a b l e  45  S o i l  o r g a n i c  c a r b o n  as  a f f e c t e d  b y  N a C l  s ub s t i t u t i o n

O r g a n i c C a r b o n

I n i t i a l 2  M A P 4  M A P 6 M A P 8 M A P H a r v e s t

T l) 1 0 0 %  M O P 0 65 0 94 0 65 0 6 2 0 57 0 6 4

t 2) 7 5 %  M O P  + 2 5 %  C S 0  6 8 0 97 0 5 6 0 78 0 70 0 78

t 3) 5 0 %  M O P  + 5 0 %  CS 0 67 0 95 0 53 0 80 0 5 2 0 6 6

t 4) 2 5 %  M O P  + 7 5 %  C S 0 7 0 0 90 0 51 0  6 6 0 75 0 7 7

T 5) 1 0 0 %  CS 0 61 0 80 0 50 0 89 0  82 0 91

t 6) 5 0 %  W o o d a s h  + 5 0 %  C S 0 7 2 1 25 0 48 0 88 0 81 0 9 2

T 7) 5 0 %  K H C 0 3 +  5 0 %  N a H C 0 3 0 71 0 7 2 0  6 0 0 9 0 0 85 0 87

C D N S 0 135 0 0 6 5 0 0 9 2 0 0 5 9 0 0 6 9



T able  46  Av a i l a b l e  P as a f f e c t e d  b y  t r ea tm en ts

A v ai l a b l e P  tkg/ l ld

I n i t i a l 2  M A P 4 M A P 6 M A P 8 M A P H a r v e s t

T i ) 1 0 0 %  M O P 14 6 27  38 27  92 3 6  8 33 6 8 33 12

t 2) 7 5 %  M O P  + 2 5 %  C S 14 4 2 6  08 25 6 0 33 0 3 4  0 8 33 36

t 3) 5 0 %  M O P  + 5 0 %  C S 16 1 2 8  08 27  4 4 33 8 31 7 6 28  0 0

t 4) 2 5 %  M O P  + 7 5 %  C S 16 2 2 4  9 6 2 6  90 3 6  6 3 4  16 2 6  32

T s ) 1 0 0 %  CS 16 8 25 37 3 0  2 4 32  6 3 6  4 8 18 56

t 6) 5 0 %  W o o d a s h  + 5 0 % C S 17 8 2 0  0 0 25 20 3 6  1 31 4 4 19 5 2

t 7) 5 0 %  K H C 0 3 + 5 0 %  N a H C 0 3 17 0 2 3 12 2 4  96 2 4  5 2 2  6 4 27  36

C D 1 2 8 6 1 6 8 7 1 7 3 7 1 7 5 6 2 541 2 8 40
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4.6.5 Available potassium

C h a n g e s  in  a v a i l a b l e  p o t a s s i u m  w i th  the  a p p l i c a t i o n  o f  d i f fe r en t  
t r e a t m e n t s  a re  p r e s e n t e d  in  T a b le  47  A t  2 M A P  t h e r e  w a s  an in c r e as e  in 
a v a i l a b l e  K s t a t us  o f  soi l s  in al l  t he  t r e a t m e n t s  e x c e p t  T 5 ( fu l l  N a)  The  
v a r i a t i o n  a m o n g  t r e a t m e n t s  w a s  s i g n i f i c a n t  in  al l  t he  s t a g e s  o f  g r o w t h  
T o w a r d s  t h e  l a t e r  s t a ge s  o f  g r o w t h  in  al l  t he  N a  t r ea t ed  p lo t s ,  t he  av a i l ab le  
K  s t a tu s  d e c r e a s e d  T h e  ful l  C S  t r ea t ed  p lo t s  r e g i s t e r e d  the  l o w e s t  va lue  
a n d  the  f ul l  M O P  t r ea t ed  p lo t s ,  the h i g h e s t  v a l u e  B u t  e v e n  at  t he  h i gh es t  
c o n t e n t  o f  K in  T j  the  s t a t us  w as  low in soi l

4.6.6 Available sodium

T h e r e  w a s  s i g n i f i c a n t  d i f f e r e n c e  a m o n g  t r e a t m e n t s  in the  av a i l a b l e  
N a  s t a t us  o f  soi l  at  al l  s t a g es  ( Ta bl e  4 8)  T h e r e  w a s  an i n c r e a s e  in the 
a v a i l a b l e  N a  c o n t e n t  w i t h  t he  a pp l i c a t i o n  o f  t r e a t m e n t s  at  2 M A P  At  2 
MA P,  t he  t r e a t m e n t  T 2 ( 2 5 %  N a )  r e g i s t e r e d  the h i g h e s t  a n d  T j  ( fu l l  po tash )  
the  l o w e s t  v a l u e s  A t  4  M A P  th er e  w as  a d e c r e a s e  in the c o n t e n t  in al l  the 
t r e a t m e n t s  e x c e p t  T 5 ( fu l l  C S )  w h e r e  it  c o n t i n u e d  to r i se  A t  6 M A P  the 
s t a tus  w a s  l o w e r  th an  at  4  M A P  in al l  t he  p lo t s  At  8 MA P,  the  s t a tus  was  
s l ig h t l y  i m p r o v e d  in al l  t he  t r e a t m e n t s  b u t  at  h a r v e s t  i t  ag a in  c a m e  d o w n  
A f t e r  t he  c r op ,  at  h a r v e s t  a s t a tus  l o w e r  t han  the ini t i a l  w as  r e c o r d e d  f rom 
al l  the  p lo t s

4.6 7 Cation - A nion ratio  (C-A ratio)

C - A  r a t i o  ( K  + N a  to Cl  r a t i o )  in so i l  ( Ta b l e  4 9 )  w a s  f o u n d  to 
i n c r e a s e  l e v e l  a n d  th en  d e c r e a s e  d u r i n g  t he  d i f f e r e n t  s t a g e s  o t  g r o w t h



T ab l e  47 Avai l ab l e  K as a f f e c t e d  by t r ea tm en ts

A v a i l a b l e  K  ( k g / h a  ^

I n i t i a l 2 M A P 4 M A P 6 M A P 8 M A P H a r v e s t

T i ) 1 0 0 %  M O P 8 9  4 0 92  3 0 128  7 0 113 30 108 9 0 1 1 1  1 0

t 2) 7 5 %  M O P  + 2 5 %  C S 67  7 0 108 35 138  60 127 60 119 9 0 105 60

t 3) 5 0 %  M O P  + 5 0 %  CS 81 2 0 110 95 103  95 7 0  95 9 4  05 9 0  0 0

t 4) 2 5 %  M O P  + 7 5 %  CS 7 3  2 0 8 4 15 9 0  75 7 6  45 68  75 67  10

t 5) 1 0 0 %  CS 73  2 0 4 4  00 7 0  95 45  65 52  25 5 9  95

T 6) 5 0 %  W o o d a s h  + 5 0 %  CS 5 9  6 0 81 4 0 106  15 95 15 61 45 86  9 0

T 7) 5 0 %  K H C 0 3 +
5 0 %  N a H C 0 3 55 30 97 90 7 9  2 0 67 10 67 65 6 6  5 0

C D N S 19 641 21 7 5 6 12 6 7 4 9 5 9 7 9 7 4 4



Tabl e  48  Avai labl e  N a  o f  soi l  as a f f ec t ed  b y  N a C l  s ubs t i tu t ion

A v a i l a b l e  N a  ( k g / h a  *)

In i t i a l 2  M A P 4 M A P 6  M A P 8 M A P H a r v e s t

T t ) 1 0 0 %  M O P 6 4  9 0 7 2  05 4 6  2 0 2 5 3 0 2 3 10 2 2  55

t 2) 7 5 %  M O P  + 2 5 %  C S 85 8 0 1 0 4 5 0 6 4  9 0 2 6  95 3 6  30 3 0  25

t 3) 5 0 %  M O P  + 5 0 %  C S 71 5 0 7 2  05 4 8  4 0 38  5 0 41 25 31 35

t 4) 2 5 %  M O P  +  7 5 %  C S 6 2  2 0 85 8 0 53  90 41 25 4 2  9 0 36 85

t 5) 1 0 0 %  CS 61 6 0 78  10 91 3 0 63  25 7 9  2 0 4 8  4 0

t 6) 5 0 %  W o o d a s h  + 5 0 %  CS 5 7 2 0 65  45 7 0 4 0 63  80 5 0  05 2 4  75

t 7) 5 0 %  K H C 0 3 +
5 0 %  N a H C 0 3 7 4 10 8 0  85 63 80 5 6  10 4 6  20 35 20

C D N S 19 2 7 2 4 8 7 2 7 377 10 5 7 6 5 005



T a b l e  49  C a t io n  ( Na  + K)  - an ion  (Cl)  r a t io  o f  soi l  as a f f e c t e d b y  Na CI  s u b s t i t u t i o n

C - A  r a t i o

I n i t i a l 2  M A P 4  M A P 6 M A P 8 M A P H a r v e s t

T j ) 1 0 0 %  M O P 1 89 2  0 1 2 14 1 70 1 62 1 6 4

t 2) 7 5 %  M O P  + 2 5 %  C S 1 88 2  61 2 4 9 1 89 1 91 1 6 6

t 3) 5 0 %  M O P  + 5 0 %  C S 1 87 2 2 4 1 87 1 34 1 66 1 48

t 4) 2 5 %  M O P  + 7 5 %  C S 1 6 6 2  08 1 7 7 1 4 4 1 37 1 27

t 5) 1 0 0 % CS 1 65 1 5 0 1 9 9 1 33 1 61 1 33

t 6) 5 0 %  W o o d a s h  + 5 0 %  C S 1 4 3 1 80 2  16 1 95 1 37 1 37

t 7) 5 0 %  K H C 0 3 + 
5 0 %  N a H C O j 1 59 2 19 1 75 1 51 1 4 0 1 25

C D 0 3 8 0 0 2 9 0 0 3 0 2 0 163 0 130 0 138
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T h i s  r a t io  w a s  v a r y i n g  s i g n i f i c a n t l y  a m o n g  t r e a t m e n t s  at  al l  s t a g e s  E x c e p t  
at  6 M A P ,  a t  al l  o t h e r  s tages ,  t he  h i g h e s t  C - A  ra t io  w as  s h o w n  by  T 2 ( 75 % 
M O P )  The t r e a t m e n t s  T j  ( fu l l  p o t a s h )  a n d  T 2 ( 7 5 %  M O P )  m a i n t a i n e d  
c o m p a r a t i v e l y  h i g h e r  v a l u e s  th an  the  o t h e r  t r e a t m e n t s  at  al l  s t ages

4.6 .8  Available calc ium

C h a n g e s  in a v a i l a b l e  c a l c i u m  ( Ta b l e  5 0)  w a s  s i g n i f i c a n t  f r o m  4 
M A P  o n w a r d s  U p t o  4  M A P  t he  a v a i l a b l e  C a  s t a t u s  in  al l  t h e  p l o t s  
i n c r e a s e d  i r r e s p e c t i v e  o f  t r e a t m e n t s  A t  6 M A P  in T ( ( ful l  K)  T 2 ( 75 % 
K ) ,  T 5 i f u l l  N a )  a n d  in T 7 ( K H C 0 3 + N a H C 0 3) t h e  s t a t u s  k e p t  on 
i n c r e a s i n g  A t  8 M A P  a n d  h a r ve s t ,  t he  h i g h e s t  a v a i l a b l e  C a  s t a t us  was  
s e e n  in  T7 ( K H C 0 3 + N a  H C 0 3)

4.6.9 A sa ilab le  M agnesium

A t  al l  s t a g e s  o f  g r o w t h  the d i f f e r e n c e  in a v a i l a b l e  m a g n e s i u m  sta tus  
w a s  s t a l i s t i c a l l y  s i g n i f i c a n t  ( Ta b le  51 )  At  2 M A P ,  in al l  t he  p lo t s  the 
s t a t u s  i n c r e a s e d  A t  6 M A P  a n d  8 M A P  t he  a v a i l a b l e  s t a t u s  i n c r e a s e d  
th an  at  4 M A P  in al l  t he  t r e a t m e n t s  A t  h a r v e s t  the  s t a tus  in T s ( lu l l  CS)  
T 6 ( w o o d  a s h  + C S )  a n d  T 4 ( 2 5 %  K)  d e c r e a s e d  a n d  in al l  o th e r s  it i nc r ea sed

Correlation between the various factors :
1 T h e  r e l a t i o n s h i p  b e t w e e n  y ie l d  a n d  u p t a k e  o l  n u t r i en t s  at  h ar ves t  

T a b le  52)

Y i e l d  o f  t u b e r s  w a s  p o s i t i v e l y  a n d  s i gn i f i ca n t l y  r e l a t e d  to  t he  u pt ak e 
o f  N,  P, K,  N a ,  C a  a n d  M g  T h e s e  c o r r e l a t i o n s  w e r e  s i g n i f i c a n t  at  1% 
l e v e l  A s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  (r  = 0 8 72 8 ** )  w a s  o b t a i n e d  
b e t w e e n  u p t a k e  o f  K a n d  N a  N o  s i g n i f i c a n t  c o i r e l a t i o n  w a s  o b t a i n e d  
b e t w e e n  C l  u p t a k e  a n d  y ie l d



T a b l e  50  A v a i l a b l e  C a  o f  so i l s  as  a f f e c t e d  b y  t r e a t m e n t s

A v a i l a b l e  C a  ( p p m )
1 1 r  c a t m  c n t s

I n i t i a l 2  M A P 4 M A P 6 M A P 8 M A P H a r v e s t

T , ) 1 0 0 %  M O P 25  75 3 2  25 31 0 0 5 2  25 53 75 6 0  75

t 2) 7 5 %  M O P  + 2 5 %  CS 2 9  0 0 3 4  5 0 45  75 6 6  5 0 61 25 61 0 0

t 3) 5 0 %  M O P  +  5 0 %  C S 2 6  2 5 4 0  5 0 6 9  5 0 4 8  25 45  5 0 53 0 0

t 4) 2 5 %  M O P  + 7 5 %  C S 31 75 37 75 51 0 0 3 8 75 43  00 51 25

T s) 1 00 % CS 2 9  75 3 6  50 38  5 0 57  0 0 52  5 0 4 8  25

T 6) 5 0 %  W o o d a s h  + 5 0 %  CS 3 0  25 36  75 37 75 3 6  0 0 61 25 5 6  00

T 7) 5 0 %  K H C 0 3 +
5 0 %  N a H C 0 3 28  75 38  00 38 5 0 6 7  25 65 50 6 8  25

C D N S N S 12 3 6 7 8 9 9 4 10 6 47 7 5 68



T a b le  51 A v a i l a b l e  M g  o f  so i l s  as a f f ec te d  by  t r e a t m e n t s

T r e a t m e n t s
A v a i l a b le  M g  ( pp m)

Ini t i a l 2 M A P 4 M A P 6 M A P 8 M A P H a r v e s t

T i ) 1 0 0 % M O P 9 96 12 36 1 0  1 1 3 2 80 21 25 25 81

T 3) 7 5 %  M O P  + 2 5 % CS 10 45 1 2  80 16 59 18 45 25 4 9 25 55

t 3) 5 0 %  M O P  + 5 0% CS 9 96 15 08 22  39 17 74 18 0 1 19 94

t 4> 2 5 %  M O P  + 7 5 % CS 1 0  1 0 12 59 15 0 6 2 6 56 28 05 2 6  60

t 5) 1 0 0% CS 9 92 12 23 11 74 13 25 20 14 13 40

t 6) 5 0 %  W o o d a s h  + 5 0 %  CS 9 91 12 24 10 13 11 93 30 43 2 4  48

t 7) 5 0 %  K H C O 3 +
5 0 %  N a H C 0 3 1 0  1 0 13 04 11 99 23 05 16 30 37 19

C D N S 1 6 7 2  1 9 5 3  3 541 6 4 5 8  4 209



Table 52  Correlation c o e f f ic ie n t  b e tw een  uptake o f  nutrients at harvest and y ie ld

U p t a k e  at  h a r v e s t N P K N a C a M g Cl Y i e l d

N 1 0 0 0

P 0 5 4 2 5 * * 1 0 0 0

K 0  2 1 0 1 0 8 3 1 4 1 0 0 0

N a 0 4 6 8 5 * 0 8 7 7 0 * * 0 8 7 2 8 * * 1 0 0 0

C a 0 5 6 4 6 * * 0  8 2 2 1* * 0 6 8 5 6 * * 0 7 7 5 9 * * 1 0 0 0

M g 0 5 7 6 6 * * 0 9 5 6 7 * * 0 7 8 6 3 * * 0  8 6 2 0 * * 0 8 30 6* * 1 0 0 0

Cl 0 0 9 1 7 0 1 01 3 0 2 1 5 0 0 2 4 9 2 0 3 8 9 9 * 0 1 9 0 5 1 0 0 0

Y i e l d 0 5 6 2 5 * * 0 9 3 7 0 * * 0 7 3 2 1 * * 0 8 8 3 8 * * 0 7 5 9 6 * * 0 8 9 8 3 * * 0 0 6 9 6 1 0 0 0

*

* *
S i g n i f i c a n t  at  0  05 l e ve l  

S i s m i i c d i i t  at  0  01 l e ve l oho
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2 R e l a t i o n s h i p  b e t w e e n  v ar ious  g ro wt h  p a r a me t er s  a nd  yield 
( Table  53)

Yield  at  h a r v e s t  w as  pos i t ive l y and  s i gn i f i ca n t ly  co r re la t e d  to the 
r o o t  w e i g h t ,  r o o t  v o l u m e  an d B R  a t  2 M A P  T h e  r e l a t i o n s h i p  b e t w e e n  
y ie l d  a nd  C G R  up to  2 M A P  w as  p os i t iv e  and s ig ni f ica n t  at  5% level  A 
be t t er  r e l a t i o n s h i p  wa s  o b s e r v e d  b e t w ee n  y ie l d  and C G R  f or m 6 to 8 mo nt hs  
w hi ch  « o i n c i de  wi th  the t ub er  f i l l ing s tage

N u m b e r  o f  s t om at a  a nd  size o f  s t oma t a  r eg is t e r ed  a n eg at iv e  non 
s i g n i f i c a n t  r e l a t i o n s h i p  w i t h  y i e l d  T h e  p h o s p h o r y l a s e  a c t i v i t y  w as  
s i gn i f i ca nt ly  and  p os i t iv e ly  (r = 0 4767*)  c or re la t ed  wi t h yie ld

3 \ i e l d  an d l ea f  co nc e n t r a t io n  o f  d i f fe ren t  nu t r i en ts  at  var ious  
s t ag es  ( Table  54)

1 he  l e a f  c on c e n t r a t i on  o f  N at  8 M A P  and h a r v es t  w e i e  s igni l i cant l y  
c o r r e l a t e d  wi th  y ie l d  P a nd  K c o n c e n t r a t io n  at  h a r ve s t  bea r  s igni f icant  
(at  5 %  leve l )  p o s i t i ve  co r r e l a t i on  wi th  y ie l d  N a  c o nc e n t r a t i o n  at  6 mo nt hs  
s t age  w a s  p o s i t i ve l y  a nd  s ig ni f ica nt ly  c o r re l a t e d  wi th  yie l d (r  = 0 5985**) 
T h e r e  w as  no  s ig n i f i ca n t  c or re la t i on  b e t w e e n  yie l d an d C a  conc en t r a t io n  
in the l e a f  at  d i f fe r en t  s tages  M g  at  6 m o n t h  s t age  was  po s i t i ve ly  related 
to y ie l d  (r = 0 4869*)

4 E n z y m e  ac t iv i ty ,  H C N  c o n t e n t  a n d  t u b e r  q u a l i t y  p a r a m e t e i s  
( Table  55)

St ar ch  c o n t e n t  o f  t uber s  had  a n eg a t iv e  i e la t io ns h i p  wi th  the HCN 
c on t en t  P h o s p h o r y l a s e  ac t iv i t y  w as  p os i t ive ly  and  s ign i f ican t ly  cori  el ated 
to the s t a rc h c o n t e n t  a nd  n eg a t iv el y  a nd  s ig ni f ica nt ly  re l a t ed  to the total  
sugar s ,  f ree  a m i n o  ac ids  and  c r ud e  pro t e in  o f  tubers



T able 53 C orre la tion  c o e f f ic e in t  b e tw e e n  var iou s  grow th  param eters and y ie ld

R o o t  w t  
( 2 M A P )

R o o t  vo l  
( 2 M A P )

B R
( 2 M A P )

C G R
( 2 M A P )

C G R
( 8 M A P
h a r v e s t )

P h o s D h o r v l a s e
a c t i v i t y

N n  n f  
s t o m a t a

S /p  n f
s t o m a t a

V  p IJ

R o o t  w e i g h t  
at  2 M A P 1 0 0 0

R o o t  v o l  at 
2 M A P 0 9 8 8 2 * * 1 0 0 0

B u l k i n g  r a t e  
r a t e  2 M A P 0 9 9 7 4 * * 0 9 8 5 9 * * 1 0 0 0

C r o p  G r o w t h  
r a t e  2 M A P 0 9 3 7 7 * * 0 9 2 1 7 * * 0  9 3 8 1 * * 1 0 0 0

C r o p  G r o w t h  
r a t e  8 M A P  
h a r v e s t

0  0 8 3 8 0  0 8 8 4 0  0 7 7 8 0  0 7 5 5 1 0 0 0

P h o s p h o r v l a s e  
a c t i v  l ty 0 7 8 7 6 * * 0 6 4 6 0 * * 0 5 8 1 8  * 0 4 7 2 7 * 0 3 133 1 0 0 0

N o  o l  s t o m a t a 0 2 1 0 6 0 2 3 6 7 0 1 8 7 2 0 1 7 0 7 0 3 9 4 3 * 0 5 0 8 0 1 0 0 0

S i / e  of  S t o m a t a 0 2 7 0 1 0 2 7 2 7 0 2 4 7 9 0 2 9 1 6 0 0 6 9  1 0 3 5 9 6 0 2 7 1 6 1 0 0 0

Y i e l d 0 5 2 5 2 * * 0 5 0 7  1 ** 0 5 3 7 4 * * 0 4 6 0 4 * 0 6 4 9 9 * * 0 4 7 6 7 0 2 1 7 2 0 2 5 83 1 0 0 0

S i g n i f i c a n t  at  5 % l e v e l  
Si  n i l  ic a n t  at  1 °o l e ve l



T a b l e  54 C o r r e l a t i o n  c o e f f i c i e n t s  b e t w e e n  the  l e a f  c o n c e n t r a t i o n  o f  e l e m e n t s  a t  d i f f e r e n t  s a m p l i n g  i n t e r v a l s  
a n d  y ie l d

2 M A P 4 M A P 6 M A P 8 M A P H a r v e s t

N 0 3 3 5 6 0 0 9 5 3 0 2551 0 4 4 96 * 0 4 0 67 *

P 0 2 6 7 5 0 2 0 8 3 0 2 8 7 5 0 0 0 4 5 0 4 1 5 5 *

K 0 4 2 7 6 * 0  1206 0 6 4 0 8* * 0 3 6 5 9 0 422 3* *

N a 0 0 8 1 8 0 0 5 7 7 0 5 9 8 5 * * - 0  107 7 0 2 9 5 6

C a 0 0 8 71 0 0 1 3 6 0 0 1 3 9 0 1 4 9 0 0 3 7 1 2

M g 0 1 6 8 9 0 1693 0 4 8 6 9 * 0 0 5 2 3 0  0 1 1 6

* S i g n i f i c a n t  at  5 %  le ve l
* 11 S i g n i f i c a n t  at 1% le ve l 001



T a b l e  55 R e l a t i o n s h i p  b e t w e e n  v a r i o u s  t u b e r  q u a l i t y  p a r a m e t e r s

S t a r c h T o t a l
s u g a r s

R e d u c i n g
s u g a r s

T o t a l
a m i n o
a c i d s

F r e e
a m m o
a c i d s

C r u d e
p r o t e i n

A m y l o
p e c t i n

H C N 0 5 5 0 0* * 0 3 6 5 5 0 2 1 7 5 0  0 7 5 8 0 2 6 2 2 0 2 3 3 7 0 28 31

P h o s p h o r y l a s e
a c t i v i t y

0 5 1 7 0 * * 0  5 4 95 ** 0 1225 - 0  2 5 1 8 - 0  4 8 99 ** 0 5 37 9* * 0 0411

Q e n z y m e
a c i v i t y 0 1303 0 048 1 0 1 7 3 0 0 6 2 43 ** 0 5 38 7* * 0 1615 0 4 91 6* *

S i g n i f i c a n t  at  1% le ve l



107

Q e n z y m e  a c t iv i t y  h ad  a s t r on g p o s i t iv e  a n d  s i g m l i c a n t  c o n e l a t i o n  
w i th  total  a n d  f ree  a m i n o  ac ids  a n d  a m y l o  pec t i n  o f  s t a i ch

5 R e l a t i o n s h i p  b e t w e e n  t h e  t u b e r  c o m p o n e n t s  a n d  n u t n e n t  
c o n c e n t i a t i o n  in l ea f  a nd  t u b er  at  h a i v e s t  ( Ta b le  56)

O f  the  m a j o r  c o m p o n e n t s  s t a rc h  w as  c o i r e l a t e d  s i gn i f i ca n t l y  and 
p o s i t i v e l y  o n l y  to the  N L  Tota l  s ug ar s  had  s ig n i f i c a n t  n eg a t i v e  c o i r e l a t i o n s  
w i th  N L  a n d  P L  a n d  s ig n i f i c a n t  p o s i t iv e  c o r r e l a t i o n s  w i th  N a T  and  C a L  
R e d u c i n g  m g a r s  w as  s i g n i f i c a n t l y  an d p os i t iv e ly  r e l a t e d  to K T  N a T  M gT  
a n d  C1T S u c r o s e  h a d  n e g a t i v e  s ig n i f i c a n t  c o r r e l a t i o n s  w i t h  K T  A m y l o s e  
in s t a r c h  w a s  p o s i t i v e l y  a n d  s i g n i f ic a n t ly  c o r r e l a t e d  w i t h  N a T  C a L  M g T  
a n d  C1T H C N  w a s  n e g a t i v e l y  c o r i e l a t e d  to K L  a n d  p o s i t i v e l y  a n d  
s i g n i f i c a n t l y  c o r r e l a t e d  to  N a T  a n d  C a L  T o t a l  p h e n o l s  h a d  p o s i t i v e  
s i g n i f i c a n t  r e l a t i o n  w i t h  K L  F r e e  a m m o  ac id s  an d K L  w e r e  n e ga t i v e l y  
c o n c l a l e d  a nd  l i e e  a m i n o  ac ids  an d N a T  w e i e  p o s i t i v e l y  c o n e l a t e d  C m d c  
p r o t e i n  w a s  f o u n d  to b e a r  s i gn i f i c an t  p o s i t i v e  r e l a t i o n  w i th  N T  a nd  M g L  
T h i s  w a s  n e g a t i v e l y  a n d  s i g n i f i c a n t l y  c o r r e l a t e d  to the  K T  C a T  C1T and 
C1L

6 I n t e r  c o r i e l a t i o n s  b e t w e e n  n u t r i en t s  at  h a r v e s t  t i m e  ( Table  57)

K c o n t e n t  in tube i  w a s  n e g a t i v e l y  a n d  s i g n i f i c a n t l y  c o n e l a l e d  to 
t he  N T  N a  in t u b e r  w as  p o s i t i v e l y  a nd  s i g n i f i c a n t l y  l e l a t e d  to the C a  in 
l e a f  N T  was  p o s i t i v e l y  a n d  s i g n i f i c a n t l y  c o n e l a t e d  to the  M g L  and 
n e g a t i v e l y  a nd  s i g n i f i c a n t l y  c o i r e l a t e d  to the  C1L and  C1T N a  an d Cl  in 
l e a f  w e r e  i n t e r  c o r r e l a t e d  p o s i t i v e l y  N a  in t u b e r  was  s i g n i l i c a n t l y  and  
p o s i t i v e l y  c o r r e l a t e d  to C1L a n d  C1T C a  in tu be i  w a s  n e g a t i v e l y  and  
s i g n i f i c a n i  ly  c o n e l a t e d  to  t h e  M g L  a n d  M g T  a n d  p o s i t i v e l y  a n d  
s i g n i f i c a n t l y  t e l a t e d  to C1L an d C1T



Table 56 Correlation coe ff ic ien ts  between the tuber quality parameters and nutrient concentration in 
leaf  (L) and tuber (T)

NL NT PL PT KL KT NaL NaT CaL C a T MgL MgT CIL CIT

S t a r c h 0 4 7 2 9 0 1 6 4 9 0 2 7 8 4 0 1962 0  2 2 1 4 0 1918 0 2 9 1 4 0 3 2 4 3 0 2 6 3 0 0 0 1 9 7 0 2 4 4 3 0 0391 0 17 52 0 0 2 1 3

Tota l  S u g a r s 0 4 0 0 4 0 0 6 5 6 0 3 9 0 5 0 1186 0 2 8 34 0 2 4 1 7 0  1 94 0 0 4 5 9 8 0 4 4 8 5 0 0 7 6 7 0 1977 0 1900 0 16 50 0 0 1 6 4

R e d u c  ng S u g a r s 0 0 4 0 4 0 3 4 3 8 0 0 8 3 7 0 0 5 2 9 0 2 1 9 0 0 4 5 9 5 0 2 3 9 6 0 5 4 9 8 0 3 1 4 4 0 3 0 5 3 0 3 7 2 2 0 7 4 2 8 0 3 2 1 5 0 5 1 6 9  *

S u c r o s e 0 3 1 7 0 0 15 08 0 2 8 7 0 0 0 9 2 4 0 12 64 0 4 7 0 4 0 2 9 0 6 0 0 9 9 5 0 2 1 8 9 0 2 2 6 4 0 0 7 1 9 0 2 4 2 5 0 0 6 9 5 0 2 3 7 6

A m y l o s e 0 3 4 22 0 3 6 4 9 0 0 8 8 3 0 2 4 3 4 0 5 3 1 4 0 1493 0 0161 0 7 8 6 5 0 7 5 5 9 0 0 2 8 3 0 1517 0 4 3 3 4 0 3 5 2 2 0 6 9 4 0  ‘

A m y  o p e c t  n 0 3 6 72 0 0 7 0 0 0 0 7 8 6 0 2 6 6 0 0 2 2 8 5 0 3 4 0 3 0  0 0 8 6 0 3 0 9 9 0 4 4 2 3 0  1 7 07 0 5 3 8 7 0 3 0 4 3 0 15 44 0 0 5 4 6

HCN 0 2 0 5 3 0 2 3 3 6 0 1150 0 2 6 8 0 0 5 1 2 5 0  2 2 0 8 0 2 2 6 2 0 5 6 3 9 0 6121 0 2 3 3 4 0 1791 0 1500 0 3 6 1 7 0 2 6 9 8

T o t a  p h e n o t s 0 1 33 3 0 0 3 8 5 0 3441 0 3 6 2 2 0 7 0 4 5 0 2 7 7 6 0 3 8 6 9 0 4 6 7 8 0 4 5 5 5 0 1 43 5 0 2 9 9 6 0 1704 0 1103 0 2 4 4 4

T o t a  a m  no  a c  d s 0 6 5 6 5 0 2 1 0 1 0 18 04 0 0 8 7 6 0 1 27 5 0 1642 0 2 1 3 4 0 15 35 0 2 2 1 4 0 1 37 5 0 3 5 2 0 0 1805 0 0 6 7 0 0 2 5 3 9

F r e e  a m  no  a c  d s 0 3 3 8 6 0 2 8 1 4 0 14 10 0 3 2 84 0 3 9 1 2 0 0 6 6 4 0 3 1 2 9 0 4 2 7 8 0 2 2 0 1 0 3 6 1 3 0 0 5 7 3 0 3 90 4 0 16 96 0 1418

C u d e  prot  e n 0 1 75 0 0 9 9 9 9 0 19 00 0 0 7 38 0 0 8 3 3 0 4861 0 3 1 2 0 0 2 8 4 5 0 2 9 2 0 0 3 9 9 7 0 6 2 6 8 0 1118 0 7 2 7 4 0 4 5 3 8

S gn  f c a n t  a t  5° e ve l  
S gn f c a n t  a t  1 e v e O

00



Table 57 C orrelation  c o e f f i c i e n t s  b e tw e e n  nutirent con cen tra tion s  m  le a f  (L) and tuber (T) at h arvest  tim e
N(L)

1
N(T)

2
P(L)

3
P(T)

4
K(L )

5
K(T)

6
N a(L )

7
Na(T)

8
Ca(L)

9
Ca(T)

10
M g (L )

11
M g(T)

12
CI(L) CI(T) 

13 14

N t e a r ; 1 000

2 N (T u b e r ) 0 1 73 7 1 0 0 0

3 P ( le a f ) 0 3 9 0 7 0 1923 1 0 0 0

4 P (T u b e r ) 0 0 4 9 7 0 0 74 0 0 3 1 4 2 1 000

5 K ( lea f) 0 0 35 6 0 0 82 7 0 1 72 5 0 2 39 8 1 0 0 0

6 K (T u b e r ) 0 0 4 7 0 0 4 8 7 4 0 0 3 5 6 0 3021 0 3 8 7 3 1 0 00

7 Na ( lea f) 0 1539 0 3 1 2 8 0 0 5 8 7 0 1394 0 1678 0  1386 1 0 00

8 Na (Tuber ) 0 0 6 3 0 0 2 8 4 6 0 3 4 5 7 0 2 835 0 3831 0  1893 0 1064 1 0 0 0

9 C a  ( lea f) 0 2 0 9 8 0 2 9 0 7 0 2 1 4 8 0 4 8 4 6 0 4 1 8 0 0 1912 0 2673 0 8 2 0 8 1 0 00

10 Ca (T u b e r ) 0 4 5 6 4 0 3 9 8 6 0 0 4 0 8 0 1316 0 1392 0 2 68 0 0 4 6 1 9 0 0 2 2 4 0 3 15 0 1 0 0 0

11 M g  ( lea f) 0 0 5 8 4 0 6 2 6 6 0 2 2 4 4 0 2 21 0 0 0 27 4 0 2 49 4 0 4 6 4 3 0 2 5 7 6 0 3521 0 4 2 1 7 1 0 0 0

12 M g  (T u b e r ) 0 2841 0 1119 0 0 0 8 5 0 2 73 7 0 2 3 2 8 0 391 1 0 3086 0 3 6 6 9 0 0 5 2 4 0 5 8 4 9 0 0 3 5 5 1 000

13 Cl ( lea f) 0 0 8 3 6 0 7 2 7 2 0 1706 0 2 20 5 0 0 2 5 3 0 2 78 3 0 5777 0 4 1 8 3 0 5 48 5 0 4 3 4 6 0 8 0 8 4 0 0145 1 000

14 Cl (T u b e r 0 6 1 6 0 0 4 5 2 5 0 1141 0 1983 0 4 1 0 2 0 1613 0 2 614 0 5 7 5 7 0 6 3 5 0 0 3 8 4 4 0 4 7 2 9 0 1771 0 4 9 4 7  1 000

S g n  f c a n t  a t  5%  le v e l  
S g n  f c a n t  a t  1 o e v e l 60

1



n o

7 Soi l  a v a i l a b l e  n u t n e n t s  a n d  yie l d ( Ta bl e  58)

Yi e l d  w a s  p o s i t i v e l y  and  s i g n i f ic a n t ly  r e l a t e d  to a v a i l a b l e  K c on te n t  
a n d  C A r a t i o  in s o i l  A v a i l a b l e  K  w a s  s i g n i f i c a n t l y  a n d  n e g a t i v e l y  
c o r r e l a t e d  to  t he  a v a i l a b l e  N a  in soi l  A v a i l a b l e  C a  a n d  a v a i l a b l e  M g  
w e r e  i n t e r  r e l a t e d  (r  = 0  6507**)

Path coefficient analysis 

1 Yield and the growth com ponents

Pa th  c o e f f i c i e n t  a n a l y s i s  to t r ace  the  m o s t  c o n t n b u t i n g  c h a ra c te r s  
on y i e l d  w a s  d o n e  a n d  r es ul t s  p r e s e n t e d  in t a bl e  59  a n d  60

It  is e v i d e n t  f r o m  the  t a bl e  60  that  the  m a x i m u m  d i r e c t  e f f e c t  was  
v ia  the dryr na t t e i  o f  r oo ts  at  2 nd m o n t h  T h e  h ig h p o s i t i v e  c o i r e l a t i o n  of 
d r y m a t t e i  or  r o o t s  at  2 nd m o n t h  to the  y ie l d  w as  m a i n l y  d u e  to the p os i t iv e  
d i r e c t  e f f e c t  o f  the s a m e  a n d  p o s i t i v e  i n d i r e c t  e f f e c t  v i a  L A I  an d dry  
w e i g h t  ol  l e a v e s  T h e  m a x i m u m  p o s i t iv e  i n d u e d  e l l e c t  w as  t h i o u g h  the 
r o o t  v o l u m e  at  2 M A P  R o o t  v o l u m e  t h r o u g h  it  i n d i r e c t  e f f e c t s  on the d iy  
w e i g h t  o f  r o o t s  N u p t a k e  C a  u p t a k e  L A I  a n d  D i y  w e i g h t  o f  l e a v e s  
c o n t r i b u t e d  s i g n i f i c a n t l y  to  t he  y ie l d  T h e  n u m b e i  ol l e a v e s  m l l u e n c c d  
the  y ie l d  m a i n l y  t h o r o u g h  the i n d u e d  e f fe c t s  o f  L A I  d r y w e i g h t  o f  r oot s  
an d  t he  u p t a k e  o l  n u t n e n t s  T h e  P u p t a k e  at  4 M A P  h a d  a d i r ec t  
p o s i t i v e  i n f l u e n c e  on y i e l d  w h e r e a s  N u p t a k e  at  4  M A P  h a d  a n e ga t iv e  
i n f l u e n c e  on y ie l d



Table 58 Relationship between soil  available nutnrents and yield

O C Avai l  P Av ai l  K Avai l  N a Avai l  C a Avai l  M g W H C Y i e l d

O r g a n i c  C a r b o n 1 0 0 0

A v a i l  P 0 6 8 8 7 * * 1 0 0 0

Av ai l  K 0 5 2 6 5 * * 0  6 1 1 6 * * 1 0 0 0

A v a i l  Na 0 4 4 0 2 * 0 4 7 3 9 * 0 7 2 2 7 ** 1 0 0 0

A v ai l  C a 0 07  15 0 3 7 6 3 * 0 2 8 9 1 0 3 7 0 4 1 0 0 0

Av ai l  M g 0 03  13 0 3 7 3 2 0 0 1 9 0 0 3 0 3 8 0 6 5 0 7 * *  1 0 0 0

W H C 0 5 2 7 9 * * 0 2 9 9 9 0 0 9 7 5 0 0 9 9 4 0 2 3 2 3 0  0 0 8 8 1 0 0 0

Y i e l d 0 5 9 3 9 * 0 3 2 9 3 0 4 2 8 5 * 0 3 135 0 2 0 1 6 0 0 5 2 7 0 3 9 8 6* 1 0 0 0

S gn f c a n t  a t  5 k  leve  

S gn f c a n t  a t 10 eve



Table 59 Path Coeffic ient analysis  (Y = Yield)

No of 
l e a v e s  

( 4MAP) 
X

LAI
(4MAP)

x 2

Dry wt  
of l e a v e s  
(4MAP)  

*3

Dry wt  
of  roo t  

( 2MAP)  
*4

Ro ot
v o lume
(2MAP)

*5

N p 
t a k e  

( 4MAP)  
*6

p  P 
t a k e  

( 4MAP)  
*7

kT n
t a k e

(4MAP)
*8

N a  up 
t a k e  

(4MAP)
*9

r- «Su'd U p
t a k e

(4MAP)
*10

V g  up 
t a k e  

( 4MAP)  
*11

P  a r  
he igh t  

(4MAP)
X-]2

X 0 0 6 2 8 0 3712 0  0 1 4 3 0 7 8 2 9 0  7 2 5 0 0 1691 0 2 2 7 9 0 0 7 0 0 0 0 6 3 7 0 0831 0 0 0 1 0 0 1 1 0 2

x 2 0 0 5 0 6 0 4 6 1 5 0 1672 0 5 9 2 9 0 5 2 1 6 0 5 7 8 6 0 5 5 6 3 0 1266 0 0 9 1 7 0 1 89 4 0 0 5 8 5 0 1 1 0 2

*3 0 0 0 2 1 0 1819 0 4 2 4 3 0  1 8 1 2 0 1 9 29 1 2 5 0 5 1 2 0 3 5 0 3 0 04 0 0981 0 3231 0 1391 0 0 6 4 2

*4 0 0 2 3 2 0 1288 0 0 3 62 2 1 2 4 5 1 8 4 3 2 0 2 2 3 2 0 0 6 5 3 0 0 1 4 8 0 0 2 7 8 0 0 4 7 4 0 0 1 5 3 0 0 3 3 8

*5 0 0 2 4 4 0 1288 0 0 4 38 2 0 9 4 5 1 8 6 9 6 0 1 78 9 0 0 0 1 6 0 0 1 5 4 0 0 2 0 6 0 0 3 9 8 0 0 1 2 7 0 0 3 7 6

*6 0 0 0 7 3 0 1825 0 3 6 2 7 0 3 2 4 2 0 2 2 8 6 1 4 6 2 9 1 4 7 7 8 0 3 4 02 0 1 41 3 0 3 7 3 0 0 14 29 0 0 8 0 9

*7 0 0 0 9 2 0 1654 0 3291 0 0 8 9 4 0  0 0 1 9 1 3 9 5 2 1 5 5 1 7 0  3 1 3 6 0 1441 0  3 4 5 0 3 1371 0  0 8 0 2

*8 0 0 1 0 8 0 1433 0 3 1 2 6 0 0 7 6 9 0 0 7 0 5 1 2 2 0 9 1 19 39 0 4 0 7 6 0 1066 0 3 0 5 2 0  1062 0 0 8 7 3

*9 0 0 2 1 0 0 22 24 0 2 1 8 7 0 3 1 0 2 0 2 0 2 3 1 0 8 6 3 1 17 50 0 2 2 8 3 0 1 9 0 3 0 3431 0 1 1 2 2 0 0 8 8 2

X 0 0 0 1 2 5 0 20 89 0 3 2 7 7 0 2 4 0 5 0 1 7 8 0 1 3 0 4 3 1 2 7 9 7 0 2 9 7 4 0 1561 0 4 1 8 3 0 1356 0 0911

X , 0 0 0 0 4 0 1646 0 3601 0 1 9 7 8 0 1 4 4 5 1 2 7 5 0 1 2 9 7 7 0 2641 0 1302 0 3461 0 1 6 3 9 0 0 7 2 4

x  2 0 0 3 8 5 0 2825 0 1513 0 3 9 9 2 0 3 9 0 9 0 6571 0 6 9 1 8 0 1976 0 0 9 3 2 0 2 1 1 8 0 0 6 60 0 18 00



Table 60 Path C oeff ic ien t  A n a ly s is  (Y=Yield)

\ / ^ r i ̂ .b ̂ £ D ' r ecf
e f f e c t

Total

+

i nd i r ec t  e f fe c t M a x i m u m  in di rec t  
e f fec t  

+ -

Total
c or re l a t i o n
c o e f f i c i e n t

- 0  0 6 2 8 1 5 1 67 -1 1017 0 7 8 2 9 -0 7 2 5 0 0 3 52 2

X 2 0 4 6 1 5 1 4 2 6 0 1 6 1 7 6 0 5 9 2 9 -0 5 7 8 6 0 2 7 0 0
x 3 0 4 2 4 3 2 1159 -1 8211 1 2 0 3 5 -1 2 50 5 -0 1294
X4 2 1245 0 4 3 5 6 2 0 2 3 4 0 2 2 3 2 1 84 3 2 0 536 7

X 5 -1 8 6 9 6 2 4 8 7 4 -0 1107 2 0 9 4 5 -0 0 3 7 6 0 5071

X 6 -1 4 6 2 9 2 51 3 3 -1 1481 1 4 7 7 8 -0 3 7 3 0 0 0 9 74

x 7 1 5 5 1 7 0 7 6 0 2 -2 2 4 8 0 0 3 1 3 6 -1 3 93 2 0 0 6 39

X8 0 4 0 7 6 1 620 5 2 0 1 3 7 1 1939 -1 2 20 9 0 0 1 4 4

x 9 0 19 03 1 9 4 0 2 2 0 6 7 5 1 17 50 1 0 86 3 0 0 6 2 9

X,o 0 4 1 8 3 2 2 55 7 1 9761 1 2 7 9 7 1 304 3 0 1388

x n 0 16 39 2  0 0 1 1 2 2 5 1 8 1 2 9 7 7 1 2 7 5 0 0 086 7

X , 2 0 1800 1 7 3 03 1 4 4 9 6 0 6 9 1 8 0 6571 0  1006
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2. Relative Water Content (RWC) and the physiological parameters

Pa th  co ef f i c i e n t  ana l ys i s  to d e t e r mi n e the m o s t  in f l ue nc i ng  factor  
on  R W C  has s h o w n  tha t  the c u t i c le  t h i c k n e s s  h a d  the  m a x i m u m  di rec t  
ef fec t  on R W C ,  ( Table  61 and  62)  Size  o f  e p i d e r ma l  cel l  al so h ad  a di rect  
i n f l ue n c e  on R W C

R E G R E S S I O N

R e g r e s s i o n s  b e t w e e n  the v ar i ous  q ua l i ty  p a r a m e t e r s  o f  tuber  and 
the n u t r i e n t  c o n c e n t r a t i o n  in d i f fe ren t  p l an t  par t s  h av e  b e e n  w o r k e d  out  
a n d  t h e y  r re  p r e s e n t e d  in A p p e n d i c e s  1 to 7 T h e  v a r i a b l e s  we r e  
a m e n a b l e  to l inear  re l a t i on sh ip s

N a  a nd  Cl  in tuber  h ad  a s ign i f ican t  re l a t ion  wi t h  r e d u c i n g  sugars  
( A p p e n d i x  II)  the e q ua t i o n s  b ei ng  Y = 0 83 + 23 25 x in the case  o f  Na 
and  Y = 1 05 + 0 87 x in the case  o f  Cl

The c o e f f i c i e n t  o f  d e t e r m i n a t i o n  v a l ue s  w er e  0 30 13  and  0 2672 
r e sp e c t i v e l y  p o in t i n g  o u t  t ha t  the c on t r i bu t i on  w as  3 0 % a n d  2 6% in the 
a b o v e  cases  M g  in t ub er  al so h ad  a pos i t ive  s ign i f ica n t  r e l a t i on sh i p  wi th 
r e d u c i n g  su gar s  an d the r eg re ss i on  equ at io n  in this case  was  Y = 0 03 + 
33 0 2  X a n d  t he  R 2 v a l u e  w a s  0 5 5 1 8  i n d i c a t i n g  t ha t  t h e r e  w a s  5 5 %  
co n t r i bu t io n  f ro m this fac tor

N a  in t ub er  and Cl  in tuber  we r e  a l so  s ign i f ican t ly  and pos i t ive ly  
c o r r e l a t e d  w i t h  t he  a m y l o s c  in s t a r c h  ( A p p e n d i x  111) T h e  e q u a t i o n s  
o b t a i n ed  w ; r e  Y = 22 98 + 282  14 x for  N a T  and  Y = 25 81 + 9 84 x for



T ab le  61 Path  C o e f f ic ien t  A n a ly s is  (y = R W C )

N o  o f  
s t o m a t a

S i z e  o f  
s t o m a t a

C u t i c l e
t h i c k n e s s

Si ze  o f  
e p i d e r m a l  cel l

N o  o f  s t o m a t a - 0 .3 5 1 9 - 0  016 1 0 0 1 8 3 0 0 0 2 8

S i z e  o f  s t o m a t a 0 148 7 0 .0 3 8 1 - 0  02 61 0 0 1 5 7

C u t i c l e  t h i c k e n 0 0 5 6 5 -0 0 0 8 7 0 .1 1 3 9 0 0 4 3 3

S i z e  o f  e p i d e r m a l  cel l 0  0 1 1 9 -0 0 0 7 2 0 0 5 8 9 0 .0 8 3 6



T ab le  62 P a th  C o e f f ic ien t  A n a ly s is  (Y =  RW C)

V a r i a b l e D i r e c t
e f f e c t

To ta l  i n d i r e c t  
e f f e c t

M a x i m u m  i n d i r e c t  
e f fe c t

Tota l
C o r r e l a t i o n
c o e f f i c i e n t

+ - + -

N u m b e r  o f  
s t o m a t a - 0  3 5 1 9 0 0 1 8 3  -0 0 1 8 9 0 0 1 8 3  0  016 1 - 0  3 5 2 5

S i z e  o f  
S t o m a t a 0 03 8 1 0 1 48 7  0 0 4 1 8 0 1 48 7  0 026 1 0 1 4 49

C u t i d e
t h i c k n e s s 0 113 9 0 0 4 3 3  -0 0 6 5 2 0 0 4 3 3  0 0 5 6 5 0 0 9 1 9

Si z e  o f
e p i d e r m a l  cel l 0 0 8 3 6 0 0 7 0 8  0 0 0 7 2 0 0 5 8 9  0 0 0 7 2 0 1473
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C1T T h e  R 2 va lu es  w er e  0 6185 and  0 48 I 6 T h e s e  va lues  s ugges te d that 
the c c n t r i b u t i o n  to the a my l o s e  c on te n t  was  62 % f rom N a T  and  4 8 %  from 
C1T

T h e  H C N  c o n t e n t  o f  tuber  and  K in leaf  w er e  n eg a t iv el y  cor re l a t ed  
( A p p e n d i x  IV)  T h e  r e gr e ss io n  equ a t io n  s h o wi n g  this r e l a t i on sh ip  is Y = 
26 95 27 37 x a nd  the R 2 is 0 2 62 6  Fr o m this it is in fe r red  that  there
was  o nl y 2 6 %  c on t r i bu t io n  f rom KL

T h e  r e l a t ion  b e t w e e n  total  p h en o l s  and  K in l eaf  is g i ven  by the 
e q u a t i o n  Y = 5 6 8  + 3 29  x ( R 2 = 0  4 9 6 2 )  T h i s  s h o w s  t h a t  the 
c o n t r i bu t i on  f ro m K L  is ab ou t  5 0 % ( Ap p e n d i x  IV)

Fi na l  y ie l d  c o u l d  be  p r e d i c t ed  f rom K L  at  6 M A P  and  N a L  at 6 

M A P  ( A p p e n d i x  VII )  b y  equ a t io ns

Y = 2 00 + 16 5 0 x for  K L

Y = - 26  11 + 7 32  84 x for  N aL
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DISCUSSION

S o d i u m  is t h o u g h t  to be  e ss e n t i a l  o n l y  f o r  h a l o p ^ t e s  B u t  th er e  are 
r e p o i t s  t ha t  th i s  m o n o v a l e n t  c a t i o n  c a n  s u b s t i t u t e  K in c e r t a i n  f u n c t i o n s  
in s o m e  p l a n t s  ( I r u o g  a  al  1953 El  S h e i k h  e t  a l  1967 D r a y c o t t  
t t  a l  I 9 7 0 )  An i n v e s t i g a t i o n  w as  c a r r i e d  o u t  in the  C o l l e g e  o f  A g r i c u l t u r e  
V c l l a y a m  to s t u d y  t he  1 c a s ib i  1 lty ol  s u b s t i t u t i o n  ol  K by  N a  in a po tash  
l o v i n g  c r o p  l ike  c a s s a v a

E l a b o r a t e  f i e l d  e x p e i m i e i i t s  w e r e  c o n d u c t e d  foi t w o  c o n s e c u t i v e  
y e a r s  in t he  O x i s o l s  ol t h e  I n s t r u c t i o n a l  F a r m  C o l l e g e  o f  A g r i c u l t u r e  
V e l l a / a n i  u s i n g  t he  c a s s a v a  v a r i e t y  M 4 T h e  soi l  o f  the  e x p e r i m e n t a l  si te 
w as  a id le  in r e a c t i o n  m e d i u m  in o r g a n i c  c a r b o n  s t a t us  a n d  l ow  in a v a i la b l e  
P a n d  K T h e  l o c a t i o n  e n j o y s  a h u m i d  t r o p i ca l  c l i m a t e  w i th  an a ve r a g e  
a n n u a l  r a i nf a l l  ol  1858 m m  G r o w t h  a n d  y i e l d  c h a r a c t e i s  w e r e  m e a s u i e d  
q u a l i t y  p a r a m e t e r s  ol  t he  t u b e r  w e r e  t e s te d ,  c u l i n a r y  p r o p e r t i e s  a n d  n u t r i t iv e  
q u a l i t i e s  o f  t he  t u b e r s  w c i e  e v a l u a t e d  k e e p i n g  q u a l i t y  w a s  s t u d i e d  and  
c a m e  ou t  w i t h  r e su l t s  w h i c h  are  d i s c u s s e d  b e l o w

G r o w t h  a n d  g r o w th  c h a r a c t e r s

M e a s u i c m c n t s  in p l a n t  h e i g h t  d i d  n o t  s h o w  a n y  s i g n i f i c a n t  
d i l l c i c n c e  in a n y  ol the  g i o w t h  s t a g es  N u m b e r  o f  l e a v e s  t a ke n  a l s o  s h o w e d  
that  t he  t r e a t m e n t s  w e i e  on  a p ar  e x c e p t  at  6 M A P  T h i s  p o i n t s  o u t  tha t  K 
h a s  no  s p c c i l i c  i o I c  m t h e s e  g i o w t h  c h a i a c t c i s  P u s h p a d a s  a n d  A i y e r  
( 1 9 7 6 )  h a v e  i c p o i l c d  tha t  K h ad  no c l l e c t  on  p l a n t  h e i g h t  o r  n u m b e i  ol 
l e av es  in c a s s a v a  S i n g h  et  al  ( 1 9 9 3 )  m a d e  s i m i l a r  o b s e r v a t i o n s  in po ta t o
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R a y  t i  a l  ( 1 9 9 3 )  f o u n d  t h a t  K  a p p l i c a t i o n  h a d  l i t t l e  m l l u e n c e  o n  t h e  rate  

o f  l e a f  p r o d u c t i o n  i n  b a n a n a  b u t  i t s  r o l e  i n  e x t e n d i n g  t h e  l o n g e v i t y  o f  t h e  

I c a v t  s c a n  n o t  b e  d e n i e d  N u m b e r  o f  l e a v e s  r e t a i n e d  b y  f u l l  p o t a s s i u m  

t r e a t m e n t  w a s  h i g h e r  i n  t h i s  e x p e r i m e n t  a l s o  ( T a b l e  N o  6 )  T h e  L e a f  

A r e a  I n d e x  ( L A I )  ( T a b l e  9  a n d  F i g  4 )  o n  t h e  o t h e r  h a n d  d i f f e r e d  

s i g n i f i c a n t l y  f r o m  t h e  t u b e r  b u l k i n g  s t a g e  u p t o  h a r v e s t  s t a g e  T h e  t i e a t m e n t  

w h e r e  5 0 %  K  w a s  s u b s t i t u t e d  b y  N a  o f  c o m m o n  s a l t  m a n i f e s t e d  m a x i m u m  

L A I  in a l l  t h e  g r o w t h  s t a g e s  A  h i g h  L A I  i s  d e s i r a b l e  b e c a u s e  t h e  e f f e c t i v e  
a r e  i l o r  p h o t o s y n t h e s i s  i s  d e c i d e d  b y  t h i s  p a r a m e t e i  S i n c e  c a s s a v a  e x h i b i t s  

a p h a s i c  g r o w t h  p a t t e r n  ( W i l l i a m s  a n d  G h a z a l i  1 9 6 9 )  i n  w h i c h  t h e  

d e v e l o p m e n t  o f  l e a l  c a n o p y  p i e c e d e s  t u b e i  g r o w t h  a h i g h  L A I  

p i e d e i e r m i n e s  a  h i g h  t u b e r  y i e l d

I n v e s t i g a t i o n s  m a d e  at d i f l e r e n t  a g r o  c l i m a t i c  l e g i o n s  h a v e  s h o w n  
th \t L A I  h a d  a s i g n i f i c a n t  m l l u e n c e  o n  t h e  C G R  o l  c a s s a v a  ( G h o s h  e t  a l

1 9 8 8 )

I t  w a s  o b s e r v e d  t h a t  t h e  c h l o r o p h y l l  c o n t e n t  i n c r e a s e d  w i t h  

m c i c a ^ c d  s u b s t i t u t i o n  o l  K b y  N a  u p t o  7 5 %  a n d  t h e i e  a l t e i  d e c l i n e d  W h e n  

1 0 0 %  K w a s  s u b s t i t u t e d  t h e  c h l o r o p h y l l  c o n t e n t  e v e n  t h o u g h  l e s s  w a s  

m o i e  t h a n  w h e n  1 0 0 %  K  w a s  g i v e n  W h e n  t h e  t o t a l  a m o u n t  o f  c h l o r o p h y l l  

i s  t a k e n  i n t o  a c c o u n t  i t  i s  m a x i m u m  in p l o t s  w h e r e  5 0 %  K  w a s  s u b s t i t u t e d  
w i t h  C S  w h e n  t h e  w e i g h t  o l  l e a l  i s  t a k e n  i n t o  a c c o u n t  F r o m  t h i s  it i s  

i c a s o i u b l e  t o  t h i n k  t h a t  N a C I  l a v o u i s  c h l o r o p h y l l  s y n t h e s i s  E i t h e i  b y  

w a y  o l  a c t i v a t i n g  e n z y m e s  i n v o l v e d  m  t h e  s y n t h e s i s  o f  c h l o r o p h y l l  o r  i ts  

p i c c u i s i i s  o i  b y  d n c c t l y  pai  t i c i p  i t i n g  m  i ts  b i o s y n t h e s i s  N a  p l a y s  a l o k  

i n a u g m e n t i n g  t h e  c h l o i o p h y l l  c o n c e n t r a t i o n  in l e a v e s



Le
af
 
Ar
ea
 

In
de

x

— T1 I"  T2 X T3 *  T4 T5 *  T6 — T7

Fig. 4. Leaf Area Index as affected 
by substitution of K by Na.
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A n d o  a n d  O g u c h i  ( 1 9 9 0 )  s t u d i e d  t h e  p o s s i b l e  r o l e  o l  N a  in 
c h l o r o p h y l l  b i o s y n t h e i s  ol  N a  r e q u i r i n g  C 4 p l a n t s  a n d  c o n c l u d e d  t h a t  N a  
t a k e s  p a r t  in c h l o r o p h y l l  s y n t h e s i s  a f t e r  5 - a m i n o  l a e v u l i n i c  a c i d  s y n t h e s i s  
in t h e s e  p l a n t s

C a s s a v a  b e i n g  c l a s s t h e d  as  an i n t e r m e d i a t e  b e t w e e n  C 7 a n d  C 4 
p l a n t s  N a  m i g h t  h a v e  i i o I c  111 s t i m u l a t i n g  c h l o i o p h y l l  s y n t h e s i s  111 this
c r o p  a i s o

T h e  n u m b e r  ol  s t o m a t a  g e n e r a l l y  i n c r e a s e d  w i t h  N a  s u b s t i t u t i o n  
S i m i l a r  o b s e r v a t i o n  h as  b e e n  r e p o r t e d  b y  K e m a l  U r  R a h i m  ( I 9 8 8 )  in s p r i n g  
w h e a t

T h e  s i z e  ol  s t o m a t a  m u l t i p l i e d  b y  t h e  n u m b e r  g i v e s  t he  to ta l  a r ea  
c o v e r e d  b y  s t o m a t a  W h e n  K a l o n e  w a s  g i v e n  it w a s  t oo  l o w  I f  t he  a r ea
o c c u p i e d  b y  s t o m a t a  is l o w  it  m a y  i n t e r f e r e  w i t h  t h e  e a s y  C 0 2 e x c h a n g e

£a n d  p h i r s y n t h e t i c  e f f i c i e n c y  W h e n  N a  a l o n e  w a s  g i v e n  it m a y  b e  t oo  
h i g h  to i n c r e a s e  t he  t i u n s p n a t i o n  r a t e  S o  a d e f i n i t e  r a t i o  o f  K  a n d  N a  in 
th e  n u t i i t i o n  ol  c a s s a v a  m a y  p i o b a b l y  r e s u l t  m  o p t i m u m  C 0 9 e x c h a n g e  
a n d  ti a n s p i r a t i o n  l a i c  O o i h a m  t l  a l  ( 1 9 8 5 )  r e p o i t e d  t h a t  r e d u c t i o n  ol  
t r a n s p n a t i o n  r a t e  is a c h a i a c l e r i s t i c  r e s p o n s e  to  s a l i n i t y  T h e  c h a n g e  in 
s t o m  it il i c s i s t m c c  p u i l l c l s  e x a c t l y  a c h a n g e  m  s t o m a t a l  l i c q u c n c y  a n d  
c h a n g e s  in s t o m a t a l  l i e q u e n c y  a r e  in f a c t  a c o n s e q u e n c e  o f  t h e  i n c r e a s e  
in s u c c u l c n c c  l l o w c v c i  i o n s  d c l i v c i e d  pci  u n i t  a i c a  oi pei  u n i t  v o l u m e  
o f  lea l  wi l l  be  i c d u c e d  p i o b a b l y  as  a c o n s e q u e n c e  ol  t h e  r e d u c e d  s t o m a t a l  
l i c q u c n c y

T h e  i c l a t i v c  v v a l u  c o n t e n t  ( R W C )  g e n c i a l l y  d e c i e a s e d  w i t h  a g e  
T h e  t i c a t m c n t s  T 7 I s a n d  T 7 s u c c e e d e d  to m a i n t a i n  a h i g h  s t a t u s  ol R W C



I 1 A I I Si  ni i t i  I i h u n  o l  m m  ^ i  o\v ill m u l c i  SO /c K C I  +  M) A N a C  I 
l i e  Un i t  til m i  t o m p  i h s o i i  t o  1 0 0 cf  K C I  t i e a t m e n t
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u p to  t he  h a r v e s t  s t a g e  In T 2 a n d  T 4 t he  R W C  w a s  r e l a t i v e l y  v e r y  low 
C u t i c l e  t h i c k n e s s  a n d  e p i d e r m a l  t h i c k n e s s  ( e x c e p t  at  2 M A P )  d i d  n ot  va r y  
s i g n i f i c a n t l y  a t  a n y  s t a g e  B u t  i t  c o u l d  b e  n o t i c e d  th a t  t h e s e  w e r e  m a x i m u m  
w h e n  f u l l  K  w a s  g i v e n  W h i l e  t h e  c u t i c l e  d o e s  n o t  n o r m a l l y  f o r m  a 
c o m p l e t e  b a r r i e r  to t he  m o v e m e n t  o f  i o n s  a n d  w a t e r  t h e r e  is a l m o s t  no 
i n f o r m a t i o n  c o n c e r n i n g  h o w  c u t i c u l a r  p e r m e a b i l i t y  v a r i e s  in p l a n t s  in 
r e l a t i o n  to s a l t  s t r e s s  Z i s k a  a n d  H u t m a c h e r  ( 1 9 8 9 )  o p i n e d  t h a t
m a i n t e n a n c e  o f  l e a f  w a t e r  s t a t u s  u n d e r  s a l i n e  c o n d i t i o n s  r e s u l t e d  p ar t ly  
f r o m  i n c r e a s e d  s t o m a t a  c l o s u r e  w i t h  a  s u b s e q u e n t  r e d u c t i o n  in l e a f  
t r a n s p i r a t i o n  r a t e  D h i n d w a l  e t  a l  ( 1 9 9 2 )  a l so  r e p o r t e d  t h a t  l o w  l eve l s  o f  
s a l i n i t y  s t i m u l a t e d  p l a n t  g r o w t h  a n d  i n c r e a s e d  l e a f  w a t e r  p o t e n t i a l  N a  
a n d  Cl  i on s  a c c u m u l a t e  m a i n l y  in t he  v a c u o l e  r a t h e r  th an  t he  c y t o p l a s m  
( G r e e n w a v  a n d  M u n n s  1 9 8 0)  w i t h  t h e i r  a c c u m u l a t i o n  t h e r e f o r e  b e i n g  
c o n d u c i v e  to  o s m o t i c  a d j u s t m e n t  a n d  t u r g o r  m a i n t e n a n c e

T h e  w e i g h t  o l  p l a n t  i n c l u d i n g  t u b e r  w a s  s i g n i f i c a n t l y  d i f f e r e n t  at 
al l  s t a g e s  o f  g r o w t h  H e r e  a l s o  the  t r e a t m e n t  w h e r e  5 0 %  K w a s  s u b s t i t u t e d  
w i t h  N a  o f  c o m m o n  sal t  e x c e l l e d  al l  o t h e r  t r e a t m e n t s  It  w a s  f o u n d  that  
tota l  d r y m a t t e r  p r o d u c t i o n  a n d  g r o w t h  r at es  o f  s ho o t  a n d  r o o t  t u b e r  f o l l o w e d  
t h e  p a t t e r n  o f  c h a n g e  as  L A I  ( T a b l e  2 0 )  s u g g e s t i n g  t h a t  d r y m a t t e r  
p r o d u c t i o n  a n d  t u b e r  y i e l d  a re  l a r ge l y  l i m i t e d  b y  L A I

W h e n  N a + a n d  K + as  c h l o r i d e  s a l t s  w e r e  p r e s e n t  in  e q u a l  
c o n c e n t r a t i o n s  p l a n t s  s h o w e d  m u c h  b e t t e r  g r o w t h  t h a n  w h e n  K + a l o n e  
w a s  g i v e n  H e r e  it ca n  be  a s s u m e d  t ha t  a b i o c h e m i c a l  i n t e r a c t i o n  
m u s t  h a v e  e x i s t e d  b e t w e e n  N a + a n d  K + a n d  Cl  a c c o u n t i n g  f o r  the  o b s e r v e d  
h i g h e r  g r o w t h  o f  c a s s a v a  p la n t s

O e r t l i  ( 1 9 6 8 a  a n d  1 9 6 8 b )  w h i l e  s t u d y i n g  t h e  k i n e t i c s  o f  s a l t  
t r a n s p o r t  i n to  v a c u o l e s  o f  e x p a n d i n g  p l a n t  c e l l s  u n d e r  s a l i ne  c o n d i t i o n s  
p r e s e n t e d  e v i d e n c e  t ha t  t h e r e  e x i s t s  an o p t i m u m  e x t e r n a l  sa l t  c o n c e n t r a t i o n
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at  w h i c h  t he  r a t e  oi  ce l l  e l o n g a t i o n  is r a p i d  t h a n  at  low1 o r  h i g h  s a l i n i t y  
l e v e l s  H e  p r e d i c t e d  t h a t  s a l t s  t a k e n  u p  f a s t e r  f r o m  e q u i v a l e n t  s o l u t i o n s  
to s t i m u l a t e  g r o w t h  b y  l u l l i l l i n g  t he  r e q u i r e m e n t  at  a l a s t e i  r a t e  In a d d i t i o n  
Cl  is r e p o r t e d  to  h a v e  a  r o l e  in t h e  r a t e  o f  c e l l  m u l t i p l i c a t i o n  in l e a v es  
( I c n y  1 9 7 7)  The g i o w t h  c u r v e  ( F i g  5)  of c a s s a v a  p l a n t s  s h o w e d  that  
c a s s a v a  g r o w t h  w a s  s t i m u l a t e d  by  e q u i m o l a r  c o n c e n t i a t i o n  ol  K a n d  N a  
is c h i o u d c  A n o l h u  e x p l a n a t i o n  t h a t  c a n  b e  g i v e n  to  th i s  p h e n o m e n o n  is 

th it t h e  N a + a d d e d  m th i s  t r e a t m e n t  m i g h t  h a v e  p a i t l y  s u b s t i t u t e d  the  K + 
r e q u i r e m e n t  ol  c a s s a v a  p l a n t s  W h e n  sa l t  c o n c e n t i a t i o n s  in t he  p i o l o p l a s m  
ol  t h e  ce l l  i n c i e a s e  s o m e  o f  t he  K i o n s  p r e s e n t  in t h e  v a c u o l e s  m a y  be 
s u b s t i t u t e d  by  N a  i o n s  in t h e  p r o t o p l a s m  m a k i n g  K m o t e  ivai l  ib lc  lot  
s p e c i l i c  ( u n c t i o n s  M a i n l y  t h e  p l a n t  s p e c i e s  d e c i d e  t h e  d e g i c c  ol  
r e p l a c e m e n t  of K + by  N a + ( H a i m e i  a n d  B e n n e  194 5 a n d  H a r m c i  ci  al  
1 9 5 7)

I ti s o n  a n d  I’i c i i c  ( l o s t )  i c p o i l c d  t ha t  m o i c  the ti a n s l o c a t i o n  ol 
N a  to  t he  s h o o t  be l t e i  i ts c a p a c i t y  to r e p l a c e  K in i t s  f u n c t i o n s

T a b i c  67 C o n t e n t  ol  K a n d  N a  in d i t l e r e n t  p l a n t  p a i t s

R o o l / t u b c i  
K N a

S h o o t
K N i

T  | 0 4 0 0 0 2 0 1 28 0 0 5 6
T 9 0 58 0  0 2 0 1 4 6 0 0 5 9

T s (1 55 0 0 2 0 1 37 0 071

t 4 0 2 6 0 0 1 8 1 41 0 0 7 6

T s 0 38 0 0 3 0 1 18 0 071
0 36 0 0 2 0 1 17 0 0 6 6

T 7 0 30 0 0 2 0 1 17 0 0 7 0



m

~ T 1  ^-T2 *  T3 ■* T4 * -T 5  * T 6  — T7

Fig. 5. Growth curve of cassava plants as affected 
by Na substitution
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A s  i s  e v i d e n t  f r o m  t h e  t a b l e  6 3  i n  c a s s a v a  N a  i s  r e a d i l y  

t i a n s l o c u l c d  i n t o  t in.  s h o o t  l i o m  l o o t  a n d  i s  a b l e  t o  l e p l a e e  K 111 i ts  

l u n e t i o n s  111 t h e  c e l l s  1 h e  t e s u l t s  o l  H a r m e r  a n d  B e n n e  ( 1 9 4 5 )  a n d  o t h e r s  

w c i c  s u m m a i  i s c d  s c h e m a t i c a l l y  b y  L e h r  ( 1 9 5 3 )  m  F i g  6  A c c o i d m g l y  

c a s s a v a  c a n  b e  g r o u p e d  in c l a s s  B o l  t h i s  s c h e m e  w h e r e  a  b e t t e r  g i o w t h  
i s  o b t a i n e d  w i t h  a d d i t i o n  o f  N a +

It i s  k n o w n  t h a t  p l a n t  g i o w t h  i s  t h e  r e s u l t  o l  l n t c i i e l a l e d  u t i l i z a t i o n  

o l  d i f f e r e n t  e l e m e n t s  c o n c e r n e d  i n  n u t r i t i o n  A c c o r d i n g l y  t h e  c o n c e p t  o f  

c a t i o n  b a l a n c e  p r e s e n t s  a s i t u a t i o n  w h e r e  t h e  a d d i t i o n  o f  an c l e m e n t  m a y  

c a u s e  p o s i t i v e  o r  n e g a t i v e  g r o w t h  e f f e c t s  d e p e n d i n g  o n  t h e  r e l a t i v e  

c o n c c n t i a t i o n s  o l  o t h c i  e l e m e n t s  A  c e i t a i n  c a t i o n  b a l a n c e  c o u l d  b e  

b e n e f i c i a l  f o r  t h e  g r o w t h  o l  p l a n t s  e i t h e r  b y  i n c i e a s i n g  t h e  a c t i v i t y  o f  

e n / y m e s  o r  d i r e c t  o i  i n d i r e c t  r o l e  a s  a  n u t r i e n t  F i f t y  p e r  c e n t  

s u b s t i t u t i o n  o f  K  b y  N a  m a y  b e  b e n e l i c i a l ,  s i n c e  K  a n d  t o  a  l e s s e i  e x t e n t  
N a  h a v e  b e e n  r e p o r t e d  t o  a c t i v a t e  m a n y  e n z y m e  s y s t e m s  ( E v a n s  a n d  

S o r g e i  1 9 6 6 )

O h t a  c i  a I  1 9 8 7  l o u n d  t h a t  g i o w t h  i n c i c a s c  o l  t h e  N a  d e f i c i e n t  
A m a i  a n t h u  s i m o l o i  s e e d l i n g s  o c c u n c d  w i t h i n  2 4  h o u i s  o l  t h e  a d d i t i o n  ol  

s o d i u m  s a l t  i n s o l u t i o n  c u l t u r e  e x p e r i m e n t s  T h e  i c a s o n  t h e y  h a v e  

a t t n b u t e d  l o i  t h i s  w a s  t h a t  t h e  r a l e s  o l  o x y g e n  e v o l u t i o n  i n t h e  l e a l  d i s c s  

w e i e  f o u n d  t o  i n c i e a s e  w i t h i n  2 4  h o u r s  o f  r e c e i v i n g  t h e  s o d i u m  t r e a t m e n t  

A c c o r d i n g l y  t h e  i m p i o v c m c n t  o f  t h e  g i o w t h  w'as i n t i m s i c a l l y  c o n c l a t c d  

w i t h  t h e  s t i m u l a t i o n  o l  p h o t o s y n t h e s i s  b y  s o d i u m  a p p l i c a t i o n  M o r e o v e r  

c h l o r o p h y l l  p r o d u c t i o n  w a s  l o u n d  d i r e c t l y  r e l a t e d  t o N a  n u t r i t i o n  i n  t h e  

p r e s e n t  e x p e r i m e n t  ( T a b i c  1 0 )
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Fig. 7. Root volume at 2 MAP as affected by 
different treatments



p r e s e n c e  o f  l a rg e  a m o u n t s  o f  K T h e  p r e s e n t  r e s u l t s  a r e  in a g r e e m e n t  wi th 
the a b o v e  f i n d i n g  W h e n  K a n d  N a  w e r e  g ' v e n  in e q u i m o l a r  c o n c e n t r a t i o n s  
i t  s t i m u l a t e d  r o o t  g r o w t h  in t h e  i n i t i a l  s t a g e s  c a u s i n g  m o r e  n u i r i e n t  
a b s o r p t ’on in the  ear ly g r o w t h  s t a g e s  i t s e l f  A s  a r e s u l t  t u b e r  f o rm at i o n  
s t a r t e d  m  thi s  p a r t i c u l a r  t r e a t m e n t  e a r l i e r  t h a n  t h e  o t h e r  t r e a t m e n t s

M a x i m u m  t u b e r  v i e l d  w a s  a l s o  r e p o r t e d  b y  t he  s a m e  t r e a t m e n t  
(Fig 8) I t  is e v i d e n t l y  d u e  to  t he  l a r g e r  n u m b e r  o f  t u b e r s  p r o d u c e d  bv  the 
p l an t s  u n d e r  t he  t r e a t m e n t  ( Ta bl e  17) w i t h o u t  a f f e c t i n g  l e n g t h  a n d  gi r th o f  
tuber s

T h e  r o o t  v o l u m e  at  2 M A P  w h i c h  d i f f e r e d  s i g n i f i c a n t l y  a m o n g  
t r e a t m e n t s  r e f l e c t e d  w el l  in the f in al  y i e l d  T u b e r  f o r m a t i o n  w a s  s ta r ted 
e v e n  b e f o r e  t he  s e c o n d  m o n t h  o f  p l a n t i n g  in t he  c a s e  o t  t he  5 0 K  50
N a  (as C S )  t r e a t m e n t

In c a s s a v a  t u b e r  c a n  b e  d e f i n e d  as  an  o r g a n  w h i c h  h a s  los t  i ts 
p o l a n t v  m g r o w t h  ( I n d i r a  a n d  K u r i a n  1 97 7)  F o r  the  d e v e l o p m e n t  ot  a 
t u b e r  i t  is  e s s e n t i a l  t h a t  t h e  p o l a r i t y  o f  r o o t  g r o w t h  c n a n g e s  f r o m  
l o n g i t u d i n a l  to r a d i a l  T h i s  is a c c o m p l i s h e d  in c a s s a v a  t h r o u g h  t he  v as c u l a r  
s e c o n d a r y  g r o w t h  w h i c h  e n s u r e s  g r o w t h  in t h i c k n e s s  o f  r o o t s  ( I nd i r a  and 
S i n h a  1 9^0)  T h e r e f o r e  the i n i t i a t i o n  o f  s e c o n d a r y  g r o w t h  in r oo t s  s ee ms  
to be an i m p o r t a n t  f a c t o r  m  t u b e r  d i f f e r e n t i a t i o n  in c a s s a v a  T h i s  ex p la i ns  
the i m p o r t a n c e  o f  the  h i g h  r o o t  v o l u m e  a n d  e a r l y  i n i t i a t i o n  o f  s ec o n d a r y  
g r o w t h  f o u n d  in the  5 0 %  N a  ( N a C l )  s u b s t i t u t e d  t r e a t m e n t  T h e  n u m b c  o f  
s to r ag e  r oo t s  a n d  m e a n  t u b e r  w e i g h t  a r e  t he  y i e l d  c o m p o n e n t s  in c a ss a v a  
wh iLh  e s s e n t i a l l y  d e t e r m i n e  t h e  s i n k  c a p a c i t y  H e n c e  t h e  c a p a c i t v  to 
p r o d u c e  m o r e  s t o r a g e  r o o t s  b y  the  5 0 %  N a C l  t r e a t m e n t  h e l p e d  it to p r o d u c e  
m a x i m u m  t u o e r  w e i g h t  a t  t he  h a r v e s t  s t a g e  K a m a l a m  e t  a l  ( 1 9 7 7 )  
o b s e r v e d  t ha t  the  n u m b e r  o f  t u b e r s  c o n t r i b u t e d  t he  m a x i m u m  p o s i t i v e  d i r ec t  
e f fec t  to the  t u b e r  y i e l d  m  s w e e t  p o t a t o
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H  1st crop Q l ln d  crop  ■  Pooled Mean

Fig. 8. Tuber yield as affected by Na substitution
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P i o p o i t i o n a t c  d c c i e a s e  in t h e  n u i n b e t  v o l u m e  a n d  w e i g h t  ol  t o o t s  
w e r e  o b s e r v e d  w i t h  i n c r e a s e  in s u b s t i t u t i o n  a b o v e  5 0  p e r  c e n t  T h i s  m a y  
b e  d u e  to  t h e  d i r e c t  d e p r e s s i n g  e f f e c t  of  s a l i n i t y  o n  t h e  g r o w t h  of c a s s a v a  
p l a n t s  T h e  r e l a t i o n s h i p  b e t w e e n  t he  t o t a l  r o o t  d r y  w e i g h t  a n d  m a x i m u m  
p h o t o s y n t h e t i c  r a t e  ( W i l l i a m s  1 9 7 2 )  i n d i c a t e s  t h a t  r o o t  d e m a n d  f o r  
a s s i m i l a t e s  i n c r e a s e  p h o t o s y n t h e t i c  a c t i v i t y  In  t h e  p r e s e n t  s t u d y  
s u b s t i t u t i o n  a b o v e  5 0  p e r  c e n t  r e s u l t e d  e i t h e r  in  t h e  d e f i c i e n c y  o t  K o r  in 
t he  d i r e c t  i n j u r y  o f  N a C I  l e a d i n g  to h a s t e n e d  s e n e s c e n c e  o f  l e a v e s  a n d  
t h e r e b y  a r e d u c t i o n  in t h e  p h o t o s y n t h e t i c  a c t i v i t y  W i t h  a d v a n c i n g  a g e  o f  
c a s s a v a  p l a n t  n u m b e r  ol  l e a v e s  r e t a i n e d  on  t he  p l a n t  t e d u c e d  d r a s t i c a l l y  
in t r e a t m e n t s  a b o v e  5 0  pci  c e n t  s u b s t i t u t i o n  ol  K b y  N a  ( T a b l e  6)  ol 
l e a v e s  o l  p l a n t s  u i u l c i  t r e a t m e n t s  C o n t r a r y  to  t h e  a b o v e  o b s c i v a t i o n  
I n d m i ( 1 9 7 8 )  c o u l d  o b t a i n  s i g n i f i c a n t  i c t a i d a t i o n  m t u b e i  i n i t i a t i o n  in 
c a s s a v a  o n l y  f r o m  2 0 0 0  p p m  N a C I  o n w a i d s

T h e  l e n g t h  a n d  g i r t h  o f  t u b e r s  r e c o r d e d  v a n e d  s i g n i f i c a n t l y  at  
h a r v e s t  s t a g e  T h e  m a x i m u m  l e n g t h  a n d  g i r t h  ol  t u b e r s  w a s  o b s e r v e d  in 
t h e  t i e a t m e n t  in  w h i c h  5 0 %  K w a s  s u b s t i t u t e d  b y  N a  o f  C S  a n d  5 0 %  K by  
w o o d  a s h  B u t  th i s  c o u l d  n o t  r e f l e c t  in t h e  f i na l  t u b e r  y i e l d  s i n c e  thr  
n u m b e i  ol  t u b e r s  w a s  l e ss  in t h i s  c a s e  T h e  l e a s t  g i r t h  a n d  l e n g t h  w a s  
o b s u v e d  in 10091 C S  s u b s t i t u t e d  p l o t s  T h i s  m a y  be  d u e  to  t he  n i j u i i o u s  
c t l c c l  ol  N a C I  M a l i w i l  ( 1 9 7 5 )  a l s o  r e p o i t c d  d e c r e a s e  in l e n g t h  a n d  
g i i t h  ol t u b c i s  ol  c a r i o t  a n d  r a d i s h  w i t h  i n c i e a s c  m  sa l t  c o n c e n t i  i t ion

T h e  s t i m u l a t i o n  ol  g r o w t h  o b t a i n e d  b y  e q u a l  c o n c e n t r a t i o n  o f  N a  
a n d  K a t  5 0 %  s u b s t i t u t i o n  e s p e c i a l l y  in t h e  e a i l y  s t a g e s  ( T a b l e  2 1)  w a s  
m a n i f e s t e d  in  t he  r o o t  y i e l d  T h e  t o p  g r o w t h  is p r e d i s p o s i n g  to t u b e r  y i e l d s  
t he  u l t i m a t e  y i e l d  d e p e n d i n g  o n  t he  i n h e r e n t  h a r v e s t  i n d e x  In t he  p r e s e n t  
e x p e t i m e n t  t u b e r  w e i g h t  f o l l o w e d  t he  p a t t e r n  o f  p l a n t  w e i g h t  ( F i g  9)
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A h i g h  y i e l d e r  w o u l d  h a v e  a h i g h  p h o t o s y n t h e t i c  c a p a c i t y  a n d  a p a r t i t i o n i n g  
p r i o r i t y  111 f a v o u r  ol  t h e  s t o r a g e  t u b e r s  ( O k e k e  t t  a l  1 9 7 9 )  It  w o u l d  
a p p e a l  t h a t  t h e  k e y  to  h i g h  y i e l d  i s  t h e  e l l i c i e n c y  ol  p a r t i t i o n i n g  ol 
p h o t o s y n t h a t e s  to t h e  s i n k  s i te s  H e n c e  t h e  b e t t e i  g r o w t h  o b t a i n e d  in the  
e a r l y  s t a g e s  in t he  c a s e  ol  5 0 %  s u b s t i t u t i o n  o f  N a  b y  K  a t t n b u t e s  to the  
b e t t e r  y i e l d  o b t a i n e d  a n d  t he  p o o r  y i e l d  o b t a i n e d  in 1 0 0 %  s u b s t i t u t i o n  ol 
N a  is e x p l a i n e d  b y  t h e  p oo l  p a i t i t i o n i n g  e l l i c i e n c y  l e e o r d e d  m a x i m u m  
s i n g l e  t u b e r  w e i g h t  in m o s t  o f  t h e  g r o w t h  s t a g e s  R e k h a  e t  a l  ( 1 9 9 1 )  
a l s o  l o u n d  t h a t  s i n g l e  tu be i  w e i g h t  c o n t r i b u t e d  m a x i m u m  d i r e c t  e l l e c t  <o 
t u b e r  y i e l d  T h e  B R  a n d  y i e l d  f o l l o w e d  t h e  s a m e  p a t t e r n  as  is c l e a r  f ro m 
F i g  10

In t he  t r i a l s  c o n d u c t e d  b y  T r u o g  et  a l  ( 1 9 5 3 )  t he  h i g h e s t  y i e l d s  for  
l e d  b e e t s  c a r r o t s  r u t a b a g a s  c e l e r y  b a r l e y  a n d  o a t s  w e r e  o b t a i n e d  w h e n  
N a  t n d  K w e i e  s u p p l i e d  t o g e t h e r  in t h e  r o o t i n g  m e d i u m  as  f e r t i l i z e r s  
P r e m a  e t  a l  ( 1 9 8 7 )  a l s o  o b t a i n e d  h i g h e s t  y i e l d  in c o c o n u t  w h e n  N a  a n d  
K w e r e  s u p p l i e d  in e q u a l  q u a n t i t y  R i c e  p l a n t s  a l s o  y i e l d e d  be t t e i  un de i  
m i l d  s a l i n i t y  w h e n  t h e  s o i l  a v a i l a b l e  K  s t a t u s  w a s  l e s s  ( Y o s h i d a  a n d  
C a s t a n e d a  1 9 6 9)

S oi l  a v a i l a b i l i t y  ol  C a  as  w e l l  as  M g  l n u c a s c d  e s p e c i a l l y  m  the 
e a r l y  s t a g e s  o n  i n t r o d u c i n g  N a C l  in m a n u r i n g  s c h e d u l e  to  s u b s t i t u t e  50  
p u  Lent  ol  K is e v i d e n t  m t ib lc  19 a n d  50

I lie b e t t e i  y i e l d  o b t a i n e d  in t he  a b o v e  t i c a t m c n l  m a y  be  a t l n b u t c d  
to  t h e  p t o p c r  c a t i o n i c  b a l a n c e  m a i n t a i n e d  b y  w a y  ol  a  p r o p e r  r a t i o  ol 
m o n o v a l e n t  ( K  N a )  a n d  d i v a l e n t  c a t i o n s  ( C a  M g )  w h i c h  h e l p e d  in c a r r y i n g  
o u t  in a b e t t e i  w a y  t he  p h y s i o l o g i c a l  a n d  m e t a b o l i c  f u n c t i o n s  o f  the  p l a n t
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l e a d i n g  to  h i g h e r  g r o w t h  a n d  y i e l d  I n c r e a s e d  a v a i l a b i l i t y  of  C a  a n d  M g  
in O x i s o l s  is v e r y  m u c h  e s s e n t i a l  l o r  c r o p  g r o w t h  M g  b e i n g  a n  i n t e g r a l  
p a r t  ol  c h l o r o p h y l l  w i l l  d e f i n i t e l y  i n c r e a s e  t h e  p h o t o s y n t h e t i c  e f f i c i e n c y  
a n d  C a  b e i n g  e s s e n t i a l  t o r  c e l l  m u l t i p l i c a t i o n  i n c r e a s e  t u b e r  f o r m a t i o n

l u l i c r  q u a l i t y  p a r a m e t e i s

T h e  v a r i o u s  q u a l i t y  p a r a m e t e r s  a s s e s s e d  s h o w e d  v a r i a t i o n  a m o n g  
t r e a t m e n t s  w h i c h  r e l l e c t e d  t h e  e f f e c t s  o f  t h e s e  t r e a t m e n t s  o n  t u b e r  q u a l i t y

T h e  m o s t  i m p o i t a n t  a s p e c t  a s  f a r  a s  q u a l i t y  i s  c o n c e r n e d  is t h e  
c o o k i n g  q u a l i t y  T h e  m a x i m u m  s c o r e  o f  4  ( s w e e t )  w a s  o b t a i n e d  f o r  t he  
1 0 0 %  N a C I  t r e a t m e n t  T h i s  c a n  b e  e x p e c t e d  b e c a u s e  t h i s  t r e a t m e n t  
c o n t a i n e d  t h e  m a x i m u m  a m o u n t  o f  t o t a l  a n d  r e d u c i n g  s u g a r s  ( T a b l e  2 7 )  
B u t  f o r  c a s s a v a  t h i s  is  n o t  r e l i s h e d  b e c a u s e  i t  b e c o m e s  h a r d  a n d  s l i m y  
w h e n  c o o k e d  S o  e v e n  t h o u g h  t h e  t a s t e  i s  s w e e t  t h i s  c a n n o t  b e  a p p r e c i a t e d  
f o r  c u l i n a r y  p u r p o s e  in c a s s a v a

T h e  c o o k i n g  q u a l i t y  of  t u b e r s  l r o m  7 5 %  N a C I  p l o t s  a n d  5 0 %  
K H C O - ,  + 5 0 %  N a H C O ^  p l o t s  w a s  p o o r  b e c a u s e  t h e y  a l s o  b e c a m e  h a r d  
a n d  s l i m y  w h e n  c o o k e d  T h e  a s h  t r e a t m e n t  T 6 a n d  2 5 %  N a C I  s u b s t i t u t e d  
t r e a t m e n t  T ,  w e r e  l o u n d  to  b e  s t a r c h y  S o  f o r  e d i b l e  p u r p o s e  t h e  m o s t  
i c l i s h c d  t a s t e  w a s  ol  t h e  t u b c i s  f r o m  1 0 0 %  KC1 (1 | )  a n d  5 0 %  K as  M O P  + 
5 0 %  N a  a s  C S  ( T ^ )  p l o t s  T h e y  w e r e  s t a r c h y  as  w e l l  a s  s w e e t  to  t a s t e  w i t h  
a s c o r e  of 3 T h e  o v e r a l l  a c c e p t a b i l i t y  o t  t h e s e  t u b e r s  w a s  g o o d  T h e  
s i m i l a i  s c o r e  o b t a i n e d  in b o t h  t h e s e  t r e a t m e n t s  j u s t i f i e s  t h e  v i e w  t h a t  the  
c o s t  o l  5 0 %  KC1 c a n  be  s a v e d  w i t h o u t  a n y  b a d  e f f e c t  o n  c o o k i n g  q u a l i t y
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E v e n t h o u g h  t h e r e  w a s  n o  s t a t i s t i c a l l y  s i g n i f i c a n t  v a r i a t i o n  in the 
si i r eh  c o n t e n t  ol t u b e r s  l i o m  d i l l c i c n t  t i c a l m c n t s  s u b s t i t u t i o n  a b o v e  5 0% 
w is l o u n d  to d c c i c a s c  tile s l a ic l i  c o n t e n t  ( T a b l e  2 7 )  [ h i s  t l n o w s  l igh t  
i n to  t h e  l a c t  t h a t  e v e n t h o u g h  it is t h o u g h t  t h a t  K is e s s e n t i a l  loi  s t a r c h  
s y n t h e s i s  N a  c a n  b e  s u b s t i t u t e d  a t  l e a s t  u p t o  5 0 %  ol  K  in th i s  r o l e  T h e  
a s s a y  of s t a r c h  s y n t h e s i s i n g  e n z y m e s  a c t i v i t y  d e s c r i b e d  in  t h i s  c h a p t e r  
a l s o  s u p p o r t s  t h i s  v i e w  ( T a b l e  35)  E v a n s  a n d  S o r g e r ,  ( 1 9 6 6 )  o p i n e d  t ha t  
no  s p c c i l i c  c n / y m e  i n v o l v e d  d i r e c t l y  in t he  s y n t h e s i s  ol  p o l y s a c c h a r i d e s  
h a s  b e e n  s h o w n  to r e q u i r e  K + B u t  in t h e  p r e s e n t  e x p e r i m e n t  c o m p l e t e  
d e f i c i e n c y  ol  K ( b u l l  N iCl  p l o t s )  w a s  f o u n d  to d c c i c a s c  t he  s t a i c h  c o n t e n t  
T h i s  is e x p e c t e d  b e c a u s e  as  s u g g e s t e d  b y  E v a n s  a n d  S o i g e r  ( 1 9 6 6 )  w h e n  
K + is d c l i c i c n t  m  t h e  pi  m l  s t a i c h  c o n t e n t  d c c i c a s c s  T h i s  m a y  b e  an 
m d i i e c t  e l l e c t  of  an  i n s u f f i c i e n t  e n e r g y  s u p p l y  T h i s  p o s s i b i l i t y  c o u l d  be 
p r e d i c t e d  b e c a u s e  K + h a s  b e e n  r e p o r t e d  n e c e s s a i y  l o r  g l y c o l y s i s  o x i d a t i v e  
p h o s p h o r y l a t i o n  p h o t o p h o s p h o r y l a t i o n  a n d  f o r  t h e  s y n t h e s i s  o f  a d e n i n e

F s p i e  c l  a l  ( 1 9 8 8 )  w h i l e  s t u d y i n g  t h e  r e l a t i o n s h i p  b e t w e e n  
p h o t o s y n t h e s i s  a n d  N a + in t h e  c y a n o b a c t e r i u m  S y n t i  h o c o c c u s  r e p o r t e d  
t h a t  a c o m p l e x  r e l a t i o n s h i p  e x i s t e d  b e t w e e n  t h e  t w o  a n d  p r o v e d  t h e r e  
w e r e  d i s t i n c t  e f l e c t s  o f  N a  on  p h o t o s y n t h e s i s  T h e  a c t i v i t y  o f  e n z y m e s  
i n v o l v e d  in  s t a r c h  s y n t h e s i s  in t h i s  e x p e r i m e n t  a l s o  s u g g e s t  t h e  s a m e  
( b i g  I I ) b r o m  t h i s  it s e e m s  l o g i ca l  to e x p e c t  t h a t  t he  i n t e r a c t i o n  ol  e n z y m e  
p r o t e i n s  w i t h  u n i v a l e n t  c a t i o n s  h a v i n g  d i l f e r e n t  i o n i c  l a d n  d e g r e e s  o f  
l iydi  i t i on  c h a i g c  a n d  d e n s i t y  w o u l d  i c s u l t  in d i l l c i c n t  c o n l o i  i l l a t ions  ol 
p r o t e i n  c a t i o n  c o m p l e x e s  t h e r e b y  m o d i f y i n g  t h e i r  e f f e c t s  F r o m  t he  a b o v e  
l c s u l t s  it  c a n  b e  a s s u m e d  t h a t  N a  m i g h t  h a v e  b e e n  a b l e  t o  m o d i l y  t he  
c l l c c t  in l a v o u i  ol  K to s o m e  e x t e n t
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L i n d  b e r g  ( 1 9 7 6 )  f r o m  k i n e t i c  i n v e s t i g a t i o n s  of t r a n s p o r t  N a  KAT  
P a s e s  p r o p o s e d  s e v e r a l  m o d e l s  f o r  a c t i v a t i o n  b y  N a + a n d  K + S t u d i e s  of  
a n i m a l  t i s s u e  t h u s  s u g g e s t  t w o  a l t e r n a t i v e  m e c h a n i s m s

a M u l t i p l e  i n t e r a c t i n g  s i t e s  w i t h  e a c h  c a t i o n  b i n d i n g  a l  d i f f e r e n t  
s p e c i f i c  s i t e s

b a c l a s s  o f  c a t i o n  s i t e s  w h i c h  a l t e r n a t i v e l y  b i n d  N a + a n d  K + 
a c c o r d i n g  to  c h a n g i n g  a l l i n i t i e s

It is i n t c i c s l i n g  to n o t e  t h a t  the  c h a n g e s  in t he  t o t a l  s u g a i  c o n t e n t  
w a s  d e p e n d e n t  o n  t h e  N a  c o n t e n t  in t h e  p l a n t  T h e  h i g h e s t  q u a n t i t y  ol  
to ta l  s u g a i s  w a s  l o u n d  in the  1 0 0 % N a C I  t r e a t m e n t  S u c r o s e  c o n t e n t  a l so  
i n c r e a s e d  u p t o  7 6 %  s u b s t i t u t i o n  a n d  t h e n  d e c l i n e d  ( F i g  12) H e n c e  in the 
t i e a t m c n t  w h i c h  w a s  c o n s i d e r e d  t he  b e s t  ( le  5 0 %  KC1 5 0 %  N a C I )  the 
s u c i o s e  c o n t e n t  a n d  r e d u c i n g  s u g a r s  w e r e  in  a b a l a n c e d  p o s i t i o n  I n c r e a s i n g  
b o t h  l ea l  a n d  p h o t o s y n l h e t i c  a c t i v i t y  c o u l d  p r o v i d e  m o r e  s u g a r  t r a n s l o c a t i o n  
to  t he  r o o t s  t h e r e  b y  a c c o u n t i n g  in  p a r t  a t  l e a s t  t o r  t h e  i n c r e a s e  in the  
s u c i o s e  p e r  c e n t  o b s e r v e d  C o n v e r s i o n  o f  s u c r o s e  to  s t a r c h  is m e d i a t e d  
t h r o u g h  a s c n c s  of l n l c t m c d i a r y  m e t a b o l i t i e s  l i k e  G l u c o s e  1 p h o s p h a t e  
U D P  g l u c o s e  e t c  in t h e  c y t o s o l  a n d  a m y l o p l a s t  w i t h  t h e  u t i l i z a t i o n  o f  
c n / y m c s  s t u c h  s y n l h c l  i s c  a n d  p h o s p h o i  y l a s c  ( S i n h a r  t l  a l  1 9 8 9 )  
T h e r e f o r e  a p o s s i b l e  e x p l a n a t i o n  f or  t h e  h i g h  c o n t e n t  of s u c r o s e  o b s e r v e d  
is tli it it is Ihc s u g  ii of ti d i s l o c a t i o n  a n d  the  l a t e  of t i a n s l o c a l i o n  to the 
t u b e r  e x c e e d e d  c o i n c i s i o n  ol  s u c r o s e  to s t a r c h  ( P i e s s e y  1 9 6 9)  a n d  a m o n g  
v a n o u s  s u g a i s  s u c i o s e  is ol  pi l ine  i m p o r t a n c e  lo i  t h e  b i o s y n t h e s i s  ol  
s t a re  h
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Fig. 12. Total sugars, Reducing sugar 
and sucrose content of tubers from 

various treatments
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T h e  m u  c a s e d  s u u o s c  c o n t e n t  m i g h t  h a v e  b e e n  p i o d u c c d  b y  t he  
p l a n t  t o r  e n h a n c e d  o s m o t i c  a d j u s t m e n t  in t h e  c e l l s  I e m u  ( I 9 8 S )  h a s  
r e p o r t e d  t h a t  s u c r o s e  a n d  2 M  g l y c e r o l  c o u l d  p r o t e c t  t h e  a c t i v i t y  o f  e n z y m e s  
in a s a l i n e  e n v i r o n m e n t  p r o d u c i n g  c h a n g e s  in t h e  c o n f o r m a t i o n  o f  c n / y m c s  
t h e r e b y  m o d i f y i n g  i t s  s t a b i l i t y

T h e  c r u d e  p r o t e i n  c o n t e n t  w a s  h i g h e s t  in K C I  t r e a t e d  p l o t  A 
d e c r e a s e  w a s  o b s e r v e d  w i t h  N a C I  s u b s t i t u t i o n  P e s s a r a k l i  cl  a l  ( 1 9 8 9 )  
a l s o  o b s e r v e d  a d e c r e a s e  in  t o t a l  c r u d e  p r o t e i n  a n d  p r o t e i n  N i o n t e n t  v , i th  
i n c r e a s e  in  s a l i n i t y  P a r a s h e r  a n d  V a r m a  ( 1 9 8 7 )  a l s o  o b s e r v e d  s i m i l a r  
r e s u l t s  in w h e a t

K i s  e v i d e n t l y  r e q u i r e d  d u r i n g  i n i t i a t i o n  o f  p r o t e i n  s y n t h e s i s  
( F l o w e r s  1 9 8 S )  In m a t u r e  c e l l s  s o m e  t i m e s  N a + m a y  s u b s t i t u t e  f or  K + 
w h i c h  is  e v i d e n c e d  b y  i t s  l o w  c o n c e n t r a t i o n  b u t  in m e r i s t e n n c  z o n e s  h i g h e r  
K c o n c e n t r a t i o n s  a r e  s e e n  T h e  c o n t e n t  to  w h i c h  N a  m a y  s u b s t i t u t e  f o r  K 
in  p r o t e i n  s y n t h e s i s  r e m a i n s  t o  b e  f u l l y  e x p l o r e d

In t h e  s e r i e s  o f  s t e p s  i n v o l v e d  in p r o t e i n  s y n t h e s i s  K is r e q u i r e d  
f o r  t h e  s y n t h e s i s  o f  e f f e c t i v e  r i b o s o m e s  s o m e  o f  t h e  a m i n o a c y l  t R N A s  
a n d  t h e  p e p t i d e  b o n d  s y n t h e s i s  b y  t h e  p e p t i d y l  t r a n s l e r a s e  r e a c t i o n  S o  a 
h i g h  p r o t e i n  c o n t e n t  o b s e r v e d  in K C I  p l o t s  s t a n d s  j u s t i f i e d

T h e  i m p o r t a n t  l i m i t i n g  f a c t o r  a s  t a r  a s  q u a l i t y  o f  t u b e r  is c o n c e r n e d  
is t h e  h y d r o c y a n i c  a c i d  c o n t e n t  T h e  t w o  c y a n o g e m c  g l u c o s i d e s  h n a m a r i n  
a n d  l o t a u s t r a h n  w h i c h  a r e  p r e s e n t  i n  a l l  p a i t s  ol  t h e  c a s s a v a  p l a n t  a r e  
h y d r o l y s e d  b y  a n  e n d o g e n o u s  B - g l u c o s i d a s e  l m a m a r a s e  f o r m i n g  c y a n i d e  
w h i c h  is  t o x i c  ( N a m b i s a n  a n d  S u n d a r e s a n  1 9 9 0 )  T h e  r e s u l t s  t i o m  t a b l e



141

2 9  a n d  F i g  13 i n d i c a t e  t h a t  H C N  c o n t e n t  w a s  m a x i m u m  in lu l l  N a C l  
p l a n t s  w h e r e a s  t h e  le ist  w a s  f o u n d  in T-, ( ‘50% K “50% N a  as c h l o r i d e  
p l a n t s  T h e  h i g h  c o n t e n t  o t  r e d u c i n g  s u g a r  f o u n d  in l u l l  N a C l  p lo t s  m i g h t  
h a v e  b e e n  u s e d  f o r  p r o d u c t i o n  o f  c y a n o g l u c o s i d e s  T h e  r e d u c e d  a c t i v i t y  
ol  s t a i c h  s y n t h e s i s i n g  c n / y m c s  a l s o  m i g h t  h a v e  c o n l n b u t e d  l o r  the  h i g h e r  
H C N  c o n t e n t  a t  t h e  h i g h e r  r a t e  of a p p l i c a t i o n  ol  N a C l  R e s u l t s  o b t a i n e d  
b y  N a m b i s a n  a n d  S u n d a r e s a n  ( 1 9 9 0 )  s h o w e d  t h a t  a c c u m u l a t i o n  o f  
c y a n o g l u c o s i d e s  is i n i t i a t e d  in t h e  l o o t  t i s s u e  e v e n  b e l o r e  t u b e r i s a t i o n  
o c c u r s  D e c l i n e  in t he  l e ve l  is o b s e r v e d  d u r i n g  t he  a c t i v e  t u b e r  b u l k i n g  
p h a s e  as t h e  d r y m a t t e r  i n c r e a s e s  If c o n d i t i o n s  f a v o u r  f u r t h e r  g r o w t h  a nd  
d i y  m a t t e r  a c c u m u l a t i o n  a l t e r  th i s  p e r i o d  f u r t h e r  d e c r e a s e  in c y a n i d e  l e ve l s  
in t u b e r  w o u l d  b e  o b t a i n e d  In t h e  p r e s e n t  e x p e r i m e n t  a l s o  a d e c r e a s e  in
H C N  c o n t e n t  w a s  s e e n  in 5 0 %  K 5 0 %  N a  ( as  c h l o r i d e )  t i e a l m e n l  T h e
g r o w t h  c u r v e  ( F i g  5)  s h o w s  t h a t  d r y m a t t e r  a c c u m u l a t i o n  m  t h i s  c a s e  
c o n t i n u e d  e v e n  a l t e i  8 m o n t h s  C o n d i t i o n s  w h i c h  p r o m o t e  a c t i v e  b u l k i n g  
a n d  d r y m a t t e r  a c c u m u l a t i o n  in t u b e r s  t e n d  to r e d u c e  c y a n i d e  p o t e n t i a l  
( N a m b i s a n  a n d  S u n d a i e s a n  1 99 0)  T h i s  m a y  a l s o  c o n t r i b u t e  l o w  c y a n i d e  
c o n t e n t  in 5 0 %  K CI  5 0 %  N a C l  p l o t s  a n d  h i g h  c y a n i d e  c o n t e n t  in ful l  
N a C l  p l o t s  L e o n o v a  a n d  C h e r e p e n y a  ( 1 9 8 9 )  a l s o  o b s e r v e d  an  i n c r e a s e  m 
c y a n i d e  c o n t e n t  w i t h  i n c r e a s e d  s a l i n i t y

M o h a n k u m a r  el  a l  ( I 9 9 0 )  r e p o r t e d  t h a t  i n c r e a s i n g  l e v e l s  o f  K C a  
a n d  M g  t e n d e d  to  d e c r e a s e  t he  H C N  c o n t e n t  ol  t u b e r s  I n c r e a s e d  l e ve ls
ol  C i  M g  a n d  i l so  K i n  t he  5 0 %  K 5 0 %  N a  ( as  c h l o i  ide )  p la n t s
l e n d s  s u p p o i l  to t h i s  v i e w

1 he  t o t a l  a n d  l i c e  a m m o  a c i d s  d e t e r m i n e d  in t h i s  e x p e r i m e n t  s h o w e d  
w i d e  v a r i a t i o n  b e t w e e n  t i e a t m e n t s  ( F i g  14) T h e  a sh  t i e a l m e n t  l e g i s t e r e d
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Fig. 13. Relationship between HCN content 
and total amino acids
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Fig. 14. Relationship between Total and Free 
amino acid of tubers from various treatments
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t h e  h i g h e s t  c o n t e n t  o t  t o t a l  a s  w e l l  a s  f r e e  a m i n o  a c i d s  S i n c e  t he  f ree  
i n n n o  i c u l s  w e r e  a l s o  m a x i m u m  it is i n f e r r e d  t ha t  t h e s e  w e r e  n ot  ful ly  

u t i l i z e d  l o r  p r o t e i n  f o r m a t i o n  A m i n o  a c i d  p r o d u c t i o n  w a s  a l s o  f a v o u r e j  
b y  2 5 %  K C I  a n d  7 5 %  N a C I  a n d  v i c e v e r s a  B u t  t h e  f r e e  a m i n o  a c i d s  w e r e  
m o i e  in t r e a t m e n t s  w i t h  h i g h e r  l e v e l s  o f  s u b s t i t u t i o n  It w a s  s h o w n  by 
h v a n s  a n d  W i l d e s  ( 1 9 7 1 )  t h a t  t h e  p r o t e i n  s y n t h e s i s  w a s  b l o c k e d  in t he  
a b s e n c e  o f  K w h e r e b y  a m i n o  a c i d s  a c c u m u l a t e  T h e  e n h a n c e d  a p p l i c a t i o n  
ol  p o t a s h  i n c r e a s e d  t h e  r a t e  of u t i l i s a t i o n  o f  t h e s e  a m i n o a c i d s  in p r o t e i n  
s y n t h e s i s  t h e r e b y  p r e v e n t i n g  t h e i r  a c c u m u l a t i o n  C o n s i d e r a b l e  i n c r e a s e  
in I r cc  a m i n o  a c i d  c o n t e n t  w a s  n o t i c e d  b y  R e d d y  a n d  Vo ra  ( 1 9 8 5 )  in b a j r a  
l eaf  w i t h  a s i m u l t a n e o u s  e n h a n c e m e n t  in p r o t c a s e  a c t i v i t y  a n d  d e c r e a s e  in 
p r o t e i n  c o n t e n t  u n d e r  s a l i n e  c o n d i t i o n s  T h e y  e x p l a i n e d  t h a t  t h e  
a c c u m u l a t i o n  o f  l r e e  a m i n o a c i d s  m a y  b e  p a r t i a l l y  d u e  to  h y d r o l y s i s  o f  
p i o t c i n  b y  t h e  e n z y m e  p i o t c a s c

T h e  k e e p i n g  q u a l i t y  o t  t h e  t u b e r s  w a s  a l s o  s t u d i e d  T h e  t u b e r s  
f r o m  5 0 %  K 5 0 %  N a  (as  c h l o r i d e )  t r e a t e d  p l o t s  d id  n o t  d e t e r i o r a t e  f or  35 
d a y s  w h e n  s t o r e d  in m o i s t  so i l  w h i l e  t h e  t u b e r s  f r o m  ful l  K C I  t r e a t e d  
p l o t s  p e n s h e d  b y  13th d a y  ( P l a t e  10 I I )  H i g h e r  q u a n t i t y  o f  p h e n o l s  an d 
h y d r o c y a n i c  a c i d  w e r e  o b s e r v e d  in  t h e  r i n d  o f  t h e  t u b e r  o f  t h e  f o r m e r  
t r e a t m e n t  a n d  p r o b a b l y  t h i s  m i g h t  h a v e  p r e v e n t e d  t he  e n t r y  o f  p a t h o g e n s  
c a u s i n g  t h e  r o t t i n g  ol  t u b e r  ( T a b l e  3 4)  on  s t o r a g e

[ h e  r e s u l t s  t h u s  c o n f i r m  t h a t  t h e  s u b s t i t u t i o n  of 5 0 %  of t h e  
r e c o m m e n d e d  d o s e  o f  p o t a s s i u m  c a n  b e  m a d e  w i t h  m u c h  c h e a p e r  c o m m o n  
sa l t  w i t h o u t  a n y  i d v c i s c  c l l e c t  on  t he  q u a l i t y  b u t  w i t h  an  i n c i c a s c  in 
t u b e i  y i e l d  ol  c a s s a v a



^  1 * 1 f) ( ,( t ,( >' o l  l u l u  i s f i o m  1 | u u l  I 3 o n  6 th d tv o l
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U p t a k e  o l  i i u l r i c n l s

In t h e  e a r l y  s t a g e s  ol  g r o w t h  T 2 to  T 4 a n d  T 7 w h e r e  N a  is p a r t i a l l y  
s u b s t i t u t e d  f o r  K g e n e r a l l y  f a v o u r e d  a b s o r p t i o n  o f  N B u t  in t h e  c a s e  o f  
l u l l  K C I  t r e a t m e n t  t he  u p t a k e  w a s  s t e a d y  a t  al l  g r o w t h  s t a g e s ,  i n d i c a t i n g  
t h a t  N  a b s o r p t i o n  c o n t i n u e d  t i l l  h a r v e s t  F r o m  t h e  r e s u l t s  o b t a i n e d  ( Ta bl e  
6 4  a n d  F i g s  15 to 19) it  is c l e a r  t h a t  t h e  t o p  w e i g h t  o f  p l a n t s  in th i s  
t r e a t m e n t  is c o m p a r a t i v e l y  h i g h e r  H e n c e  a m a j o r  p a r t  o f  N t a k e n  up  is 
u t i l i s e d  l o r  t h e  v e g e t a t i v e  g r o w t h  r a t h e r  t h a n  t u b e r  g r o w t h

T a b l e  6 4  W e i g h t  of a e r i a l  p a r t s  a s  a f f e c t e d  b y  d i f f e r e n t  t r e a t m e n t s

fi cat  men Is
Weight  o f  aerial  par ts  (g)

2 M A P 4 M A P 6 M A P 8 M A P llui vest

1|> 100% M O P 90 24 164 4 4 06  47 445  01 495 08

I 2) 7 5 %  M O P  + 25% CS 51 28 246 82 281 98 4 4 9 25 585 98

h > 50% M O P  + 50% CS 100 42 206  14 501 44 461 67 447 48

I'4> 2 5% M O P  + 7 5% CS 74 5] 146 11 265 91 475 34 445 66

T V 1 0 0 % CS 57 09 217 24 196 18 409 16 268 76

1 > 50 k Wood isli 
+ 50% CS 66 86 244 49 4 04  47 441 40 292 84

r 7) 50% k h c o 7 + 
50% Nu l I CO^ 60 86 171 51 294 48 429 91 261 83



0 N  M p  EUk 
Fig. 15. Uptake at 2 MAP N, P and K



Si Nitrogen H  Phosphorous □  Potassium

Fig. 16. Uptake at 4 MAP N, P and K

t'-
T



□ Nitrogen ■  Phosphorous □ P o ta s s iu m

Fig. 17. Uptake at 6 MAP N, P and K



S3 Nitrogen H  Phosphorous O  Potassium

Fig. 18. Uptake at 8 MAP N, P and K



T1 T2 T3 T4 T5

E3 Nitrogen U Phosphorous O Potassium

Fig. 19. Uptake at Harvest N, P and K
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I n  t h e  6 th m o n t h  t h e  N  u p t a k e  w a s  h i g h e s t  i n  5 0 %  K  5 0  N a  ( a s  
c h l o r i d e )  t r e a t m e n t  T h e  N R  a c t i v i t y  w a s  i o u n d  m a x i m u m  l o r  t h i s  
t r e a t m e n t  at  t h i s  s t a g e  H e n c e  a  h i g h e r  r a t e  o f  a s s i m i l a t i o n  o f  N  i s  e x p e c t e d  
at  t h i s  s t a g e  D u r i n g  t h i s  p e r i o d  a s  e x p e c t e d  t h e  v e g e t a t i v e  g r o w t h  a n d  
l e a f  p r o d u c t i o n  w e r e  a l s o  m a x i m u m  f o r  t h i s  t r e a t m e n t  ( T a b l e  6 4 )  A l t e r  
t h e  6  h m o n t h  s t a g e  ( h e  l e d u c t i o n  m  N  u p t a k e  i n t h i s  t i c a t m c n t  m a y  b e  
d u e  t o  t h e  h i g h e i  r a t e  o l  l e a f  f a l l  c o m p a r e d  t o  f u l l  K C 1  t r e a t m e n t

A n  e n h a n c e d  u p t a k e  o f  P  w a s  o b s e r v e d  i n  t h e  5 0  K  5 0  N a  
( T 4 ) t r e a t m e n t  A t  h a r v e s t  s t a g e  a l s o  m a x i m u m  u p t a k e  w a s  r e c o i d e d  in 
t h i s  t i e a t m e n t  T h i s  c a n  b e  e x p e c t e d  s i n c e  P  i s  r e q u i r e d  in a l l  e n e r g y  
i n v o l v i n g  a n a b o l i c  r e a c t i o n s  i n  t h e  p l a n t  t i s s u e s  P  i s  a c o n s t i t u e n t  m  
e n e r g y  y i e l d i n g  c o m p o u n d s  A b o v e  5 0 %  s u b s t i t u t i o n  w a s  n o t  f o u n d  t o  

l a v o u r  P u p t a k e

T h e  a b s o r p t i o n  ti a n s l o c a t i o n  a n d  a c c u m u l a t i o n  o f  K  a n d  N a  d i l f e r e d  
d r a s t i c a l l y  O u t  o f  t h e  2  m e c h a n i s m s  o f  a l k a l i  c a t i o n  t r a n s p o r t  m e c h a n i s m  
II w h i c h  i s  o p c i  i t i v c  at  c o m p a r a t i v e l y  h i g h e r  c o n c c n t i a l i o n s  w h i c h  l a v o u  
N a  u p t a k e  w a s  l o u n d  t o  t a k e  p l a c e  u p t o  6  m o n t h s  s t a g e  w h e n  K  w a s  
s u b s t i t u t e d  u p t o  7 5 %  b y  N a  H e n c e  c o m p a r e d  t o  K N a  w a s  m o r e  a b s o r b e d  
in t h e  e a r l y  s t a g e s

A f t e r  t h e  s i x  m o n t h s  s t a g e  t h e  m e c h a n i s m  1 w h i c h  o c c u r s  at l o w  
c o r n  e n t r a t i o n s  b e c a m e  o p e r a t i v e  w i t h  a p r e f c i e n t i a l  u p t a k e  o f  K A l l  
t r e a t m e n t s  e x c e p t  T 4 ( 7 5 %  C S )  a n d  f u l l  N a C l  ( T ^ )  d i s t r i b u t e d  t h e  a b s o r b e d  

K in d i f f e r e n t  p l a n t  p a r t s  a l m o s t  i n  d e f i n i t e  p r o p o r t i o n s  ( F i g  2 0 )  T h i s  
m e a n s  t h a t  T 4 a n d  pi  i n t s  a b s o r b e d  K i n d i s c i l m i n a t c l y  a n d  c o u l d  n o t  

u s e  it  l o r  a n a b o l i c  put  p o s e s
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A s t i m u l a t i o n  i n  K u p t a k e  w a s  n o t i c e d  g e n e r a l l y  u p t o  5 0 %  
s u b s t i t u t i o n  ol  K b y  N a  B u t  m a x i m u m  u p t a k e  w a s  n o t i c e d  in 5 0 %  K 
5 0  N a  ( a s  c h l o r i d e )  t i e a t m e n t  A n  i n c r e a s e d  K  u p t a k e  w h e n  N a  w a s  a l so  
s u p p l i e d  a s  f e r t i l i z e r  h a s  b e e n  r e p o r t e d  b y  R u s s e l l  (1 9 4 5 )  a n d  A b d - E l r a h e m  
e l  a l  ( 1 9 9 1 )  R a i n s  a n d  E p s t e i n  ( 1 9 6 6 )  in  t h e i r  s t u d i e s  in  b a r l e y  f o u n d  
t h a t  w h e n  N a + a n d  K + w e r e  p r e s e n t  in  e q u i v a l e n t  c o n c e n t i a l i o n s  t h e  r a t e  
o l  a b s o r p t i o n  of  K + w a s  h i g h e r  t h a n  w h e n  K  a l o n e  w a s  g i v e n  W a t a d  e t  
a l  ( 1 9 9 1 )  s u g g e s t e d  t h a t  t h e  e n h a n c e m e n t  in  K u p t a k e  i s  d u e  to 
e l e c t r o p h o r e t i c  f l u x

I ib 1 c 65  s h o w s  lit ll 11ic a b s o t b e d  N a  w is i c  icl11y Li i n s l o c  i t cd to 
t h e  a e r i a l  p a i l s  f l i c  a b s o r b e d  N a  d i d  n o t  l a c e  a n y  h i n d r a n c e  in  
li D i s l o c a t i o n  t o w u d s  t h e  s h o o t s  D u r i n g  t h e  t u b c i  i n i t i a t i o n  s t a g e  m a j o r  
p o i t i o n  o l  N a  w a s  u t i l i s e d  oi  a c c u m u l a t e d  m  t h e  l o o t s  ( l a b l c  6 5 )  Bu t  
d u i m g  t h e  l a t e r  s t a g e s  a i c a d y  t r a n s l o c a l i o n  to  t h e  t o p  p a r t s  r e s u l t e d

T a b l e  65 C o n t e n t  o l  s o d i u m  in l e a l ,  p e t i o l e  s t e m  a n d  t u b e r  o f  c a s s a v a  at  
2 m o n t h s  a l t e r  p l a n t i n g

I r e a l m c n t s L P S T

' ]> 100% M O P 0 067 0 075 0 060 0 177

I ->) 75% M O P  + 25'/,  C S 0 077 0 099 0 043 0 213

r , ) 5 0%  M O P  + 50%  CS 0 087 0 0 97 0 123 0 180

25%  M O P  + 75% ( S 0 073 0 093 0 097 0 260

r s> 100% CS 0 078 0 087 0 078 0 878

V 50% W o od ash  + 5 0 / ,  CS 0 073 0 083 0 050 0 555

'I 7) 50% KIIC O ,  + 50% N a H C O , 0 060 0 0 60 0 073 0 328
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F i g  21 p r o v e s  t h a t  t h e  y i e l d  o f  t u b e r  w a s  m o r e  o r  l e s s  r e l a t e d  to 
t he  N a  u p t a k e  A s c a n  t h r o u g h  t he  d a t a  ( T a b l e s  50  a n d  51 j r e v e a l s  tha t  
soi l  a v a i l a b i l i t y  o f  C a  a n d  M g  a n d  a b s o r p t i o n  w e r e  i n c r e a s e d  in t h e  5 0 %  
K 5 0  N a  ( a s  c h l o r i d e )  t r e a t m e n t  e v e n  f r o m  e a r l y  s t a g e s  o f  g r o w t h  T h i s  
t r e a t m e n t  m a i n t a i n e d  h i g h  u p t a k e  o f  C a  a n d  M g  u p t o  t h e  h a r v e s t  s t a g e  
( F i g s  2 2  to  2 6 )  T h e  l e s s e r  u p t a k e  s e e n  in l u l l  K CI  t r e a t e d  p l a n t s  m a y  b e  
d u e  to  t h e  a n t a g o n i s m  e x i s t i n g  b e t w e e n  K a n d  C a  as  w e l l  as  b e t w e e n  K 
a n d  M g  S u c h  a n t a g o n i s t i c  r e a c t i o n s  a r e  w e l l  e s t a b l i s h e d  ( P u s h p a d a s  a n d  
A i y e r  1 9 76  M o h a n k u m a r  e t  a !  1 990)

A h i g h  u p t a k e  o f  C a  a n d  M g  in T-, ( 5 0  K 5 0  N a  as  c h l o r i d e )  
p l a n t s  m a y  b e  d u e  to  a h i g h  r e q u i r e m e n t  o t  t h e s e  c a t i o n s  l o r  v a r i o u s  
f u n c t i o n s  in t h e  p l a n t  b o d y  G r i e v e  a n d  M a a s  ( 1 9 8 8 )  s u g g e s t e d  t h a t  t he  
r o l e  o f  C a  c o u l d  b e  to b a l a n c e  t h e  i n c r e a s e d  l e v e l s  o f  C l  in c e l l s  
I m p r o v e d  g r o w t h  w i t h  C a  a d d i t i o n  u n d e r  s a l i n e  c o n d i t i o n s  h a s  a l s o  b e e n  
r e p o r t e d  b y  G o r h a m  c t  cil ( 1 9 8 5 )  a n d  B a n u l s  a n d  P i i m o m i l l o  ( 1 9 9 2 )

It is i n t e r e s t i n g  to  n o t e  t h a t  t he  u p t a k e  ol  al l  a l k a l i  c a t i o n s  in the  
T^  w a s  m o i e  t h a n  t he  o t h e r  t i e a t m e n t s  a t  al l  g r o w t h  s t a g e s  e x c e p t  4 M A P  
( T a b l e  6 6)

T h e  c h l o r i d e  c o n t e n t  w a s  a l s o  d e t e r m i n e d  a t  t h e  h a r v e s t  s t a g e  
W i t h  i n c r e a s e d  d e g r e e s  o f  s u b s t i t u t i o n  c h l o r i d e  u p t a k e  o t  t h e  p l a n t  a l s o  
i n c r e a s e d  ( T a b l e  6 7 )  b u t  it w a s  n o t  r e f l e c t e d  in t u b e r  y i e l d  a f t e r  50 p e r  
c e n t  s u b s t i t u t i o n  F v e n  t h o u g h  t he  Cl  u p t a k e  a n d  y i e l d  d i d  n o t  s h o w  a n y  
s i g n i f i c a n t  r e l a t i o n s h i p  a d e f i n i t e  c o n c e n t r a t i o n  ol  Cl  in l eaf  is r e q u i r e d  
f o r  o p t i m u m  t u b e r  y i e l d  I t  i s  p r e s u m e d  t h a t  t h e  o p t i m u m  c h l o r i d e  
c o n c e n t r a t i o n  is a t t a i n e d  a t  5 0 %  s u b s t i t u t i o n
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^  Yield (t/ha) Na uptake (kg/ha)

Fig. 21. Na uptake at harvest and yield



A  S o d iu m  A  C a lc iu m  A M a g n e s iu m

Fig. 22 . U p take  at 2 M AP Na, Ca and Mg



A  S o d iu m  A C a lc ,u m  A M a g n e s .u m

Fig. 23. Uptake at 4 MAP Na, Ca and Mg



A s o d i u m  Za C a l c i u m  Z l M a g n e s i u m
Fig. 24. U p ta k e  a t 6 M A P  Na, C a and M g



A  S o d iu m  _  C a lc iu m  _iM a g n e s iu m

Fig. 25. Uptake at 8 M AP Na, Ca and Mg



A  S o d iu m  A  C a lc iu m  A  M a g n e s iu m

Fig. 26. Uptake at H arvest Na, Ca and Mg
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l a b l c  6 6  U p t a k e  o l  a l ka l i  c a t i o n s  d u r i n g  d i l l c i e n t  g r o w t h  s t a g e s

T r e a t m e n t s
2  M A P 4  M A P 6  M A P 8 M A P H a r v e s t

T j )  1 0 0 %  M O P 12 9 2 13 2 0 4 9  4 2 38  05 2 9  9 0

T 2) 7 5 %  M O P  +  2 5 %  C S 4 64 2 0  72 3 9  9 6 37  58 39  95

1 5 0 / ,  M O P  + 5 0 %  t  S n  1 4 18 17 5 1 1 1 39  92 4 0  41

T 4) 2 5 %  M O P  + 7 5 %  C S 7 07 11 54 33 63 2 7  25 15 2 7

T 5) 1 0 0 %  C S 4 68 13 9 9 21 14 2 4  36 15 6 6

1 ()) 5 0 %  W o o d  tsli +
50' / ,  C S 4 29 25  28 50  25 33 52 16 93

l 7 ) 5 0 %  K H C O ^  +
5 0 %  N a l l C O ^ 5 n 12 29 33  38 2 2  81 15 41

A s  s u g g e s t e d  b y  T i s d a l e  e t  a l  ( 1 9 8 5 )  a nd  R a t h o r e  a n d  M a n o h a r  
( 1 9 9 0 )  a l e a f  c h l o r i d e  c o n c e n t r a t i o n  o f  0  8 1 8 %  c o u l d  in t h i s  c r o p  b e  
f i x e d  as  c r i t i c a l  l e v e l  f o r  e c o n o m i c  y i e l d  ( F i g  2 7 )  In w h e a t ,  c h l o r i d e  
c o n t e n t  u p t o  0  4  % is  n e e d e d  in the w h o l e  p l a n t  at  t he  b o o t  t o  f l o w e r i n g  
s t a g e  f or  fu l l  y i e l d  p o t e n t i a l  o f  C l  r e s p o n s i v e  v a r i e t i e s  T h e  c h l o r i d e  
c o n t e n t  in N a H C O ^  K H C 0 3 t r e a t m e n t  w a s  t o o  l o w  T h e  y i e l d  in this  
c a s e  w a s  a l s o  l o w  T h e r e l o r c  f r o m  t hi s  it c a n  b e  i n f e r r e d  that  t he  e n h a n c e d  
g r o w t h  a nd  y i e l d  f o u n d  in 5 0 %  K 5 0 %  N a  ( as  c h l o r i d e )  t r e a t m e n t  m a y  be  
t h e  c u m u l a t i v e  c l l e c t  of  K N a  a n d  C l  i o n s , a l l  b e i n g  at  o p t i m u m  
c o n c e n t r a t i o n s
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Fig. 27. Cl concentration in leaf for optimum yield
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T a b i c  6 7  M e a n  u p t a k e  o l  c h l o r i d e  a t  h a r v e s t

1 r c a t m e n t Uptake  o f  Cl  kg ha 1

1 , ) 100% M O P 51 16

12> 7 5 %  M O P  + 2 5% CS 52 15
T 3) 5 0 % M O P  + 5 0% CS 53 21

t 4) 2 5 %  M O P  + 7 5% CS 54 29

I s) 100% CS 68 32

t 6) 5 0 %  Wo od as h  + 5 0% CS 43 28

"I 7) 50% K HC O ^ + 50% N a H C O , 24 84

C h a n g e s  in p h y s i c a l  a n d  c h e m i c a l  p r o p e r t i e s  o f  s o i l  w i t h  N a C I  
s u b s t i t u t i o n

T h e  o r g a n i c  c a r b o n  ( T a b l e  4 5 )  a n d  t h e r e b y  t h e  N s t a t u s  o f  t he  soi l  
r e m a i n e d  m o r e  o r  l e ss  s a m e  e v e n  a l t e r  t he  c r o p  t h o u g h  c a t t l e  m a n u r e  at  
t he  r a t e  o l  1 2 5 t h a  1 w a s  a p p l i e d  f o r  t h e  c r o p  T h e  a v a i l a b l e  P  a n d  K 
s t a t u s  o f  al l  t h e  e x p e r i m e n t a l  p l o t s  i n c r e a s e d  a f t e r  t h e  c r o p  w h e n  c o m p a r e d  
to  t h e  i n i t i a l  ( F i g  1 0 )  J o r d a n  a n d  L e w i s  ( 1 9 5 3 )  r e p o r t e d  t h a t  s o d i u m  sal t s  
a d d e d  to s o i l  i n c r e a s e d  t he  a v a i l a b l e  p h o s p h a t e  in s o i l  T h i s  c o n l o r m s  
w i t h  t h e  p r e s e n t  f i n d i n g  E v e n  in  t r e a t m e n t s  w h e r e  M O P  is s u b s t i t u t e d  by 
N a C I  in d i f f e r e n t  d e g r e e s  K s t a t u s  w a s  f o u n d  to  i n c r e a s e  a f t e r  t h e  h a r v e s t  
o f  t h e  c r o p  T h e  i n c r e a s e d  K  a v a i l a b i l i t y  ( F i g  2 8 )  m a y  b e  d u e  to the  
r e l e a s e  o f  K b y  N a  f r o m  t he  c o l l o i d a l  e x c h a n g e  s i t e s  B u t  t h e  a v a i l a b i l i t .  
o f  s o d i u m  s h o w e d  a d e c r e a s e  a f t e r  t h e  c r o p  Thi s  c o u l d  b e  a t t n b u t e d  to 
c r o p  r e m o v a l  o r  l o s s  d u e  to l e a c h i n g  c o n s e q u e n t  to  t he  r a i n f a l l  r e c e i v e d  
d u r i n g  t he  c r o p  g r o w t h  p e r i o d



T1 T2 T 3  T4 T5

■  in it ia l d  2 MAP □  4 M A P  Z%6 M A P Z3 8 MAP □ H a r v e s t

Fig. 28. Soil K from initial to harvest



H i g h e r  u p t a k e  o f  N a  w as  o b s e r v e d  in t r e a t m e n t  r e c e i v i n g  n g n c  
ra te  o t  a p p l i c a t i o n  o f  N aC I  ( Ta bl e  4 0)

T h e  a v a i l a b t l t t v  o f  C a  an d M g  s t a t us  w a s  a l m o s t  d o u b l e d  a l t e r  the 
c r o p  ( Fi g  26)  T h i s  m i g h t  h a v e  p a r t l y  r e s u l t e d  f r o m  t he  f e r t i l i z e r  s u p p l y  
a n d  I r o m  t he  e x c h a n g e  r e a c t i o n s  m  c l a y  c o l l o i d s  T h e  s h e d  l e a v e s  m i g h t  
h av e  r e l e a s e d  C a  a n d  M g  to the  soi l  s i nc e  t h e s e  a re  t he  c a t i o n s  l o u n a  in 
l a rg e  q u a n t i t i e s  in m a t u r e  l e a ve s  C a  a n d  M g  s t a t u s  w a s  m o r e  in p lo t s  
w h i c h  r e c e i v e d  h i g h e r  r a te  o f  N a C I  p r o b a b l y  d u e  to t he  c o n t r i b u t i o n  o f  
f al len  l e av es  ( Ta b l es  50  a n d  51)

T h e  r a t i o  o f  m o n o v a l e n t  to d i v a l e n t  c a t i o n s  d e c r e a s e d  a l t e r  the  
c r o p  K  a n d  N a  w e r e  t a ke n  up  b y  t h e  c r o p  at  a h i g h e r  r a t e  t h a n  C a  a nd  
M g

Correlations between the various factors

T u b e r  y i e l d  w a s  p o s i t i v e l v  a n d  s i g n i f i c a n t l y  c o r r e l a t e d  w i t h  the  
r oo t  v o l u m e  at  2 M A P  a n d  B R  f r o m  6 to 8 m o n t h s  T h e  r o o t  v o l u m e  at  
t ub er  i n i t i a t io n  p h a s e  h a s  a p r o f o u n d  i n f l u e n c e  on  t he  f i n a l  y i e l d  i I nd i ra  
a nd  S i n h a  1970)

C G R  u p t o  2 M A P  an d f r o m  6 to 8 m o n t h s  w e r e  s i g n i f i c a n t l y  an d 
p o s i t i v e l y  c o r r e l a t e d  w i t h  y ie l d  T h i s  r e l a t i o n s h i p  b e t w e e n  C G R  a n d  t u n e r  
y ie l d  has  b e e n  r e p o r t e d  e a r l i e r  b y  G h o s h  e t  a l  ( 1 9 8 8 )
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S t a r c h  c o n t e n t  ot  t u b e r s  h a d  a n e g a t i v e  r e l a t i o n s h i p  w i t h  t he  H C N  
c o n t e n t  T h i s  is e x p e c t e d  s i n c e  m o r e  t r e e  s u g a r  g l u c o s i d e s  a r e  r e q u i r e d  
f o r  H C N  f o r m a t i o n  A s  the  s u g a r s  a r e  m o r e  c o n v e r t e d  to  s t a rc h ,  t he  H C N  
s y n t h e s i s  b e c o m e s  l ess  T h e  H C N  c o n t e n t  a n d  f r e e  a m i n o  a c i d  c o n t e n t  
w e r e  p o s i t i v e l y  r e l a t e d

A  s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  o b t a i n e d  b e t w e e n  a l l  t he  m a j o r  
n u t r i e n t s  a n d  t u b e r  y i e l d  s t r e s s e s  the  i m p o r t a n c e  o f  a p r o p e r  b a l a n c e  o f  
n u t r i e n t s  T h e  c o r r e l a t i o n  o b t a i n e d  b e t w e e n  u p t a k e  o f  N a  a n d  y i e l d  is 
m o r e  t h a n  t h a t  o b t a i n e d  b e t w e e n  u p t a k e  o f  K  a n d  y i e l d  F r o m  t h i s  it 
b e c o m e s  c l e a r  t h a t  N a  a l s o  h as  g o t  m l l u e n c e  in d e c i d i n g  the  f i na l  t ub er  
y i e l d  o f  c a s s a v a

A v a i l a b l e  K in soi l  w a s  s i g n i f i c a n t l y  a n d  n e g a t i v e l y  c o r r e l a t e d  wi th  
the a v a i l a b l e  N a  in soi l  W h e n  t he  r a t e  o f  N a C l  i n c r e a s e d ,  a v a i l a b l e  K 
s t a t us  d e c r e a s e d  K r e l e a s e d  f r o m  e x c h a n g e  s i t es  b y  N a  m i g h t  h a v e  b ee n  
e i t h e r  a b s o r b e d  b y  the  c r o p  o r  los t  b y  l e a c h i n g  I n c r e a s e d  u p t a k e  o f  K 
w a s  o b s e r v e d  in N a C l  t r e a t e d  p lo t s  (Table 39)
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SUM M ARY

A n  i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  in t h e  C o l l e g e  o f  A g r i c u l t u r e  
V e l l a y a n i  f r o m  199 1 t o  1 9 9 4  t o  s t u d y  t h e  p o s s i b i l i t y  a n d  e x t e n t  ol  
s u b s t i t u t i o n  o f  K  o f  t h e  c o s t l y  p o t a s h  f e r t i l i z e r  m u r i a t e  o f  p o t a s h ,  w i t h  
t h e  N a  o f  t h e  c h e a p e r  i n d i g e n o u s  a n d  e a s i l y  a v a i l a b l e  c o m m o n  s a l t  in 
c a s s a v a  c u l t i v a t i o n  R e p l i c a t e d  t r i a l s  w e r e  c a r r i e d  o u t  in t h e  o x i s o l s  o f  
t h e  I n s t r u c t i o n a l  F a r m ,  C o l l e g e  o f  A g r i c u l t u r e  f o r  t w o  c o n s e c u t i v e  y e a r s  
w i t h  M 4 v a r i e t y  o f  c a s s a v a  S u b s t i t u t i o n  o t  K w a s  t r i e d  a t  4  l e v e l s  v iz  
2 5 , 5 0 ,  75  a n d  100  p e r  c e n t  o f  t he  r e c o m m e n d e d  d o s e  M u r i a t e  o f  p o t a s h  
r e p l a c e d  b y  w o o d  a s h  a n d  a c o m b i n a t i o n  o t  K H C O ^  a n d  N a H C O ^  
( e l i m i n a t i n g  c h l o r i n e  s o u r c e )  a l s o  w e r e  i n c l u d e d  as  t r e a t m e n t s

T h e  s a l i e n t  r e s u l t s  o f  t h e  s t u d y  a r e  s u m m a r i s e d  b e l o w

1 T h e  g r o w t h  p a r a m e t e r s  l i k e  p l a n t  h e i g h t  d i d  n o t  s h o w  a n y  
s i g n i f i c a n t  v a r i a t i o n  as  a r e s u l t  o f  s u b s t i t u t i o n  N o  s i g n i f i c a n t  
d i f f e r e n c e  c o u l d  b e  o b s e r v e d  in  n u m b e r  o f  f u n c t i o n a l  l e a v e s  a l s o  
e x c e p t  at  6  M A P  1 0 0 %  K  as  M O P  r e t a i n e d  m a x i m u m  n u m b e r  o f  
l e a v e s  e v e n  a t  t h e  h a r v e s t  s t a g e  H i g h e r  v e g e t a t i v e  g r o w t h  at  t he  
l a t e r  s t a g e s  o f  g r o w t h  m i g h t  h a v e  r e d u c e d  t u b e r  y i e l d  in  t h i s  
t r e a t m e n t  T h e  L e a f  A r e a  I n d e x  ( L A I )  d i f f e r e d  s i g n i f i c a n t l y  f r o m  
t h e  t u b e r  b u l k i n g  s t a g e  u p t o  h a r v e s t  s t a g e  T h e  t r e a t m e n t  w h e r e  
5 0 %  K  w a s  s u b s t i t u t e d  b y  N a  o f  c o m m o n  sa l t  m a n i f e s t e d  m a x i m u m  
L A I  in a l l  t he  g r o w t h  s t a g e s  W i t h  i n c r e a s i n g  d e g r e e  of  s u b s t i t u t i o n  
a g e n e r a l  r e d u c t i o n  in  L A I  w a s  o b s e r v e d



168

2 A n  i n c r e a s e  in c h l o r o p h y l l  c o n t e n t  w a s  r e s u l t e d  w i t h  N a C I  
s u b s t i t u t i o n  s u g g e s t i n g  a p o s s i b l e  r o l e  o f  N a  in  c h l o r o p h y l l  
b i o s y n t h e s i s  in thi s  c r o p  In al l  t h e  g r o w t h  s t a g e s  e x c e p t  2  MAP,  
T ,  ( fu l l  p o t a s h )  r e c o r d e d  t he  l o w e s t  c o n t e n t  o f  c h l o r o p h y l l

8 T h e r e  w a s  s i g n i f i c a n t  v a r i a t i o n  in the  n u m b e r  o f  s t o m a t a  w i t h  N aCI  
s u b s t i t u t i o n  e x c e p t  a t  4  M A P  T h e r e  w a s  an i n c r e a s e  in th s t o ma t a l  
f r e q u e n c y  w i t h  N a  s u b s t i t u t i o n

4 In t h e  e a r l y  s t a g e s  o f  g r o w t h  t he r e  w a s  n o s i g n i f i c a n t  v a r i a t i o n  in 
t h e  n u m b e r  o f  r o o t s / t u b e r s ,  b u t  a t  t h e  l a t e r  s t a g e s  t h e r e  w a s  
s i g n i f i c a n t  d i f f e r e n c e  in th i s  a s p e c t  b e t w e e n  t r e a t m e n t s

5 T h e r e  w a s  s i g n i f i c a n t  d i f f e r e n c e  in t h e  r o o t  v o l u m e  a n d  w e i g h t  
r e c o r d e d  at  2 M A P  T h e  t r e a t m e n t  T 3 r e g i s t e r e d  t he  h i g h e s t  v a l ue s  
l o r  t h e s e  p a r a m e t e r s  a n d  T 7, t h e  l o w e s t  T h e  h i g h e r  r o o t  v o l u m e  
a n d  w e i g h t  o b t a i n e d  at  2 M A P  in T^  w e r e  w e l l  r e f l e c t e d  in the  
t u b e r  y i e l d  T u b e r  f o r m a t i o n  w a s  s t a r t e d  e v e n  b e f o r e  the  s e c on d  
m o n t h  ol  p l a n t i n g  in t he  c a s e  o f  5 0 %  K 5 0 %  N a  (as  C S )  t r e a t m e n t

6  T h e r e  w a s  s i g n i f i c a n t  v a r i a t i o n  b e t w e e n  t r e a t m e n t s  in b i o m a s s  
a c c u m u l a t i o n  at  al l  s t a g e s  In g e n e r a l  t h e r e  w a s  an  i n c r e a s e  in 
t o t a l  w e i g h t  ol p l a n t  w i t h  N a C I  s u b s t i t u t i o n  u p t o  5 0 %  a n d  t he r e  
a f t e r  a d e c r e a s e  at  h i g h e r  l e v e l s  in al l  g r o w t h  s t a g e s  W h e n  Na"1 
a n d  K + as c h l o n d e  sa l t s  w e r e  p r e s e n t  in e qu a l  c o n c e n t r a t i o n s  p lan ts  
s h o w e d  m u c h  b e t t e r  g r o w t h  t han  w h e n  K + a l o n e  w a s  g i v e n
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7 S i g n i f i c a n t  t r e a t m e n t  e f f e c t  c o u l d  b e  o b s e r v e d  in t u b e r  y i e l d  d u r i n g  
b o t h  t h e  y e a r s  o f  t h e  e x p e r i m e n t  T 3 r e g i s t e r e d  t h e  h i g h e s t  t u b e r  
y i e l d  a n d  T 3 t h e  l o w e s t  T h e  s t i m u l a t i o n  o f  g r o w t h  o b t a i n e d  b y  
e q u a l  c o n c e n t r a t i o n  o t  N a  a n d  K  a t  5 0 %  s u b s t i t u t i o n  w a s  m a n i l e s t e d  
in t h e  t u b e r  y i e l d  P o o l e d  a n a l y s i s  c l e a r l y  s h o w e d  t h e  s u p e r i o r i t y  
o l  1 3 o v e r  o t h e r  t r e a t m e n t s  O n  a n  a v e r a g e ,  a b o u t  31 p e r  c e n t  
i n c r e a s e  in t u b e r  y i e l d  c o u l d  b e  o b t a i n e d  b y  5 0 %  s u b s t i t u t i o n  o f  K 
of M O P  b y  N a  of  C S

8 B u l k i n g  r a t e  a n d  t u b e r  y i e l d  w e r e  c l o s e l y  c o r r e l a t e d  a n d  50  p e r  
c e n t  s u b s t i t u t i o n  r e c o r d e d  m a x i m u m  b u l k i n g  r a t e  a t  al l  t h e  s t a g e s  
T h e  t r e a t m e n t s  d i f f e r e d  s i g n i f i c a n t l y  in  U t i l i s a t i o n  I n d e x ,  T 3 h a v i n g  
t h e  h i g h e s t  v a l u e

9 T h e  c o o k i n g  q u a l i t y  o f  t h e  t u b e r s  f r o m  T 3 w a s  as  g o o d  as  t h a t  o f  
T ,  U p t o  5 0 %  s u b s t i t u t i o n  by C S  t e x t u r e  w a s  g o o d  a n d  c o m p a r a b l e  
w i t h  t h a t  o f  T |  b u t  a t  h i g h e r  s u b s t i t u t i o n s  t h e  t u b e r s  w e r e  s w e e t e r  
b u t  b e c a m e  h a t d  w h e n  c o o k e d

10 T h e  s t a r c h  c o n t e n t  d i d  n o t  s h o w  a n y  s i g n i f i c a n t  v a r i a t i o n  as  a  r e s u l t  
o f  s u b s t i t u t i o n  B u t  s u b s t i t u t i o n  a b o v e  5 0  p e r  c e n t  w a s  f o u n d  to 
d e c r e a s e  t h e  s t a r c h  c o n t e n t

I 1 S i g n i f i c a n t  d i f f e r e n c e s  w e r e  o b s e r v e d  in t o t a l  s u g a r s  r e d u c i n g  
s u g a r s  a n d  s u c i o s e  c o n t e n t  o f  f r e s h  t u b e r s  u n d e r  d i f f e r e n t  
t r e a t m e n t s  l o t a l  s u g a r  c o n t e n t  w a s  l o w e s t  in t h e  t u b e r s  o f  ful l  
p o t a s h  t r e a t m e n t  W i t h  i n c r e a s i n g  l e v e l s  o f  s u b s t i t u t i o n  t he  c o n t e n t  
o f  t o t a l  s u g a r s  i n c r e a s e d  S u c r o s e  c o n t e n t  w a s  f o u n d  to  i n c r e a s e
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w i t h  N a  a p p l i c a t i o n  u p t o  7 5 %  s u b s t i t u t i o n  o f  K b y  N a  R e d u c i n g  
s u g a r  c o n t e n t  w a s  a l s o  h i g h e s t  i n  T 5 ( fu l l  C S )

12 T h e r e  w a s  s i g n i f i c a n t  v a r i a t i o n  in t h e  c r u d e  p r o t e i n ,  t o t a l  a m i n o  
a c i d  a n d  f r e e  a m i n o  a c i d  c o n t e n t  o f  t u b e r s  T o t a l  a n d  f r e e  a m i n o  
a c i d s  w e r e  h i g h e s t  in I & W i t h  i n c r e a s e  in d e g r e e  o f  s u b s t i t u t i o n  
f r e e  a m i n o  a c i d  c o n t e n t  i n c r e a s e d ,  m a x i m u m  b e i n g  r e c o r d e d  a t  T 5 
( 1 0 0 %  s u b s t i t u t i o n )

1 3 S i g n i f i c a n t  v a r i a t i o n  in t h e  h y d r o c y a n i c  a c i d  c o n t e n t  o f  l i e s l i  t u b e i s  
w a s  o b s e r v e d  T 3 r e g i s t e r e d  t h e  h i g h e s t  a n d  T 3 t h e  l o w e s t  v a l u e s  
T h e  h i g h  c o n t e n t  o f  r e d u c i n g  s u g a r  f o u n d  in  f ul l  N a C I  p l o t s  m i g h t  
h a v e  b e e n  u s e d  f or  t he  p r o d u c t i o n  o f  c y a n o g l u c o s i d e s

14 T h e  t r e a t m e n t s  d i f f e r e d  s i g n i f i c a n t l y  in  t o ta l  p h e n o l  a n d  c r u d e  f i b re  
c o n t e n t  C r u d e  f i b r e  w a s  f o u n d  to  b e  m a x i m u m  in T 6 w h e r e  5 0 %  
p o t a s h  w a s  a d d e d  as  w o o d  a s h  a n d  5 0 %  p o t a s h  s u b s t i t u t e d  b y  N a  
a s  N a C I

15 T u b e r s  l i o m  I 3 ( 5 0 %  M O P  +  5 0 %  C S )  c o u l d  b e  s t o r e d  in m o i s t  
so i l  ( 2 0 %  F M C )  f r e s h  u p t o  3 5 t h  d ay ,  w h e r e a s  t u b e r s  f r o m  T ,  ( fu l l  
p o t a s h )  c o u l d  s t o r e d  o n l y  u p t o  1 2 th  d a y  w i t h o u t  d e t e r i o r a t i o n  
T u b e r s  f r o m  al l  o t h e r  t r e a t m e n t s  p e r i s h e d  b y  6 t h  d a y  T h e  t o t a l  
p o t a s h  a n d  H C N  c o n t e n t  w e r e  m o r e  in t he  r i n d  o f  t u b e r s  f r o m  T 3 
w h e r e a s  t h e y  w e r e  m o r e  in  t h e  f l e s h  o f  t u b e r s  f r o m  T j  H i g h  H C N  
a n d  p h e n o l  c o n t e n t  in  t h e  r i n d  o f  t u b e r  m i g h t  h a v e  p r e v e n t e d  
i n f e c t i o n  b y  p a t h o g e n s  l e a d i n g  to  t u b e r  d e t e r i o r a t i o n
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16 N u p t a k e  s h o w e d  a n  i n c r e a s i n g  t r e n d  u p t o  6  m o n t h s  in  a l l  t h e  
t r e a t m e n t s  a n d  t h e r e a f t e r  a  d e c r e a s e  T h e  d e c l i n e  in  u p t a k e  w a s  
m o r e  c o n s p i c u o u s  in T 3 t h a n  in  t h e  o t h e r  t r e a t m e n t s  I n  t h e  s i x t h  
m o n t h  t h e  N u p t a k e  w a s  h i g h e s t  in  5 0 %  K  5 0 %  N a  ( a s  c h l o r i d e )  
t r e a t m e n t  T h e  N R A  w a s  f o u n d  m a x i m u m  f o r  t h i s  t r e a t m e n t  a t  thi s  
s t a g e  D u r i n g  t h i s  p e r i o d  as  e x p e c t e d ,  t h e  v e g e t a t i v e  g r o w t h  a n d  
l ea l  p r o d u c t i o n  w e r e  a l s o  m a x i m u m  f o r  t h i s  t r e a t m e n t

1 7 T r e a t m e n t  d i f f e r e n c e s  in  t he  c a s e  o f  P  u p t a k e  w e r e  s i g n i f i c a n t  o n l y
a t  2 M A P  D u r i n g  m o s t  o f  t he  g r o w t h  s t a g e s  t h e  h i g h e s t  u p t a k e  
w a s  s h o w n  b y  T^  a n d  t h e  l o w e s t  b y  T 5

18 In t h e  e a r l y  s t a g e s  o f  g r o w t h  N a  u p t a k e  w a s  c o m p a r a t i v e l y  m o r e
w h e n  K w a s  s u b s t i t u t e d  u p t o  7 5 %  b y  N a  A f t e r  t h e  s ix  m o n t h s  
s t a g e ,  t h e r e  w a s  a  p r e f e r e n t i a l  u p t a k e  o f  K  to  N a  A  s t i m u l a t i o n  in 
K u p t a k e  w a s  n o t i c e d  g e n e r a l l y  u p t o  5 0 %  s u b s t i t u t i o n  o f  K  b y  N a  
w h e n  c o m p a r e d  to  100 p e r  c e n t  K

19 T h e  t r e a t m e n t  d i f f e r e n c e s  in t he  c a s e  o f  C a  a n d  M g  u p t a k e  w e r e  
s i g n i f i c a n t  a t  al l  s t a g e s  e x c e p t  a t  4  M A P  U p t a k e  o f  C a  a n d  M g  
w a s  m a x i m u m  in 5 0  K  5 0  N a  ( as  C l )  t r e a t m e n t  a t  a l l  s t a g e s  o f  
g r o w t h

2 0  S o i l  o r g a n i c  c a r b o n  a v a i l a b l e  P  a n d  a v a i l a b l e  K  d i f f e r e d  
s i g n i f i c a n t l y  a t  al l  s t a g e s  o f  s a m p l i n g  A t  h a r v e s t ,  a l l  t h e  t r e a t m e n t s  
a b o v e  5 0 %  s u b s t i t u t i o n  w i t h  N a  a n d  s u b s t i t u t i o n  w i t h  a l t e r n a t e  
s o u r c e s  g e n e r a l l y  r e g i s t e r e d  l o w e r  v a l u e s  o f  a v a i l a b l e  P  in  so i l  
T o w a r d s  t h e  l a t e r  s t a g e s  o f  g r o w t h  in  a l l  t h e  N a  t r e a t e d  p l o t s
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a v a i l a b l e  K  s t a t u s  d e c r e a s e d  C h a n g e s  in  a v a i l a b l e  M g  w e r e  
s t a t i s t i c a l l y  s i g n i f i c a n t  at  al l  s t a g e s  o f  g r o w t h  a n d  t h a t  o f  C a  w as  
s i g n i i i c a n t  f r o m  4  M A P  o n w a r d s

21 Y i e l d  o f  t u b e r s  w a s  p o s i t i v e l y  a n d  s i g n i f i c a n t l y  c o r r e l a t e d  to t he  
u p t a k e  o f  N P  K N a  C a  a n d  M g  A s i g n i f i c a n t  p o s i t i v e  c o r r e l a t i o n  
w a s  o b t a i n e d  b e t w e e n  u p t a k e  o f  K a n d  N a  ( r  =  0 8 7 2 8 ** )

2 2  Y i e l d  a t  h a r v e s t  w a s  p o s i t i v e l y  a n d  s i g n i f i c a n t l y  c o r r e l a t e d  to  t he  
r o o t  w e i g h t  r o o t  v o l u m e  a n d  b u l k i n g  r a t e  a t  2 M A P

2 4  P a t h  c o e f f i c i e n t  a n a l y s i s  to  t r a c e  o u t  t h e  m o s t  c o n t r i b u t i n g  c h a r a c t e r  
o n  y i e l d  r e v e a l e d  t h a t  t h e  m a x i m u m  d i r e c t  e f f e c t  w a s  v i a  t he  
d r v m a t t e r  o f  l o o t s  a t  2 n d  m o n t h  a n d  t h e  m a x i m u m  p o s i t i v e  i n d i r e c t  
e f f e c t  w a s  t h r o u g h  t h e  r o o t  v o l u m e  a t  2 M A P

F r o m  t h e  r e s u l t s  i t  c a n  c o n c l u d e d  t h a t  in  s o i l s  h a v i n g  l o w  to 
m e d i u m  s t a t u s  o f  K K of M O P  c a n  b e  s u b s t i t u t e d  u p t o  5 0 %  b y  N a  o f  
c o m m o n  sa l t  in c a s s a v a  w i t h o u t  a l l c c t i n g  t he  q u a l i t y  ol  t u b e r s  F i f t y  pe r  
c e n t  s u b s t i t u t i o n  w a s  f o u n d  to  i n c r e a s e  t h e  y i e l d  s i g n i f i c a n t l y  W i t h  5 0 %  
s u b s t i t u t i o n  b y  N a  ol  C S  t h e  s h e l l  l i f e  o f  t u b e r s  c o u l d  b e  e x t e n d e d  to 
m o r e  t h a n  a m o n t h

F u t u r e  l in e s  o f  w o r k

1 It  b e c a m e  o b v i o u s  f r o m  th i s  s t u d y  t h a t  N a  in s o m e  w a y  is a b l e  to 
r e p l a c e  K f or  s o m e  o f  i t s  f u n c t i o n s  i n s i d e  t he  p l a n t  T o  u n d e r s t a n d  
w h e t h e r  K is  r e p l a c e a b l e  in i t s  s p e c i f i c  f u n c t i o n s  a l s o  b y  N a  n e e d s  
d e t a i l e d  s t u d y



1 7 3

2 T h e  c o n t r i b u t i o n  ol  C l  in  h e l p i n g  N a  to s u b s t i t u t e  f o r  K  s h o u l d  be  
s e p a r a t e l y  a s s e s s e d

3 S u b s t i t u t i o n  s t u d i e s  s h o u l d  b e  t a k e n  u p  in o t h e r  c r o p s  a n d  in o t h e r  
s o i l  t y p e s  o f  t h e  s t a t e ,  s i n c e  t h e  i n p u t  c o s t s  c a n  b e  s a v e d  
s u b s t a n t i a l l y
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H c i k a l  M  M  A h m e d  A M mil  M A S h a d d a d  1 9 80  C h a n g e s  in dry 
w e i g h t  mil  m m c i  il c o m p o s i t i o n  ol  s o m e  oi l  p i o d u c i n g  pi H i t s  ovci

a t a n g c  o f  s a l i n i t y  s t i c s s  H i o l o g i u  P l a n t a t i o n  2 2  (1)  25 33

Hi ill A I 1969 A i c u m u l  i t i on ol  p o t i s s i u m  a n d  s o d i u m  by b a i l e y  m o t s  
m i K N i i e p l u i m c n l  s c n c s  P la n t  P h y s io l  4 4  1528 1532

l l o c k n c  P I  1991 Dis l i  i b u t i o n  mil i cd i s t i  i b n t i o n  ol  m i n e i a l  n u t i i e n l s  
ind t h y i n  it tci  in gi n n  s o i g h u m  is a l f e c t e d  by soi l  s i l i m t y  I ol 

pi int  n u l i i t i o n  16 (9)  1753 1774



IX

H o l t  M  E a nd  N J Volk 1945 S od iu m  as a p l an t  n ut r ien t  and subst i tute  
for  p o t a s s i u m  J ou rn a l  o f  the A m  Soc o f  A g ro n  3 7  821 827

Ho we l er ,  R H a nd  L  R C ad av id ,  1990 Sh or t  a nd  l ong te rm fert i l i ty trials 
in C o l o m b i a  to  d e t e r m i n e  the  n u t r i en t  r e q u i r e m e n t s  of  c a ssav a 
Fe r t i l i ze r  R e s e a r c h  26  (1 3) 61 80

Hu ff ak er ,  R C an d A Wa l lac e  1959 S od i u m  a bs o rp t io n  by d i f fe ren t  plant  
sp ec ies  at  d i f fe ren t  p o t as s iu m levels  S o i l  Sc i  88 130 134

H u m p h r i e s ,  197 9 M i n e r a l  c o m p o n e n t s  a n d  ash  a n a l y s i s  In M o d e r n  
m e t h o d s  o f  p l a n t  a n a l y s i s  ( P a e c h  & T r a c e y  e d i t o r s )  N a r o s a  
P u b l i s h i n g  h o u s e , S p r i n g e r  Verlag,  N e w  Delh i

I S I 19 60  S p e c i f i c a t i o n  f or  t a p i o c a  s t a r c h  f or  use  in c o t t o n  text i l e  
Indus t ry ,  I S 1 605-1960 ,  Ind ian  S t a nd ar d  I ns t i tu t ion ,  N e w  Delhi

I br ah im ,  K M  Co l l i ns ,  J C and  H A  Col l in  1991 Ef f ec t s  o f  sal ini ty 
on  g r o w t h  a n d  i o n i c  c o m p o s i t i o n  o f  C o le u s  b lu m e i  a nd  S a lv ia  
sp le n d e n s  J o u r n a l  o f  H o r t ic u l tu ra l  S c ie n c e  66  (2)  215 222

I nd i ra ,  P an d S K S i nha ,  1969 Co lo r i me t r i c  m e t h o d  for  the d ete rmi na t io n  
o f  H C N  in t ub er s  a nd  leaves  o f  c a ss a v a  (M a m h o t  esc u len ta  Crantz)  
I n d  J  A g r ic  Sc i  39 (11) 1021 1023

Indi ra  P and  S K  Sinha ,  1970 S t udi es  on the m e c h a n i s m  o f  tuber  ini t i at ion 
a n d  d e v e l o p m e n t  in M a m h o t  e sc u le n ta  Ind ia n  J  P la n t  P hys io l  
13 2 4- 39

I nd i r a  P a nd  T  K ur ia n ,  1977 A s tudy  on the c o m p a r a t i v e  an a tomica l  
c h a n g e s  u n de r g o i n g  t uber iza t ion  in the root s  o f  c a s s a v a  and  sweet  
p o t a t o  J  R o o t  Crops  3 (1) 29 32

Indi ra ,  P 1978 Sa l in i t y  ef fec t s  on p l an t  g ro wt h  and tu ber iza t io n  in cassava  
J  R o o t  C rops  4 ( 1 )  19 23

Is wa r an ,  V 1980 A l abo ra t or y  h an d  b oo k  for  ag r icu l t ura l  an a lys i s  Today 
an d T o m o r r o w  p r i n t er s  and  Pu bl i sh er s  N e w  Delhi
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J a c k s o n ,  M L  1973 Soi l  C h e m i c a l  A n a l y s i s  P u b l i s h e d  by  P r c n t i c c  Hal l  
o f  I n d i a  P v t  L t d  , N e w  D el h i ,  I n d i a

J a i n  R K D h a w a n  R S S h a r m a ,  D R a n d  J B C h o w d h u r y  1988
S e l e c t i o n  a n d  c h a r a c t e r i z a t i o n  ol  N a C I  t o l e i a n t  ce l l  c u l t u i e s  ol 
B r i n ja l  (S o la t iu m  m e lo n g e n a  L  ) I n d ia n  J  P la n t  P h y s io l  31 (4) 
4 3 1 - 4 3 3

J a y a k u m a r ,  M E y i n i ,  M E l a n g o v a n ,  R a n d  K  R a j a r a t h i n a m  1992 
M e t a b o l i c  c h a n g e s  in r e s p o n s e  to  b i o g a s  s l u r r y  a p p l i c a t i o n  to 
s u n f l o w e r  i r r i g a t ed  w i t h  sa l ine  w a t e r  C u r r e n t  A g r i c u l t u r e  16 
( 1- 2 )  85 88

* J i m e n e z ,  C J  A 1990 F e r t i l i z a c i o n  on p o t a s i o  en t e r r e n o s  c u l t iv ad o s  
c o n t i n u a m e n t e  co n y u c a  In T e r c e r a  R e u n i o n  C i e n t i f i c a  For es t a l  
Y  A g r o  p e c u a r i a  V i l l a h e r m o s a  T ab a s c o

J o h a m  H E  a n d  J V A m i n  1965  R o l e  o f  s o d i u m  in t h e  p o t a s s i u m
n ut r i t i o n  o f  c o t t o n  S o i l  S c i  99  2 2 0 - 2 2 6

J o r d a n ,  J V a n d  G  C  L e w i s  1 9 5 3  E f f e c t  o f  s a l t s  o n  p h o s p h o r u s  
a v a i l a b i l i t y  In s o d i u m  in A g r i c u l t u r e  E d  C h i l e a n  N i t r a t e  
E d u c a t i o n a l  B u r e a u  Inc  , N e w  York  p p  30  31

J osh i ,  S 1987 E f f e c t  o f  soi l  sa l in i ty  o n  n i t r o g e n  m e t a b o l i s m  in C ajan nu s  
c a ja n  L In d ia n  J  P la n t  P h y s io l  3 0  (2)  2 23  225

K a m a l a m ,  P ,  B i r a d a r ,  R S , Hr i s h i ,  N a n d  P G  R a j c n d r a n  1977 Path
an a l y s i s  a n d  c o r r e l a t i o n  s tu di es  in s w e e t  p o t a t o  ( I p o m o e a  b a ta ta s)  
J  R o o t  C ro p s  3 (1)  5 11

K a y a n i ,  S A  a n d  M u j e e b - u r  R a h m a n  1988 E f f e c t s  o f  N a C I  sa l in i ty  on 
s h o o t  g r o w t h  s t o m a t a l  s i ze  a n d  i t s  d i s t r i b u t i o n  in Z e a  m a y s  L 
P a k i s ta n  J o u r n a l  o f  B o ta n y  2 0  (1)  75-81

K e m a l  U r  R a h i m  K 1988 T h e  e f fe c t s  o f  s a l in i ty  on  p h o t o s y n t h e s i s  and 
o t h e r  p h y s i o l o g i c a l  p r o c e s s e s  in  s p r i n g  w h e a t  v a r i e t i e s  
D i s s e r t a t i o n  A b s t r a c t  I n t e r n a t i o n a l  B ( S c i e n c e s  an d E n g g )  4 9  (5) 
147 0 B



XI

K h a n  A H A z m i  A R  an d M Y  A s h r a f  1989 I n f l u e n c e  o f  NaCI  on 
s o m e  b i o c h e m i c a l  a s p e c t s  o f  t w o  s o r g h u m  v a r i e t i e s  P a k i s ta n  
J o u r n a l  o f  B o ta n y  21 (1)  74  80

K h a r a z i a n  A M  C a m p b e l l  W F  J u r i n a k  J J  an d L M  D u d l e y  1991 
C a l c i u m  a m e l i o r a t i o n  o f  N aCI  e f fe c t  on  p l a n t  g r o w t h  ch lo r op h yl l  
a n d  ion  c o n c e n t r a t i o n  in P h a s e o lu s  v u lg a r i s  A r id  Soi l  R e s e a r c h  
a n d  R e h a b i l i t a t i o n  5 ( 1 )  9 -1 9

K ui la ,  S , M o n d a l  S S  a n d P K  M a i t y  1992 E f f e c t  o f  n i t r o g e n  p o t as s iu m 
a n d  p l a n t  d e n s i t y  on t he  g r o w t h  a n d  y i e l d  o f  m u s t a r d  ( B r a s s ic a  

j u n c e a  L ) E n v i r o n m e n t  a n d  E c o l o g y  10 (2)  2 5 6  260

K u r i a n  T  , M a i m  S B , I nd i r a  P a n d  N R a j e n d r a n  1975 R e g u l a t i o n  of 
t he  l e ve l  o f  c y a n o g e n i c  g l u c o s i d e s  in c a s s a v a  P to c  I  N a t io n a l
S y m p  o n  R o o t  C ro p s  J  R o o t  C ro p s  1 101

Ky l in ,  A a n d  R G e e  1970  A d e n o s i n e  T r i p h o s p h a t a s e  a c t iv i t i es  in l eaves  
o f  t he  m a n g r o v e  A v t c e n m a  m t i d a  J a c q  P la n t  P h y s io l  45 169
172

Lai ,  R K  a n d  S N B h a r d w a j  1987 S t u d i e s  on  n i t r o g en  m e t a b o l i s m  o f  
s a l i n i t y  s t r e s s e d  f i e l d  p e a  (P is u m  s a t i v u m  L i n n  v a r  A r n e n s i s ) 
I n d ia n  J  P la n t  P h y s io l  3 0  (2)  165 169

L a r s o n ,  W E  a n d  W  H P i e r r e  1953 I n t e r a c t i o n  o f  s o d i u m  a nd  p o ta ss i um
on  y ie l d  a n d  c a t i o n  c o m p o s i t i o n  o f  s e l e c t e d  c r o p s  S o i l  S t i  76 
5 1 - 6 4

L e g a z ,  M  F G  O r t i z e  J M L i d o n  A G an d A C e r d a  1993 E f l e c t  o f  
s a l i n i ty  o f  g r o w t h  ion c o n t e n t  a nd  C o 2 a s s i m i l a t i o n  r at e  in l emon 
v a r i e t i e s  on  d i f f e r e n t  r o o t s t o c k s  P h y s w l o g i a  p la n ta t i o n  89 427 
4 3 2

L e h r  J J 1953 S o d i u m  as a p l an t  n u t r i e n t  J o u r n a l  o f  the  s c ie n c e  o f  
r o o d  a n d  A g r ic u l t u r e  4 (20)  4 6 0  4 68



" L e o n o v a  T G  and  L P C h e r e p e n v a  1989 Fr ee  a n a  b o u n a  C \  n o a r ei  
g r o w n  u n d e r  u n fa v o u r a b l e  c on d i t i o n s  F i z i o i o g i v a  R a s t e n n  36 3 

3 4 5 - 3 5 0

L e r n e r  H R  1985 A d a pt a t i o n  to s a l in i ty  at  the p lan t  cei l  l evel  P u"  
a n d  s o i l  89 3 14

L i n db er g  S 1976 Kine t i c  s tud i es  o f  a ( N a + + K + + M g - +) ATPase  m 
s u g a r  b e e t  root s  II Act iva t ion  bv N a + and K~ P h w i o l  P lan t  36 

139 144

" L i n d h a v e r  M G  H a e d e r  H E  a nd  H B e r m g e r l 9 9 0  O s m o t i c  poten t , a l s  
a nd  so lu te  c o nc e n t r a t i on s  in s ug a r b e e t  p lan t s  cu l t i va te d  wi th  v ar v mg  
K / N a  ra t io s  Z e i t s c hr i f t  for  P f l a n z e n e r n a h r u n g  a n d  B o d e n h u n d e  
153 (1)  2 5-32

M a c  M as t e r s  M M  1964 M e t h o d s  o f  c a r b o h y d r a t e  c he m i s t r y  by Whis t le r  
P L  A c a d e m i c  Press ,  Inc,  N e w  York Vol IV

Ma h a t v a r a j  N  1993 F a r m e r s  r ea c t i o n  to d e c o n t r o l  o f  f er t i l i se r  prices
F e r t  N e w s  A u g  1993 3 8 (3 )  13-17

M a l a v o l t a  R C o u r v  T  S o b r i n h o  M O C a n d  J A C P a c h e c o  19*5 
S t u d i e s  on the  m i n e r a l  n u t r i t i o n  o f  c a s s a v a  iM a n i h o t  i i t iu s su n a  
Po h l )  P la n t  p h v s w l  3 0 ( 1 )  81 82

Mal i n i  G  a n a  M D  A K h a d e r  1989 Ef f ec t  o f  NaCl  and  Ca Ci^  on the
g r o w t h  a t t r ibu tes  o f  t u ber os e  (P o u a n t h e s  tuO e’o sa  L ) var  s ingle 
So u th  I n a ia n  H or t i c u l tu r e  3 7  (4) 2 3 9 - 2 4 '

M a L w a l  G L 1 975 E f f e c t  o f  sa l t s  in i r r i g a t i o n  w a t e r  on the g r o w ' h  
c h e m i c a l  c o m p o s i t i o n  o f  c a r r o t  (D a u c u s  t a r o t a )  a n d  r a d  sh 
( R a j h a n u s  sa t iv u s )  P ro c  I  N a t io n a l  S \ n w  on R o o t  C ro p j  J  R oot  
C rop s  1 9 8-99

M a h w a l  G L  a nd  K V P a ' i w a l  1979 E ff ec t  o t  sal ts  on the g r o wt h  and
c h e m i c a l  c o m p o s i t i o n  o f  c a r r o t  ( D a u c u s  t a r o t a ) a r d  R a d  sh 
(R a p h a n u s  sa t iv u s )  J  R o o t  C rop s  5 ( 1 )  5 0-55



X lll

*Man ci o t ,  R , O l l a g m e r ,  M an d R O ch s  , 1979 M i n e r a l  nut r i t i on  and 
f e r t i l i z a t ion  o f  the c o c o n u t  a r ou nd  the w o r l d  O l e a gi n e ux  34 12

M a ng a l ,  J L  , Yadav,  A C Si ngh,  R K and  A S i ngh  1993 Ev al ua t i on  of  
po ta t o  cu l t i va r s  for  sa l ini ty  t o l e ra nc e  J  In d ia n  P o ta to  A s so c  20 
(2)  91 94

Ma n g a l ,  J L  , Yadava ,  A and  G P Si ngh ,  1986 Ef f ec t  o f  d i f fe ren t  levels 
o f  s o i l  s a l i n i t y  o n  g e r m i n a t i o n ,  g r o w t h ,  y i e l d  a n d  q u a l i t y  o f  
c o r i a n d e r  and f enne l  South  I nd i an  H or t i c u l tu r e  34  (1)  26 31

M a r a i m ,  K B  1990 P h y s i o l o g i c a l  p a r am e t er s  o f  sa l in i ty  to l e ra nc e  o f  C 4 
t u r f  g ra s s e s  D i s s er t a t i on  A bs t r a c t s  I n t e r na t io n a l  B Sc i en c es  and 
E n g i n e e r i n g  51 (2) 4 8 4  B

M a t o h ,  T  a nd  S Mu r a t a ,  1990 S o d i u m  s t im ul a te s  g r o w t h  o f  P a m c u m  
c o lo ra tu m  t h r o ug h  e nh a n c e d  p h t os yn t he s i s  P la n t  P h y s io l  92 (4) 

1169 1173

M e  Cr ea dy ,  H M  a n d  W Z  H as s i d , 1 94 3  T he  se pa ra t iv e  and  q uant i t a t ive  
e s t i m a t i o n  o f  a m y l o s e  an d a m y l o p e c t i n  in p o t a t o  s t a rch  J Am 
C h e m  So c  65 1154-1157

M i l l s ,  D 19 89  D i f f e r e n t i a l  r e s p o n s e  to v a r i o u s  t i s s u e s  o f  A s p a r a g u s  
o f f ic in a l is  to s o d i u m  ch lo r i de  J o u rn a l  o f  E x p e r im e n ta l  B o ta ny  40 
( 2 13 )  4 85 -491

M o h a n k u m a r ,  B , Nair ,  P G  and  K R  L a k s h m i ,  1990 I n t er - r ela t ionsh ips  
o f  p o t a s s i u m ,  c a l c i u m and  m a g n e s i u m  on the n ut r i t ion  o f  cassava  
in an u l t i sol  J  R o o t  Crops  I S R C  N a t  S ym  S p e c ia l  77 82

M o h a n k u m a r ,  C R , M a n d a l ,  R C a nd  N Hr i sh i ,  1975 E ff ec t  o f  p lant  
dens i ty ,  fer t i l i ty  l eve ls  a nd  s t ages  o f  h ar ves t  on c a s s a v a  produc t ion  
P r o c  I N at io na l  S y m p  on Ro o t  c r op s  1992 93 J  R o o t  Crops  1 

9 2-93



XIV

* Mo rp ur go ,  R a nd  D S i lv a - Ro d r i g ue z ,  1987 In v i t ro  di f fe ren t ia l  r esponse  
o f  the p ot a t o  (Solarium tu berosum  L)  u n d er  s od i um  ch lo r i de  st ress 
c o n d i t i o n s  R i v i s t a  di  A g r i c o l t u r a  S ub  t ro pi ca l e  e T r o p i t a l e  81 
(1-2)  7 3-77

M o t s a n ,  Z  , L e r n e r ,  H R a n d  L R e i n h o l d  1 9 8 8  D e p e n d e n c e  o f  
c h l o r o p h y l l  s yn th es i s  on N aCI  or  o s m o t i c  s t ress  in NaCI  adap ted  
t o b a c c o  ce l l s  P la n t  P h y s io lo g y  a n d  B io c h e m is t r y  26  (1) 29 34

Mo za fa r ,  A  , G o od i n ,  J R and  J J Oer t l i  1970 N a  and  K in te rac t ions  in 
i n c r e a s i n g  t h e  s a l t  t o l e r a n c e  o f  A t r i p l e x  h a l t m u s  L 1 Yi e l d  
c h a r a c t e r i s t i c s  and  o s m o t i c  po ten t i a l  A g r o n o m y  J o u r n a l  62 
4 7 8 - 4 8 4

Nair ,  G M  , M o h a n k u m a r ,  C R a nd  P G  Nair ,  1980 R e s p o n s e  o f  c assava  
to s o d i u m  ch lo r id e  ( c o m m o n  sal t )  J  R o o t  C rops  6 (1&2)  55
56

N a n ,  M  A 1981 Nu t r i t io n a l  s tudies  on oil  pa l m Ph D T he s i s  submi t t ed  
to K  A U

N a n ,  P G  , M o h a n k u m a r ,  B and  N R a j en d ra n ,  1980 E ff ec t  o f  di f fe rent  
s o u r c es  o f  p o t a s s i u m  on the y i el d a nd  q ua l i ty  o f  c a ss a v a  J  R oot  
C ro ps  6 ( 1& 2 )  2 1- 24

N a n ,  P G  a nd  B M o h a n k u m a r  1984 R e s p o n s e  o f  s w ee t  p ot a t o  ( Ipom oea  
b a ta ta s  L ) to N, P, K and  l i me  in ac id  l a t e n t e  soi l  J  R o o t  Crops  
10 ( 1 & 2 )  17-21

Nair ,  P G  an d R S Aiyer ,  1985 E ff ec t  o f  p o ta s s i u m  nut r i t ion  o f  cassava  
(1)  G r ow t h ,  y i e l d c o m p o n e n t s  and  yie l d J  R o o t  C rops  11 (1 2) 
2 3- 28

N a m b i s a n ,  B a n d  S S u n d a r a s e n ,  1 9 9 0  D i s t r i b u t i o n  p a t t e r n  o f  
c y a n o g l u c o s i d e s  in c a s s a v a  tuber s  a nd  le aves  at  d i f f e r en t  g ro wt h  
s t ag es  J  R o o t  Crops  I S R C  N a t  S y m  S p e c ia l  261 263
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Na so n ,  A a nd  H J E van s ,  1955 Ni t ra t e  R e d u c t a s e  f r o m  N e u r o s p o r a  In 
m e t h o d s  in E n z y m o l o g y  Vol II A c a d e m i c  Pr ess  Inc  N e w  York

N a t a ra j an ,  A 1975 T h e  e f fect  o f  d i f fe ren t  l eve l s  o f  N i t r og e n  and  Potash 
o n the  g r o w t h ,  y ie l d  an d q u a l i ty  o f  t a p i o c a  v a r i e t y  H 165 MSc
( A g)  t hes i s  su b mi t t e d  to K  A U

r W | < x c |  K .  K . 4  I ' Y ^  j A 2 t  C ,1  f T J i - y  i \ H u  t  v d i  1  L v  I

\ l h i  "P^Y V  II '’ c j k v d y  i l l  IS i  I ,,|fcN g uy e n ,  S T  , P a gu in ,  , G r a d y / L  J O and  G J O ue l l e t t e ,  1 972 Inf luence
o f  n i t r o g e n ,  p h o s p h a t e  a n d  p o t a s s i u m  f e r t i l i z a t i o n  on  t h e  
i n co r p o r a t i o n  o f  a mi n o  ac ids  into pro te i ns  and on y ie l ds  o f  lucerne 
C a n a d  J  P la n t  Sci  5 2 ( 1 )  4 1 - 52

N i t s o s ,  R E  a n d  H J E v a n s ,  1969 E f f e c t  o f  u n i v a l e n t  c a t i o ns  on the 
ac t iv i ty  o f  par t i cu l a t e  s ta rch  s yn th et ase  P la n t  P h y s io l  4 4  1260
1266

N o w a k o w s k i ,  T Z  1971 Ef f ec t  o f  p o t a s s i u m  and  s od i um  on the  con ten t s  
o f  s o lu b le  c a rb o h y d r a t e s  an d n i t r o ge no u s  c o m p o u n d s  in grass  In 
P o t a s s i u m  in P h y s i o l o g y  an d B i o c h e m i s t r y  I n t e r na t io n a l  Potash 
Ins t i tu te ,  B e r n e / S w i t z e r l a n d

Oer t l i  J J 1 9 68 a  E f f ec t  o f  ex t erna l  sal t  c o n c en t r a t i o n s  on w at e r  r e lat ions 
in p lan ts  5 S o i l  Sci  105 2 16 -2 22

Oer t l i ,  J J 1 968b  E ff ec t  o f  ex te rn a l  sal t  c on c e n t r a t i o n s  on w at e r  re la t ions  
in p lan ts  6 S o i l  Sci  105 3 0 2- 31 0

Oh ta ,  D , M a t o h ,  T  a nd  E  T ak ah ash i  1987 Ear ly  r e s po n se s  o f  s od ium 
d ef i c i e n t  A m a r a n th u s  tr ic o lo r  h  p l an t s  to s od i um  ap pl i ca t i on  Plant  
P h y s io l  84  112 117

O h t a ,  D  , M a t o h ,  T  a n d  E T ak a h a s h i ,  1988 S o d i u m  s t i m u l a t e d  N 0 3 
u p t a k e  in A m a r a n th u s  t r ic o lo r  L P la n t  P h y s io l  87 (1)  223-225

O k ek e ,  J D , O b i g b e s a n ,  G C a nd  B T  K a n g  1979 Ef f ec t  o f  f er t i l izer  
a pp l i c a t i o n  on nu t r i en t  c o n c e n t r a t i o n  and g ro w t h  r e l a t ionsh ips  in 
c a s s a v a  M a n ih o t  spp  J  R o o t  Crops  5 ( 1& 2 )  1 7



X V I

O l l a g m e r ,  M  a n d  R O c h s  1971 C h l o r i n e ,  a n e w  e ss e n t i a l  e l e m e n t  in oil  
p a l m  n u t r i t i o n  O l e a g i n e u x  2 6 ( 1 )  I 15

O n k w a r e ,  A  O , 199 0 T h e  e f f ec t  o f  sal t  s t r es s  on  w a t e r  r e l a t i o n s  and  
p h o t o s y n t h e s i s  in f i n g e r  m i l l e t  (E Leus ine  c o r a c a n a  ( L)  G a e r t n  )
I n d i a n  J o u r n a l  o f  P la n t  P h y s io l  33  (2)  1 7 7- 1 8 0

P a n d e y ,  V K  , a n d  H  K  S a x e n a ,  1 9 8 7  E f f e c t s  o f  s o i l  s a l i n i t y  on 
c h l o r o p h y l l ,  p h o t o s y n t h e s i s ,  r e s p i r a t i o n  a n d  i on i c  c o m p o s i t i o n  at 
v a r i o u s  g r o w t h  s t a g es  in p a d d y  I n d ia n  J o u r n a l  o f  A g r l  C h e m is t r y

p  2 0  (2)  149 155
O v'd < y  K  v l  K -D !_  S '  V _Jn\ v I S S ]  S c d  ( i d .  iv.|v x  y , ! c l  lr tv 8A

xnd p i  n ,  H I  m ulct ,  ̂ paddy ~Ki cl VJXS U l i r n J  1 If nt Hky fi 1 1 'P a ra s h e r ,  A a n d  S K Var ma,  1987 E ff ec t  o f  d i f f e r e n t  l eve l s  o f  soi l  sa l ini ty  
o n  the  c h e m i c a l  c o m p o s i t i o n  o f  w h e a t  ( T r i t i c u m  a e s t i v u m  L)  P la n t  
P h y s io lo g y  a n d  B io c h e m is t r y  14 (2)  1 53 -15 8

Pat i l ,  B C  , P a n c h a l ,  Y C an d K  V J a n a r d h a n  1987 P h o t o s y n t h e s i s  and 
a s s o c i a t e d  l e a f  c h a r a c t e r s  o f  b i d i  t o b a c c o  (N ic o t ia n a  t a b a c c u m  L) 
as  i n f l u e n c e d  by  l e ve l s  o f  P o ta s h  J  P o ta s s iu m  R e s  3 122 128

P a t i l ,  B C  , G u r u r a j a  R a o ,  M R  , R a m a k r i s h n a  P a r a m a  V R  a n d  D P 
V i s h w a n a t h ,  1989  R e l a t i v e  sa l t  t o l e r a nc e  o f  s a f f l o w e r  g en o t y p e s  
b a s e d  on  y ie l d ,  s o d i u m ,  p o t a s s i u m  a n d  c a l c i u m  c o n t e n t s  Ind ian  
J  P la n t  P h y s io l  3 2  (1)  9 0 - 94

P a t i l ,  P K  a n d  V K  P a t i l  1983  I n f l u e n c e  o f  E S P  on  t h e  g r o w t h  a nd  
c h e m i c a l  c o m p o s i t i o n  o f  j a m u n  (S y z ig iu m  c u m i m i  S k e e l s )  P u n ja b  
J  H o r t  23 6 9- 78

P e a s l e e ,  D  E  a n d  D  N  M o s s ,  1966 P h o t o s y n t h e s i s  in K a n d  M g  def i c i en t  
m a i z e  (Z e a  m a y s  L  ) l e a ve s  S o i l  Sc i  S o c  P ro c  A m  3 0  2 20  223

P e s s a r a k l i ,  M  , H u b e r ,  J T  an d T  C T uc k e r ,  1989 D r y m a t t e r  y ie l d  n i t r og en  
a b s o r p t i o n  a n d  w a t e r  u p t a k e  b y  s w e e t  c o r n  u n d e r  s a l t  s t r e s s  
J o u r n a l  o f  P la n t  n u tr i t i o n  12 (3)  2 7 9 - 2 9 0



X V II

Pe z es hk i  S R and  S Z  Pan,  1990 I nh ib i t or y  e f fec t  o f  sa l in i ty  upo n leaf  
a r e a  d e v e l o p m e n t  a n d  c a r b o n  a s s i m i l a t i o n  o f  O r y z a  s a t i v a  L 
P h o t o s y n t h e t i c a  24  (4) 628-631

Pi l lai ,  K G 1967 S t u di es  on  the r es po n se  o f  N,  P  and  K in c on junc t ion  
w i t h  C a  on  the  g r o w t h ,  y ie l d  an d q u a l i t y  o f  t a p i o c a  (M a m h o t  
u t i h s s im a  P oh l )  var  M a l a y a n  4 M S c  ( Ag  ) t hes i s  s u b m i t t e d  to 
K  A U

Pi l lai ,  M  R C  1975 S t u di es  on the e f fec t  o f  N,P , K f er t i l i s a t ion  on the 
y ie l d a nd  q ua l i ty  o f  co l oc a s i a  ( C o lo ca s ia  a n t iq u o r u m  Schot t )  var  
T h a m a r a k k a n n a n  Th es i s  su b mi t t e d  to K A U

Piper ,  C S 1966 Soi l  and  Pl an t  A na l ys i s ,  H a n s  Pu bl i sh e r s  B o m b a y

P l u e n n e k e ,  R H a nd  H E  J o h a m  1972 T h e  in f lu en ce  o f  l ow  subst ra te  
s o d i u m  leve l s  upo n the f ree a m i n o  ac id c o n t e n t  o f  co t t o n  leaves  
P la n t  P h y s io l  49  5 02 -505

* P o ng sk u l ,  W ,  W a n a p a t ,  S , M u n g p r o m  P and S S i r i n u k d a k u l  1988 
R e s p o n s e s  o f  s our  t a ma r in d  ( T a m a rin du s  ind ica  L in n)  to di f fe rent  
s a l in i ty  l e ve ls  K h o n  K a e n  A g r i  J o u r n a l  18 (2)  72  79 ( Crop
p h y s i o l o g y  A b s t ra c t  No  3640)

Pr asa d ,  B 1993 E ff ec t  o f  c o n t i nu o us  a pp l i ca t i on  o f  p o t a s s i u m  on crop 
y ie l d a nd  p o t a s s i u m  ava i l ab i l i ty  u n d er  d i f fe r en t  c r o p p i n g  seq ue nces  
in c a l c a re o us  soi l  J o u r n a l  o f  P o ta s s iu m  R ese a r c h  9 (1)  48-54

P r e ma ,  D  , Jose ,  A I a nd  P  K  N N a m b i a r  1987 Ef f ec t  o f  s o d i u m chlor ide  
o n g r o w t h  an d yie l d o f  c o c o n u t  p a l m s  in a l a ter i te  soi l  A g r ic  Res  
J  K e ra la  25  (1)  66  73

Pr e ma ,  L , T h o m a s ,  E J a nd  R S Ai yer  1975 T h e  u s e f u ln es s  o f  sensory  
m e t h o d  o f  an a l ys i s  by  taste pane l  in d i f fe ren t ia t in g  the qual i ty  o f  
c a s s a v a  tuber s  in d i f f e r en t  t r ea t me nt s  A g r i  R es  J  K e ra la  13 (2) 
1 41 -1 45



XV111

Pr es s ey  R 1969 Pot a to  su cr ose  sy nt he t ase  Pur i f ica t ion  proper t i es  and 
c h a n g e s  in ac t iv i ty  a s s oc i a t e d  wi th  mat u ra t i on  P la n t  P h ys io l  44 
7 5 9 - 7 6 4

P u s h p a d a s ,  M  V ,  Vi jayan,  M  R and  R S Aiyer ,  1975 E ff ec t  o f  f actor ial  
c o m b i n a t i o n s  o f  n i t r ogen  a nd  p h o s p h o ru s  as wel l  as po t as s iu m and 
c a l c i u m  on n ut r ien t  c on t en t s  in the l eaf  p et i o l e  o f  t wo  var ie t ies  of  
c a s s a v a  at  t h r ee  s tages  o f  g ro wt h  P roc  I  N a t io n a l  S ym p  on R oo t  
C rops  J  R o o t  Crops  1 102

P u s h p a d a s ,  M  V a n d  R S Aiyer ,  1975 E ff ec t  o f  p o t a s s i u m  and ca l cium 
on  the  y ie l d  and  q u a l i t y  o f  c a s s a v a  P ro c  I  N a t i o n a l  S y m p  on  
R o o t  C rops  J  o f  R o o t  Crops  1 102

P u s h p a d a s ,  M V an d R S Aiyer ,  1976 N ut r i t io na l  s t ud ies  on cassava  
(M a m h o t  e sc u len ta  Cr a nt z )  II Ef f ec t  o f  p o ta s s i u m  and  ca l cium 
on y ie l d  a nd  q ua l i ty  o f  tubers  J  R o o t  C rops  (2)  42  51

*Radi ,  A F ,  H e i k a l ,  M M  , A b d e l - R a h m a n ,  A M  a n d  B A A  El De ep  
1989  S a l i n i t y  h o r m o n e  i n t e r a c t i o n  in r e l a t i o n  to the c h e m i c a l  
c o m p o s i t i o n  o f  m a i z e  a n d  s a f f l o w e r  p l an t s  R e v u e  R o m a i n e  de 
Bi o lo g i e ,  B i o l og i e  Vegeta l e  34  (1)  6 5-76

Rains ,  D W  a nd  E Ep s t e i n  1966 S o d i u m  a bs or p t io n  by b ar l ey  root s  its 
m e d i a t i o n  by  m e c h a n i s m  2 o f  al kal i  ca t ion  t r an sp or t  P la n t  P h ys io l  
42 3 19 -3 23

R a j a n n a , K  M  , S h i v a s a n k a r ,  K T  a nd  K S  K r i s h n a p p a ,  1 987(a )  Ef f ec t  
o f  d i f f e r e n t  l e v e l s  o f  n i t r o g e n ,  p h o s p h o r o u s  a n d  p o t a s s i u m  on 
g r ow th ,  y ie l d  an d q ua l i ty  o f  p ota t o  So uth  Ind ian  Hor t i cu l tu r e 
3 5 (5)  3 4 7- 35 5

R a j a n n a ,  K M  , S h i v a n s h a n k a r  K T  a n d  K S K r i s h n a p p a  1 9 8 7 ( b )  
D r y m a t t e r  a c cu m u l a t i o n  and up take  of  nu t r ien t s  in p ota t o  as affected 
b y d i f fe ren t  l eve l s  o f  N,  P  a nd  K S ou th  Ind i an  Hor t icu l tu r e 
3 5 (6)  4 2 1 - 4 2 8



XX

* Rot h , H 1989 T h e  i n f l u e nc e  o f  N a C l  or  N a 2S 0 4 s u bs t r a te  sa l ini ty  on 
th e  g r o w t h  a n d  d ry  m a t t e r  p r o d u c t i o n  o f  T r i t icu m  a e s t iv u m  L 
H o r d e u m  v u lg a re  L  a nd  O ryza  sa t iv a  L , u n d e r  l a b or a t o ry  
c o n d i t i o n s  B e i t r ag e  zur  t r o p i sc he n  L a n d w i r t  S c h a f t  u nd  Veter inary 
m e d i z i n e  27  (3)  305-311

k \ W  v 1| - T  tV Cx  il  C i  v d l'ii \ i  cwcl | !<■ rvt j r " I K  L m ' j  a  L. dr
S a l a m a ,  R M  a n d  R A b d e l  B a s s e t  198 7 A m i n o a c i d s  a n d  p r o t e i n  

m e t a b o l i s m  as  a f f e c t e d  b y  t h e  i n t e r a c t i o n  o f  s a l i n i t y  a n d  
p h y t o h o r m o n e s  in w h e a t  an d k i dn ey  b ea n  p lan ts  A ss iu t  Jou rna l  
o f  A g r ic u l t u r a l  S c ie n c e  1 8 ( 3 )  2 0 1- 21 3

Sa l im,  M  1989 E ff ec t s  o f  N a C l  a nd  KC1 sal in i ty  on g r o wt h  and ionic 
r e l a t ions  o f  r e d  k i d ne y  b e a ns  (P  vu lg a r i s  L ) J o u r n a l  o f  A g ro n om y  
a n d  Crop  S c ie n c e  163 (5) 338 344

S a m p s o n ,  J 1961 A m e t h o d  o f  r e p l i c a t i n g  d r y  m o i s t  s u r f a c e s  f or  
e x a m i n a t i o n  by l ight  m i c r o s c o p y  N a tu r e  ( L o n do n )  191 932  33

S a r a d a  dev i ,  C a n d  G R a j e s w a r a  R a o  1978 S o d i u m  c h l o r i d e  i nduce d 
c h a n g e s  in s t oma ta l  ch ara c t e r s t i c s  and  b e h a v i o u r  in sa f f lo we r  Proc  
In d ia n  A c a d  Sc i  , 87  141-148

Sast ry,  K  S K  1982 I n f l ue nc e  o f  p o t as s iu m in p ro l in e  a c c um u l a t i o n  under  
s t r ess  In p o ta s s i u m  a nd  Pl an t  P h y s i o l o g y  PRII  R e s e a r c h  Re vi ew 
Se r i es  - 2 4 3-45

S ay re ,  C B  a n d  M T  Vi t tum 1949 E ff ec t  o f  s o d i u m  sal ts  and rate  of
s e e d i ng  on the  y ie l d o f  bee t s  A g r o n o m y  J o u r n a l  41 (6) 235
2 39

Sa yre ,  C  B a n d  J I Shafe r ,  Jr  , 1944 E ff ec t  o f  s ide  d r e s s i n g s  o f  di f fe rent
n i t r o g e n  a n d  s o d i u m  s a l t s  on  y i e l d  o f  b e e t s  In  S o d i u m  in
A g r i c u l t u r e  E d  Ch i l ean  N i t ra te  E du ca t i n a l  B u r e a u  Inc  , N e w  York 
pp  2 3

S h a dd ad ,  M  A , A h m e d ,  A M a nd  K A Fa yez ,  1988 Al l ev ia t i on  of  the 
a d v e r s e  e f f e c t s  o f  s a l i n i t y  by  n i t r o g e n  f e r t i l i z a t i o n  B i o l o g i a  
P l a n t a r u m  30  (5)  3 43 -3 5 0



XXI

S h a rm a ,  K D , D a t t a  K S  and  S K V ar ma 1990 E ff ec t s  o f  ch lor ide  and 
s u l p h a t e  t yp es  o f  sa l i n i ty  on  s o m e  m e t a b o l i c  d r i f t s  in c h i c k p e a  
C ic e r  a r ie t in u m  L In d ia n  J o u r n a l  o f  e x p e r im e n ta l  b io lo g y  28 
(9) 8 9 0- 8 9 2

S h a rm a ,  R  P a n d  R  Ezek i el ,  1993 I n f l uen ce  o f  p o ta s s i u m  on the ch emi ca l  
c o m p o s i t i o n  a n d  s to r a g e  b e h a v i o u r  o f  p o t a t o  J  I n d ia n  P o ta to  
A s s o c  20 (3 4)  275 278

S h a r m a ,  S K 1989 E f f ec t  o f  sa l in i ty  on g ro wt h ,  ionic  and  w at e r  relat ions  
o f  th r ee  w h e a t  g en o t y p e s  d i f fe r ing  in sal t  t o le ra nc e  In d ian  J  P lan t  
P h y s io l  32  (3)  2 00 -2 05

She ela ,  V L  , A r a v i n d a k s h a n ,  M a nd  S R Nair ,  1991 A note  on the effect  
o f  p o t a s s i u m  o n  q u a l i t y  o f  f r u i t s  in  r a i n f e d  b a n a n a  ( M u s a  
c a v e n d ish i )  cv  P a l a y a n k o d a n  Sc i en t i f i c  H or t i c u l tu r e  1

Sh u kl a ,  D N a nd  S Si ngh ,  1976 E f f ec t  o f  p l an t  d ens i t i e s  a nd  fert i l i ty 
leve l s  o n  the  d r y m a t t e r  p r od uc t io n  a nd  n ut r ien t  u p ta ke  in pota to 
In d ia n  J  A g ro n  21 408-411

*Si lber bush ,  M  a nd  J B e n - A s h e r  1989 T h e  ef fec t  o f  NaCI  con cen t r a t io n  
on N 0 3 , K + an d or t ho  p ho s p h a t e  - P inf lux  to p e a n u t  r oot s  Sc ient i a  
H o r t i c u l t u r a e  39  (4)  2 79 -2 87

* S i n e ln ik o va ,  V N  , Ba z h an o v ,  I A a nd  I A K o s a r e v a  1988 E ff ec t  of  
c h l o r i d e  s a l i n i t y  o f  f u n c t i o n a l  c h a n g e s  in  t h e  p h o t o s y n t h e t i c  
a p p a r a t u s  o f  t o m a t o  v a r i e t i e s  S b o r n i k  N a u c h n y k h  T r u d o v  po 
P n k l a d n o i  B o t a n i k e ,  G en e t i ke  1 S e l e k t s u

Si ngh ,  J , S h a r m a ,  H L  a nd  C M Si n gh  1993a  R e sp o n s e  o f  s oy abe an  to 
p o t a s s i u m  nut r i t ion  in d i f f e r en t  a g r o- c l im at i c  z on es  o f  H P Jo urn a l  
o f  P o ta s s iu m  R ese a r c h  9 (1)  38-43

Si n gh ,  J , S h a r m a ,  H L  and C M  S i n gh  1993b R e s p o n s e  o f  w he a t  to 
p o t a s h  in d i f fe r en t  a g r o -c l ima t ic  zo ne s  o f  H P J o u r n a l  o f  P o ta ss iu m  
R e s e r a c h  9 (2)  122 127
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Si ngh ,  J , S i ngh ,  M ,  S a i mb hi ,  M S  and  K S  K o o n e r  1993 Growth  
a n d  y i e l d  o f  p o t a t o  c u l t i v a r s  as a f f e c t e d  b y  p l a n t  d e n s i t y  and  
p o t a s s i u m  leve l s  J  In d ia n  P o ta to  A s s o c  20 (3 4)  2 79 -2 82

Si nha ,  S K  1978 I n f l ue nc e  o f  p o t as s iu m on t o l e ra nc e  to s t ress  Indian 
e x p e r i e n c e  In P o t a s s i u m  in soi l s  an d c r o p s  N e w  D e l h i  PR1I 
p p  2 2 3- 2 4 0
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Appendix - I

1 St ar c h C o n te n t  % (y)
V a r i a b l e R e g r e s s i o n  e q ua t io n r R 2 t

N i t r o g e n  in l ea f  x ( y = 17 31 + 2 93 Xj 0  4 7 2 9 0 2 2 3 6 2 737*

P h o s p h o r u s  in l e a f  x 2 y = 22 21 + 31 68 x 2 0 2 7 8 4 0 07 75 1 478

P o t a s s i u m  in l ea f  x 3 y = 26  35 + 2 67 x 3 0 2 2 1 4 0 0 4 9 0 1 1575

K in p e t i o l e  x ( y = 26 69  + 3 11 x 4 0 2 73 9 0 0 7 5 0 1 4 52 2

N a  in l ea f  x , y = 29 65 6 6  61 x 5 0 2 9 14 0 0 84 9 1 5531

N a  in p e t i o l e  x 6 y = 26  80 + 5 1 2 4  x 6 0 3227 0 1041 1 7 3 82

C a  in l ea f  x 7 y = 27 62 + 1 06  x 7 0 3 32 9 0 1108 1 800 0

M g  in l e a f  x 8 y = 27 10 + 3 61 x 8 0 244 3 0 0 59 7 1 2845

2 Tota l  S u r g a r s  (y)

Va r ia b l e R e g r es s i on  e q u a t i on r R 2 t

Ni t r og e n  in leal  X| y = 4 36 0 58 x, 0 4 0 0 4 0 1603 2 228*

P h o s p h o r u s  in l e a f  x 2 y = 4 14 10 44  x 2 0 3 90 5 0 1525 2 163*

N a  in t ub er  x 3 y = 1 6 0  + 30 1 1 x 3 0 4 5 9 8 0 2 11 4 2 640*

Ca in e a f  x4 y = 2 0 6  + 0 95 x 4 0 4 48 5 0 2 01 2 2 5 5 8 ’

Ca in >tem x 3 y = 2 71 4 02  x 5 0 559 8 0 3 13 4 3 445**

M g  in p e t i o l e  v6 y = 3 92 4 21 x6 0 7571 0 5731 5 908**

M g  in s t e m x 7 y = 0 95 + 11 58 x 7 0 6 5 17 0 4 2 4 7 4 381**
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Appendix - II

3 R e d u c i n g  s u g ar s  (y)

Va r ia b l e R e g r e s s i o n  e q ua t io n r R 2 t

N i t r o g e n  in p e t i o t e  X| y = 1 05 + 0 18 X! 0 5 1 6 0 0 26 6 2 3 071**

N in S t em x 2 y = 1 54 0 18 x 2 0 7 0 2 2 0 4931 5 028**

K in 1 u b c r  x 3 y = 1 0 9  + 0 5 6 x 3 0 4 59 5 0 2111 2 637*

N a  in T u b e r  x 4 y = 0 83 + 23 25 x 4 0 5 4 9 0 0 30 13 3 349*

Ca  in S t e m  x 3 y = 0 99 + 2 75 x 5 0 5 9 1 0 0 34 93 3 736**

M g  in t u b e r  x 6 y = 0 03 + 33 02 x 6 0 74 28 0 55 1 8 5 6 5 8 * '

Cl  in s t e m  x 7 y = 0 99 + 0 38 x 7 0 4 12 7 0 1703 2 310*

Cl  in t u b e r  x 8 y = 1 05 + 0 87 x 8 0 5 1 6 9 0 26 7 2 3 079**

4 S u c r o s e  c o n te n t  (y)

V ar i ab l e R e g re s s i o n  e q u a t i o n r R2 t

N i t r og e n  in p e t i o t e  x. y = 1 37 0 30 x. 0 4 6 7 0 0 2181 2 693*

K in t u b e r  x 2 y = 1 34 1 04 x 2 0 4 7 0 4 0 221 3 2 718*

Ca in S t e m  x 3 y = 1 75 6 95 x 3 0 8 22 4 0 676 3 7 370**

M g  in p e t i o l e  \ 4 y = 2 97 5 12 x 4 0 7 8 1 8 0 61 12 6 393**

M g  in s t e m  x 3 y = 0 42 + 12 08 x , 0 577 8 0 3 33 8 3 609**
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A ppendix  - III

5 A m y l o s e  in s t a r c h  (y)

V a r i a b l e R e g r e s s i o n  e q u a t i o n r R 2 t

N in s ie rn  Xj y = 3 0  12 0 9 8  Xj 0 4 4 9 3 0 2 0 1 9 2 565 *

K in k a f  x 2 y = 3 4  0 6  8 25 x 2 0 5 3 1 4 0  2 8 2 4 3 198**

N a  in t u b e r  x 3 y = 2 2  9 8  + 2 8 2  14 x 3 0 7 8 6 5 0 6 1 8 5 6 493**

C d  in l e a f  x 4 y =  27  38  + 8 7 4  x 4 0 7 5 5 9 0  5 7 1 4 5 887**

M g  in p e t i o l e  x , y = 33 5 6  11 55  x 5 0 3 7 8 8 0 1435 2 08 7*

M g  in t u b e r  x f) y = 2 2  53 + 1 6 3  17 x fi 0 4 3 3 4 0  187 8 2 4 52 *

Cl  in ‘ tern x 7 y = 2 6  12 + 3 23  x 7 0 4 1 1 9 0 16 97 2 305*

Cl  in t u b e r  x 8 y =  25 81 +  9 8 4  x 8 0 6 9 4 0 0  4 8 1 6 4  915**

6 A m y l o p e c t i n  in s t a r c h  (y)

V a r i a b l e R e g i e s s i o n  e q u a t i o n r R 2 t

N in p e t i o l e  X[ y = 4 9  87 +  1 11 x , 0 6 3 2 4 0 3 9 9 9 4 163**

C a  in leal  x 2 y = 52 10 3 0 3  x 2 0 4 4 2 3 0 1957 2 515 *

M g  in l e a f  x 3 y = 52  0 9  +  6 0 8  x 3 0 5 3 8 6 0 2 90 1 3 260**

M g  in p e t i o l e  x 4 y = 4 7  6 8  + 9 67  x 4 0 5 3 4 4 0 2 8 5 6 3 224*



4

A ppendix  - IV

7 HC N C o n t e n t  (y)

V a r i a b l e R e g i e s s i o n  e q u a t i o n r R 2 t

K in L e a f  x j y = 2 6  95  27  37 Xj 0 5 1 2 5 0  2 6 2 6 3 0 4 3 ”

N a  in t u b e r  x 2 y = 4  7 3  + 6 9 6  17 x 2 0 5 6 3 9 0 3 1 8 0 3 4 8 2 ”

C a  in  l e a f  x 3 y = 6 6 4  + 2 4  3 6  x 3 0 6 1 2 1 0 3 7 4 7 3 9 4 7 ”

Cl  in p e t i o l e  x 4 y = 2 28  + 9 33 x 4 0 376 1 0 1415 2 070 *

8 T o t a l  P h e n o t s  ( y)

V a r i a b l e R e g r e s s i o n  e q u a t i o n r R 2 t

N in p e t i o l e  x j y = 7 21 + 0  3 4 Xl 0  3 8 6 6 0 1 49 4 2 137*

K in l e a f  x 2 y = 5 6 8  + 3 2 9  x 2 0  7 0 4 4 0 4 9 6 2 5 061**

N a  in l e a f  x 3 y =  6 88 + 3 4  27  x 3 0  3 8 6 9 0 149 7 2 140*

N a  in t u b e r  x 4 y = 8 7 9  50  55 x 4 0 4 6 7 8 0 2 1 8 8 2 6 9 9*

C a  in l e a f  x 5 y = 8 01 1 5 9  x 5 0  4 5 5 5 0 2 0 7 5 2 60 9*

M g  in p e t i o l e  x 6 y =  6 32  + 3 52  x 6 0 3 8 3 5 0  1471 2 118*
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Appendix - V

9 1 r i c  j i n i n o  acids  (y)

Variable R e g r e s s i o n  e q ua t io n r R 2 t

N in s t e m x j y = 70  15 2 0 93 X[ 0 4 6 9 3 0 2 20 2 2 709*

K in l eaf  x 2 y = 122 06 124 4 8 x 2 0 3 91 2 0 1530 2 167*

K in p e l l o l e  x 3 y = 1 1 1 16 166 40  x 3 0 522 5 0 2 7 3 0 3 125**

N a  in t u b e r  x 4 y = 21 60 + 3 1 4 6  7 0 x 4 0 4 2 7 8 0 1830 2 414*

M g  in t u b e r  x 5 y = 73 48  + 30 13  90  x 5 0 3 90 4 0 1524 2 162*

10. C r u d e  P r o te in  C o n t e n t  (y)

Va r ia b l e R e g re s s i o n  e q u a t i o n r R 2 t

N in p e t i o t e  x [ y = 3 69 0 86 Xj 0 6 82 3 0 4 65 5 4 759**

K in p e t i o te  x 2 y = 3 71 3 09 x 2 0 4 96 3 0 2 46 3 2 915**

K. in t u b e r  x 3 y = 3 26 2 15 x 3 0 4861 0 2363 2 836**

C a  in p et i o l e  x 4 y = 2 81 1 12 x4 0 6 4 1 4 0 4 1 1 4 4 263**

C i m s te m x 7 y 3 42 8 66 x , 0 5 08 4 0 25 85 3 011**

C a  in t u b e r  x 6 y = 2 87 23 60 x 6 0 3 99 7 0 1598 2 223*

M g  in l e a f  x 7 y = 1 10 + 6 09 x 7 0 6 2 68 0 3 9 2 9 4 102**

C 1 in It 11 x 8 y 3 66 1 63 x s 0 7 27 4 0 5292 5 406**

( 1 111 | Lt iolc X() y -  3 92 1 87 x , 0 6 05 8 0 3 67 0 3 883**

C 1 in s t e m x 1() y -  4 26 2 14 x J0 0 6405 0 4 102 4 252**

Cl in t ubei  x , j y = 3 26 2 76 x ,, 0  4 5 3 8 0 2 05 9 2 5 9 6 ’
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A p p e n d i x  - V I

11 P h o s p h o r y l a s c  a c t i v i t y  (y)

Variable Regression equation r R2 t

N in leaf X[ y = 9 “55 + 4 99 x„ 0 3957 0 1565 2 197*

N in tuber x2 y = 1 3 46 1 2 46 x2 0 5378 0 2892 3 253**

K in petiole x 3 y = 2 06 + I “5 58 x 3 0 6738 0 4540 4 649**

K in tuber x4 y = 6 2 1  + 6 16 x4 0 3755 0 1410 2 066*

Na in stem x g y = 11 05 131 75 x5 -0 4381 0 1920 2 485*

Na in tuber xg y = H  74 239 16 xg 0 4208 0 1770 2 365*

C a in petiole x7 y = 7 48 + 3 23 x7 0 4991 0 2491 2 937**

Ca in ' t cm  xR y = 5 09 + 30 05 xg 0 4817 0 2320 2 803**

Ca in tuber x9 y = 7 02 + 81 89 x9 0 3739 0 1398 2 056*

Mg in petiole x J(| y = 0 92 + 23 99 x ,0 0 4966 0 2466 2 917**
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A ppendix  - VII
12 Y ie l d  (y)

V a r i a b l e R e g r e s s i o n  e q u a t i o n r R 2 t

N L  2 M A P  x , y = 10 5 0  2 15 x , 0 3 3 5 6 0  112 6 1 8 1 6

N L  4 M A P  x 2 y =  2 1 11 0  7 6  x 2 0 0 9 5 3 0 0 09 1 0  4 8 8

N L  6 M A P  x 3 y = 9 25  +  6 03  x 3 0 2 5 51 0 0 6 5 1 1 3 45

N L  8 M A P  x 4 y = 6 4  0 4  1 1 8 1  x 4 0 4 4 9 6 0  2 02 1 2 566 *

N L  H a r v e s t  x 3 y = 37 82  + 15 30  x 5 0 4 0 6 7 0 1 65 4 2 269 *

P L  2 M  \ P  x 6 y = 0  77  + 41 16 x 6 0  2 6 7 5 0 0 7 1 5 1 4 1 5

P L  4 M A P  x 7 y = 3 6 5 3 52  8 6  x ? - 0  2 0 8 3 0  0 4 3 4 1 0 8 6

P L  6 M  \ P  xg y = 4 7  2 2 + 2 0 6  2 6  x g 0  2 8 7 5 0  0 8 2 6 1 531

P L  8 M  \ P  x 9 y = 18 31 0 6 2  x 9 0  0 0 4 5 0  0 0 0 2 0 0 2 3

P L  H a r v e s t  x ]() y = 34 5 2  + 2 8 7  31 x 10 0 4 1 5 5 0  172 7 2 329 *

K L  2 M A P x u y = 6 51 + 11 2 2  x n 0 4 2 7 6 0  1 82 9 2 4 1 2 *

K L  4 M A P  x , 2 y = 2 0  71 3 14 x , 2 -0  1 2 06 0 0 1 4 5 0 6 1 9

Kl 6 M A P  x |3 y -  2 0 0  + 16 5 0 x , 3 0 6 4 0 8 0  4 1 0 6 4 2 5 6 * ’

K L  8 M A P  x )4 y = 19 9 6  +  64  12 x 14 0 3 6 5 9 0  13 39 2 0 0 6

K L  H a r v e s t  x 15 y = 1 12 + 3 0  97  x ]5 0 4 2 2 3 0  1783 2 375 *
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V a n a b k R e g r e s s i o n  e q u a t i o n r R 2 t

N a L  2 M A F  x , 6 y = n  4 9  + 6 4  7 7  x 16 0 0 8 1 8 0 0 0 6 7 0 4 1 8

N a L  4 M A P  x , 7 y = 2 0  9 4  35 28  x , 7 0 0 5 7 7 0 0 0 3 3 0 2 9 5

N a L  6 M A P  x |8 y = 2 6  11 + 7 3 2  8 4 x ]g 0  5 9 8 5 0 3 5 8 3 3 809**

N a L  8 M A P  x 19 y  = 23  4 2  78  5 7  x , 9 0 107 7 0 0 1 1 6 0 5 5 2

N a L  H a r v e s t  x 20 y = 8 0 0  + 4 1 0  6 6  x 20 0  2 9 5 6 0 0 8 7 4 1 5 7 8

C a L  2 M A P  x 2[ y = 16 93  +  12 12 x 2( 0  0 8 71 0 0 0 7 6 0 4 4 6

C a L  4 M A P  x 22 y = 18 58 1 41 x 22 0 0 1 3 6 0 0 0 0 2 0 0 6 9

C a L  6 M A P  x 23 > = 17 9 6  + 0 7 7  x 23 0 0 1 3 9 0 0 0 0 2 0  071

C a L  8 M A P  x 19 y = 17 0 6  + 0 87 x 24 0  1 4 9 0 0 0 2 2 2 0 7 6 8

C a L  Hai  v e s t  x 0 ^ y = 21 71 2 0  2 8  x 25 0  3711 0  1 37 8 2 0 3 8
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ABSTRACT

Fi e l d  e xp e r i m e n t s  w er e  ca r r ied  ou t  in the  Co l l e g e  o f  Agr i cu l t u re  
V e l l a y a n i  d u r i n g  1991 to  1994  to s t u d y  t he  p o s s i b i l i t y  a n d  e x t e n t  o f  
s u b s t i t u t i o n  o f  K o f  M u r i a t e  o f  P o t a s h  w i th  the  N a  o f  c o m m o n  sal t  in 
C a s s a v a  v a n e t y  M 4 u s ed  as the  test  c r op  Subs t i tu t i on  o f  K was  t r ied at  4 
l eve ls  viz 25,  50,  75 and  100 per  ce n t  o f  the r e c o m m e n d e d  d ose  Mur i a t e  
o f  p ot ash ,  r e p la c ed  by  w o od  ash  and  a co mb i na t io n  o f  K H C O ^  and  N a H C 0 3 
( e l imi na t i ng  ch l or i ne  so urc e)  al so wer e  i n c l u de d  in the e x p e r i m e n t

Pl an t  g r o wt h  ch ar ac t e r i s t i cs  l ike p lan t  h e i gh t  a nd  n u m b e r  o f  leaves  
did  n ot  v a r y  s ig ni f ica nt ly  as a resu l t  o f  subs t i t ut ion  T h e  m a x i m u m  LAI  
w as  o b s e r v e d  in the ca s e  o f  50 % K as M O P  + 5 0 % N a  as C S  t r ea t me nt  at 
al l  t he  g r o w t h  s t a g es  An in c r e as e  in c h l o r op h yl l  c on t e n t  w as  o bs er ve d  
wi th  N a C l  s ub s t i tu t io n  In the ear ly  g r o wt h  s tages  there  w as  no s igni f icant  
v a r i a t i o n  in t he  p r o d u c t i o n  o f  r oo t s ,  b u t  at  t he  l a t e r  s t a g e s  t h e r e  was  
s ig n i f i ca n t  d i f fe r en c e  in this a sp ec t  T h e  r oot  v o l u m e  at  2 M A P  var ied 
s i g n i f i c a n t l y  b e t w e e n  t r e a t m e n t s  In g en er a l ,  t he r e  w as  an i n c r e a s e  in 
t o t a l  w e i g h t  o f  p l a n t  w i t h  N a C l  s u b s t i t u t i on  u p t o  5 0 %  a n d  t h e r e a f t e r  a 
d e c re a se  wi th  h i g h er  l eve l s  o f  s ub s t i tu t ion ,  at  al l  g r o wt h  s tages

S i g n i f i c a n t  t r e a t m e n t  d i f fe re nc e  c o u l d  be o b s e r v e d  in t ub er  yield 
in b oth  the years  o f  the  e x p e r i m e n t  T 3 ( 50 % M O P  + 5 0 % CS)  regi s t e red  
the h ig h e s t  t ub er  y ie l d and  T 5 the lo wes t  T h e  b ul k i ng  ra te  and  Ut i l i sa t ion  
I nd ex  a l so  d i f f e re d  s i gn i f i ca n t ly  a m o n g  t r ea t men ts
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T h e  c o ok i n g  q ua l i ty  o f  the tubers  f rom T 3 was  as g o od  as that  o f  
T |  S i g n i f i c a n t  d i f f e r en c es  co ul d  be o b s e r v e d  in tota l  su gar s ,  r ed uc i ng  
sugars  an d su cr os e  c on te n t  o f  f resh  tubers  u n de r  d i f f e r en t  t r ea t men ts  With 
i n c r e a s i n g  l e ve l s  o f  s ub s t i t u t i o n ,  the c o n t e n t  o f  to ta l  s u g a r s  i n c r e a s e d  
S u c r o s e  c o n t e n t  w a s  f o u n d  to i n c r e a s e  w i t h  N a  a p p l i c a t i o n  u p t o  7 5% 
subs t i t u t i on  o f  K by Na

S i g n i f i c an t  v ar ia t ion  was  o b se r ve d  in the c r ud e  p ro t e in ,  total  ami no  
ac id an d f ree  a m i n o  ac id  co n t e n t  o f  tubers  H y d r o c y a n i c  acid,  total  p henol s  
and  c ru d e  f ibre  a l so  d i f fe red  s ign i f ican t ly  b e t we e n  t r e a t me nt s  T h e  keep ing  
q ua l i ty  s tu di es  r e v ea l ed  that  tuber s  f rom  T 3 c o u l d  be  s t o r ed  f resh  up to 
35th  d a y  in m o is t  soi l ,  w he r e a s  tubers  f rom Tj  c ou ld  be  s to r ed  on ly  upto 
12th day,  w i t h o u t  d e t e r i o r a t i o n  E n z y m e  s t u d i e s  r e v e a l e d  s i g n i f i c a n t  
d i f f e r en c e  in the  a c t iv i ty  o f  s ta rch  s y n t h es i s i ng  e n z y m e s ,  b ut  N R A  at 6 
M A P  was  no t  a f fe c t ed  by d i f f e r en t  t r ea t ment s

T h e  u p t a k e  o f  N w as  h ig h es t  in T j  and  P  a nd  K in T 3 N a  uptake  
by T |  w h i c h  r e c e i v e d  no N a  w as  g en er a l ly  h i g h er  t han  o th er  t r ea t men ts  
r e c e i v i n g  N a  C a  a n d  M g  u p t a k e  a l s o  d i f e r e d  s i g n i f i c a n t l y  b e t w e e n  
t r e a t m e n t s

C h a n g e s  in so i l  o r g a n i c  c a r b o n ,  a v a i l a b l e  P, a v a i l a b l e  K a nd  
av a i l ab le  M g  w e r e  s t a t i s t i ca l ly  s ign i f ican t  b e t w e e n  t r e a t m e nt s  b ut  that  of  
C a  was  s i g n i f ic a n t  o n ly  f ro m 4 M A P  o n wa r ds

Yie ld  o f  tuber s  w as  p os i t iv e ly  and  s i gn i f i ca n t ly  c o r re l a t ed  to the 
u p t ak e o f  N,  P, K, Na ,  Ca  a nd  M g  Yield  at  h a r v es t  was  pos i t ive ly  and 
s ig ni f ica nt ly  c o r re l a t e d  to the r oo t  w e ig h t  and r oo t  v o l u m e  and a l so  to the 
b ul k in g  ra te  at  2 M A P



Ill

Pa th  C oe f f i c i e n t  A na ly s i s  r ev ea led  that  the m a x i m u m  d ir ec t  ef fect  
on y ie l d was  c on t r i b u t e d  by the d r ym a t t e r  o f  r oot s  at  2 M A P

F r o m  the resul t s ,  it can  be c on c l u d e d  tha t  in soi l s  h a v i ng  low to 
m e d i u m  s ta tus  o f  K, the K o f  M O P  can be s ub s t i t ut ed  up  to 5 0 % by N a  o f  
c o m m o n s a l f  in c a ss a v a  wi th o ut  a f fec t i ng  the qual i ty  an d q ua n t i t y  o f  tubers


