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1. INTRODUCTION

R ice ,  t h e  p r e m i e r  c e r e a l  crop of  India occup ie s  an a r e a  of  42 

mil l ion h e c t a r e s  c o n t r ibu t ing  42% of t h e  c o u n t r y ' s  food gra in  p roduct ion .  

R ic e  p r oduc t ion  t e c hno logy  in t h e  r e c e n t  p a s t  has  been  undergoing s p e c t a 

cula r  changes  w i th  t h e  i n t r o d u c t io n  of high yielding va r i e t i e s .  The p r o d u c t i 

v i ty  of  t h e  c rop  depends  no t  m e r e ly  on t h e  C O 2 f ixing c a p a c i ty  of  the  

p lan t  b u t  a lso on t h e  f low of  p h o t o s y n t h a t e s  f r o m  t h e  sou rce  t o  t h e  sink. 

Increased  b iom ass  p r o d u c t i v i t y  has  l i t t l e  m ea n in g  unless  i t  is in t h e  fo rm  

of  e c o n o m i c  p ro d u c t .  In o t h e r  words ,  h a r v e s t  index a s sum es  p a ra m o u n t  

im p o r t a n c e  in c rop  p roduc t ion .  The yield physiology is thus  t o  be s tud ied  

ana lys ing  t h e  p a r t i t i o n in g  of  p h o t o s y n t h e t i c  p r o d u c t s  b e t w e e n  th e  sou rce  

and t h e  s ink. D e v e l o p m e n t  of  new t e c hno logy  to  im prove  t h e  h a r v e s t  

index or  p a r t i t i o n  t h e  p h o t o s y n t h a t e s  m o re  t o  t h e  e c o n o m i c  s ink e i t h e r  

by m a n a g e m e n t  p r a c t i c e s  or  by g e n e t i c  m an ip u la t io n  is thus  a  m a t t e r  

of  i n t e r e s t  t o  t h e  r e s e a r c h e r s .

The  role '  of  p o t a s s iu m  on e n z y m e  a c t i v a t i o n ,  photosynthesis '  and 

a s s i m i l a t e  t r a n s lo c a t i o n  is wel l  known.  P o ta ss ium  induces  d ro u g h t  t o l e r a n c e  

and i m p a r t s  r e s i s t a n c e  t o  p e s t  and  d i seases  (Singh and T r ipa th i ,  1979; 

Mengei  and Kirkby,  1983). P o ta s s iu m  plays a key role  in inc reas ing  the  

yield of  crops and in im prov ing  th e  qua l i ty  of  crop p r o d u c e  ( 'Goswami 

and K hera ,  1981). Being a  c o m p a r a t i v e l y  c h e a p e r  e l e m e n t ,  e v e n  higher
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doses  of po tass ium  app l i c a t i o n  can  be t h o u g h t  of if i t  can h as ten  the  

t r a n s p o r t  of s y n th a t e s  to  t h e  gra in  which o th e r w i s e  would a c c u m u la t e  

in t h e  sou rce .

Le a ves  being  t h e  main s i t e s  of pho tosyn thes is ,  an inc rease  in 

t h e  Iongivi ty  of  uppe r  l ea ve s  by t r e a t m e n t  wi th  ho rm ones  may de lay  th e  

l ea f  s e n e s c e n c e  and i n c r e a s e  t h e  gra in  yield (Yoshida, 1972; Evans 1975).

Biswas and Choudhur i  (1980) r e p o r t e d  t h a t  t h e r e  is possibi l i ty  of au g 

m en t in g  th e  g ra in  yield by prolonging th e  per iod  of m obil iz a t ion  of  m e t a 

bo l i t e s  f ro m  l ea ve s  to  g ra ins  as a  r e su l t  of  ho rm one  t r e a t m e n t s .  Mishra 

and P ra d h an  (1973) r e p o r t e d  t h a t  k ine t in ,  a p lan t  g rowth  ho rm one  a c t  

as  a p o t e n t  s e n e s c e n c e  a r r e s t o r .  K ine t in  in f lue nce s  t h e  d i re c t i o n  of t r a n s 

p o r t  of o r g a n ic  m e t a b o l i t e s  and m in e ra l s  t o  t h e  s ink (Kr ishnamoor thy ,  

1981). . -

Lo t s  of work h a v e  b e e n  done  by r e s e a r c h e r s  t o  s tudy  the  main 

e f f e c t  of po tas s ium  on t h e  g row th  and yield of r i ce .  Few r e p o r t s  on 

th e  e f f e c t  of  k ine t in  on r ice  is a lso t r a c e a b l e  in l i t e r a t u r e .  But  no e f f o r t  

s e e m s  t o  have  been  m ad e  so f a r  t o  s tudy  t h e  d i f f e r e n t i a l  in f luence  of 

p o tass ium  du e  to  k ine t in  a pp l i c a t ion .  H e n c e  th e  p r e s e n t  s tudy  was u n d e r 

t a k e n  wi th  t h e  fol lowing o b jec t ive s .

1. To s tudy  th e  d i f f e r e n t i a l  in f luence  of p o t a s s ium  due  to  k ine t in  app l i ca t ion  

on g row th  and yield of r i ce .

2. To s tudy  t h e  p a r t i t i o n in g  of c a r b o h y d r a t e s  and p r o te in s  b e t w e e n  t h e  

s o u rc e  and s ink of  r i c e  as in f luenced  by p o ta s s ium ,  k ine t in  and the i r  

i n t e r a c t io n s .
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3. To e x a m i n e  t h e  poss ibi l i ty  of in f luencing  t h e  h a r v e s t  index of  r i ce  

by t h e  combined  a pp l i c a t ion  of  p o t a s s ium  and k inet in .

To s tudy  th e  e c o n o m ics  of r i c e  cu l t iv a t io n  as in f luenced  by po tass ium  

and k ine t in  app l i ca t ion .
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2. REVIEW O F L I T E R A T U R E

A b r i e f  r e v i e w  of r e s e a r c h  w ork  d o n e  on t h e  e f f e c t  of  p o t a s s i u m  

and k i n e t in  on t h e  g r o w t h ,  y ie ld ,  q u a l i t y  and n u t r i e n t  u p t a k e  of  r i c e  is 

p r e s e n t e d  be low .

A. Role  of  p o t a s s i u m  in p l a n t s

The  n u t r i e n t  ion K + is o m n i p r e s e n t  in t h e  p l a n t  s y s t e m  and  is 

l inked w i th  a l m o s t  all  p h e n o m e n a  of  t h e  phys io logy  of  t h e  p l a n t .  It is 

poss ib le  to  a t t r i b u t e  a n u m b e r  of. f u n c t i o n s  t o  p o t a s s i u m ,  b u t  h a rd ly  poss ib le  

t o  endow  i t  w i th  a s p e c i f i c  ro le .  It i n t e r v e n e s  ' in  the  fo l lowing  d o m a in s  

of p l a n t  phys io logy  v iz . ,  p h o t o s y n t h e s i s ,  e n z y m e '  a c t i v a t i o n ,  m e t a b o l i s m  

of  c a r b o y d r a t e s ,  o r g a n i c  a c id s ,  f a t s  and  n i t r o g e n e o u s  c o m p o u n d s ,  p r o t e i n  

s y s th e s i s ,  w a t e r  e c o n o m y ,  ce l l  e l o n g a t io n ,  r e s i s t a n c e  t o  d r o u g h t ,  f r o s t ,  

lodging,  p e s t s ,  . d i s e a s e s  and phys io lo g ica l  d i s o r d e r s  ( B a l r a m  et_ al_. 1977; 

Singh and T r ip a t h i ,  1979).

0 .  E f f e c t  of P o t a s s i u m

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

a.  H e i g h t  of  p l a n t

^Vijayan and S r e e d h a r a n  (1972)  o b s e r v e d  s i g n i f i c a n t  i n c r e a s e  in 

p l a n t  h e i g h t  w i th  i n c r e a s e  in t h e  l eve l s  of p o t a s s i u m  f r o m  2 0  t o  80 k g / h a  

in r i c e  v a r i e t y  IR 8 . S i m i l a r  b e n e f i c i a l  e f f e c t s  of  p o t a s s i u m  t o  increase '
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t h e  p lan t  h e ig h t  in r i c e  w e r e  r e p o r t e d  by many  w orke rs  ( V e n k a ta s u b b a ia h  

e t  a h  1982; Xu  e t  a h  I 9 8 4 )J

b.  Ti l ler  p roduc t ion

f k u l k a r n i  et_ a h  (1975) r e p o r t e d  t h a t  t h e  e f f e c t  of po tas s ium  was  

s ig n i f ic a n t  and pos i t ive  on t i l l e r  p roduc t ion  in r ice .  Singh and Singh (1979) 

ob ta ined  in c r e a s e d  t i l le r in g  w i th  app l i c a t i o n  of  po tass ium  up to  60kg K 2 ^/hia 

Linbao (1985) a lso r e p o r t e d  s im i la r  e f f e c t  of  p o ta s s ium  on t i l le r in g  in 

r i c e j

c. Dry m a t t e r  p roduc t ion

Hoang (1974): ob ta ined  . an i n c r e a s e  in dry m a t t e r  p roduc t ion  with 

po tass ium  a pp l i c a t ion  up to  75 Kg K ^ O /ha .  Inc rease  in d ry  m a t t e r  prod - 

uc t ion  w i th  i n c r e a s e  in t h e  level s  of po tas s ium  up to  50 kg K ^ Q /h a  was 

observed by Mishra (1980). Enhanced  d ry  m a t t e r  p roduc t ion  due  to  p o t a s s 

ium a p p l i c a t i o n  up to  60 kg K2 0 / h a  was r e p o r t e d  by H a t i  and Misra  (1983). . 

Sen th iv e l  and Pa l an i a p p an  (1985) a lso r e p o r t e d  s im i la r  e f f e c t s  of po tass ium  

on dry m a t t e r  p roduct ion .

2 . Phys io logical  c h a r a c t e r s  .

a .  L ea f  a r e a  i ndex

I ncrease  in l e a f  a r e a  due  to  po tas s ium  a p p l i c a t i o n  in r ice  was 

no t ic ed  upto 75 kg K 2 0 / h a  by Hoang (1974). A pos i t ive  c o r r e la t io n  b e tw e e n  

po tas s ium  a pp l i c a t ion  and l e a f  a r e a  index in r i c e  was  obse rved  by Mandal  

and D a s m a h a p t r a  (1983).
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b. Chlorophyl l  c o n te n t

Hoang  (1974) obse rved  in c r e a s e  in chlorophyl l  c o n te n t  of f lag 

lea f  due  t o  po tas s ium  a p p l i c a t ion .  P o ta s s iu m  checks  t h e  chlorophyl l  d e g r a 

d a t io n  and p r o m o t e s  t h e  syn thes i s  of  b o th  chlorophyl l  a_ and .b. Ray and 

Choudhur i  (1980) a f t e r  d e t a i l e d  s tudy  conc luded  t h a t  t h e  a pp l i c a t ion  of 

po tass ium  inc reased  th e  chlorophyl l  c o n te n t .  Das  and Sarkar  (1981) r ep o r ted  

t h a t  po tas s ium  in c r e a s e d  t h e  r e t e n t i o n  of  ch lorophyl l  in t h e  f lag  leaf  

and de la yed  s e n e s c e n c e  during  th e  a c t i v e  gra in  f i l l ing s ta ge .

c. C a r b o h y d r a t e  c o n t e n t

In t r a i l s  w i th  r i c e  g row n  on m e a d o w  c h e r n o z e m  soil ,  R y m e r  

(1973) found t h a t  a p p l i c a t i o n  of  90 kg K ^ O /h a  in c r e a s e d  s t a r c h  c o n t e n t  

by 2.4 per  c e n t .  H a e d e r  and Mengei  (1974) showed  t h a t  inc re as in g  p o ta s s ium  

supply a c c e l e r a t e d  CO ^  u p t a k e  and im p ro v e d  th e  t r a n s lo c a t i o n  of c a rb o h y 

d r a t e s  t o  t h e  e a r .  Mishra  (1980) r e p o r t e d  t h a t  c a r b o h y d r a t e  m e ta b o l i s m  

of  r i c e  is a f f e c t e d  by vary ing  leve ls  of  p o t a s s iu m  supply.  He found t h a t  

inc re as in g  t h e  leve ls  of  p o t a s s i u m  he lps  in bui lding up s t a r c h .

P o t a s s i u m  s t i m u l a t e s  bui lding up and t r a n s l o c a t i o n  of c a r b o h y d r a t e s  

in r i c e  p l a n t  (Roy e t  a l . I 9 8 0 ) .  P o t a s s i u m  in f lu e n ce s  m a n y  of t h e  p ro ce s s e s  

t h a t  a r e  i m p o r t a n t  fo r  t h e  f o r m a t i o n  of yield in p lan t s  such  as w a t e r  

ec o n o m y ,  t h e  s y n the s i s  of  c a r b o h y d r a t e s  and t r a n s p o r t  of a s s i m i l a t e s  

(Mengei  and Kirkby,  1983). Vi l 'Gel 'M (1986) r e p o r t e d •t h a t  p o t a s s i u m  appl ied 

a t  any  s t a g e  of  g r o w th  in r i c e  i n c r e a s e d  th e  s t a r c h  and so luble  c a r b o h y d r a t e  

con ten t :  in t h e  g ra ins .
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d.  P r o te in  c o n te n t

P o ta s s iu m  is involved in t h e  f o r m a t i o n  of p ro te ins  th rough the  

po ly m e r i s a t i o n  of  amino ac ids  and o t h e r  p r im a ry  uni ts  in p lan t s  (Webster  

and Warner ,  1954). They  f u r t h e r  r e p o r t e d  t h a t  coupling of c e r t a i n  am ino  

ac ids  r e q u i r e  p o ta s s ium  in t h e  f o rm  of  pe p t id e ,  ind ica t ing  i ts  i m p o r t a n c e  

in p r o te i n  syn th es i s .  Accord ing  to  C ha va n  and M agar  (1971) app l i ca t ion  

of  40 kg I ^ O / h a  in c re as e d  th e  p r o te in  c o n t e n t  of  r i c e  c o m p a r e d  to  20 

kg I ^ O / h a .  R y m e r  (1973) r e p o r t e d  t h e  a pp l i c a t ion  of  90 kg K ^ O /ha  

inc reased  g ra in  p r o te in  c o n t e n t  by 1.5 p e r c e n t .

H a e d e r  and Mengel  (1974) obse rved  a  f a v o u r a b le  e f f e c t  of p o t a 

ss ium on crude  p r o te in  c o n t e n t  of w h e a t  g ra ins .  .A g a rw a l  (1978) no t iced  

an i n c r e a s e  in t h e  c rude  p r o te i n  c o n t e n t  of  gra in  f ro m  9.62 t o  10.17 pe r  

c e n t  w i th  i n c r e a s e  in t h e  level  of po tas s ium  f ro m  0 t o  120 kg K^O /ha .  

R a y  and Choudhur i  (1980) ob ta ined  h igher  p r o te in  c o n te n t  in p lan ts  t r e a t e d  

w i th  p o t a s s ium  t h a n  in t h e  u n t r e a t e d  con tro l .  Higher  l evel s  of  po tass ium  

resu l te d  in a  d e c r e a s e  in t o t a l  n i t roge n  and so lub le  n i t roge n  c o n t e n t  of  

grains  bu t  an i n c r e a s e  in p r o te in  n i t rogen  (Mishra,  1980)

P o ta s s iu m  in c re as e d  t h e  r a t e  of  t r a n s lo c a t i o n  of  am ino  ac ids  t o  t h e  grain  

and t h e  r a t e  of p r o te in  f o r m a t i o n  (Mengel  e t  a h  1981). A ccord ing  to  

Vil 'Gel 'M (1986) app l i c a t i o n  of  p o t a s s ium  m arke d ly  inc re ase d  p r o t e i n  c o n te n t  

of grains .

3. N u t r i e n t  u p t a k e

M uthusw am y  e t  a h  (1974) r e p o r t e d  t h a t  h igher  l evel s  of po tass ium
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a pp l i c a t ion  in c re as e d  t h e  u p t a k e  of  N ,P  by., r i ce .  Esakk im uthu  e t

al.  (1975) observed  t h a t  n i t ro g e n  u p ta k e  was  more,  dufe to  po tass ium  app l i 

ca t ion .  Mengei  et^ a h  (1976) r e p o r t e d  t h a t  N, P and K up take  and the i r

t r a n s lo c a t io n  w e r e  h ighes t  w i th  a pp l i c a t ion  of 60 kg K^O/ha .  K o c h  

and Mengei  (1977) showed t h a t  p o t a s s ium  a pp l i c a t ion  inc reased  N up take

of r ice  and th e  :N c o n t e n t  in t h e  g ra in .

Reddy et_ al .  (1978) found t h a t  N u p ta k e  inc reased  wi th  i n c re as e

in t h e  a ppp l i c a t ion  of  p o t a s s ium  f ro m  50 to  100 kg l<2 0 / h a .  S te ineck  

and H a e d e r  (1980) p ropounded  t h a t  n i t roge n  u t i l i z a t ion  by the  r ice  p lan t  

is d e t e r m i n e d  by th e  po tass ium  supply.  The t o t a l  u p t a k e  and p e r c e n t a g e  

t r a n s lo c a t i o n  of N, P and K by r ice  inc re ase d  s ign i f ican t ly  w i th  increas ing  

levels  of  po tas s ium  (Singh and Singh, 1987).

9. Yield co m p o n e n t s  and yield

2
a .  N u m b e r  of  pan ic les  pe r  m

Kulkarn i  et_ aL(1975)  observed  t h a t  po tass ium  app l i c a t i o n  inc re ase d

t h e  n u m b er  of p r o d u c t iv e  t i l l e r s  in r ice .  S imila r  e f f e c t s  of  po tas s ium

w e r e  also observed  by P a d m a j a  (1976); Sahu and Ray (1976); Venka tasubba iah  

e t ^ a k  (1982) and Mandal  and D a s m a h a p a t r a  (1983).

b. Leng th  of pan ic le

Singh and Singh (1979) r e p o r t e d  t h a t  a pp l i c a t ion  of  60 kg K 2 0 / h a  

in spl i ts  in c r e a s e d  pa n ic le  l eng th  in r i c e .  Simi la r  e f f e c t s  of  po tass ium

on pa n ic le  l eng th  was  r e p o r t e d  by V arm a  e t  al .  (1979) and Xu e t  al .  (1989).
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c. N u m b e r  of s p ik e l e t s  p e r  pa n ic le

Vijayan and S r e e d h a r a n  (1972) r e p o r t e d  i n c r e a s e  in the n u m b er

of s p ik e l e t s  pe r  p a n ic l e  w i th  i n c r e a s e  in t h e  level  of p o t a s s iu m  f ro m  20

t o  80 kg l<2 0 / h a .  Uexkul l  (1982) a lso  r e p o r t e d  s im i la r  e f f e c t  of p o t a s s ium

on n u m b e r  of  s p ik e l e t s  p e r  pa n ic le .

d. P e r c e n t a g e  of f i l l ed  g ra in s

Fi l led  g ra in  p e r c e n t a g e '  was  m o r e  in p l an t s  suppl ied wi th  po tas s ium  

(cl 50 kg K 2 0 / h a  c o m p a r e d  t o  c o n t r o l  ( V e n k a ta s u b b a ia h  e t  al_. 1982).

In p o t a s s i u m  d e f i c i e n t  soil ,  K a p p l i c a t i o n  i n c r e a s e d  th e  n u m b e r  of f il led 

g ra ins  by 5 t o  15 pe r  c e n t  (Linbao ,  1985) and this  t r e n d  was  r e p o r t e d  

by m a n y  o t h e r  w o r k e r s  (Uexkul l ,  1976; V a rm a  et_ a k  1979 and Xu e t  al.  

1984).

e .  Thousand g ra in  w e igh t

Singh and Singh (1979) a f t e r  d e ta i l e d  s tudy  on r ice ,  conc luded  

t h a t  a pp l i c a t ion  of 6 0 '  kg K 2 0 / h a  in c r e a s e d  th e  thousand  gra in  w e igh t  

c o m p a red  t o  c on t ro l .  S r e e k u m a r a n  (1981) a lso r e p o r t e d  s im i la r  r esu l ts .  

Po t a s s iu m  a p p l i c a t i o n  is pos i t ive ly  c o r r e l a t e d  t o  gra in  w e ig h t  (Mandal  

and D a s m a h a p a t r a  1983; V enka tasubba iah  e t  al.  1982 and Xu e t  a[. 1984) 

The thousand  g ra in  w e ig h t  in c r e a s e d  by 0.5 t o  4.0g (Linbao,  1985) wi th  

i nc reas ing  l eve ls  of  p o ta s s ium  app l i ca t ion .
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f .  G ra in  yield .

A p p l i c a t io n  of  p o t a s s i u m  w as  no t  cons id e red  e s se n t i a l  in the  

p a s t  in v iew of  t h e  K r i c h n e s s  of Indian soils.  H o w e v e r ,  w i th  t h e  i n t r o 

d u c t io n  of  f e r t i l i z e r  r e s p o n s iv e  high yield ing  r i c e  v a r i e t i e s  and in tens ive  

c ropp ing ,  r e s p o n s e  to  p o t a s s i u m  a p p l i c a t i o n  has  b e e n  c o n s i s t a n t ly  obse rved  

( K e m m l e r ,  1971).

The  g r a in  yield of  r i c e  i n c r e a s e d  w i th  i n c r e a s e  in l eve l  of  p o t a 

ss ium (Rob inson  and R a j a g o p a l ,  1977) and t h e  e f f e c t  w as  l in ea r  up to  

60 kg I ^ O / h a  ^Agarwai,  (1980) obse rved  s ig n i f i c a n t  i n c r e a s e  in t h e  r i c e  

yield by t h e  a p p l i c a t i o n  of  h ^ O / h a  up to  80 k g / h a .  . P o t a s s i u m  a p p l i c a t i o n  

i n c r e a s e d  t h e  r i c e  yield in l a t e r i t i c  soi ls  unde r  s u b m e r g e n c e  and i t  was 

e v e n  m o r e  in soi ls  wh ich  w e r e  s u b je c t e d  to  w e t t i n g  and d ry ing (Nad 

and G osw am i ,  1981). V e n k a ta s u b b a ia h  e t  a h  (1982) o bse rve d  highly 

s ig n i f i c a n t  i n c r e a s e s  in g ra in  yield du e  to  applied" p o t a s s i u m  in .potass ium 

d e p le t e d  soi l .

R e s u l t s  of  t h e  e x p e r i m e n t  c o n d u c te d  a t  J o r h a t  showed t h a t

a p p l i c a t i o n  of  */0 t o  80 kg K ^ O /h a  could i n c r e a s e  t h e  g ra in  yield of

r i c e  c o n s id e rab ly  ove r  t h e  c o n t ro l  ( B a r th a k u r  et^ a h  1983). G u r m a n i  

e t  aL  (198*/) r e p o r t e d  a  s ig n i f i c a n t  i n c r e a s e  in g ra in  yield and i n c r e a s e

in t h e  l eve l  of  p o t a s s i u m  f r o m  0 to  83 kg K ^ O /h a .  D a t a  f r o m  the  All

India  C o - o r d i n a t e d  A g r o n o m ic  R e s e a r c h  P r o j e c t  (AICARP)  fo r  a  l a rg e  

n u m b e r  of  e x p e r i m e n t s  on c u l t i v a t o r s  f ie ld  all  ove r  t h e  c o u n t ry  showed 

a  p r o g re s s iv e  i n c r e a s e  in t h e  r e s p o n s e  of  r i c e  t o  app l i ed  p o ta s s iu m .
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The yield response  of r i ce  in m o s t  soils was  s ign i f ic a n t  a t  40 and 60 

kg K ^ O /h a  (Bhargava  et_ a h  1985). The p e r c e n t a g e  in c re as e  in yield 

up to  a  m ax im u m  of 185 has  b e e n  ob ta ined  by P a t i r a m  and P rasad  (1987) 

due  to  p o t a s s ium  app l i ca t ion .

g. S t r a w  yield

Singh et_ a h  (1976) observed  t h a t  app l i ca t ion  of 120 kg .K2 O/

h e c t a r e  gave  t h e  h ig h es t  s t r a w  yield.  Singh and P rakash  (1979) r ep o r ted

an in c r e a s e  in s t r a w  yield w i th  i n c r e a s e  in level  of po tass ium  f ro m  0 

to  60 kg l ^ O / h a .  Highly s ig n i f i c a n t  i n c r e a s e  in yields  of grain and 

s t r a w  w e r e  obse rved  due  to  appl ied po tas s ium  by Venka tasubba iah  e t

a h  (1982). A ccord ing  to  t h e m ,  t h e  e f f e c t  of po tass ium  app l i ca t ion  was 

m o re  on g ra in  yield c o m p a r e d  to  s t r a w  yield.

5. E conom ics  of  p o t a s s iu m  n u t r i t ion

Misra  et_ a h  (1976) r e p o r t e d  t h a t  p o t a s s ium  a p p l i c a t i o n  a t  50

kg K ^ O /h a  gave  a  m arg ina l  r e t u r n  of  R s .6 1 4 / -  p e r  h e c t a r e .  Accord ing  

t o  H a t i  and Mis ra  (1983), t h e  e c o n o m i c  o p t im u m  dose  of po tas s ium  for  

r i c e  on a  soil of low p o ta s s ium  c o n te n t  was  54 kg F ^ O / h a .  D a t a  f rom  

t h e  A ICA RP e x p e r i m e n t s  r e v e a le d  t h a t  in m a jo r i ty  of  t h e  t r i a l s  the  

add i t io na l  gain w i th  60 kg h ^ O / h a  was  m o re  t h a n  R s .6 0 0 / -  pe r  h e c t a r e  

(Bhargava  et_ a h  1985)

The rev iew  of  l i t e r a t u r e  on th e  e f f e c t  of po tas s ium  on r i ce  

p r e s e n t e d  in t h e  fo rego ing  s e c t io n  c lea r ly  r e v e a l s  t h a t  po tass ium  a p p l h
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c a t i o n  has  g o t  a  s ig n i f i c a n t  p o s i t i v e  e f f e c t  on t h e  g r o w t h ,  yield and 

n u t r i e n t  u p t a k e  of  r i c e .  It  r an g e d  f r o m  20 to  60 kg K 2 o / h a  in soils 

of  low to  m e d iu m  p o t a s s i u m  c o n te n t .

j 3 . E f f e c t  of K ine t in

C y to k in in s  a r e  p l a n t  h o r m o n e s  w h ic h  c a u se  cel l  div is ion  in 

p l a n t s  ( K r i s h n a m o o r t h y ,  1981). C y to k in in s  h a v e  be n  found t o - i n f l u e n c e  

a  b road  a r r a y  o f  phys io log ica l  p rocesses  in p l a n t s  l ike p ro m o t io n  

of cel l  d iv is ion ,  d e v e l o p m e n t  of  e m b r y o s  du r ing  seed  d e v e l o p m e n t ,  e x p a n 

sion of  ce l l s  and  c o ty l e d o n s ,  d e la y in g  s e n e s c e n c e  e t c .  C y tok in in s  i n f lue nce  

t h e  d i r e c t i o n  of  t r a n s p o r t  of  o r g a n i c  m e t a b o l i t e s  and m in e r a l s  and t h e i r  

a c c u m u l a t i o n  in t h e  cel l s  ( K r i s h n a m o o r t h y ,  1981). The  m e t a b o l i t e s  

a r e  p r e f e r e n t i a l l y  t r a n s l o c a t e d  to  d e v e lop ing  f r u i t s  and s e eds  -.which 

in c id e n ta l l y  a r e  a lso  known to  c o n ta in  c y tok in in  ( K r i s h n a m o o r th y ,  1981). 

K in e t in  and b e n z y la d e n in e  a r e  s y n t h e t i c  c y tok in ins .  C h e m ic a l l y ,  k ine t in  

is 6 - fu r fu ry Iam iho .  pu r ine .  K ine t in  has  b e e n  b e n e f i c i a l l y  used fo r  modify ing  

g r o w th ,  i n c r e a s i n g  t h e  yield and  im prov ing  th e  q u a l i ty  of m a n y  c e re a l s  

( K r i s h n a m o o r th y ,  1981).

A b r i e f  r e v i e w  of  w ork  done  on t h e  e f f e c t  of  k in e t in  on the  

g r o w th ,  y ield ,  q u a l i t y  and n u t r i e n t  u p t a k e  of  c e r e a l s  is p r e s e n t e d  be low .

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

The  e f f e c t  of  k in e t in  on t h e  g r o w t h  of t i l l e r  buds and a p i c a l  

buds of  r i c e  seed l ings  g row n  on a g a r  m e d iu m  wi th  or w i t h o u t  k in e t in
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was  i n v e s t ig a t e d  by H a n a d a  (1976). It was  found t h a t  k ine t in  app l i ca t ion  

p ro m o te d  t i l l e r  bud g row th .  L a n g e r  e t  a l .  (1973) r e p o r t e d  t h a t  a p p l i c a t i o n '  

of k in e t in  in c r e a s e d  t h e  n u m b e r  of t i l l e r s  in w h e a t .  In t e s t s  wi th  Dornburg 

naked ba r l e y ,  Labes  and R yschka  (1980) obseved  t h a t  t i l l e r ing  in ba r ley  

was  s t i m u la t e d  by k ine t in .  Ismagilov (1981) r e p o r t e d  t h a t  app l i ca t ion  

of  0.5 ppm k ine t in  in c r e a s e d  g e r m i n a t io n  and f re s h  and d ry  w e ig h t  of 

buck w h e a t .

2. Phys io log ica l  c h a r a c t e r s

a .  L e a f  a r e a  index

Seed t r e a t m e n t  of  spr ing w h e a t  w i th  10. ppm k ine t in  increased  

t h e  t o t a l  and  f la g  l e a f  a r e a  (H erzog  and Ge is le r ,  1977). F o l ia r  spray  

of k ine t in  a t  f low er ing  in c re as e d  t h e  l e a f  a r e a  index  f ro m  2.69 to ^.81 

in r i c e  (Biswas and Choudhur i ,  1978). Ismagilov (1981) r e p o r t e d  t h a t  

fo l i a r  app lc i a t i o n  of  0.5 ppm  k ine t in  inc re ase d  t h e  l e a f  a r e a  of  buck  

w h e a t .  Kine t in  sp ray  a t  10 ppm  a t  10 days  a f t e r  f low er ing  enhanced  

fu n c t io n a l  l ea f  a r e a  in r ice  ( D e b a ta  and Murty,  1981).

b. Chlo rophyl l  c o n te n t

Seed t r e a t m e n t  w i th  10 ppm k ine t in  r e s u l t e d  in an i n c r e a s e  

in chlorophyl l  c o n t e n t  of  sp r ing  w h e a t  l ea ve s  (H erzog  and G e i s le r ,  1977). 

Kine t in  in c r e a s e d  t h e  ch lo rop las t  a c t i v i t y  in m a i z e  (Dushkova  e t  aL 

1977). Based on inv i t ro  and invivo s tud ies ,  Misra  and  Biswai  (1980) 

r e p o r t e d  t h a t  k ine t in  a p p l i c a t i o n  inh ib i ted  ch lorophyl l  less  during  age ing  

of  w h e a t  ch lo rop las t s .  Kine t in  a t  10 ppm sp rayed  t e n  days  a f t e r  f low er ing
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de la y e d  l e a f  s e n e s c e n c e  by inc re as in g  l ea f  chlorophyl l  c o n te n t  in r ice  

( D e b a ta  and Mur ty ,  1981).

Kine t in  sp ray  of  w h e a t  in c re as e d  t h e  chlorophyl l  c o n te n t  and 

g ree n  a r e a  of t h e  f la g  l e a f ,  e s pec ia l ly  dur ing s e n e s c e n c e ,  a p p a re n t l y  

by m a in ta in in g  t h e  n u c le i c  acid c o n t e n t  (Herzog ,  1981). Inves t iga t ions  

b y C h e r n a v i n a  e t  a l.  (1981) r e v e a le d  t h a t  t h e  ch lorophyl l  c o n te n t  in l eaves  

of c e re a l s  grown under  d i f f e r e n t  n u t r i e n t  condi t ions was h igher  due  

to  k ine t in  t r e a t m e n t .  Takaki '  (1982) obse rved  t h a t  incuba t ion  of  lea f  

di scs  of m a i z e  in so lu t ion  con ta in ing  10  k ine t in  p r e v e n t e d  th e  d e g r a 

d a t i o n  of  chlorophyl l  and  th u s  r e t a r d e d  s e n e s c e n c e .

Hou (1983) r e p o r t e d  t h a t  app l i c a t i o n  of  k ine t in  a f t e r  f lower ing  

de la y e d  l e a f  s e n e s c e n c e  and m a t u r i t y  by 2-3 days .  He f u r t h e r  r e p o r t e d  

t h a t  yield i n c r e a s e  caused by K ine t in  m ay  be  due .  t o  t h e  i nc reased  longi- 

v i ty  of  f lag  l e a f  (de layed lea f  s e n e s c e n c e )  and in c r e a s e d  t r a n s p o r t  of 

p h o t o s y n t h a t e s  f r o m  t h e  s o u rc e  t o  t h e  s ink.  Spraying  100 da y  old r i c e  

p lan t s  w i th  k ine t in  r e s u l t e d  in h igher  t o t a l  chlorophyl l  c o n t e n t  (Ray  

e t  a l.  1983)

c. C a r b o h y d r a t e  c o n te n t

U nder  t h e  i n f lu e n ce  o f  k ine t in ,  t h e  a c c u m u la t io n  of m o n o s a c c h a 

r ides  and d i s a c c h a r id e s  in w h e a t  g ra in  was  m ark e d ly  i n c r e a s e d  (Ismagilov,  

1981). S tud ies  c onduc te d  by San tokh  and Gurbaksh  (1982) showed t h a t  

k ine t in  a p p l i c a t i o n  caused m ax im u m  a c c u m u la t io n  of s t a r c h  in t h e  r i c e  

g ra in .
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d.  P r o t e i n  c o n t e n t

Er ion  (1979)  r e p o r t e d  t h a t  c y to k in in s  m e d i a t e  r e g u l a t o r y  con t ro l

o v e r  p r o t e i n  s y n th e s i s .  T h e  c o n s u m p t io n  of p r o t e i n  n i t r o g e n  by buck

w h e a t  s e ed l in g s  w as  m a r k e d l y  a c t i v a t e d  d u r in g  t h e  f i r s t  f e w  da ys  of 

g r o w t h  u n d e r  t h e  i n f l u e n c e  of  k i n e t i n  ( I sm ag i lov ,  1981). Sp ray ing  100-day 

old r i c e  p l a n t s  w i t h  100  p p m  k i n e t i n  s i g n i f i c a n t l y  i n c r e a s e d  t h e  p r o t e i n  

leve l s  in g r a in  c o m p a r e d  to  u n t r e a t e d  p l a n t s  (Ray  et_ a h  1983). Ray

and C h o u d h u r i  (1984)  o b s e r v e d  t h a t  pos t  f l o w e r i n g  t r e a t m e n t  of r i ce  

w i th  100  ppm  k i n e t in  p r e v e n t e d  t h e  d e c l i n e  in p r o t e i n  c o n t e n t s  in l ea ve s  

du r in g  s e n e s c e n c e .  A fo l i a r  s p ra y  of  lOppm k i n e t in  t e n  d a y s  a f t e r  ( l o w e r 

ing i n c r e a s e d  t h e  p r o t e i n  c o n t e n t  of  g r a i n s  in r i c e  ( D e b a t a  and M ur ty ,  

1984).

3. N u t r i e n t  u p t a k e

Y os h id a  and  O r i t a n i  (1979)  r e p o r t e d  t h a t  c y to k in in  p r o m o t e d

u p t a k e  of a m m o n i u m  n i t r o g e n  by r o o t s .  K in e t in  p r o d u c e d  a p r o n o u n c e d

32e f f e c t  on  g r a i n  f i l l ing  as  we l l  as  on P m o b i l i z a t i o n  f r o m  indiv idual  

l ea f ,  t o  g r a i n s  (R a y  and  .Choudhur i  1981). S im pson  et_ a h  (1982)  c onc lude d  

t h a t  c y to k in in s  a f f e c t  •’ t h e  p a t t e r n  of n i t r o g e n  u p t a k e  and t r a n s l o c a t i o n  

in w h e a t .

4. Yield c o m p o n e n t s  and yield

A u f h a m m e r  and  So lansky  (1976)  r e p o r t e d  t h a t  k i n e t in  sp ray  

du r ing  g r a i n  f i l l i ng  increased ,  t h e  t e s t  w e i g h t  and  yield of  b a r l e y .  A p p l i c a 

t ion  of 100  ppm  k i n e t in  a t  p o s t  f lo w er in g  staf>e i n c r e a s e d  the  r i c e  yield
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by in c r e a s in g  t h e  n u m b e r  of  p a n ic l e s  p e r  m and n u m b e r  of f e r t i l e  s p ik e 

l e t s  pe r  pan ic le ,  (Biswas and  Choudhur i ,  1977). They  a lso  obse rved  t h a t  

k ine t in  e n h a n c e d  th e  e x p o r t  of a s s i m i l a t e s  t o  t h e  pa n ic le .

S tu d ie s  c o n d u c te d  by K r i shna yya  and Murthy (1979) r e v e a l e d  

t h a t  a  fo l i a r  s p ra y  of  lOppm k in e t in  a t  f low er ing  i n c r e a s e d  r ice  yields 

by 9 and 32 p e r  c e n t  in t h e  tw o  c u l t iv a r s  C a u v e ry  and CR  143. K ine t in  

p ro d u ce d  a  p ro n o u n ce d  e f f e c t  on g ra in f i l l i ng  and in c r e a s e d  g ra in  yield 

of r i c e  (Ray  and Choudhur i ,  1981). A c c o rd ing  to  D e b a t a  and M urty  

(1981) f o l i a r  a p p l i c a t i o n  of  10 ppm  k in e t in  a t  10 da ys  a f t e r  f low er ing  

in c r e a s e d  th e  p a n ic l e  w e i g h t  in r ic e .

K ine t in  sp ray  (10 ppm) a t  a n th e s i s  and aga in  one  w e e k  l a t e r

s ig n i f i c a n t ly  i n c r e a s e d  t h e  n u m b e r  of  g ra in s  pe r  p a n ic l e ,  p e r c e n t a g e

of  f i l led g ra in s ,  1000 g ra in  w e i g h t  and yield of  r i c e  (San tokh  and G urbaksh ,

1982; and G urba ksh  et. a h  1984). A pp l i ca t io n  of  100 ppm k ine t in  a t

p o s t  f lo w e r in g  s t a g e  s ig n i f i c a n t l y  i n c r e a s e d  t h e  n u m b e r  of  s p ik e l e t s

2
p e r  p a n ic l e ,  t h e  n u m b e r  of  pa n ic l e s  p e r  m , t h e  p e r c e n t a g e  of  f i l led 

g ra ins ,  p a n ic l e  w e ig h t ,  t h e  g r a in  yield as  wel l  as t h e  h a r v e s t  index in 

r i c e  (Ray  et_ ah. 1983).

M ur thy  and M ur thy  (1984) o b s e rv e d  t h a t  10 ppm  k ine t in  a t  

p o s t  f lo w e r in g  s t a g e  d e c r e a s e d  s p ik e l e t  s t e r i l i t y  in r i c e  by 2 2 .3  p e r  

c e n t .  A pp l i ca t io n  of  100 p p m  k i n e t in  t o  t h e  f la g  l ea f  of r i c e  a t  p os t



f lo w e r in g  s t a g e  de la y e d  l e a f  s e n e s c e n c e  and i n c r e a s e d  g r a in  yield ,  g rain :  

s t r a w  r a t i o  and 1000 gra in  w e i g h t  (Biswas and Mondal :.,I986)',‘

It  is e v i d e n t  f r o m  t h e  r ev i e w  p r e s e n t e d  in t h e  f o re g o in g  s e c t i o n  

t h a t  k in e t in  a p p l i c a t i o n  has  g o t  a  p o s i t i v e  e f f e c t  on t h e  g r o w th ,  n u t r i e n t  

u p t a k e  and  yield of r i c e .  M a jo r i ty  of  t h e  s tu d i e s  r e v e a i e d  t h a t  10 ppm 

k in e t in  s p ra y  a t  p o s t  f lo w e r in g  s t a g e  w as  m o s t  e f f e c t i v e  fo r  g r o w th  

and yield of  r i c e .
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3. M ATE RIALS AN D METHODS

A f ie ld  e x p e r i m e n t  w as  c o n d u c te d  du r ing  s u m m e r  1987 a t  C S R C ,  

K a r a m a n a  to  s tu d y  t h e  e f f e c t  of  p o t a s s i u m ,  k in e t in  and t h e i r  i n t e r a c t i o n s  

on t h e  g r o w t h ,  yield and  n u t r i e n t  u p t a k e  of  r i c e .  The  d e t a i l s  of the  

m a t e r i a l s  used and  t h e  m e t h o d s  fo l low ed  a r e  p r e s e n t e d  in th is  c h a p t e r .

M a te r i a l s

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

The  e x p e r i m e n t  w as  c o n d u c te d  a t  t h e  C ropp ing  S y s t e m s  R e s e a r c h  

C e n t r e , .  K a r a m a n a ,  T r i v a n d r u m .  The f a r m  is s i t u a t e d  a t  8.3° N o r th  

l a t i t u d e  and  7 7 .9 c E a s t  l o n g i t u d e  a t  dn a l t i t u d e  of 29m a b o v e  m e a n  s e a  

l ev e l .

b . Soil
I

The  soi l  of  t h e  e x p e r i m e n t a l  a r e a  w a s  sandy  loam ,  a c i d i c  in 

r e a c t i o n ,  Jow in C E C  w i th  m e d i u m  r a n g e  of o r g a n i c  c a rb o n ,  low in a v a i l 

a b le  n i t r o g e n  and p o t a s s i u m  and  m e d i u m  in a v a i l a b l e  phosphorus .  The 

p h y s i c o - c h e m i c a l  p r o p e r t i e s  of t h e  soil  a r e  p r e s e n t e d  in Tab le  1.
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Table  1. P h y s i c o - c h e m i c a l  p r o p e r t i e s  of t h e  soil .

Pa r a m p t p r  n o n t h  In, nm  C o m p o s i t e
No. P a r a m e t e r  D e p th  in cm F , R e m a r k '

0 — 15 15 -  30 S a m P le

1. Soil t e x t u r e  Sandy sandy Sandy
loam  loam  loam

2. Sand (%) - - 74.28

3. S i l t  (%) -  -  8.73

4. Clay  (%) - -  17.87

5. pH 4.8 4.8 4.5 a c id i c

6 . EC (d5/m) 0.01 0.02 0.016 s a fe

7. C E C  (c mol  (p+)/
kg) 6.82 8.01 9.41

O r g a n i c  c a rbon
1.05 0.83 0.51 Medium

9. A va i lab le  N
(kg/ha) 165.0 168.5 156.4 Low

10. A va i la b le  27.1 26.9 ■ 26.3 Medium
(kg/ha) 2 5

11. A va i lab le  K_
( kg /ha )  1 ' 127.6 121.2 124.4 Low
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c. M e t e o r o l o g i c a l  [Parameters

The e x p e r i m e n t a l  s i t e  en jo ys  a hum id  t r o p i c a l  c l i m a t e .  The 

d a t a  on va r io u s  w e a t h e r  p a r a m e t e r s  ( r a in fa l l ,  m e a n  m a x i m u m  and  m in im u m  

t e r p e r a t u r e s  and  r e l a t i v e  h u m id i ty )  d u r in g  the  c ropp ing  p e r io d  a r c  given 

in Appendix  I and g r a p h i c a l l y  p r e s e n t e d  in F i g . l .  The m e a n  m a x i m u m  

and m in i m u m  t e m p e r a t u r e  du r ing  t h e  c ropp ing  per iod  r an g e d  f r o m  30 .9 °c  

t o  3 3 .4 ° c  and 2 3 .4 °c  to 25 .5 ° c  r e s p e c t i v e l y .  The m e a n  r e l a t i v e  ( tumidi ty  

r an g e d  f r o m  64 to  80 pe r  c e n t .  The  m o n th ly  ra in fa l l  r a n g e d  f ro m  t r a c e ,  

t o  196 .3m m .  A t o t a l  of  387.7 m m  r a i n f a l l  was  r e c e i v e d  du r ing  the  

c ropp ing  p e r io d .

d.  Season

The  e x p e r i m e n t  w as  c o n d u c t e d  du r ing  1987 f r o m  17th F e b r u a r y  

t o  6 th  J u n e .

e.  V a r ie ty

The  v a r i e t y  used f o r .  t h e  s tu d y  w a s  T r iv en i ,  a c ross  b e t w e e n  

A n n a p o o r n a  and  PT B -15 .  It is a d w a r f  p h o td § en s i t i  ve, s h o r t  d u r a t i o n  

(93-105 days)  v a r i e t y .  It  has  g o t  s p e c i a l  f e a t u r e s  l ike long bold and 

w h i t e  g r a i n s  w i t h  high s t a b i l i t y  in y ield.  The  seed  fo r  the  e x p e r i m e n t  

was  o b t a i n e d  f r o m  th e  C 5 R C ,  K a r a m a n a .
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f .  F e r t i l i z e r s  used

The  f e r t i l i z e r s  used fo r  t h e  e x p e r i m e n t  w e r e  U r e a  </6 pe r  c e n t  

N,  Super  p h o s p h a te  16.5 p e r  c e n t  P 2 ^ 5  an<  ̂ M u r i a te  of p o t a s h  58 p e r c e n t

k 2 o .

g. Kine t in

K ine t in ,  a g r o w t h  r e g u l a t o r  fo r  t h e  e x p e r i m e n t  was  ob ta in e d  

f ro m  t h e  C e n t r a l  S c i e n t i f i c  Suppl ies  C o m p a n y  L i m i te d ,  T r iva nd rum .  

C h e m ic a l l y  k in e t in  is 6 - F u r f u r y l a m i n o  pu r ine ,  a d e r i v a t i v e  of t h e  n i t ro g e n  

b a s e  a de n in e .  K ine t in  is e f f e c t i v e  in s t i m u l a t i n g  cell  div is ion .

Methods

a. T r e a t m e n t s

The  t r e a t m e n t s  cons i s t ed  of a f a c t o r i a l  c o m b in a t io n  of  4 levels  

of p o t a s s iu m  and 4 l eve l s  of k ine t in .  A l t o g e t h e r  t h e r e  w e r e  16 t r e a t m e n t  

c om b in a t io n s .

i) Leve ls  of p o t a s s iu m

1. K q -  0 kg K 20 / h a

2. K 1 - 17.5 kg K 2 0 / h a

3. K2 - 35 kg K 2 0 / h a  ( r e c o m m e n d e d  dose  in t h e  r eg ion fo r
t h e  t e s t  v a r i e t y ) '

U. K3 -  70 kg K 2 Q / h a
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ii) L e v e l s  of  k i n e t in  ( B io re gu lan t )

1. Bq - W a te r  sp ra y

2 . -  10 p p m  k i n e t i n  sp ra y  a t  f l o w e r i n g

. 3 . B 2  -  10 p p m  k i n e t in  spray ,  10 d a y s  a f t e r  . f lower ing.

if. B-, - 10 ppm  k in e t in  s p ra y  a t  f lo w e r in g  and again
a t  10  d a y s  a f t e r  f lo w e r in g

N o t e :  The  n o t a t i o n  'B '  w as  g iven  to i n d i c a t e  l eve ls  of k in e t in  d e n o t i n g

t h e  t e r m  B i o r e g u l a n t .

b. Design  and Lay  ou t

The  4 x ^ f a c t o r i a l  e x p e r i m e n t  w as  laid ou t  in a r an d o m ise d

b lock  des ign  w i t h  3 r e p l i c a t i o n s .  The  lay o u t  p lan  is p r e s e n t e d  in B ig .2.

T he  g ro s s  p l o t  s i z e  w as  U x 3 m and  in t o t a l  t h e r e  w e r e  ^8  p lo ts .  The

sp a c in g  a d o p t e d  f o r  p l a n t in g  w a s  15 x 10 c m .  Two rows  of p lan t s  

w e r e  l e f t  on all  s ides  as  b o r d e r  rows .  Thus t h e  n e t  p lo t  s ize  was 3dt 

x 2 .6  m.

c. C ropp ing  h i s t o r y  of  t h e  m a i n  f ie ld

The  e x p e r i m e n t a l  a r e a  w a s  u nde r  bulk c rop  of  r i c e  during the  

p r e v io u s  seas o n s .

d. D e t a i l s  o f  c u l t i v a t i o n

i) Land p r e p a r a t i o n

The  s e l e c t e d  m ain  f ie ld  w a s  p loughed  tw ice  and leve l led ,  and 

p l o t s  of  if x 3 m w e r e  laid ou t  w i th  b u n d s  of  U0 cm width a round .
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Main and sub i r r ig a t io n  c ha nne l s  w e r e  p rov ided .  Individual  p lo t s  w e r e  

a g a in  puddled  and p e r f e c t l y  l ev e l l e d .  E ig h te e n  day  old Tr iven i  seed l ings

w e r e  t r a n s p l a n t e d  and t h e  c rop  w as  ra i sed  fo l lowing  s t a n d a r d  p r o c e d u r e s  

and t e c h n i q u e s  as  p e r  t h e  p a c k a g e  of p r a c t i c e s  r e c o m m e n d a t i o n s  of

K e r a l a  A g r i c u l t u r a l  U n iv e r s i ty .

ii) A p p l i c a t io n  of  f e r t i l i z e r s

N i t r o g e n  ( d - 7 0  kg N / h a  was  app l i ed  ha lf  as  basa l  and ha lf  a t

p a n ic l e  i n i t i a t i o n  s t a g e .  Phospho rus  f3 35 kg P 2 0 ^ / l i a  w as  appl ied as  

a  s ingl e  dose  a t  t r a n s p l a n t i n g .  . P o t a s s i u m  as  p e r .  t r e a t m e n t s  was  appl ied  

h a l f  a t  t r a n s p l a n t i n g  and  ha l f  a t  p a n ic l e  i n i t i a t i o n  s t a g e .

iii) A pp l i ca t io n  of k in e t in

Aqueous  s o lu t ion  of  10 ppm  k i n e t in  (10 mg/1) was  p r ep a re d  

by di sso lv ing  i t  f i r s t  in e th a n o l  and th e n  in w a t e r .  The so lu t ion  was

s p ra y e d  w i th  a hand  s p r a y e r  ove r  t h e  c rop  as  p e r  t r e a t m e n t .  A t o t a l

of 200 l i t r e s  of s o lu t ion  w as  used pe r  h e c t a r e .  The con t ro l  plots  w e re

s p ra y e d  w i th  w a t e r .

iv) M a i n t e n a n c e  of t h e  c rop

Gap f i l l ing  w as  done  on t h e  7 th  day  a f t e r  t r a n s p l a n t in g .  The

c ro p  w a s  h a n d w e e d e d  on t h e  15th and 30 th  days  a f t e r  t r a n s p la n t in g .  

T l i e ' ' g e n e r a l '  s t and  of t h e  crop w a s  good .  Five  c e n t i m e t r e  Wate r  was 

m a in ta in e d  in t h e  . f ie ld  cont inuous ly ,  and th e  w a t e r  . was

c u t  o f f  10 days  p r io r  to  h a r v e s t .  Wate r  control  was



e f f e c t i v e  to  avoid any  poss ib le  loss of the  n u t r i e n t s .  N e e d  based  p lan t  

p r o t e c t i o n  m e a s u r e s  w e r e  u nde r ta ken* .

v) H a r v e s t

The  b o r d e r  row s  w e r e  h a r v e s t e d  s e p a r a t e l y  and t h e r e a f t e r  

t h e  crop in t h e  n e t  a r e a  of  t h e  ind iv idual  p l o t s  w e r e  h a r v e s t e d ,  t h r e s h e d ,  

c l e a n e d ,  d r i e d ,  w innow ed  and g ra in  yield a t  U  p e r c e n t  m o i s t u r e  was 

r e c o r d e d .  The  w e i g h t  of t h e  s u n -d r i e d  s t r a w  was  a l so  r e c o r d e d .

O b s e r v a t i o n s .

I. G r o w t h  c h a r a c t e r s

Two s a m p l e  un i t s  of 2 x 2 hi l ls w e r e  r a n d o m ly  s e l e c t e d  in e a c h  

p lo t  as s u g g e s t e d  by G o m e z  .(1972) and t h e  fo l lowing  p e r io d i c a l  o b s e r 

v a t io n s  w e r e  r e c o r d e d .

1.1. H e i g h t  of  p l a n t

A t  30 and  60 DA T t h e  h e i g h t  of  p l a n t  was  m e a s u r e d  f r o m  the  

b a s e  t o  t h e  t ip of  t h e  t o p m o s t  l e a f .  A t  h a r v e s t ,  t h e  h e ig h t  was  r e c o r d e d  

f r o m  t h e  b a s e  of  t h e  p l a n t s  to  the  t ip of  l o n g es t  p a n ic l e  and" the  m e a n  

h e i g h t  w a s  c o m p u t e d  and e x p r e s s e d  in c e n t i m e t r e s .

2
1.2. N u m b e r  of  t i l l e r s  p e r  m

The t i l l e r s  f r o m  tw o  2 x 2  hill s a m p l in g  un i ts  w e r e  counted  

a t  30 and  60 DA T an d  t h e  n u m b e r  of  t i l l e r s  pe r  m was  c a lc u la t e d .
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1.3. Dry m a t t e r  p roduc t ion

Dry  m a t t e r  p r o d u c t io n  was  e s t i m a t e d  a t  30 and 60 days  a f t e r  

t r a n s p l a n t i n g  and a t  h a r v e s t .  Four  s a m p l e s  hills w e r e  r an d o m ly  s e l e c t e d ,  

u p ro o te d ,  washed  and s u n -d r i ed .  The  sa m p le s  w e r e  o v e n -d r i ed  a t  a 

t e m p e r a t u r e  of 80± 3°c  to  c o n s t a n t  w e ig h t  and th e  d ry  m a t t e r  p ro d u c t io n  

was  c a l c u l a t e d  and e x p re s s e d  in k g / h a .  At  h a r v e s t  t h e  sum t o t a l  of 

g r a in  yield and s t r a w  yield was  t a k e n  as  t h e  t o t a l  dry m a t t e r  p roduc t ion .

2. Phys io log ica l  c h a r a c t e r s

2.1. L e a f  a r e a  index

L e a f  a r e a  index  was  c o m p u t e d  a t  f low er ing  s t a g e .  F our  s a m p le  

hills w e r e  - random ly  s e l e c t e d  in e a c h  p lo t  and th e  n u m b e r  of  t i l l e r s  

w e r e  c oun te d  in e a c h  hill .  The l e n g th  and m a x i m u m  w id th  of  l eaves  

in t h e  m id d le  t i l l e r  of  all  t h e  s a m p l e  hi lls w e r e  m e a s u r e d  s e p a r a t e l y  

and t h e  l e a f  a r e a  was  c o m p u te d  based  on l eng ' t h -wid th  m e t h o d .

L e a f  a r e a  = K x L x \V w h e re  

'K '  is t h e  a d j u s t m e n t  f a c t o r  {0 .75 ) ,  TL 1 is t h e  l e ng th  and ' W  is t h e  m a x i 

m u m  w id th .  T h e r e a f t e r  t h e  lea f  a r e a  p e r  hill  and l ea f  a r e a  index  w e re  

c a l c u la t e d  using t h e  fo l lowing  f o r m u la e .

L e a f  a r e a / h i l l  = T o ta l  l ea f  a r e a  of m idd le  t i l l e r  x t o t a l  n u m b e r  of t i l le r s .

L e a f  a r e a  index = Sum of  l e a f  a r e a  p e r  hill of 4 s a m p l e  hi lls (cm^)
2

A r e a  of  land cove red  by k hills (cm )
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2.2.  Ch lorophyl l  c o n t e n t

The  t o t a l  ch lorophyl l  c o n t e n t  of f lag  l ea f  a t  15 and 25 days

a f t e r  f low er ing  (DAF) was  ana ly sed  s p e c t r o p h o to r r i e t r i c a l l y  by t h e  m ethod  

s u g ge s te d  by Arnon (1949).

2.3.  C a r b o h y d r a t e  c o n t e n t

The  c a r b o h y d r a t e  c o n t e n t  of l ea f ,  s h e a t h ,  cu lm and pan ic le  

a t  h a r v e s t  w e r e  d e t e r m i n e d  s e p a r a t e l y  by t h e  m e th o d  su g g e s t e d  by A m ino f f  

et_al_. (1970)

2.4.  C a r b o h y d r a t e  yield

The c a r b o h y d r a t e  yield of  l ea f ,  s h e a t h  cu lm and  p a n ic l e  was 

worked  o u t  by m u l t ip ly ing  t h e  c a r b o h y d r a t e  c o n t e n t  of  t h e  sam ples

w i th  t h e  r e s p e c t i v e  d r y  w e i g h t  and e x p re s s e d  in k g / h a .  To ta l  c a r b o h y d r a t e  

yield was  t a k e n  as  the  sum of  t h e  c a r b o h y d r a t e  yield of  l ea f ,  s h e a t h

culm and pa n ic le .

2 .5.  P r o t e i n  c o n t e n t

The t o t a l  N c o n t e n t  of  l ea f ,  s h e a t h ,  culm and p a n ic l e  a t  h a r v e s t  

was  ana ly sed  by m od i f ied  m ic ro k je ld a h l  m e t h o d  ( Ja c k s o n ,  1967) and 

t h e  p r o t e i n  p e r c e n t a g e  w a s  c o m p u te d  by m ul t ip ly ing  th e  N c o n t e n t

w i th  t h e  f a c t o r  6.25 (Simpson et_ a h  1965)

2.6.  P r o t e i n  yield

The p r o t e i n  yield of  l ea f ,  s h e a t h ,  cu lm and p a n ic l e  was  co m p u te d
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by m ul t ip ly ing  t h e i r  p r o t e i n  p e r c e n t a g e  wi th ,  r e s p e c t i v e  d ry  w e igh ts  

and e x p re s s e d  in k g / h a .  T o ta l  p r o t e i n  yield w as  t a k e n  as  t h e  sum of 

p r o te i n  yield of l e a f ,  s h e a t h ,  cu lm and pa n ic le .

3. U p t a k e  of  N i t roge n ,  Phosphorus  and P o ta s s iu m

The  t o t a l  u p t a k e  of  n i t r o g e n ,  phosphorus  and po ta s s iu m  a t  

h a r v e s t  was  c a l c u l a t e d  as  t h e  p r o d u c t  of  t h e  c o n t e n t  of  t h e s e  n u t r i e n t s  

in t h e  p l a n t  s a m p l e s  and th e  r e s p e c t i v e  d ry  w e ig h t  and e xp res sed  in 

kg /h a . *

4 .Yield a t t r i b u t e s  and yield

2
4.1.  N u m b e r  of pa n ic l e s  p e r  m

The t o t a l  n u m b e r  of pa n ic l e s  f ro m  th e  8 s a m p le  hi lls was  coun ted  

and th e  n u m b e r  of  pa n ic l e s  pe r  n ?  c o m p u t e d .

4.2. L e n g th  of  pa n ic le .

The  l e n g th  of  t h e  m id d le  p a n ic l e  of  e a c h  hi ll  was  m ea s u red

f r o m  n e c k  to  t h e  t ip of  p a n ic l e  and m e a n  l e n g th  c o m p u t e d .

4.3.  N u m b e r  of  s p ik e l e t s  p e r  pa n ic le

The t o t a l  n u m b e r  of s p ik e l e t s  in all  t h e  p a n ic l e s  f ro m  8 hills

w e r e  c oun te d  and t h e  m e a n  n u m b e r  of  s p ik e l e t s  per  p a n ic l e  was  worked

out .
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i f . i f .  N u m b e r  of  f i l l ed  g ra in s  p e r  p a n ic l e

The  m a i n  cu lm  p a n ic l e s  f r o m  t h e  8 hi lls w e r e  t h r e s h e d  and 

t h e  n u m b e r  o f  f i l l ed  g ra in s  (f) and  t h e  w e i g h t  of  f i l led  g ra in s  (w) w e r e

d e t e r m i n e d .  The  r e s t  of  t h e  p a n ic l e s  f r o m  all  the  8 hi l ls w e r e  also

t h r e s h e d  and  t h e  w e i g h t  of  un f i l led  g r a i n s  (W) w a s  r e c o r d e d .  F r o m  t h e s e  

d a t a ,  t h e  n u m b e r  of  f i l l ed  g r a i n s  p e r  p a n ic l e  w a s  c a l c u l a t e d  using the  

f o l l o w in g  f o r m u l a  s u g g e s t e d  by G o m e z  (1972).

N u m b e r  of f i l led  g ra in s  p e r  p a n ic l e  = f v  W + w
w p

W here  ' P '  is t h e  t o t a l  n u m b e r  of p a n ic l e s  f r o m  all  t h e  hi lls.

4.5. P e r c e n t a g e  of f i l l ed g ra in s

The  t o t a l  f i l l ed  and  unf i l l ed  g r a i n s  f r o m  th e  pa n ic l e s  w e r e  

s e p a r a t e l y  c o u n te d  and t h e  p e r c e n t a g e  of  f i l l ed  g ra in s  w a s  r e c o r d e d .

4.6.  Thousand  g r a i n  w e i g h t

F r o m  t h e  va lue s  o b t a i n e d  f o r  c a l c u l a t i n g  t h e  n u m b e r  of  f i l led  

g ra in s  p e r  p a n ic l e ,  t h o u s a n d  g r a i n  w e i g h t  w a s  c a l c u l a t e d  and a d ju s t e d  

t o  14 p e r  c e n t  m o i s t u r e  us ing  t h e  fo l lowing  f o r m u l a  p r o p o se d  by G o m e z  

(1972). .

T housand  g r a i n  w e i g h t  = 100 -  M v \V „  , nnn
gg—  x —  *

M - i  t h e  m o i s t u r e  c o n te n t ,  of  f i l l ed  g ra in s
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4.7.  G ra in  yield

G r a in  yieid w as  r e c o r d e d  f r o m  th e  n e t  a r e a ,  w e i g h t  a d ju s t e d  

t o  14 pe r  c e n t  m o i s t u r e  and  e x p r e s s e d  in k g /h a .

4.8.  S t r a w  yieid

S t r a w  o b t a i n e d  f r o m  t h e  n e t  p lo t  w a s  u n i fo r m ly  sun d r i e d ,  

w e ig h e d  and  e x p r e s s e d  in k g / h a .

4.9.  H a r v e s t  index

H a r v e s t  index  w a s  c a l c u l a t e d  by divid ing ,  t h e  w e i g h t  of g r a in s  

( e c o n o m i c  yield) w i t h  t h e  t o t a l  w e i g h t  of  g r a in  and s t r a w  (bio iogicai  

yield) .

Hi1 =■ E c o n o m i c  yield'
Bio log ica l  yield

5. E c o n o m ic s  of  c u l t i v a t io n

The e c o n o m ics  w a s  w o rk e d  o u t  b a sed  on th e  fo l low ing  a s s u m p t io n s .

R s .  P s .

4500 no

2 00 

200 00

2 00

0 50

1. C o s t  of  c u l t i v a t i o n  of  r i c e  p e r  h e c t a r e  

e x c lud ing  the cost of  t r ea tm en ts

2 . C o s t  of  1 kg f ^ O

3. C o s t  of  i g k i n e t in

4. P r i c e  of  1 kg paddy

5. P r i c e  of  1 kg s t r a w
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The  n e t  i n c o m e  and n e t  r e t u r n  p e r  r u p ee  i n v es t e d  w e r e  c a lc u la t e d  

as  fo l lows .

N e t  i n c o m e  (R 5 . /h a )  = Gross  i n c o m e  -  To ta l  e x p e n d i t u r e

N e t  r e t u r n  p e r  r u p e e  i n v es t e d  (Rs.)  = N e t  incom e______
Tota l  e x p e n d i t u r e

6 . S t a t i s t i c a l  ana lys i s

As th e  t r e a t m e n t  k in e t in  s p ra y  was  imposed  only a t  f lo w er ing ,  

t h e  o b s e rv a t io n s  up to  60 DAT w e r e  a na ly se d  by fo l lowing  th e  2 way 

c l a s s i f i c a t o r y  ana lys i s  w i th  m u l t ip l e  o b s e rv a t io n s  (equal  num ber)  pe r  

cell .  The  d a t a  r e l a t i n g  to  d i f f e r e n t  o b s e rv a t io n s  t a k e n  a t  h a r v e s t  w e r e  

s t a t i s t i c a l l y  ana ly sed  app ly ing  t h e  ana lys i s  of v a r i a n c e  t e c h n iq u e  fo r  

f a c t o r i a l  e x p e r i m e n t  in r an d o m ise d  block  des ign  (Snedecor  and Coch ran ,  

1967). I m p o r t a n t  c o r r e l a t i o n s  w e r e  also worked  ou t .



r e s u l t s



4. RESULTS

The  e x p e r i m e n t a l  d a t a  w e r e  s u b je c t e d  to  s t a t i s t i c a l  ana lys is  

t o  br ing  o u t  t h e  m a in  e f f e c t s -  of p o t a s s iu m ,  k ine t in  and t h e i r  i n t e r a c t i o n s  

on t h e  g r o w th ,  a s s i m i l a t e  p a r t i t i o n in g ,  n u t r i e n t  u p t a k e  and yield of 

r i c e .  The r e s u l t s  o b t a in e d  in t h e  s tudy  a r e  p r e s e n t e d  unde r  t h e  fol lowing 

sec t ions .

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

2. Phys io log ica l  c h a r a c t e r s

3. N u t r i e n t  u p t a k e

4. Yield c om ponen t s  and yield

5. C o r r e l a t i o n s

6 . E conom ics

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

.1.1. P l a n t  h e ig h t  (Tab le  2)

A p p l ica t ion  of p o t a s s iu m  i n c r e a s e d  p lan t  h e ig h t  u p t o  a  level  

of 35 kg K ^ O /h a .

K ine t in  a p p l i c a t i o n  i n c r e a s e d  th e  h e ig h t  of .plants and th e  t a l l e s t  

p lan t s  w e r e  obse rved  in p lo t s  t r e a t e d  w i th  a  s ingle  sp ray  of  k ine t in  

a t  10 DAF. The  e f f e c t  of th is  t r e a t m e n t  was  on pa r  w i th  t h a t  of 2 

sp rays  of  k in e t in  (a t  f lo w e r in g  and aga in  a t  10 DAF).



lab le 2. growth characters as influenced by Potassium and Kinetin.

Levels  of K 2 O 

(kg/ha)

P l a n t  h e ig h t  (cm) N o .o f  t i l l e r s / m  2 Dry m a t t e r  p r o d u c t i o n  

(kg/ha)

30 DAT 60 DAT H a r v e s t 30 DAT 60 DAT 30 DAT 60 DAT H a r v e s t

Ko 38.9 72.3 81.5 293 344 2707 4473 8049

K 17.5 43.8 80.6 • 82.7 3 4 0 ' 425 3646 5410 9895

K35 47.3 84.1 85.2 411 506 4058 6192 10652

K 70 47.4 82.4 84.4 437 528 4185 6388 11093

SEm± 0.73 0.82 0.45 4.16 7.74 64.2 70.2 2 2 0

CD (0.05) 2 .1 2 2.38 1.31 12 22.4 185.5 203 635

Levels  of Kinet in

B q 1 Wate r  spray - - 82.3 - - - - 8693..

B^: Kinet in  (10 ppm) a t  F - - - 82.8 - - - - 9378

B2 = Kinet in  (10 ppm) a t  10 D A F - 84.4 - - - - 10532

B3 : Kinet in  (10 ppm) a t  F+10 D A F  - - 84.2 - - - - 11087

SEm± - - 0.45 - - - - 2 2 0

CD (0.05) - - 1.31 - - - 635

F = Flower ing  

DAF = Days a f t e r  f lower ing
to

DAT = Days  a f t e r  t r a n s p l a n t i n g  t\ 3
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The i n t e r a c t i o n  b e tw e e n  po tas s ium  and kinet in  did no t  inf luence  

the  p l a n t  he ig h t .

1.2 Num ber  of t i l le r s  p e r  m^ (Table  2)

Po ta ss ium  a pp l i c a t ion  increased  t i l le r  p roduct ion  upto a level  

of  35 kg K 20 / h a .

1.3 Dry m a t t e r  p roduc t ion  (Table  2 and U)

The  e f f e c t  of po tass ium  on d ry  m a t t e r  p roduct ion  (DMP) was 

s ign i f ican t  a t  all  t h e  s t a g e s  of  the  crop g rowth .  The DMP did no t  increase  

beyond th e  level  of 35 kg l ^ O / h a .

Kine t in  a pp l i c a t ion  also caused an im p r o v e m e n t  in dry  m a t t e r  

p roduc t ion .  A s ingle  spray  of k ine t in  a t  10 DAF and tw o  sp ra y s ,  f i r s t  

a t  f lo w er ing  and second  a t  10 DAF, produced  s im i la r  e f f e c t s .

In te r a c t io n  e f f e c t  b e t w e e n  po tass ium  and k ine t in  on DMP was  

s ign i f ic a n t  and 35 kg K2 0 / h a  along  wi th  a  s ingle  spray  of k ine t in  was 

found to  be  t h e  op t im um .

2 . Phys io logical  c h a r a c t e r s

2.1. L ea f  a r e a  index (Table  3)

T he re  was a p rog res s ive  i m p r o v e m e n t  in LAI du e  to  success ive  

level s  of  p o t a s s ium  upto t h e  h ighes t  level  t r i e d  (70 kg K2 Q/ha) .
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2.2. Chlorophyl l  c o n te n t  (Table  3 and

The t o t a l  chlorophyl l  c o n te n t  of  f lag  l ea f  a t  15 DAF increased  

due  t o  po tass ium  a pp l i c a t ion  up to  35 kg K20 / h a .  A t  25 DAF the  e f f e c t

of po tass ium  on chlorophyl l  c o n te n t  was  p rogress iv e  only up to  t h e  level 

of 17.5kg K^O /ha .

Two sprays  of kinet in  ( a t  f lower ing  and a t  10 DAF) had the  

g r e a t e s t  e f f e c t  on chlorophyl l  c o n t e n t  c o m p a red  to  s ingle  sprays.

P o ta s s iu m - k in e t in  i n t e r a c t io n  was  m arked  on th e  chlorophyl l

c o n te n t  a t  15 DAF. The h ighes t  values  w e r e  n o t iced  w i th  p lan ts  suppl ied 

w i th  35 kg K 2 0 / h a  plus tw o  sprays  of k ine t in .  H ow ever  the  e f f e c t  

of this  t r e a t m e n t  c om b ina t ion  was  on pa r  wi th  t h a t  of 35  kg K 20 /h a  

plus a  s ingle  sp ray  of  k ine t in .

2.3. C a r b o h y d ra t e  c o n t e n t  (Table  3 and <0

The l ea f ,  s h e a t h  and cu lm con ta ined  m ore  a m o u n t s  of c a rb o 

h y d r a t e s  in p lan ts  which w e r e  no t  suppl ied wi th  po tas s ium .  It was f u r t h e r  

no t iced  t h a t  t h e  c a r b o h y d r a t e  c o n te n t  of t h e  so u rc e  was  d e c re a s in g

wi th  i n c r e a s e  in t h e  level s  of po tas s ium .  The low es t  va lues  w e r e  no t iced  

in p lan ts  supplied wi th  t h e  h ighes t  a m o u n t  of  appl ied K (70 kg K 20 / h a ) .  

On th e  con t ra ry ,  a r e v e r s e  t r end  was  no t ic ed  in t h e  c a rb o h y d r a te

c o n te n t  of pan ic le  due  to  level s  of po tas s ium .  The c a r b o h y d r a t e  c o n te n t  

of  pan ic le  was  t h e  h ighes t  when p lan t s  w e r e  suppl ied w i th  70 kg K2 o /  

ha and i ts  e f f e c t  was  on pa r  w i th  t h a t  of 35 kg K 2 0 / h a .  In p lan t s  which



Table 3- LAI, Chlorophyll content, Carbohydrate content and Carbohydrate yield
as influenced by Potassium and Kinetin.

Leve ls  of O 

(Kg/ha)

LAI a t  
f l o w e r 
ing.

Chlorophyl l  
c o n t e n t  of  f lag  
l e a f  (mg/g .  
f r e s h  t issue)

C a r b o h y d r a t e  c o n t e n t  a t  
h a r v e s t  (%)

C a r b o h y d r a t e  yield a t  
h a r v e s t  (kg/ha)

15 DAF 2 5 ' DAF L eaf S h e a t h C u lm Pa n ic l e Leaf She a th 'Culm P a n i c l e T o t a l

Ko 4.09 5.17 4.79 2 .0 0 2.59 2.90 62.74 . 27.8 23.6 59.4 2325 2435

k 17.5 4.49 .5.29 4.92 1.81 2.34 2.62 67.53 29.7 25.2 62.9 3229 3347

K 35
5.04 5.34 4.93 1.72 2.32 2.44 71.21 29.7 25.3 62.5 3699 3816

K 70
5.91 5.34 4.91 1.52 2.29 2.36 71.85 27.4 27.3 62.9 3891 4009

SEm±

CD (0.05)

0.025

0.071

- - - - - - - - - - -

Levels  of Kinet in

B q : Water  spray - 5.26 4.87 1.85 2.47 2 .6 6 66.37 26.9 23.5 56.8 2747 2855

B Kine t in  (10 ppm) a t  F - 5.28 4.88 1.78 2.39 2.59 67.56 27.1 23.2 58.9 3078 3188

B 2 '  K ine t in  (10 ppm) a t  10 DAF - 5.28 4.89 1.72 2.35 2.55 68.72 29.9 26.9 65.2 3500 3622

B Kinet in  (10 ppm) a t  F+ - 5.32 4.-92 1.69 2.32 2.51 70.68 30.8 27.7 66.9 3818 3943
10 DAF

SEm± - 0.007 0.005 0 .0 1 0 .0 1 0 .0 2 0.49 0.717 0.829 1.57 75.9 78.3

CD (0.05) - 0.01.9 0.014 0.03 0.03 0.06 1.43 2.07 2.39 4.52 219 2 2 6

C*>
cn



Table 4. Potassium -K inetin  in teractions on DMP a t harvest, Chlorophyll content, 

Carbohydrate content and Carbohydrate yield .

T r e a t 
m en t
com bi
na t ions

DMP 
a t  h a r 
vest  

(kg/ha)

Chlorophyl l  
c o n t e n t  of 
f lag l ea f  
rng/g f r e s h  
t  issue

C a r b o h y d r a t e  c o n t e n t  a t  
h a r v e s t  ( %  )

C a r b o h y d r a t e  yield a t  h a r v e s t  
(kg/ha)

T o ta l

15 DAF 2 5 D A F Le a f S hea th C u lm P a n i c l e L ea f She a th Culm P a n i c l e

KoBo 6828 5.16 4.78 2.09 2.87 3.05 60.02 24.1 2 1 .8 51.8 1750 1848

K0 B 1 ■ 6817 5.17 4.78 2.08 '2 .64  ; 2.92 60.23 25.1 20.7 51.4 1842 ■ 1940

K0 B 2 m 7 5.13 4.7 9 1.94 2.47 2.83 64.40 30.7 25.6 65.7 2598 2720

9905 5.23 4.84 1 .88 2.38 2.80 , 66 .30 31.4 26.1 68.9 3107 3234

K 1B 0 8858 5.21 4.88 1.91 2.34 2.71 65.97 29.3 23.5 61.3 2671 2786

K lB} 9154 5.27 4.91 1.84 2.35 2.60 65.77 27.8 23.3 57.7 2920 3029

K 1B 2 10057 5.33 4.94 1.75 2.37 2.61 66.87 28.9 25.7 63.3 3279 3396

Ki b3 11510 5.34 4.94 1.75 2.30 2.53 71.50 32.6 28.3 69.6 4047 4177

K2Bq 9344 5.31 4.90 1.81 2.34 2.52 68.80 27.8 23.6 56.9 3110 3218

K 2B 1

^ 2 B 2

9973 5.36 4 .92 1.72 2.32 2.52 71.27 27.4 20.3 61.1 3424 3533

11398 5.33 4.94 1 .68 2.30 2.38 72.00 31.4 28.2 65.2 4007 4131

k 2 b 3 11895 5.36 4 .96 1 .6 6 2.29 2.35 72.77 32.0 29.2 6 6 .8 4253 4381

k 3 b 0 10041 5.34 4 .90 1.60 2.33 2.36 70.7 26.2 25.0 57.1 3458 3567

K3B 1

K 3B2

11569 5.33 4.91 1.49 2.29 2.35 72.97 28.1 28.4 65.4 4127 4249

11725 5.33 4.92 1.51 2.26 2.37 71.60 28.8 28.4 66.5 4117 4241

k 3 b 3 11039 5.34 4 .93 1.47 2.28 2.34 72.13 26.7 27.2 62.6 3863 3979

SEm± 440 0.013 0 .0 1 0 0.026 0 .0 2 2 0.042 0.989 1.44 1 .6 6 3.14 151.7 156.6

CD(0.05). 1270 0.038 NS NS " 0.064 N5 2 .8 6 NS NS NS 438 452
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w e r e  no t  suppl ied w i th  po tas s ium ,  t h e  c a r b o h y d r a t e  c o n t e n t  of  t h e  pan ic le  

was  t h e  lowes t .

As in t h e  case  of  po tas s ium ,  k ine t in  app l i c a t i o n  also inf luenced 

th e  c a rb o h y d r a te  c o n t e n t  of d i f f e r e n t  p l a n t  p a r t s .  The c a rb o h y d r a te  

co n te n t s  of  t h e  lea f ,  s h e a t h  and culm w e r e  h ighes t  in t h e  con tro l  ( w a te r  

spray) ,  while  t h e  p lan t s  t r e a t e d  w i th  even  a s ingle  spray of k ine t in  could 

d e c r e a s e  t h e  c a r b o h y d r a t e  c o n t e n t  of t h e  sou rce .  C o r r e s p o n d i n g l y  

an i m p r o v e m e n t  in t h e  g ra in  c a rb o h y d r a te  c o n te n t  was  no t ic ed  due  to  

k ine t in  app l i ca t ion .  A s ingle  spray  of k ine t in  a t  10 DAF caused cons id e r 

ab le  i m p r o v e m e n t  on th e  gra in  c a rb o h y d r a t e  c o n te n t .

In t e r a c t io n  e f f e c t  b e tw e e n  po tass ium  and k ine t in  was  s ign i f ican t  

on the  c a rb o h y d r a te  c o n t e n t  of s h e a th  and panic le .  P l a n t s  suppl ied 

with n e i t h e r  p o t a s s ium  nor  k ine t in  con ta ined  m ore  p e r c e n t a g e  of ca rb o h y 

d r a t e  in t h e  s ou rce  ( leaf  and shea th )  while  p lan t s  t r e a t e d  w i th  higher  

doses  of po tas s ium  (35 or 70 kg I ^ O / h a )  and one or  tw o  sprays  of 

k ine t in  con ta ined  m o re  a m o u n t  of  c a r b o h y d r a t e  ‘ in t h e  grains ..  It was 

found t h a t  a dose  of  35 kg p o t a s s i u m / h a  along  wi th  a s ingle  sp ray  of 

k ine t in  is o p t im u m  in th is  r e s p e c t .  Even app l i ca t ion  of p o t a s s ium  alone 

a t  70 kg K20 / h a  had a s im i la r  e f f e c t  on th e  gra in  c a rb o h y d r a t e  c o n te n t .

2.4. C a r b o h y d ra t e  yield (Table  3 and 4) .& (Fig.  3)

App l ica t io n  of  po tass ium  did not  in f luence  the  c a rb o h y d r a te  

yield f ro m  th e  sou rce  whi le  this  n u t r i e n t  had cons id e rab le  in f luence



F " l < 5 .  3.  c a r b o h y d r a t e  7 1 E L D  C p e r c e n t a g e  C o n t r i b u t i o n ^) t h h o u g h  d i f f e r e n t  p l a n t

P * vR T S  A S  i n f l u e n c e d  I6Y K I N S T I N  A P P L I C A T I O N  A T  D I F F E R E N T  J . E V E L S  O F  P O T A S S I U M

94.T
96 .4

96.9 9 7 0

2.6

1 .9

1.2
1.6 1.6

0 8 0 7 0 7
,.3

1
0 9 0-8 0 7

o  K o  K j O  /  Hex. 17.5 l<2 0 /  K o l  3 5  K j o / K a  7 0  Rig K 2 0  /  Kol.
+ + -*■ +■

W K T E R  S P R ^ Y  A SINK3LE SPR-AV OP  A  SIN GLE.  SP R A Y  O F  Z  S P R A Y S  O .F  K I N S .T I N

R l N E T i N j  A T  K . I N E T I N  AT / O  DAF C Arr r  “*■ Ak'T  '<=> D A F j )

PANICLE CUL.KJI sheatm l e a f



38

on th e  ca rb o h y d ra te  yield f rom  th e  pan ic le  as  wel l  as on th e  t o t a l  ca rbo

h yd ra te  yield f rom  the  p lan t .  The c a rb o h y d ra te  yield f rom  pan ic le  and 

th e  t o t a l  ca rb o h y d ra te  yield f rom  t h e  p lan t  w e r e  found to  be  t h e  highes t  

with p lan ts  supplied wi th  potass ium (d 70 kg K^O /ha  and i ts  e f f e c t  

was on p a r  w i th  t h a t  of 35 kg K^O/ha .

Kinet in  app l i ca t ion  inf luenced  th e  ca rb o h y d ra te  yield f rom 

d i f f e r e n t  p lan t  p a r t s  as  wel l  as  t h e  t o t a l  c a rbohyd ra te  yield f rom the  

p lan t .  A s ingle  spray of  k ine t in  a t  10 DAF resu l ted  in higher  amounts  

of ca rb o h y d ra te  yield th rough  leaf ,  s h e a th  and culm compared  to  a single 

spray a t  f lowering or  w a t e r  spray.  The ca rb o h y d ra te  yield f rom panic le  

as wel l  as  t h e  t o t a l  ca rb o h y d ra te  yield f rom  the  p lan t  were  h ighes t  

with p lan ts  t r e a t e d  wi th  2 sp rays of k inet in  (a t  f lower ing  and again 

a t  10 DAF) compared  to  s ingle  sprays .  Among th e  s ingle sprays,  kinet in  

spray a t  10 DAF was  b e t t e r .

Po ta ss ium -k ine t in  i n t e r a c t io n  was  s ign i f ican t  only on th e  ca rbohy 

d r a t e  yield f rom th e  p lan t .  It was found t h a t  a  combina t ion  of  33 kg 

K^O w i th  s ingle  spray  of  k inet in  a t  10 DAF was op t im um  in this  r e spe c t .

2.5. P ro te in  c o n te n t  (Table  5 and 6)

As in -the case of  c a rb o h y d r a te  c o n te n t  t h e  p ro te in  co n te n t  

of t h e  sou rce  ( leaf ,  she a th  and culm) de c re a s e d  wi th  i n c re as e  in the  

levels  of applied potass ium. The  p e r c e n t a g e  c o n te n t  of p ro te in  : . ' c
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in t h e  s o u rc e  was  h ig h e s t  in t h e  p l a n t s  wh ich  w e r e  not . ' suppl ied  wi th  

p o t a s s iu m .  But  a  r e v e r s e  t r e n d  w a s  n o t i c e d  on t h e  p r o t e i n  c o n t e n t  

of  s ink due  to  leve ls  of  p o t a s s i u m .  T h e re  was  a p ro g re s s iv e  i m p r o v e m e n t

in t h e  p r o t i e n  c o n t e n t  of p a n ic l e  w i th  s u c c e s s iv e  leve ls  of p o t a s s ium  

up to  t h e  h ig h es t  l eve l  t r i e d  (70 kg F ^ O /h a ) .

The p l an t s  which  w e r e  no t  t r e a t e d  wi th  k ine t in  c on ta ined  m o re  

a m o u n t  of  p r o t e i n  in t h e  l ea f  and s h e a t h  and less in pa n ic le  com pared
i

to  t h o s e  t r e a t e d  w i th  k in e t in .  The p r o t e i n  c o n t e n t  o f  pa n ic le  inc re ase d  

du e  t o  k in e t in  sp ray .  Two sp rays  r e s u l t e d  in h ig h es t  p e r c e n t a g e  of 

p r o t e i n  in p a n ic l e  fo l lowed  by a  s ing le  sp ra y  a t  10 DAF.

I n t e r a c t io n  b e t w e e n  po ta s s iu m  and k ine t in  was  found to  be

s ig n i f i c a n t  on t h e  p r o t e i n  c o n t e n t  of  p l an t  p a r t s .  P l a n t s  t r e a t e d  wi th  

n e i t h e r  p o t a s s i u m  nor  k in e t in  c o n ta in e d  m o r e  a m o u n t s  of p r o t e i n  in 

t h e  s o u rc e  ( le a f  and s h e a t h )  and  Jess in t h e  s ink c o m p a r e d  to  those  appl ied  

w i th  p o t a s s i u m  and k in e t in .  The p r o te i n  c o n t e n t  of  p a n ic l e  was  h ighes t  

in p lan t s  t r e a t e d  w i th  35 kg K 2 0 / h a  and 2 sp ra ys  of k ine t in .  The e f f e c t

of  th is  t r e a t m e n t  c o m b in a t io n  w as  on p a r  w i th  t h a t  of  35  kg K^O plus

a s ingle  s p ra y  of  k ine t in  (10 DAF).

2.6. P r o t e i n  yield (Table  5 <5c 6 ) &((Fig.  4)

Po ta s s iu m  a p p l i c a t i o n  in c r e a s e d  th e  p r o te in  yield f ro m  th e  sou rce  

( le a f  s h e a t h  and culm) and t h e  t h e  s ink.  T h e r e  was  a p ro g re s s iv e  i m p r o v e 

m e n t  in t h e  p r o t e i n  yield f r o m  p a n ic l e  as wel l  as on t h e  t o t a l  p r o te in



T a b l e  5- P r o t e i n  c o n t e n t ,  p r o t e i n  y i e ld  and  n u t r i e n t  u p t a k e  a s  i n f l u e n c e d  by

P o t a s s u i m  an d  K i n e t i n .

L e ve ls 'o f  
K 2 0  (kg/ha)

Pro te in  c o n t e n t  a t  
h a rv e s t  (%)

P r o t e i n  yield a t  h a r v e s t  
(kg /ha)

N u t r i e n t  u p t a k e  a t  
h a r v e s t  (kg/ha)

Leaf S hea th C u l m P a n i c l e L e a f S h e a th C u lm Pa n ic l e Tota l N P K

K 0
3.62 3.73 4 .0 6 6 .65 50.7 34.2 83.5 250.6 418.9 95.3 26.4 93.8

K 17.5. 3.47 3.60 ■ 4.01 8 .40 56.9 38,8 96.7 ■ 405.5 596.0 113.2 32.5 113-5

K 35 3.22 3.53 3 .95 8 .96 56.1 40.4 92.8 469.7 667.5 138.1 35.2 135-3

K 70

Levels  of 
K in e t in

3.23 3.54 3.91 9.55 58.6 42.2 104 .5 517.8 723.0 140.8 35.6 147.2

BqI Water  
s pray 3.49 3.64 3 .9 7 7.52 ' 50.9 34.9 85 .4 318.1 489.2 106.6 29-0 103.4

B .:  Kinetin 
■ (1 0  ppm) 

a t  F 
B„: Kinetin 

(1 0  ppm) 
a t  1QDAF

B,:  Kinetin 
( 1 0  ppn) 
a t  F+
10 DAF

3.41

3.33

3.32

3.61

3.59

3.54

4 .0 2

3 .9 9

3 . 9 5

8.02

8.65

9.37

52.9 36.9 92 .3  372.1 554.3

57.9 41.3 102.6 445.9 647.8

60.4 42.4 97 .3  507.4 714 .2

113.8 31.3 118.7

128.6 34.9 130.5

138.4 34.6 137.3

SEm+ 0.036 0.014 0 . 0 3 9  0.083  . 1.35 0.89 4.63 . 9.6 13.6

CD(0.05) 0.105 0.041 N S  0.241 3.91 2.58 13.4 27.9 39.2

1.83

5.29

0.50

1.47

0.89

2.58



T a b l e  6 - P o t a s s i u m - K i n e t i n  i n t e r a c t i o n s  on p r o t e i n  c o n t e n t ,  p r o t e i n  yield and
n u t r i e n t  u p t a k e .

T r e a t 
m en t
com bina 
t ions

P ro te in con ten t a t  h a r v e s t  (%) P r o t e i n  yield a t  h a r v e s t ( k g / h a ) N u t r i e n t  u o t a k e a t  h a r v e s t (kg /ha)

Leaf 5hea th C u l m P a n i c l e L e a f Shea th . Cu lm P a n i c l e Total N P K

K oBo 3.69 3.78 4 .08 5.73 42.7 28.6 69.2 166.9 307.4 81.9 19.8 82 .2

. s v  ■ 3.55 3.78 . 4 .07 6.07 42.2 29.9 • 71.8 186.3 330.7 . 85.5 2 2 .8 86.5

K 0B 2 3.56 3.75 4 .04 6.54 56.1 38.8 93.6 262 .6 451.1 94.5 30.8 98 .6

V j
3.66 3.59 4 .05 8.26 61.2 39.3 99.3 386.5 586.3 119.4 32.1 108.0

K , B 0 3.56 3.63 4 .0 8 7.14 54.8 36.5 92.0 290.1 473.4 93.3 24.5 87.2

K lB l 3.59 3.68 4 .04 8 .13 54.1 36.5 89.8 360.1 540.5 91.5 32.4 96 .2

K [ b 2 3.43 3.57 4.01 8.56 56.5 38.7 97.1 419.8 612.2 126.9 35.8 121.9

k , b 3 3.31 3.53 3 .9 2 9.76 62.0 43.3 107.9 552.1 757.9 141.0 37.2 148.7

K2 B 0
3-44 3.61 4 .04 7.89 52.9 36.4 91.1 358.3 538.6 121.5 33.7 101.9

K2 B 1 3.34 3.49 4 .0 3 8 .1 2 55.2 37.9 97.8 390.1 581.0 132.7 33.3 144.5

K2 B 2 3.15 3.55 3 .9 3 9.80 58.9 43.5 107.7 544.8 754.9 149.0 37.6 150.6

K2B3 2.96 3.45 3 .8 0 1 0 .0 2 57.3 43.8 74.7 585.4 795.6 149.2 36.4 144.2

K 3B0 3.26 3.55 3 .69 9.33 53.4 38.2 89.1 456.8 637.5 129.8 38.0 142.2

3.16 3.48 3 .9 5 9-76 59.7 43.3 109.7 _ 552.1 ___ 764.8.. . „ 145.4 36.5 . . .147 .5

k 3 b 2 3.16 3.52 3 .9 8 9.68 60.4 44.1 111.9 ' 556 .5 772.9 144.1 35.4 150.9

k 3 b 3 3.35 3-61 4 .01 9.44 60.9 43.1 107.2 505.7 716.9 143.9 32.7 148.3

SEm + 0.073 0.029 0 .0 7 8 0 .166 2.70 1.79 9.26 19.2 ; 27.2 3.66 1.019 1.78

CD (0.03) 0 .2 1 0 0.082 N S 0.482 NS NS NS 55.7 78.4 1 0 .6 2.94 5.15
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yield f ro m  th e  p lan t  due  to  e a ch  succes s ive  levels  of  po tass ium  upto 

t h e  h ighes t  level  t r i ed  (70 kg K^O/ha) .

Kine t in  a pp l i c a t ion  r esu l te d  in high p r o te in  yield f rom  th e  sou rce  

and sink. P r o te in  yield of  pan ic le  and th e  t o t a l  p r o te in  yield f rom  th e  

p lan t  w e r e  enhanced  by kinet in  a pp l i c a t ion  and t h e  h ighes t  a m oun ts  

w e re  r ec o rde d  in p lan ts  t r e a t e d  wi th  2 sp rays of k ine t in  fol lowed by 

a s ingle spray a t  10 DAF.

The in te r a c t io n  b e t w e e n  k ine t in  and po tass ium  was found to  

be s ign i f ican t  on the  p ro te in  yield f rom  pan ic le  and t h e  t o t a l  p ro te in  

yield f rom  th e  p lan t .  Though th e  t r e a t m e n t  com b ina t ion  35 kg K ^ O /ha  

plus 2 sprays  of k inet in  caused the  p roduc t ion  of h ighes t  a m oun ts  of 

p r o te in  (grain p r o te in  and t o t a l  p r o te in  yield),  t h e  e f f e c t  of this t r e a t m e n t  

com b ina t ion  was  on par  wi th  t h a t  of 35 kg K^O plus a  s ingle  spray of 

k inet in  a t  10 DAF.

3. U p ta k e  of N i t rogen ,  Phosphorus  and P o ta ss ium  (Table  5 and 6 )
& (Fig.  5, 6  & 7)

The u p take  of N and P increased  w i th  i n c r e a s e  in levels  of

po tas s ium  upto 35 kg K 2 0 / h a .  But  t h e  K u p take  inc reased  p rogress ive ly  

upto t h e  h ighes t  level  t r i e d  (70 kg K2 0 / h a ) .

Kine t in  app l i ca t ion  also i nc reased  th e  u p take  of  f e r t i l i z e r  n u t r i 

e n t s  (N, P and K). Two sprays  of k ine t in  resu l ted  in h ighes t  N and

K u p take  by th e  p lan t s  fo l lowed by a  s ingle  spray  a t  10 DAF. In t h e  

case of phosphorus up take ,  t h e  e f f e c t s  of 2 sprays  of k ine t in  and a s ingle  

sp ray  a t  10 DAF w e r e  on pa r  bu t  super io r  t o  t h e  s ingle  spray  a t  f lower ing
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.and w a te r :  sp ray . ■

P o ta ss iu m -k in e t in  in te r a c t io n s  in f luenced  th e  u p ta k e  of m ajo r  

n u t r ie n ts .  Though th e  N u p ta k e  w as h ig h es t  in p la n ts  supplied  w ith  

35 kg K20  and 2 sp rays  of k in e t in ,  i ts  e f f e c t  was on p a r  w ith  t h a t  of 

35 kg K ^ O /ha  w ith  a  s ing le  sp ray  of k in e t in  (10 DAF). Phosphorus up take  

w as h ighes t  in p lan ts  t r e a te d  w ith  70 kg K2 0 / h a  w ith o u t  k in e t in  and 

th e  e f f e c t  o f th is  t r e a t m e n t  w as s im ila r  to  t h a t  of 35 kg K ^ O /ha  plus 

a  s ing le  sp ray  of k in e t in  a t  (10 DAF). P o ta ss iu m  u p ta k e  w as h ighes t  

w ith  p lan ts  t r e a t e d  w ith  70 kg I ^ O / h a  and 2 sp rays  of k ine t in  and th e  

e f f e c t  of th is  t r e a t m e n t  w as  s im ila r  to  t h a t  of 35 kg K ^ O /h a  w ith  a 

s ing le  sp ray  of k in e t in  (10, DA F).

4. Yield a t t r ib u t e s  and yield

2
4.1. N um ber of p an ic les  pe r  m (Table  7 and 8 )

2N um ber  of p a n ic le s  per  m in c re ase d  p ro g ress iv e ly  w ith  in c re ase  

in t h e  leve ls  of p o tass ium  up to  th e  h ighes t  leve l  t r ie d  (70 kg K^O /ha).

2
K inetin  app lic t io n  in c re a se d  th e  p a n ic le  num ber  per  m , 2 sp rays  

of k in e t in  p roducing  h ighes t  n u m b er  of p an ic les  followed by a s ing le  sp ray  

a t  10 DAF.

I n te r a c t io n  e f f e c t  b e tw e e n  po tass iu m  and k in e t in  w as s ig n i f ic a n t
2

on num ber  of p a n ic le s /m  , 70 kg K2/h a  w ith  2 sp rays  of k in e t in  p roducing  

th e  h ighes t  num ber .  The e f f e c t  of th is  t r e a t m e n t  w as on par  w ith  t h a t  

of 70 kg K2 Q /h a  w ith  sing le  sp ray  (10 DAF).
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4.2. P a n ic le  len g th  (Table  7 and 8 )

P an ic le  len g th  in c re ase d  due  to  p o tass ium  a p p lic a t io n  and the  

e f f e c t  was n o t  c o n s id e rab le  beyond 17.5 kg K ^O /ha .

N e i th e r  th e  d i r e c t  e f f e c t  of k in e t in  nor th e  in te r a c t io n  e f f e c t  

b e tw e e n  p o tass ium  and k in e t in  could a l t e r  th e  p an ic le  leng th .

4.3. N um ber  of sp ik e ie ts  p e rp a n ic le  (Table  7 and 8 )

P o ta ss iu m  a p p lic a t io n  in c re ase d  th e  s p ik e le t  n u m b er  per  pan ic le  

upto  70 kg K ^O /ha .

K ine tin  a p p lic a t io n  a lso  p roved  to  be e f f e c t i v e  and single  spray  

of k in e t in  a t  f lo w er in g  was found to  be s u f f ic ie n t  in th is  r e s p e c t .

S p ik e le t  num ber  pe r  pa n ic le  w as h ig h es t  .in p lan ts  supplied w ith  

70 kg ^ O / h a  plus a s ing le  sp ray  of k in e t in  a t  f low ering .

4.4. N um ber  of f il led  g ra in s  pe r  p a n ic le  (Table  7 and 8)

N um ber of f il led  g ra in s  per  p an ic le  in c re ase d  w ith  in c re ase  

in leve ls  of p o tass ium  up to  th e  h ighes t  dose  t r ie d  (70 kg ^ O / h a ) .

K ine tin  a p p lic a t io n  had b e n e f ic ia l  e f f e c t  on th e  num ber  of 

f il led  g ra in s  per  p a n ic le .  Two sp rays  of k in e t in  r e su l te d  in th e  p ro d u c tio n  

of h ig h es t  n u m b er  of f il led  g ra in s  per  pa n ic le  foll'owed by a  s ing le  sp ray  

a t  10 DAF.



Table 7. Yield attributes, yield^harvest index and econom ics of rice production as
influenced by Potassium and Kinetin.

Levels of 
K2 0 (kg/ha)

No. of 
pan i

P a n i 
c le

No. of 
s p ik e -

No. of 
f i l led

F illed
g ra in

10 0 0
g ra in

G ra in
yield

S tra w
yield

H a rv e s t  E conom ics  of r i c e  
index p ro d u c t io n

c les /
m

le n g th
(cm)

l e t s /
p a n i 

c le

g r a in s /
p a n i 
c le

p e r c e n 
t a g e

w e ig h t
(g)

(kg /ha ) (kg/ha) N e t
Incom e
(R s/ha)

N e t
r e t u r n  per 
r u p e e
in v e s te d  (Rs.

K 0 274 :19'. 4 90 .5  . ■ 60.1 66.3 22.7 3670 4379 ■ 0.46 ■ 4430 0 . 86 .

K 17.5 356 2 1 .1 94.0 70.6 75.1 24.1 4761 5135 0.48 6951 1.35

K35 380 21.5 97.8 78.6 80.4 25.8 5185 5464 0.49 7926 1.53
K-

70
422 21.5 109.1 91.5 83.9 26.7 5416 5677 0.49 8421 1.61

Levels of 
K ine tin

Bn:W ater
Spray 340 20.5 94.5 71.0 74.8 24.2 4098 4591 0.47 5927 1.30

B .:  Kinetin 
(lOppm) 
a t  F

343 20.4 98.2 74.2 75.1 24.7 4489. 4889 0.48 6257 1 .2 1

B? :Kinetin  
(lOppm) 
a t  10DAF

367 2 1 .2 99.0 77.1 " 77.4 25.0 5058 5473 0.48 7684 1.49

B^rKinetin 
(lOppm) 
a t  F+10 382 21.5 99.7 78.4 78.4 25.4 5386 5701 0.49 78 57 1.36

DAF

SEm±
CD(0.05)

2.41
6.97

0.24
0.71

0.44
1.29

0.40
1.16

0.39
1.13

0.07
0 .2 1

103
298

120
346

0 .0 0 2
0.006

264
762

- 0 .05  
0 .15

N o te :-  1. 
3.

Cost of K 20  
Value of paddy

R s .2 . 16/kg 
R s .2 / -  kg

2 .
4.

C o s t  of 
Value of

K in e t in
s t r a w

R s .2 0 0 /g  
. R s .0 .5 0 /k g

CA



T a b le -8  P o ta s s iu m - K in e t in  in te r a c t io n s  on y ie ld  a t t r i b u t e s ,  y ie ld ,  h a r v e s t  index  and

e c o n o m ic s  of r i c e  p r o d u c t io n .

T re a tm e n t
com bina
tion

No. of 
pan i
cles

P a n i 
c le
l e n g th
(cm )

No. of 
sp ik e -  

l e t s /  
p a n i 
c le

No. of
f il led
g ra in s

F illed
g ra in s
p e r c e n 
ta g e

10 0 0
g ra in

w e ig h t
(g)

G ra in
yield

(kg /ha)

S t ra w
yield

(kg/ha)

H a rv e s t
index

E conom ics  of r ic e  
p ro d u c t io n
N e t  N e t  r e t u r n  
in co m e  pe r  ru p e e  
(R s /ha )  in v e s te d

KoBo 229 18.3 87.1 55.8 64.0 22.4 2914 3614 . 0.45 3135 0.70

K0 B 1 237 18.6 90.0 58.7 65.2 22.7 3062 3754 0.45 2902 0.57

K0 B 2 311 19.9 91.7 60.8 66.3 22.7 4019 4927 0.45 5402 1.06

K0B3 320 20.7 93.1 64.9 69.7 23.2 4686 5219 0.47 6282 1 .1 0

K 1B 0 347 21.7 93.4 69.9 74.9 23.4 4053 4805 0.46 5971 1.32

K I B 1 355 2 1 .1 93.7 69.9 74.6 23.8 4431 4723 0.48 6085 1.18

K1B 2 354 2 1 .0 94.6 71.5 75,6 24.1 4902 5.1-55 0:49-. 7244 1.41

K 1B3 368 2 0 . 8 94.4 71.1 75.3 24.9 5656 5854 0.49 8501 1.48

K2 B 0 369 20.7 96.1 74.3 77.3 24.8 4525 4806 0.49 68  77 1.50

K2 B 1 368 21 .3 96.8 76.0 78.6  ' 25 .6 4808 5165 0.48 7022 1.36

k 2 b 2 374 2 2 .0 97.6 80.0 81.9 26.1 5562 5833 0.49 8865 1.71

K2B3 409 2 2 .1 1 0 0 .6 84.0 83.8 26.7 5845 6050 0.49 8939 1.55

K3B0 415 21 .3 101.4 83.9 82.8 26.1 4902 5139 0.49 7723 1 .6 6

K3B 1 412 2 0 .6 112.4 92.3 82.1 26.8 5656 5913 0.49 9018 1.72

K3B2 429 21.9 1 1 2 .1 96.1 85.8 27.0 5750 5974 0.49 9237 1.76
K3 B3 432 ■ 22.4 1 1 0 .6 93.6 84.7 27.0 5357 5681 0.49 7705 1.32

SEm± 4.83 0 .5 9 2 0.894 0.802 0.784 0.148 206 240 0.004 528 0.106
CD(0.05) 13.9 NS 2.58 2.32 2.26 0.430 596 NS 0 .0 1 2 1523 0.306

0 1
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P o ta s s iu m -k in e t in  in te r a c t io n  w as s ig n i f ic a n t  on th e  num ber  

of f i l led  g ra in s  p e r  pa n ic le  and th e  h ig h e s t  va lues  w e re  no ted  in p lo ts

t r e a t e d  w i th  70 kg f ^ O / h a  plus a  s ing le  sp ray  of k in e t in  a t  10 DAF.

4.5. P e r c e n ta g e  of f i l led  g ra in s  (Table  7 and 8 )

j

As in t h e  case  of n u m b er  of f i l led  g ra in s  p e r  p a n ic le ,  th e  p e r c e n 

t a g e  of f il led  g ra in s  a lso  in c re a se d  d u e  to  p a ta s s iu m  a p p l ic a t io n  up to  

t h e  lev e l  of 7 0  kg K ^O /ha .

K ine tin  a p p l ic a t io n  a lso  in c re a se d  th e  p e r c e n ta g e  of f i l led  g ra ins  

and a  s ing le  sp ray  a t  10 DAF w as found to  be  t h e  b e s t .

The in te r a c t io n  e f f e c t  b e tw e e n  p o ta s s iu m  and k in e t in  w as  a lso  

s ig n i f ic a n t  and a p p l ic a t io n  of po tass iu m  a t  70 kg K 2 0 / h a  w ith  a  s ing le

sp ray  of k in e t in  a t  10 DAF re s u l te d  in t h e  h ig h e s t  p e rc e n ta g e  of f il led

g ra in s .

4.6. Thousand g ra in  w e ig h t  (T ab le  7 and 8 )

Thousand g ra in  w e ig h t  in c re a se d  w ith  in c re a s e  in leve ls  of 

p o ta ss iu m  upto  t h e  h ig h es t  leve l  t r ie d  (70 kg ^ O / h a ) .

K ine tin  a p p l ic a t io n  a lso  caused  c o n s id e rb le  im p ro v e m e n t  in 

th e  t e s t  w e ig h t  of g ra in s ,  tw o  sp ray s  of k in e t in  r e s u l te d  in h ig h es t  t e s t  

w e ig h t  fo llow ed  by  a  s ing le  sp ray  a t  10 DAF.
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The in te r a c t io n  e f f e c t  b e tw e e n  p o ta s s iu m  and k in e t in  w as s ign i

f i c a n t  and th e  p la n ts  t r e a t e d  w ith  p o ta s s iu m  (d 70 kg l<2 0 / h a  plus a  

s ing le  sp ray  of k in e t in  a t  10 DAF p ro d u ce d  b o ld e r  g ra in s .

4 .7 . G ra in  yield  (T ab le  7 and 8 ) & (Fig. 8 )

G ra in  y ield  in c re a s e d  due  to  p o ta s s iu m  aop l icntion u p to  a level 

o f  70 kg K 2 0 / h a  and th e  e f f e c t  a t  th is  l e v e l - w a s  on p a r  w ith  th a t  of 

35 kg K 2 0 / h a .

i

K in e tin  a p p l ic a t io n  in c re a se d  the  g ra in  yield s ig n i f ic a n t ly  and 

tw o  sp ra y s  of k in e t in  r e s u l te d  in t h e  p ro d u c t io n  of h ig h e s t  a m o u n ts  

of g ra in  fo llow ed  by a s ing le  sp ray  a t  10 D A F and th e n  by a  s ing le  sp ray  

a t  f lo w er in g .

The p o ta s s iu m - k in e t in  in te r a c t io n  w as s y n e rg e s t ic  on g ra in  yield 

and th e  t r e a t m e n t  c o m b in a t io n  35kg K^O/ha plus tw o  sp ra y s  of k in e t in  

caused  th e  p ro d u c t io n  of the  h ig h e s t  a m o u n ts  of g ra in s .  The e f f e c t  

n o t ic e d  w ith  th is  t r e a t m e n t  c o m b in a t io n  w as on p a r  w ith  t h a t  of 35  

kg I<20  plus a  s ing le  s p ra y  of k in e t in  a t  10 DAF.

4 .8 . S t ra w  yield  (T ab le  7 and 8 )

P o ta s s iu m  a p p l ic a t io n  in c re a se d  s t r a w  yield u p to  a leve l  of 

35 kg l<2 0 / h a .
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K inetin  a p p lic a t io n  also  caused s ig n i f ic a n t  im p ro v e m e n t  in 

s t r a w  yield  and a  s ing le  sp ray  of k in e t in  a t  10 DAF was o p t im u m .

9. H a rv e s t  index (Table  7 and 8) & (F ig .9)

H a rv e s t  index  in c re a se d  due  to  p o ta ss iu m  a p p lic a t io n .  The 

h ig h e s t  va lues  of h a rv e s t  index w e re  n o t ic e d  w ith  p la n ts  supplied w ith  

p o ta ss iu m  (9 35  ^ O / h a  and th e  e f f e c t  a t  th is  leve l  w as on par  w ith

t h a t  of 70 kg K ^O /ha .

S ig n if ica n t  im p ro v e m e n t  in h a rv e s t  index w as n o t ic e d  due  to  

k in e t in  a p p lic a t io n  and tw o  sp rays  of k in e t in  r e su l te d  in h ighes t  h a rv e s t  

index com pared  to  s ing le  sp ray s  and w a te r  sp ray . The e f f e c t s  of s ing le

sp rays  ( a t  f lo w er in g  or 10 DAF) w e re  s im ila r  b u t  su p e r io r  to  w a te r

sp ray .

The in te r a c t io n  e f f e c t  a lso  a l te re d  th e  h a rv e s t  index . A pp lica t ion  

of 17.5 kg ^ O / h a  plus a  s ing le  sp ray  of k in e t in  r e s u l te d  in th e  h ighes t  

h a rv e s t  index  (0.49).

5- C o r r e la t io n  (T ab le  9) & (Fig* 10 & H )

The g ra in  yield , s t r a w  y ield , h a rv e s t  in d ex ,  c a rb o h y d ra te  yield 

f ro m  pa n ic le ,  p ro te in  yield  f ro m  pa n ic le  and p o ta ss iu m  u p ta k e  by p lan ts  

e x h ib i ted  a  s ig n i f ic a n t  p o s i t iv e  c o r r e la t io n  w ith  all th e  p a r a m e t e r s  p re s e n 

te d  in Tab le  9 e x c e p t  w i th  c a rb o h y d ra te  and p ro te in  c o n te n ts  of lea f ,  

s h e a th  and culm  w ith  w hich a s ig n i f ic a n t  n e g a t iv e  c o r r e la t io n  ex is ted .
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TABLE - 9. CORRELATION STUDIES IN RICE
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SI ' Growth Characters
Grain
yield

Straw
yield

Harvest
index

Carbohy
drate yield 

- from 
panicle

Ptotein
yield
from
panicle

K uptake ; 
harvest

1 2 3 4 5 6 7 8

1 Plant height - 30 DAT 0.68 0.58 0.69 0.71 0.71 0.70
2 - 60 DAT 0.75 0.65 0.78 0.76 0.75 ' 0.69
3 - Harvest 0*68 ' 0.66 0*56 0.69 0.66 0.61
4 No. of Tillers/m2 - 30 DAT 0.74 0,66 0.74 0.79 0.78 0.84
5 - 60 DAT 0 ;78 0*70 0*75 0*82 0*82 0*84
6 Dry matter production - 30 DAT 0; 89 0*82 0*01 0*90 0.90 0*63
7 - 60 DAT 0 * 84 0*73 0*88 0.86 0*87 0*83
8 - Harvest 

B.phvsioloqical characters
, 0.99 0.99 0.71 « • •  •

1 Leaf area index 0 * 69 0*61 0*64 0.73 0*75 0*80
2' Chlorophyll content - 15 DAF Q i . l l 0*62 0.89 0*79 0*82 0*82
3 - 25 DAF 0.75 0*69 0*82 0.80 0.82 0.74
4r .Carbohydrate content - Leaf - 0 ; 81 - 0.74 - 0.75 - 0.84 - 0*85 - 0*87
5 - Sheath - 0 * 80 - 0,*76 - 0.73 - 0.80 - 0.78 _ 0*67
6 - Culm - 0*83 - 0.73 - 0*82 - 0.66 - 0*86 _ 0*84
7 - Panicle 0 * 87 0.83 0.71 0*92 0*87 0*87
8 Carbohydrate yield - Leaf 0,60 0.72 0.16 0.56 0.49 0.35
9 - sheath 0.71 . 0.78 0.31 0.70 0.69 0.51

10 - Culm 0.73 ■ 0.85 0.26 0.69 0.62 ' 0.45
11 - Panicle 0,99 0.96 0.78 • « 0*98 0.80
12 Total carbohydrate yield 0*99 0*96 0*77 0.99 0.98 0.80
13 Protein content - Leaf - 0*72 - 0*65 - 0.63 -0.74 - 0.77 - 0.74
14 - Sheath - 0.81 - 0.75 - 0.71 -0.83 - 0.82 - 0.77
15 - Culm - 0,39 - 0.34 - 0.39 - 0.40 - 0,43 - 0.41
16 - Panicle 0.91 0.81 0.84 0.92 0.97 0.09
17 Protein yield - Leaf 0.82 0.90 0.42 0.79 0.72 0.56
18 - Sheath 0.94 0.99 0.55 0.92 0.87 0.73
13 - Culm 0.56 0.59 0.33 0.55 0.50 0.49
20 - Panicle 0.98 0.91 0.81 0.98 0.89
21 Total protein yield 

C.Nutrient uptake

0.99 0.95 0.78 0.99 0,99 0.80

1 N uptake at harvest 0.85 0.77 0.77 0.B8 0.90 0.92
2 P uptake 0.83 0.76 0.78 0.83 0.83 0.79
3 K uptake

■D.Yield attributes & yield
0.85 0.78 0.75 0.88 0.89 ■ •

1 No. of panicles/m 0.83 0.76 0.78 0.85 0.85 0.80
2 Panicle length 0.63 0.59 0.56 0.63 0.63 0.58
3 No. of spikelets/panicle 0.69 0.65 0.58 0.72 0.73 0.73
4 No. of filled grains/panicle 0.79 0.72 0.70 0.82 0.82 0.81
5 Percentage of filled grains 0.82 0.74 0.77 0.85 0.85 0.82
6 1000 grain weight 0.81 0.72 0.79 0.85 0.86 0.90
7 Grain yield 0.97 0.79 0.99 0.98 0.85
8 Straw yield 0.97 0.61 0.96 0.91 0.78
9 Harvest index 0.79 0.61 0.78 0.81 0.75
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6 . E conom ics

6.1. N e t  in co m e  (T ab le  7 and 8 ) & ( F ig .12)

P o ta ss iu m  a p p l ic a t io n  in c re a s e d  th e  n e t  in co m e  u p to  a level  

of 35 l<g K 2 0 / h a .

K in e t in  a p p l ic a t io n  a lso  in c re a s e d  th e  n e t  in c o m e  f ro m  r ic e .  

Though th e  h ig h e s t  n e t  in c o m e  w as n o t ic e d  w hen  tw o  sp ra y s  of k in e t in  

w e re  g iven , i ts  e f f e c t  w as on par  w ith  t h a t  of a s ing le  sp ra y  a t  10 

DAF.

The h ig h e s t  n e t  in c o m e  w as o b ta in e d  w ith  th e  t r e a t m e n t  c o m b in a 

t io n  70 Kg K2 0 / h a  plus a s ing le  sp ray  of k in e t in  a t  10 DAF. But 

th e  n e t  in c o m e  o b ta in e d  d u e  to  th is  t r e a t m e n t  c o m b in a t io n  w as  on 

pa r  w ith  t h a t  o f 35  kg K 2 0 / h a  plus a s ing le  sp ray  of k in e t in  a t  10 

D A F. I

6.2. N e t  r e tu r n  p e r  r u p e e  in v e s te d  (T ab le  7 and 8 )

As in t h e  ca se  of n e t  in c o m e ,  th e  n e t  r e tu r n  p e r  r u p e e  in v es te d  

w as a lso  in c re a s e d  d u e  to  p o ta s s iu m , k in e t in  as well as th e i r  i n te r a c t io n s .  

The n e t  r e tu r n  pe r  ru p ee  in v e s te d  in c re a s e d  u p to  a lev e l  of 70 kg 

l ^ O / h a .  A s ing le ' s p ra y  of k in e t in  a t  10 DAF re su l te d  in h ig h e s t  n e t  

r e tu r n  p e r  ru p ee  in v es te d

A m ong th e  t r e a t m e n t  c o m b in a t io n s ,  th e  n e t  r e t u r n  p e r  ru p e e

in v es te d  w as h ig h e s t  w i th  70 kg K ^ O /h a  plus a s ing le  sp ra y  of k in e t in

a t  10 DA F. But th e  e f f e c t  a t  th is  leve l  w as o n . par  w ith  t h a t  of 35

kg l<2 '0 /h a  plus a  s ing le  s p ra y  of k in e t in  a t  10 DAF.
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5 . DISCUSSION

A fie ld  e x p e r im e n t  w as  con d u c ted  a t  th e  C ropping  Sys tem s  

R e s e a rc h  C e n t r e ,  K a ra m a n a ,  T r ivand rum  during  s u m m e r  1987 to  s tudy  

th e  e f f e c t  of p o ta ss iu m  and k in e t in  on t h e  g ro w th ,  a s s im i la te  p a r t i t io n in g  

n u t r i e n t  u p ta k e  and yield of a  s h o r t  d u ra t io n  r ic e  v a r i e ty  Triveni in 

th e  low lands. The re su l ts  of th e  e x p e r im e n t  a re  d iscussed  in th is  

c h a p te r .

I .  G ro w th  c h a r a c te r s

G ro w th  c h a r a c te r s  such  as p la n t  h e ig h t ,  t i l l e r  p ro d u c t io n  

and DMP in c re ase d  c ons ide rab ly  d u e  to  p o ta s s iu m  a p p l ic a t io n  (Table  

2). The e f f e c t  w as p o s i t iv e  only u p to  a  leve l  of 35 kg K ^ O / h a .  P o t a s 

sium  n u t r i t io n  helps  th e  d e v e lo p m e n t  of a  h e a l th y  ro o t  sy s te m  (Noguchi 

and S ugaw ara ,  1966) and im proves  th e  ab so rp t io n  of e s se n t ia l  m e n e ra l  

n u t r i e n ts  and th u s  th e  p la n t  g ro w th .  In fluence  of po tass iu m  in p ro m o tin g  

p h o to sy n th e s is  has b e e n  r e p o r te d  by m any w o rk e rs  (Smid and P e a s le e ,  

1976; and M engel and Kirkby, 1983). As po tass iu m  is v i ta l  fo r  th e  

a c t i v i t y  of m any  e n z y m e s  involved in p h o to sy n th e s is ,  an  a d e q u a te  

supply of th is  e le m e n t  to  t h e  p la n ts  e n h a n ce s  th e  r a t e  of p h o to sy n th e s is .  

R e s e a rc h  has show n t h a t  g re e n  le a v e s  w ith  high p o ta ss iu m  c o n te n t  

a re  a b le  to  a s s im i la te  tw ic e  as m uch  C C ^  as lea v e s  w i th  lo w e r  p o tass ium  

c o n te n ts  (Smid and P e a s le e ,  1976). In c re a se  in p la n t  h e ig h t  (Vijayan
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and S re ed h a ra n ,  1972; V enka ta  Subbaiah  et^ al. 1982; and Xu et_

al.  1984), t i l le r  p ro d u c t io n  (K ulkarn i et_ a h  1975; Singh and S in g h , 

1979; and Linbao, 1985) and d ry  m a t t e r  p roduction  (Hoang, 1974; 

M ishra, 1980; H a t i  and M isra, 1983; and Sen th ive l  and P a lan iappan , 

1985) due to  p o tass ium  a p p lic a t io n  has b e e n  re p o r te d  e a r l ie r .

A single  sp ray  of k in e t in  a t  10 DAF could cause  s ign if i

c a n t  im p ro v e m e n t  in p la n t  h e ig h t  and to ta l  DM P. The DMP in c r e a s 

ed by 21 p e r  c e n t  due  to  k in e t in  sp ray  com pared  to  w a te r  spray . 

This in d ic a te s  t h a t  k ine t in  a p p lic a t io n  p ro m o te d  p ho to syn thes is .  

Yoshida (1972) r e p o r te d  s im ila r  e f f e c t s  of k ine t in  on DMP in r ice .  

Biswas and ‘C houdhuri  (1977) found th a t  a p p lic a t io n  of 100 ppm

k in e t in  a t  po s t  f low ering  s ta g e  w as very  e f f e c t iv e  in r e ta rd in g

th e  r a t e  of re s p i ra t io n  and in c reas in g  th e  DMP in th e  r ic e  v a r ie ty  

J a y a .

The in te r a c t io n  e f f e c t  b e tw e e n  po tass iu m  and k ine t in

w as s y n e rg e s t ic  on t o ta l  DMP. The com bined  e f f e c t s  of 35 kg

K ^ O /h a  e i th e r  w i th  a  s ing le  sp ray  of k in e t in  a t  10 DAF (11398 

kg D M P/ha) or w ith  2 sp rays  of k in e t in  (11895 kg D M P/ha) w ere  

s im ila r  and th e  DMP was 78 to  82 per  c e n t  m o re  com pared  to

con tro l;  i

2 . Phys io log ica l  c h a r a c te r s

2.1. L e a f  a r e a  index

P o ta ss iu m  a p p lic a t io n  in c re a se d  LAI p ro g ress iv e ly  up to  

th e  h ighes t  leve l  t r ie d  (70 kg K 2 0 / h a ) .  The h ig h es t  LAI (5.91)
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w as n o t ic e d  w ith  p lan ts  t r e a t e d  w ith  p o tass ium  a t  th e  r a t e  of 

70 kg l ^ O / h a  re g is te r in g  a  44 pe r  c e n t  in c re a se  over  con tro l .

In th is  s tudy  i t  w as a lso  found t h a t  po tass ium  a p p lic a t io n  had a

s im ila r  e f f e c t  on t i l le r  p ro d u c t io n  as w ell.  -The enhanced  t i l le r  

p ro d u c t io n  due  to  po tass iu m  a p p l ic a t io n  m ig h t  be responsib le  for

th e  obse rved , t re n d  in LAI. H oang (1974) and M andal and D a sm ah a -  

p a t r a  (1983) observed  s im ila r  e f f e c t s  of po tass ium  on LAI in r ice .

2.2. C hlorophyll c o n te n t

D a ta  on chlorophyll c o n te n t  a t  15 DAF as well as on

25 DAF c lea r ly  in d ic a te  t h a t  p o tass ium  n u t r i t io n  can in c re ase

th e  iong iv ity  of f lag  le a f  and a  dose  of 35 kg I ^ O / h a  is op tim um

in th is  r e s p e c t .  A p p l ica t io n  of po tass ium  beyond th is  leve l  did

n o t  in c re a s e  th e  Iongiv ity  of f la g  le a f  f u r th e r .  The r e s u l t s  ob ta ined  

in th e  p r e s e n t  s tudy  c o r r o b o ra te  w ith  th e  f indings of m any  w orkers  

(Hoang, 1974; R ay  and C houdhuri ,  1980; and Das and S a rk a r ,  1981). 

The d e lay ed  se n e s c e n c e  due  to  po tass ium  a p p l ic a t io n  re su l ts  in

pro longed  l e a f  a r e a  d u ra t io n  (R alph , 1976; and F o r s te r ,  1976) 

w hich  is im p o r ta n t  fo r  an  e f f e c t i v e  sink (Evans e ^  a h  1975).

K ine tin  sp ray  caused  s ig n i f ic a n t  im p ro v e m e n t  in th e

chlorophyll c o n te n t  of f la g  le a f  (T ab le  3). It w as found t h a t  2

sp rays  of k in e t in  ( f i r s t  a t  f lo w er in g  and second  a t  10 DAF) re s u l te d  

in th e  p ro d u c t io n  of h ig h es t  a m o u n t  of ch lo rophyll.  The e f f e c t s  

of s ing le  sp rays  a t  f lo w er in g  and a t  10 DAF w e re  s im ila r  in th is

r e s p e c t .  K ine tin  a p p lic a t io n  in c re a s e s  th e  ch lorophyll c o n te n t
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a p p a re n tly ,  by m a in ta in in g  t h e  n u c le ic  ac id  c o n te n t  (H erzog , 1981). 

D e b a ta  and M urty  (1981) r e p o r te d  t h a t  fo l ia r  sp ray  of 10 ppm k ine t in  

d e lay ed  se n e s c e n c e  by in c re as in g  t h e  ch lorophyll c o n te n t .  This 

w as f u r th e r  co n firm ed  by Ray et_ a h  (1983)

P o ta s s iu m -k in e t in  in te r a c t io n  w as  found to  be pos it ive  

on th e  ch lorophyll c o n te n t  of f la g  le a f  a t  15 DA F. The h ighes t  

ch lo rophyll  c o n te n t  (5 .36 m g /g  f re s h  t issue)  w as n o t ic e d  in th e  

p la n ts  t r e a t e d  w ith  35 kg K ^ O /h a  and a  s ing le  sp ray  of k ine t in  

a t  f lo w er in g .  In c reas in g  t h e  n u m b er  of sp rays  of. k in e t in  did n o t  

cause  im p ro v e m e n t  in th e  f la g  le a f  Iong iv ity . In o th e r  w ords a p p l ic a 

t ion  of 35 kg I ^ O / h a  a long  w ith  a  s ing le  sp ray  of k in e t in  ( a t  f lo w e r 

ing or 10 DAF) w as  s u f f ic ie n t  in th is  r e s p e c t .

2.3. C a rb o h y d ra te  c o n te n t  and C a rb o h y d ra te  yield

P o ta ss iu m  a p p l ic a t io n  in f luenced  n o t  only th e  c a rb o 

h y d ra te  c o n te n t  in d i f f e r e n t  p la n t  p a r t s  b u t  a lso  th e  c a rb o h y d ra te  

y ield  f ro m  th e m  (T ab le  3). The c a rb o h y d ra te  c o n te n t  of t h e  lea f ,  

s h e a th  and culm d e c re a s e d  w ith  in c re a s e  in th e  lev e ls  of po tass iu m  

up to  35 kg K ^ O /h a  and a f t e r  w h ich  th e  e f f e c t  w as n o t  m arked . 

C orrespond ing ly  c a rb o h y d ra te  y ield  f ro m  p a n ic le  in c re a se d  w ith  

in c re a s e  in th e  leve ls  of p o ta ss iu m  u p to  35 kg K ^ O /h a .  A pp lica t ion  

of po tass iu m  beyond th is  leve l  did n o t  cause  s ig n i f ic a n t  im p ro v e m e n t  

in c a rb o h y d ra te  y ie ld . The le a f  c a rb o h y d ra te  c o n te n t  d e c re a s e d  

f ro m  2 p e r  c e n t  to  1.52 per  c e n t  b e tw e e n  p lan ts  supplied  w ith  

z e ro  and 70 kg K ^ O /h a  (Table  3). The c a rb o h y d ra te  c o n te n t  of
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s h e a th  d e c re a s e d  f ro m  2.59 to  2.29 p e r  c e n t  w hile  t h a t  of culm 

d e c re a s e d  f ro m  2.90 to  2.36 pe r  c e n t  b e tw e e n  th e s e  t r e a tm e n t s .  

On th e  c o n tra ry  c a rb o h y d ra te  c o n te n ts  of p an ic le  in c reased  from  

62.74 to  71.85 pe r  c e n t  b e tw e e n  th e  p la n ts  t r e a t e d  w ith  z e ro  and 

70 kg K2 0 / h a .

The c a rb o h y d ra te  yield f rom  p an ic le  in c re ase d  f rom

2325 k g /h a  to  3699 k g /h a  b e tw e e n  p la n ts  t r e a t e d  w ith  z e ro  and 

35 kg K 2 0 / h a  re g is te r in g  a  59 pe r  c e n t  in c re a s e .  The t o ta l  c a rb o 

h y d ra te  yield f ro m  th e  p la n t  in c re ase d  by 57 p e r  c e n t  b e tw e e n

th e s e  t r e a tm e n t s .  P o ta ss iu m  a p p lic a t io n  beyond 35 kg K2 0 / h a  

did n o t  cause  s ig n i f ic a n t  im p ro v e m e n t  on th e  c a rb o h y d ra te  yield 

e i th e r  f ro m  th e  p a n ic le  or f ro m  th e  p la n t  as  a  w hole  and i t  a p p e a rs  

t h a t  a  dose  of 35 kg K2 0 / h a  is o p t im u m  in th is  r e s p e c t .

The f a v o u ra b le  e f f e c t s  of po tass iu m  in p ro m o tin g  p h o to 

syn thes is  (Smid and P e a s le e ,  1976) and t r a n s lo c a t io n  of a s s im ila te s  

(M engel and H a e d e r ,  1977; M engel and Kirkby, 1983) a r e  well d o c u 

m e n te d .  Inc reased  p o ta ss iu m  supply m ig h t  have  a c c e l e r a te d  C 0 2

u p tak e  by th e  p la n ts  as  w ell  as  th e  t r a n s lo c a t io n  of c a rb o h y d ra te s

to  th e  e a r  (Haeder and M engel, 1974). The f low  of a s s im ila te s

in th e  ph loem  vesse ls  is r e p o r te d  to  be f a s t e r  w hen  p la n ts  a re

w ell supplied  w ith  p o ta ss iu m  (M engel and H a e d e r ,  1977). H a r t t  

(1979) using ^ C C >2 e s ta b l ish e d  t h a t  in s u g a rc a n e ,  t r a n s lo c a t io n  

of a s s im ila te s  f ro m  th e  lea v e s  to  s ta lk  was f a s t e r  in p lan ts  well

supplied  w ith  p o ta ss iu m . H a e d e r  et_ aL (1973) co n firm ed  th is  ro le
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of po tass iu m  in p o ta to e s  using labe lled  C C ^. They f u r th e r  r e p o r te d  

t h a t  rap id  t r a n s p o r t  of a s s im i la te s  to  th e  s to ra g e  organs is im p o r t 

a n t  n o t  s im ply b e c au se  m o re  a s s im i la te s  a r e  s to red  th e re b y  increas ing  

th e  yield b u t  a lso  b e c a u se  of e v a c u a t io n  of a s s im ila te s  f ro m  th e  

lea v e s  enab ling  p h o to sy n th e s is  to  co n tin u e . The p o s i t iv e  e f f e c t  of 

p o ta ss iu m  on th e  sy n th e s is  and t r a n s p o r t  of c a rb o h y d ra te s  from  

th e  v e g e ta t i v e  p a r t s  to  th e  p an ic  le has  been  re p o r te d  by m any 

w o rk e rs  (M ishra, 1980; Roy et^ a h  1980; M engel and Kirkby, 1983; 

and Vil' G e l '  M, 1986). The r e s u l ts  o b ta in e d  in th e  p re s e n t  s tudy  

a re  in confor  m ity  w i th  th e  f ind ings of th e  above .

The c a rb o h y d ra te  c o n te n t  of so u rce  ( lea f ,  sh e a th  and 

culm) d e c re a s e d  due  to  k in e t in  sp ray  w ith  c o rre sp o n d in g  in c re ase  

in th e  g ra in  c a rb o h y d ra te  c o n te n t .  Two sp rays  of k in e t in  resu l ted  

in th e  h ig h es t  p e rc e n ta g e  of g ra in  c a rb o h y d ra te  (70.7 p e r  cent) .  

The c a rb o h y d ra te  yield a lso  in c re ase d  c ons ide rab ly  d u e  to  k in e t in  

sp ra y .  P la n ts  t r e a t e d  w ith  2 sp rays  of k in e t in  ( f i r s t  a t  f low ering  

and second  a t  10 DAF) p roduced  h ig h es t  a m o u n ts  of c a rb o h y d ra te  

f ro m  p a n ic le  (3818 kg /ha)  and t o ta l  c a rb o h y d ra te  f ro m  p la n ts  (3943 

kg /ha)  b o th  re g is te r in g  a 38 per  c e n t  in c re a s e  over  w a t e r  sp ray . 

The re su l ts  in d ic a te  t h a t  k in e t in  a p p lic a t io n  causes  m o re  or less 

s im ila r  e f f e c t  as  t h a t  of po tass iu m  a p p l ic a t io n  w ith  reg a rd  to  a s s im i

la t e  t r a n s p o r t .

K ine tin  a p p l ic a t io n  d e c re a s e d  th e  c a rb o h y d ra te  c o n te n t  

of l e a f  f rom  1.85 pe r  c e n t  ( w a te r  sp ray)  to  1.69 p e r  c e n t  (2 sprays
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of k inetin ) .  The c a rb o h y d ra te  c o n te n t  of s h e a th  d e c re a s e d  f rom  

2.47 per  c e n t  to  2.32 p e r  c e n t  and t h a t  of clum f ro m  2.66 per

c e n t  2.5  i p e r  c e n t  b e tw e e n  p la n ts  t r e a t e d  w ith  w a te r  sp ray  and 

2 sp rays  of k in e t in .  C o rrespond ing ly  c a rb o h y d ra te  c o n te n t  of p an ic le  

in c re ase d  f rom  66.4 pe r  c e n t  to  70.7 p e r  c e n t  b e tw e e n  p lan ts  t r e a t 

ed w ith  w a te r  sp ray  and 2 sp rays  of k in e t in .  The d a t a  thus  revea l  

t h a t  k in e t in  a p p lic a t io n  can  d e c r e a s e  th e  c a rb o h y d ra te  c o n te n t  

of th e  so u rce  w ith  a co rrespond ing  in c re a s e  in th e  c a rb o h y d ra te

c o n te n t  of th e  sink, in d ic a t in g  th e  fa v o u ra b le  in f lu e n ce  of th is  

b io re g u la n t  on a s s im i la te  t r a n s p o r t .  M othes  and E n g e lb re c h t  (1961) 

and K rish n a m o o rth y  (1981) r e p o r te d  t h a t  k in e t in  in f lu en ces  th e  

d i r e c t io n  of t r a n s p o r t  of o rg a n ic  m e ta b o l i te s  and m in e ra ls  and th e ir  

a c c u m u la t io n  in th e  sink.

The p o ta s s iu m -k in e t in  in te r a c t io n  w as s ig n i f ic a n t  on

th e  c a rb o h y d ra te  c o n te n t  ( sh e a th  and pan ic le)  as w ell  as  th e  c a rb o 

h y d ra te  yield (from  p a n ic le  and t o ta l  c a rb o h y d ra te  yield f ro m  p lan t) .  

It can  be seen  f ro m  th e  F ig .3 t h a t  th e  p la n ts  supplied  w ith  n e i th e r  

p o ta ss iu m  nor k in e t in  held 5.30 per  c e n t  of th e  t o ta l  c a rb o h y d ra te  

in th e  so u rc e  w hile  th o se  supplied  w ith  p o ta ss iu m  and k in e t in

(35 or 70 kg K ^ O /h a  a long  w ith  one or tw o  sp rays  of k ine t in )  re ta in e d  

only less  (3.00 to  3.10 p e r  cen t)  in th e  s t r a w .  C orrespond ing ly  

th e r e  w as an  im p ro v e m e n t  in th e  g ra in  c a rb o h y d ra te  c o n te n t .
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A pplica t ion  of 35 kg k ^ O /h a  along  with  a single spray 

of k in e t in  a t  10 DAF re s u l te d  in t h e  h ig h e s t  p e r c e n ta g e  of a c c u m u la 

t ion  of c a rb o h y d ra te s  in th e  g ra in  (96.90 per  cen t) .  The p o ta s s iu m -  

k in e t in  in te r a c t io n  was s y n e rg e s t i c  on th e  c a rb o h y d ra te  yield from  

p a n ic le  as  well as t h e  t o ta l  c a rb o h y d ra te  yield f ro m  th e  p lan t .  

A dose  of 35 kg k ^ O /h a  along  w ith  a  s ing le  sp ray  of k in e t in  a t  

10 DAF w as found to  be  o p t im u m  in th is  r e s p e c t .  C o m p a re d  to  

w a te r  sp ray , th e  c a rb o h y d ra te  yield f ro m  th e  pa n ic le  and t h e  t o ta l  

c a rb o h y d ra te  yield f ro m  th e  p la n t  w i th  th is  t r e a t m e n t  com b ina tion  

w e re  m ore  by 129 p e r  c e n t  and 124 p e r  c e n t  re sp e c t iv e ly .

2.4. P r o te in  c o n te n t  and p ro te in  yield

P o ta ss iu m  a p p l ic a t io n  a l te re d  th e  p ro te in  a c c u m u la t io n  

in d i f f e r e n t  , p la n t  p a r t s  as  well  as  th e  t o ta l  p ro te in  yield f rom  

th em  (Table  5). The p ro te in  c o n te n t  of so u rc e  ( lea f ,  sh e a th  and 

culm) d e c re a s e d  w ith  in c re a s e  in th e  leve ls  of po tass iu m  up to  35 

kg K 2 0 / h a  and a f t e r  w hich  th e  e f f e c t  was n o t  m ark ed .  P ro te in  

yield f ro m  p a n ic le  as well  as  th e  t o ta l  p ro te in  yield f ro m  th e  p la n t  

in c re ase d  w ith  in c re a s e  in leve ls  of po tass iu m  u p to  th e  h ighes t  

leve l  t r i e d  (70 kg K 2 0 /h a ) .

The le a f  p ro te in  c o n te n t  d e c re a s e d  f ro m  3.62 p e r  c e n t  

to  3 .2 2  p e r  c e n t  b e tw e e n  p la n ts  supplied  w ith  z e ro  and 35  kg 

k ^ O / h a  w hile  th e  s h e a th  p ro te in  c o n te n t  d e c re a s e d  f ro m  7 .7 3  to  

3.53 p e r  c e n t  b e tw e e n  th e m  (Table  5). C o rrespond ing ly  th e  p ro te in  

c o n te n t  of p an ic le  in c re a se d  w ith  in c re m e n ta l  dose  of p o tass ium .
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The p ro te in  yield f ro m  p a n ic le  in c re ase d  by 106 per  c e n t  in p lan ts  

t r e a t e d  w ith  70 kg K2 0 /h a  co m p ared  to  c o n tro l '  w hile  th e  t o ta l  p ro te in  

yield f ro m  p lan t  in c re a se d  by 73 per  c e n t  b e tw e e n  th e s e  t r e a tm e n t s .  

In su f f ic ie n t '  supply of p o ta ss iu m  to  th e  p lan ts  r e s u l ts  in an in c re a s e  

in th e  p ro te in  a c c u m u lt io n  in th e  v e g e ta t iv e  p a r t s  (H siao et_ al_. 1970; 

M engel and Koch, 1971).

The p ro te in  c o n te n t  of so u rce  ( lea f ,  s h e a th  and culm) d e c re a s e d  

due  to  k in e t in  sp ray  w ith  th e  co rrespond ing  in c re a s e  in th e  g ra in  

p ro te in  c o n te n t .  Two sp ray s  of k in e t in  r e su l te d  in th e  a c c u m u la t io n  

of h ighes t  a m o u n ts  of p ro te in  in th e  g ra in s  (9.37 per  cen t) .  H igher 

n i t ro g e n  u p ta k e  w as n o t ic e d  due  to  k in e t in  t r e a t m e n t  (Table  5) w hich 

m ig h t  have  he lped  th e  p la n t  to  p ro d u ce  m o re  p ro te in s .  The p ro te in  

yield a lso  in c re a se d  cons ide rab ly  due  to  k in e t in  sp ray . P la n ts  t r e a te d  

w ith  2 sp ray s  of k in e t in  p roduced  h ig h es t  a m o u n t  of pa n ic le  p ro te in  

(507 kg /ha)  as  well as  th e  t o t a l  p ro te in  f ro m  p la n ts  (714 kg /ha) . 

C om pared  to  w a te r  sp ray ,  th e  p la n ts  t r e a t e d  w ith  2 sp rays  of k in e t in  

p ro d u ce d  59 pe r  c e n t  m o re  of pa n ic le  p ro te in  and 46 p e r  c e n t  m o re  

of t o t a l  p ro te in .  K ine tin  sp ray  d e c re a s e d  th e  p ro te in  c o n te n t  of 

le a f  f ro m  3.49 to  3.32 p e r  c e n t  and of s h e a th  f ro m  3.64 to  3.54 per  

c e n t  b e tw e e n  th e  t r e a tm e n t s ,  w a te r  sp ray  and 2 sp ray s  of k in e t in .  

C o rrespond ing ly  th e  p ro te in  c o n te n t  of pa n ic le  in c re a se d  f rom  7.52 

per  c e n t  to  9.37 p e r  c e n t .  The r e s u l ts  re v e a l  t h a t  k in e t in  a p p l i c a t 

ion d e c re a s e s  th e  p ro te in  c o n te n t  of t h e  so u rc e  and in c re ase s  

th e  p ro te in  c o n te n t  of th e  sink th u s  in d ic a t in g  a f a v o u ra b le  e f f e c t  

o f th is  ho rm o n e  on a s s im i la te  p a r t i t io n in g  to  t h e  e c o n o m ic  sink.
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The b e n e f ic ia l  e f f e c t s  of k in e t in  on th e  t r a n s lo c a t io n  of p ro te in s  

f ro m  th e  v e g e ta t iv e  p a r t s  to  th e  g ra in  have  been  r e p o r te d  by severa l

w orke rs  (Lovell, 1971; W agner, 1974 and Simpson et_ a h  1982).

The p o ta s s iu m -k in e t in  in te r a c t io n  w as s ig n if ic a n t  on the  

p ro te in  c o n te n t  of l e a f ,  s h e a th  and pa n ic le  and s y n e rg e s t ic  on 

th e  p ro te in  yield  (pan ic le  p ro te in  and t o ta l  p ro te in  yield) of r ice .  

A pp lica t ion  of 35 kg I ^ O / h a  along w ith  a  s ing le  sp ray  of k inetin  

a t  10 DAF w as  found to  be  o p t im u m  in th is  r e s p e c t  (F ig .4). The 

p lan ts  supplied w ith  n e i th e r  p o ta ss iu m  nor k in e t in  held 45.70 per 

c e n t  of th e  t o t a l  p ro te in  in th e  so u rce  and 54.30 per  c e n t  in 

th e  sink w hile  th o se  supplied w ith  po tass iu m  (cl 35 kg l ^ O / h a  and 

a s ing le  sp ray  of k in e t in  a t  10 DAF r e t a i n e d  o n l y  2 7 . 8 0  p e r

c e n t  in th e  so u rce  and as m uch  as 72 per  c e n t  of th e  p ro te in s

w e re  t r a n s lo c a te d  to  th e  sink.

3. U p ta k e  of n i t ro g e n ,  phosphorus  and p o ta ss iu m

The u p ta k e  of N and P in c re ase d  in leve ls  of po tass iu m

upto  35 kg K ^ O /ha  and a f t e r  w hich  th e  e f f e c t  w as  n o t  p ro g re ss iv e .  

The po tass iu m  u p tak e  in c re ase d  w ith  in c re a se  in leve  Is of po tass iu m  

up to  th e  h ig h es t  leve l  t r i e d  (70 kg K ^O /ha) . P o ta ss iu m  a p p l ic a t io n

in c re a se d  th e  N u p ta k e  f ro m  95 to  138 k g /h a  b e tw e e n  th e  p lan ts

supplied  w ith  z e ro  and 35 kg h ^ O /h a  re g is te r in g  a  45 p e r  c e n t

in c re a s e .  Phosphorus  u p ta k e  b e tw e e n  th e s e  t r e a t m e n t s  in c re ase d  

f ro m  26 to  35 k g /h a  re g is te r in g  a 33 p e r  c e n t  in c re a s e .  The p o tass ium  

u p ta k e  in c re ase d  f ro m  93 to  147 k g /h a  b e tw e e n  p lan ts  t r e a te d  

w ith  z e ro  and 70 kg I ^ O / h a  re g is te r in g  a 57 per  c e n t  in c re a se .
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The t o ta l  DMP also  in c re ase d  due  to  p o ta ss iu m  ap p lic a t io n  (Table 

2) and thus  th e  n u t r ie n t  a b so rp t io n  as w ell .  The in c re ase d  up tak e  

o f N, P and K due to  h igher  levels  of p o ta ss iu m  has been  re p o r te d  

by m any  w o rk e rs  (M engel et^ a h  1976; S te in e c k  and H aed e r ,  1980 

and Singh and Singh, 1987).

K ine tin  a p p lic a t io n  a lso  in c re a se d  th e  u p tak e  of f e r t i l i z e r  

n u t r i e n ts  (N, P and K). Two sp rays  of k in e t in  r e su l te d  in th e  h ighes t  

N and K u p tak e  by r ic e  re g is te r in g  30-33 p e r  c e n t  in c re a s e  com pared  

to  w a te r  sp ray . Even a  s ing le  sp ray  of k ine t in  a t  10 DAF was 

e f f e c t iv e  th a n  w a te r  sp ray  in th is  r e s p e c t .  In th e  ca se  of phosphorus 

u p tak e ,  t h e  e f f e c t s  of 2 sp rays  of k in e t in  and a s ing le  sp ray  a t  

10 DAf w e re  on par  and su p e r io r  to  w a te r  sp ray . P e rh ap s  th e  

e f f e c t  of k in e t in  on DMP (Table  3) m ig h t  be respons ib le  fo r  th e  

observed  t re n d  on n u t r i e n t  u p tak e .  Enhanced  N u p tak e  du e  to  

k ine t in  a p p l ic a t io n  w as r e p o r te d  by Y oshida and O r i ta n i ,  1979 and 

Simpson et_ a h  1982.

P o ta s s iu m -k in e t in  in te r a c t io n s  w e re  s y n e rg e s t i c  on th e  

u p tak e  of m ajo r  n u t r ie n ts .  The t r e a t m e n t  c o m b in a tio n  33 kg 

K ^O /ha  and a s ing le  sp ray  of k in e t in  a t  10 DAF w as found to  be 

th e  b e s t  w ith  reg a rd  to  t h e  u p ta k e  of n i t ro g e n ,  phosphorus  and 

p o ta ss iu m . The n i tro g e n ,  phosphorus and po tass iu m  u p ta k e  in c re ase d  

by 82, 89- and 83 per  c e n t  r e s p e c t iv e ly  b e tw e e n  th e  t r e a t m e n t s  

co n tro l  and "33 kg K ^ O /h a  plus a s ing le  sp ray  of k in e t in  a t  10 

DAF".
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4. Y ield  c o m p o n e n ts

The yield com p o n en ts  such  as num ber  of pan ic les  per
2

m , p an ic le  len g th ,  n u m b er  of sp ik e le ts  pe r  pan ic le ,  num ber  of

f il led  g ra in s  p e r  pa n ic le ,  p e r c e n ta g e  of f i l led  g ra ins  and thousand

g ra in  w e ig h t  in c re ase d  p ro g re ss iv e ly  w ith  in c re a s e  in th e  levels

of p o tass ium  up to  th e  h ig h es t  leve l  t r ie d  (70 kg l ^ O / h a ) .  The

2
n u m b er  of p an ic les  p e r  m w e re  274 and *f22  fo r  th e  t r e a tm e n t s  

z e ro  and 70 kg K ^ O /h a  re s p e c t iv e ly .  P a n ic le  len g th  inc reased  

f ro m  19.4 to  21.5 (11 p e r  cen t) ,  n u m b er  of sp ik e le ts  per  pan ic le  

f ro m  90.5 to  109.1 (21 p e r  cen t) ,  n u m b er  of f il led  g ra in s  per  pan ic le  

f ro m  60.1 to  91.5 (52 p e r  cen t) ,  f i l led  g ra in  p e rc e n ta g e  f ro m  66.3 

to  83.9 (27 p e r  cen t)  and thousand  g ra in  w e ig h t  f rom  22.7 to  26.7 

(18 per  cen t)  b e tw e e n  th e  t r e a t m e n t s  z e ro  and 70 kg H ^O /ha . 

M atsush im a  et_ ah. (1968) r e p o r te d  t h a t  th e  in c re a s e  in the  num ber  

of s p ik e le ts  per  p a n ic le  is a t  th e  e x p e n se  of s to re d  c a rb o h y d ra te  

in s h e a th  and culm  of r ic e .  Im p ro v e m e n t  in th e  a p p a re n t  c o n t r i 

bu tion  r a t e  of c a rb o h y d ra te  f ro m  so u rc e  to  s ink (F ig .3) m igh t  be 

respons ib le  fo r  an  in c re a s e  in thousand  g ra in  w e ig h t .  P o ta ss iu m  

n u t r i t io n  fav o u re d  t r a n s lo c a t io n  of a s s im ila te s  f ro m  so u rc e  to  sink 

re su l t in g  in an  in c re a s e  in t e s t  w e ig h t  and n u m b er  of g ra in s  per

e a r  (B eringer, 1985). F a v o u rab le  in f lu e n ce s  of p o ta ss iu m  on num ber

2of p a n ic le s  per  m , pa n ic le  len g th ,  s p ik e le t  n u m b er  per  p a n i c l e , 

p e r c e n ta g e  of f i l led  g ra in s  and t e s t  w e ig h t  have  b e e n  r e p o r te d  

by s e v e ra l  w o rk e rs  (U exkull, 1976; V arm a et^ a h  1979; M andal

and D a s m a h a p a t r a ,  1983; V enka tasubb iah  e t  a h  1982; Xu e t  a h

I QSHi. T 1 Q8 St



Two sp rays  of k in e t in  r e s u l te d  in h ighes t  n u m b er  of pan ic les  

per  m (382), p an ic le  leng th  (212.5 cm), num ber  of sp ik e le ts  per  

p an ic le  (99.7), n u m b er  of f i l led  g ra in s  per  p an ic le  (78.4), f illed grain  

p e rc e n ta g e  (78.4) and thousand  g ra in  w e ig h t  (25.4). Among th e  single 

sp rays ,  k in e t in  sp ray  a t  10 DAF w as th e  b e s t  com pared  to  t h a t  a t  

f lo w e r in g  to  im prove  th e  y ield  co m p o n e n ts  in r ice ,  Cytok in ins  possess 

th e  p ro p e r ty  of d i r e c te d  t r a n s p o r t  of m e ta b o l i te s  f ro m  sou rce  to  

sink (M othes  and E n g e lb re c h t ,  1961) and in c re a s e '  th e  num ber  and 

s ize  of ind iv idual sinks (H olm es, 1974). M ichael and B eringer  (1980) 

re p o r te d  t h a t  cy tck in ins  m ay  a f f e c t  y ield  fo rm a t io n  th rough  th e

p ro m o tio n  of ce ll  d iv is ion  and th e  build up of s to ra g e  c a p ac i ty .  

P re su m a b ly  in th e  l a t e r  s ta g e ,  th e i r  m ain  fu n c t io n  is r e t a rd a t io n

of s e n e s c e n c e  and th u s  k eep ing  th e  lea v e s  g ree n  and a c t iv e  fo r  a

longer pe riod .

The b e n e f ic ia l  e f f e c t  of k in e t in  on num ber  of p an ic les  per

2
m , p a n ic le  len g th ,  n u m b e r  of sp ik e le ts  pe r  pa n ic le ,  n u m b er  of f il led  

g ra in s  p e r  pa n ic le ,  f il led  g ra in  p e rc e n ta g e  and thousand  g ra in  w e ig h t  

has  b e e n  r e p o r te d  by s e v e ra l  w o rk e rs  (Biswas and C houdhuri,  1977; 

Ray and C houdhuri,  1981; D e b a ta  and M urty , 1981; San tokh  and G urbaksh , 

1982; and G urbaksh  e t  a h  1984).

The m ain  e f f e c t  of p o ta s s iu m  on y ield ' c o m p o n e n ts  such  as 
2

n u m b er  of p a n ic le s  p e r  m , n u m b er  of sp ik e le ts  per  pa n ic le ,  num ber  

of f il led  g ra in s  per  p a n ic le ,  p e rc e n ta g e  of f il led  g ra in s  and thousand  

g ra in  w e ig h t  w e re  m od if ied  by k in e t in  sp ray . In g e n e ra l  th e  h ig h es t  

v a lues  w ith  reg a rd  to  th e s e  yield co m p o n e n ts  w e re  n o t ic e d  w ith  p lan ts

D‘±
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t r e a t e d  w ith  70 kg K ^ O /ha  and a  s ing le  sp ray  of k in e t in  a t  10 DAF.

2
The p e rc e n ta g e  in c re a s e  in n u m b er  of p an ic les  per  m , num ber  of 

sp ik e le ts  p e r  pa n ic le ,  n u m b e r  of f i l led  g ra in s  per  pa n ic le ,  p e rc e n ta g e  

of f i l led  g ra ins  and thousand  g ra in  w e ig h t  w ith  t r e a tm e n t  "35 kg 

K^O /ha plus a s ing le  sp ray  of k in e t in  a t  10 DAF" w e re  re s p e c t iv e ly  

63, 12, 43, 28 and 17 per  c e n t  m o re  com pared  to  con tro l .

5. G ra in  yield

G ra in  yield in c re a se d  due  to  p o tass ium  a p p lic a t io n  upto  a 

leve l  of 35 kg h ^ O /h a  and a f t e r  which th e  e f f e c t  was no t p rog ress ive .  

The g ra in  yield in c re ase d  f ro m  3670 kg to  5185 kg b e tw e e n  th e  

p la n ts  t r e a t e d  w ith  z e ro  and 35 kg K ^ O /ha  re g is te r in g  a  41 per  c e n t  

in c re a s e .  The d a t a  on g ro w th  c h a r a c te r s  and yield c o m p o n e n ts  p r e s e n t 

ed in ta b le  2 and 7 r e v e a le d  t h a t  p o tass ium  n u t r i t io n  e n h an ced  th e  

g ro w th  and im proved  th e  yield a t t r i b u t e s  and in g e n e ra l  th e  e f f e c t s  

w e re  s ig n i f ic a n t  up to  a  lev e l  of 35 kg K 2 0 / h a .  P o ta ss iu m  a p p lica t io n  

a lso  en h an ced  th e  u p ta k e  of n i t ro g e n ,  phpsphorus  and p o ta s s iu m  (Table  

5). This m igh t  have  caused  m o re  fu n c t io n a l  le a f  a r e a  and chlorophyll 

c o n te n t  (Table  3) in p o ta ss iu m  t r e a t e d  p lan ts  re su l t in g  in g r e a t e r  

ph o to sy n th e s is .  C on seq u en tly  th e  p la n ts  could p rov ide  a  b e t t e r  sou rce  

to  th e  sink. B e n e f ic ia l  e f f e c t s  of po tass iu m  on p h o to sy n th e s is  (Smid 

and P e a s le e ,  1976), f la g  le a f  Iongiv ity  (Hoang, 1974; R ay  and C houdhuri,  

1980; and Das and S a rk a r ,  1981), ph loem  loading  and ph loem  t r a n s p o r t  

(H a e d e r  and M engel, 1974; 1-9??, H a r t t ,  1979; and MengeJ and Kirkby, 

1983) w e re  r e p o r te d  by m any w o rk e rs .  P o ta ss iu m  a p p lic a t io n  thus 

cause  n o t  only th e  p ro d u c t io n  of a s s im ila te s  -but a lso  h a s te n s  th e  

t r a n s lo c a t io n  of a s s im i la te s  to  th e  sink.
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Many r e s e a rc h e r s  have  r e p o r te d  th e  p o s it iv e  in f lu en ce  of

p o ta ss iu m  on g ra in  yield  in r ic e  (Sahu and R ay , 1976; H alm  and D ar tey ,  

1977; Robinson and R a ja g o p a la n ,  1977; Singh and P rakash , 1979;

A garw al,  1980; M a h a p a t ra  et_ a h  1980 and G urm an i  et^ a h  1984).

The dose  of po tass iu m  t h a t  ■ is be ing  re c o m m e n d e d  by th e  K era la
i

A g r ic u l tu ra l  U n iv e rs i ty  fo r  sh o r t  d u ra t io n  r ic e  in sandy loam  soils

of K e ra la  is 35 kg K2 0 / h a  (Anon, 198f>). F rom  th e  re su l ts  i t  ap p ears

t h a t  t h e  m ain  e f f e c t  of p o ta ss iu m  beyond 35 kg h ^ O / h a  m a y  n o t  

be b e n e f ic ia l  in th e  t e s t  a re a .

K ine tin  a p p lic a t io n  caused a  p ronounced  e f f e c t  on g ra in  yield. 

Two sp ray s  of k in e t in  r e s u l te d  in th e  p ro d u c t io n  of th e  h ighes t  a m o u n ts  

of g ra in  (5386 kg /ha)  fo llow ed  by a  s ing le  sp ray  a t  10 DAF (5058 

kg /ha)  and th en  by a s ing le  sp ray  a t  f low er ing  (4489 kg /h a ) .  The 

g ra in  yield due  to  2 sp rays  of k in e t in ,  a s ing le  sp ray  a t  10 DAF and 

a  s ing le  sp ray  a t  f low er ing  w e re  m o re  by 31, 23 and 10 p e r  c e n t  

r e s p e c t iv e ly  ove r  w a te r  sp ray . K ine tin  a p p l ic a t io n  in c re ase d  th e

chlorophyll  c o n te n t  of f la g  lea f  (Table  3) and de la y e d  th e  f la g  lea f

s e n e s c e n c e .  This m ig h t  h a v e  in c re a se d  th e  p h o to sy n th e s is  during

th e  r ipen ing  p h a se .  The im p ro v e m e n t  in g ra in  n u m b er ,  g ra in  w e ig h t

and g ra in  t i l la g e  (T ab le  7) in k in e t in  t r e a t e d  p la n ts  m ig h t  be th e  

r e f le c t io n  of t h e  b e n e f ic ia l  e f f e c t s  of th is  b io re g u la n t  on th e  pos t  

f low ering  p h o to sy n th e s is .

K ine tin  a lso  p layed  a  v i ta l  ro le  on th e  p a r t i t io n in g  of c a rb o 

h y d ra te s  and p ro te in  (T ab le  3 and 5) b e tw e e n  th e  so u rc e  and th e
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sink. The in c re a se d  g ra in  yield n o t ic e d  d u e  -to k in e t in  ap p lic a t io n  

m igh t  have  b e e n  channelised  th ro u g h  t h e  b e n e f ic ia l  e f f e c t  of th is  

b io re g u la n t  on ph o to sy n th s is ,  a s s im i la te  t r a n s p o r t ,  g ra in  t i l la g e  and 

g ra in  w e ig h t .  The s tudy  g ives  d e f in i te  ind ic a t io n s  on th e  pos it ive"  

in f lu en ce  of k in e t in  on g ra in  yield in r ic e .  Two sp rays  of k ine t in  

re s u l te d  in t h e  p ro d u c t io n  of th e  h ig h es t  a m o u n ts  of g ra in .  But f rom  

th e  e c o n o m ic  p o in t  of view i t  w as found t h a t  a s ing le  sp ray  of k ine tin  

a t  10 DAF w as op tinum  (T ab le  7). S im ila r  e f f e c t s  of k ine t in  on g ra in  

yield of r ic e  w e re  r e p o r te d  by Biswas and Choudhuri, 1977; Ray and 

C houdhuri ,  1981; and D e b a ta  and M urty , 1981.

The p o ta s s iu m -k in e t in  in te r a c t io n  w as s y n e rg e s t ic  on g ra in  

yield and a p p lic a t io n  of 35 kg K ,,0 / h a  plus 2 sp rays  of k in e t in  re su l te d  

in th e  p ro d u c t io n  of t h e  h ig h e s t  a m o u n ts  of g ra in  (58*f5 kg/ha) and 

i ts  e f f e c t  w as on p a r  w ith  t h a t  of 35 kg K ^ O /ha  w ith  a  s ing le  spray  

of k in e t in  a t  10 DAF (5562 kg /h a ) .  The g ra in  y ield  in c re a se d  by 

101 p e r  c e n t  b e tw e e n  th e  p la n ts  t r e a t e d  w ith  n e i th e r  p o ta ss iu m  nor 

k in e t in  and th o se  t r e a t e d  w ith  35 kg K2 0 / h a  plus 2 sp rays  of k ine t in .  

The yield in c re a s e  w ith  th e  t r e a t m e n t  35 kg l ^ O / h a  plus a  single  

sp ray  of k in e t in  a t  10 DAF over a b so lu te  c o n tro l  w as in th e  o rd e r  

of 91 p e rc e n ta g e .

It  m ay  be  n o ted  t h a t  th e  m ain  e f f e c t  of po tass iu m  w as r e s t r i c 

ted  to  a  leve l  of 35 kg K ^ O /h a .  R eg a rd in g  k in e t in  a p p lic a t io n ,  i t  

was found t h a t  2 sp ray s  of k in e t in  r e su l te d  in th e  p ro d u c t io n  of h ighes t
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a m o u n t  of g ra in  fo llow ed  by a  s ing le  spay a t  10 DAF. It can be 

seen  f ro m  Table  8 t h a t  th e  com bined  e f f e c t  of po tass im  and k ine t in  

w as  m o re  th a n  a d d i t iv e  and th e  e f f e c t  was found to  be  sy n e rg e s t ic .  

The re su l ts  in d ic a te  t h a t  th e  m ain  e f f e c t  of p o tass ium  can be m odified  

fav o u ra b ly  w ith  k in e t in  sp ray  du ring  th e  p o s t  f low ering  s ta g e  to  enhance  

th e  g ra in  y ield . The d a t a  on th e  c a rb o h y d ra te  and p ro te in  c o n te n t  

o f p la n t  p a r t s  p r e s e n te d  in Tab le  3 to  6 su gges ts  t h a t  th is  fav o u ra b le  

e f f e c t  w as  channelised  th ro u g h  th e  e f f e c t s  of po tass iu m  and k ine t in  

to  t r a n s lo c a te  th e  s y n th a te s  to  the  sink w hich o th e r  wise would have 

a c c u m u la te d  in t h e  so u rc e .  It a p p e a rs  t h a t  bo th  th e  m ain  e f f e c t s  

as  well a s  th e  in te r a c t io n  e f f e c t s  of p o tass ium  and k in e t in  w as pos it ive  

to  in c re a s e  th e  p h o to sy n th e s is  and to  m ob ilise  th e  s y n th a te s  from  

th e  so u rce  to  th e  sink.

D a ta  on c o r r e la t io n  p re s e n te d  in T ab le  9 show ed t h a t  t h e r e  

e x is te d  a  s t ro n g  n e g a t iv e  c o r r e la t io n  b e tw e e n  g ra in  yield and c a rb o h y 

d r a t e  c o n te n t  of le a f ,  s h e a th  and culm . The c o r r e la t io n  b e tw e e n  

g ra in  yield and lea f  c a rb o h y d ra te  c o n te n t  w as -0.81 w hile  t h a t  b e tw e e n  

g ra in  y ield  and s h e a th  c a rb o h y d ra te  c o n te n t  was -0 .80 . The c o r re la t io n  

b e tw e e n  g ra iny ie ld  and c a rb o h y d ra te  c o n te n t  of culm  w as  -  0.83. 

But t h e r e  w as s tro n g  pos it ive  c o r r e la t io n  b e tw e e n  g ra in  yield and 

c a rb o h y d ra te  c o n te n t  of th e  p a n ic le  (0.87). The re s u l ts  in d ic a te  t h a t  

a p p l ic a t io n  of p o ta ss iu m  and k in e t in  d e c re a s e d  th e  c a rb o h y d ra te  c o n te n t  

of t h e  so u rc e  and in c re a se d  th e  c a rb o h y d ra te  c o n te n t  of th e  p an ic le .  

C on seq u en tly  th e  g ra in  yield of r ic e  w as a lso  in c re a se d .
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From  th e  re s u l ts  o b ta in e d  th e  fo llow ing  conc lusions can be

d raw n .

1. The e f f e c t s  of p o tass ium  and k in e t in  a r e  s y n e rg e s t ic  on g row th , 

yield and n u t r i e n t  u p tak e  of r ic e  and a com b ina tion  of 35 kg K ^O /ha

plus a s ing le  sp ray  of k in e t in  a t  10 DAF is op t im u m .

2. Both  po tass iu m  as well as  k in e t in  a p p lic a t io n  p re v e n t  th e  a c c u m u la 

tion  of c a rb o h y d ra te  and p ro te in  in th e  so u rc e  and enhanced  th e i r  

a c c u m u la t io n  in th e  sink. Their  in te r a c t io n  e f f e c t  is also fav o u ra b le  

in th is  r e s p e c t  and 35 kg K 2 0 / h a  plus a s ing le  sp ray  of 10 ppm  k ine t in  

a t  10 DAF is o p t im u m .

6 . S t ra w  yield

P o ta ss iu m  a p p l ic a t io n  in c re ase d  s t r a w  yield up to  a leve l  

of 35 kg I<2  O /ha .  The s t r a w  yield in c re ase d  f rom  4379 kg to  5464

kg re g is te r in g  a  25 p e r  c e n t  in c re a s e  b e tw e e n  th e  t r e a t m e n t s  z e ro

and 35 kg K ^ O /h a .  The b e n e f ic ia l  e f f e c t s  of po tass iu m  observed  

on g ro w th  c h a r a c te r s  (Table  2 ) exp la in  th is .  The p o s i t iv e  in f lu e n ce  

of po tass iu m  in in c re as in g  s t r a w  yield in r ic e  has b e e n  r e p o r te d  by 

m any w o rk e rs  (Singh et^ al. 1976; Singh and P ra k ash ,  1979; and 

V enka tassubb iah  et^ a h  1982).

K ine tin  a p p l ic a t io n  a lso  caused  an im p ro v e m e n t  in s t r a w  

yield and a s ing le  sp ray  of k in e t in  a t  10 DAF w as  found to  be  o p tim u m
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in th is  r e s p e c t .  The s t r a w  y ield  in c re a s e d  f ro m  4591 kg to  5473 

k g /h a ,  b e tw e e n  th e  t r e a t m e n t s  w a te r  sp ray  and  k in e t in  sp ray  a t  10 

D A F, r e g i s te r in g  a  19 p e r  c e n t  in c re a s e .

!
7. H a r v e s t  index

H a r v e s t  index  in c re a s e d  d u e  t o  p o ta s s iu m  a p p l ic a t io n  up to  

a  lev e l  o f  35 kg f ^ O / h a  and a f t e r  w h ich  th e  e f f e c t  w as  n o t  p ro g re ss iv e .
i

The h a r v e s t  index  in c re a s e d  f ro m  0.46 to  0 .49 b e tw e e n  th e  t r e a t m e n t s  

z e ro  and 35 kg f ^ O / h a .  The h a r v e s t  index is a  m e a s u re  of th e  a m o u n t  

of d ry  m a t t e r  a c c u m u la te d  in th e  sink in r e l a t io n  to  th e  t o ta l  b iom ass  

p ro d u ce d  by th e  p la n t  (Snyder and C a r lso n ,  1984). t h e  r e s u l t s  o b ta in e d  

in th e  p r e s e n t  s tu d y  in d ic a te  th e  p o s i t iv e  in f lu e n c e  of p o ta s s iu m  on 

th e  a s s im i la te  p a r t i t io n in g  t o  th e  e c o n o m ic  sink. The fa v o u ra b le  

e f f e c t  of p o ta s s iu m  on t r a n s lo c a t io n  of p h o to s y n th a te s  has  b e e n  r e p o r 

te d  by m any  r e s e a r c h e r s  ( H a r t t ,  1970; 1979; H a e d e r  e t  a h  1973; 

M engel and Viro, 1974; M engel and K rikby , 1983).

K in e t in  a p p l ic a t io n  in c re a s e d  th e  h a r v e s t  index and 2 sp ray s  

of k in e t in  r e s u l te d  i n . t h e  h ig h e s t  h a r v e s t  index  (0.49). The e f f e c t s  

of s ing le  sp ra y s  on h a r v e s t  index  w e re  on pa r  w i th  2 sprays, b u t  

i t  w as  h ig h e r  th a n  w a t e r  s p ra y .  K in e t in  t r e a t m e n t  m ig h t  h a v e  a u g m e n 

ted  th e  p h o to s y n th a t i c  a c t i v i t y  of t h e  le a v e s  r e s u l t in g  in h ig h er  p r o d u c 

tion"  and m o b i l iz a t io n  of p h o to s y n th a te s  to  th e  g ra in s .  The r e s u l t  

o b ta in e d  in th e  p r e s e n t  s tu d y  is in a g r e e m e n t  w ith  th e  f ind ings  of 

B iswas and C houdhuri ,  1977; and R ay  e t  a l^  1983.



The e f f e c t  of p o ta s s iu m  on h a r v e s t  index was d i f f e r e n t  when 

k in e t in  t r e a t m e n t  w as com bined . It can  be seen  f r o m T ab le  8 and 

Fig. 9 t h a t  th e  e f f e c t s  of k in e t in  w ith  p o ta s s iu m  doses  of 17.5 kg

and 35.0 kg K ^ O /h a  w e re  s im i la r  b u t  h ig h er  th a n  t h a t  of con tro l  

(0 kg I ^ O / h a ) .  A s ing le  sp ra y  of k in e t in  a t  f lo w er in g  17.5 kg K ^O /ha

as w ell  as  35.0 kg K ^ O /h a  r e s u l te d  in a  h a rv e s t '  index  of 0.48 w hile

a s ing le  sp ra y  of k in e t in  a t  10 DAF w ith  p o ta s s iu m  do ses  of 17.5 

kg as w ell  as  35.0 kg K ^ O /h a  re s u l te d  in th e  s a m e  h a rv e s t  index 

(0.49). The r e s u l t s  in d ic a te  t h a t  a h ig h er  h a rv e s t  index can be ach iev ed  

ev e n  w ith  a  low er  do se  of p o ta s s iu m  if k in e t in  sp ray  can  be com bined . 

The s a m e  e f f e c t  can  be  o b ta in e d  even  by app ly ing  p o ta s s iu m  a lone  

a t  h ig h er  doses  (70 kg K ^O /ha) .  The fa v o u ra b le  e f f e c t  of p o ta ss iu m  

as well as  k in e t in  on a s s im i la te  s y n th e s is  as  well a s  t r a n s lo c a t io n  

( f rom  th e  s o u rc e  to  th e  sink) a l r e a d y  d iscussed  in th e  e a r l i e r  s e c t io n s  

ex p la in  th e  o b se rv e d  t r e n d  in h a r v e s t  index.

8 . C o r r e l a t i o n s

The c o r r e la t io n s  of g ra in  y ie ld , s t r a w  yields h a r v e s t  index ,

c a rb o h y d r a te  yield  f ro m  p a n ic le ,  p ro te in  yield  f ro m  p a n ic le  and p o t a s 

sium  u p ta k e  a t  h a r v e s t  w ith  d i f f e r e n t  p la n t  c h a r a c t e r s  p re s e n te d  

in T ab le  9 and F ig . 10 and 11 b r ing  o u t  c e r t a in  i n te r e s t in g  re s u l ts .  

It w as  found t h a t  th e  g ra in  y ie ld , s t r a w  y ield , h a r v e s t  index , c a rb o h y 

d r a t e  yield  f ro m  p a n ic le ,  p r o te in  y ield  f ro m  p a n ic le  and p o ta s s iu m  

u p ta k e  by c rop  a t  h a r v e s t  e x h ib i t  s ig n i f ic a n t  p o s i t iv e  c o r r e la t io n
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w ith  m any p la n t  c h a r a c te r s  e x c e p t  w ith  few  physio log ica l  c h a ra c te r s  

( c a rb o h y d ra te  and p ro te in  c o n te n t  of le a f ,  s h e a th  and culm ). It was 

a lso  found t h a t  t h e r e  e x is ted  a s ig n i f ic a n t  n e g a t iv e  c o r r e la t io n  b e tw e e n  

th e  c a rb o h y d ra te  and p ro te in  c o n te n ts  of le a f ,  sh e a th  and culm w ith  

g ra in  y ield . The re la t io n sh ip s  of s t r a w  yield , h a rv e s t  index, ca rb o h y 

d r a t e  yield f ro m  pa n ic le ,  p ro te in  yield f ro m  p an ic le  as  well as p o ta s 

s ium  u p ta k e  w ith  t h e  c a rb o h y d ra te  and p ro te in  c o n te n t  of lea f ,  

sh e a th  and culm  w as also  n e g a t iv e .

The re s u l t  in d ic a te  t h a t  a d e c re a s e  in th e  c a rb o h y d ra te  and 

p ro te in  c o n te n ts  of le a f ,  s h e a th  and culm  will in c re a s e  th e  po tass ium  

u p take ,  c a rb o h y d ra te  yield f ro m  p a n ic le ,  p r o te in  yield f rom  pan ic le ,  

g ra in  yield, s t r a w  yield and h a rv e s t  index  of r ic e .  The re su l ts  f u r th e r  

su g g e s t  t h a t  any a g ro n o m ic  a t t e m p t  to  d e c re a s e  th e  c a rb o h y d ra te  

and p ro te in  c o n te n ts  of le a f ,  sh e a th  and culm  of r ic e  would re su l t  

in an  im p ro v e m e n t  in th e  g ra in  and s t r a w  yields of r ic e .  In th e  p re s e n t  

s tu d y  i t  w as found t h a t  - a p p lic a t io n  of p o ta ss iu m  and k in e t in  caused 

a s ig n i f ic a n t  r e d u c t io n  in th e  c a rb o h y d ra te  and p ro te in  c o n te n t  of 

lea f ,  s h e a th  and cu lm . C o rrespond ing ly  t h e r e  w as  an in c re a s e  in 

th e  g ra in  yield  of r ic e .

9. E conom ics

9.1. N e t  r e tu rn  and n e t  r e tu rn  p e r  ru p ee  inves ted

P o ta ss iu m  a p p l ic a t io n  up to  35 kg K 2 0 / h a  in c re ase d  th e  n e t
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r e tu r n  as w ell  as  t h e  n e t  r e tu r n  p e r  ru p ee  in v es te d .  B e tw e e n  p o tass ium  

leve ls  of z e ro  and 17.5 kg k ^ O /h a .  th e  in c re a s e  in n e t  incom e  was 

in t h e  o rd e r  of R s .3 ^ 9 6 /-  and R s .9 7 5 / -  ind ic a t in g  a h igher  p ro f i ta b i l i ty  

a t  low er  doses  of p o ta s s iu m  a p p lic a t io n .  The m arg in a l  r e tu r n s  w e n t  

on d e c re a s in g  w ith  in c re a s e  in th e  leve ls  of p o ta s s iu m  a p p l ic a t io n .

K ine tin  a p p lic a t io n  in c re a se d  th e  n e t  r e tu rn  and n e t  r e tu rn  

per  ru p ee  in v es te d .  It w as found t h a t  a  s ing le  sp ray  of k in e t in  a t  

a t  10 DAF w as o p t im u m  . g iving a  n e t  r e tu rn  of Rs.768*f/- and n e t  

r e tu rn  per  ru p e e  in v es ted  of Rs.1 .49 . The n e t  r e tu rn  o b ta in e d  w ith  

a s ing le  sp ray  of k in e t in  a t  10 DA F was R s .1 7 5 7 /-  m ore  th an  t h a t  

of w a te r  sp ray . The re su l ts  c lea r ly  in d ic a te  t h e  b e n e f ic ia l  e f f e c t  

o f k in e t in  to  in c re a s e  th e  n e t  r e tu rn s  f ro m  r ic e .

The n e t  r e tu rn  as w ell  as th e  n e t  r e tu rn  p e r  ru p ee  inves ted  

due  to  po tass iu m  a p p lic a t io n  w e re  d i f f e r e n t  w ith  and w i th o u t  k in e t in  

a p p lic a t io n .  A pp lica t ion  of 35 kg K 2 0 / h a  w ith  a s ing le  sp ray  of 

k in e t in  a t  10 DAF g a v e  a n e t  r e tu r n  of R s .8 8 6 5 /-  and n e t  r e tu rn  

p e r  r u p e e  in v es ted  of 1.71. The n e t  r e tu r n  due  to  t h e  t r e a t m e n t  

c o m b in a tio n  35 kg K2 0 / h a  plus a s ing le  sp ray  k in e t in  a t  10 DAF 

w as Rs.5730 h igher  th a n  t h a t  o b ta in e d  w ith  con tro l .

F ro m  th e  re s u l ts  o b ta in e d  f ro m  th e  s tu d y  i t  can  be concluded  

th a t  a p p l ic a t io n  of 35 kg K 2 0 / h a  a long  w ith  a s ing le  sp ray  of k ine t in  

a t  10 D A F is an  e f f i c i e n t '  and e c o n o m ic  c o m b in a tio n  of p o tass ium  

and k in e t in  fo r  r ic e  du ring  su m m e r .
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6. SUMMARY

A fie ld  e x p e r im e n t  w as  c o n d u c te d  a t  th e  C ropping  Sys tem s  

R e s e a rc h  C e n t r e ,  K a ra m a n a ,  T r iv a n d ru m  d u r in g  s u m m e r  1987 to  s tudy  

th e  e f f e c t  o f p o ta s s iu m  and k in e t in  on th e  g row th , a s s im i la te  p a r t i t io n in g ,  

n u t r i e n t  u p ta k e  and y ie ld  of a  s h o r t  d u r a t io n  r ic e  v a r i e ty  T riven i.  The 

so il  of t h e  e x p e r im e n ta l  f ie ld  w as sandy  lo am , a c id ic  in r e a c t io n ,  low 

in a v a i ia b ie  n i t ro g e n  and p o ta s s iu m  and m ed ium  in a v a i la b le  phosphorus ,  

The w e a th e r  w as  n o rm a l  du r ing  t h e  p e r io d  of crop  g ro w th .  T he  t r e a tm e n t s  

involved a  f a c t o r i a l  c o m b in a t io n  of leve ls  of p o ta s s iu m  (0, 17.5, 35.0 

and 70.0 kg I ^ O / h a )  and 4 leve ls  of k in e t in  (w a te r  sp ra y ,  10 ppm  k in e t in  

a t  f lo w er in g ,  10 ppm  k in e t in  a t  10 DAF and 10 ppm  k in e t in  a t  f lo w er in g  

and ag a in  a t  10 DAF). The e x p e r im e n t  w as laid o u t  in a  random ised  

b lock  des ign  w ith  t h r e e  r e p l ic a t io n s .  The r e s u l t s  of t h e , e x p e r im e n t  

a r e  su m m a r is e d  be low .

1. P l a n t  h e ig h t ,  t i l l e r  p ro d u c t io n  and DMP of r ic e  in c re a s e d  du e  to  p o t a 

ssium  a p p l ic a t io n  u p to  a  leve l  of 35 kg K 2 0 / h a .  A s ing le  sp ray  of 

k in e t in  a t  10 DAF caused  c o n s id e ra b le  in p ro v e m e n t  in p la n t  h e ig h t  

and t o t a l  DM P. The in te r a c t io n  b e tw e e n  p o ta s s iu m  and k in e t in  was 

s y n e r g e s t i c  on t o ta i  DMP a t  h a r v e s t  and  a c o m b in a t io n  of 35 kg K2 0 / h a  

plus a  s ing le  s p ra y  of k in e t in  a t  10 DAF w as o p t im u m .

2. P o ta s s iu m  a p p l ic a t io n  in c re a s e d  LAI u p to  a  lev e l  of 70 kg K 20 / h a .



75

3. P o ta ss iu m -k in e t in  in te r a c t io n  w as pos it ive  on th e  chlorophyll c o n te n t  

of f lag  le a f  and th e  h ig h es t  chlorophyll c o n te n t  w as n o ticed  w ith  p lan ts  

t r e a t e d  w ith  35 kg k ^ O /h a  plus a  s ing le  sp ray  of k in e t in  a t  f low ering .

4. The p o ta s s iu m -k in e t in  in te r a c t io n  was s ig n if ic a n t  on th e  c a rb o h y d ra te  

c o n te n t  of p lan t  p a r t s .  P lan ts  supplied  w ith  n e i th e r  p o tass ium  nor k ine tin  

con ta ined  m o re  a m o u n ts  of c a rb o h y d ra te  in th e  's o u rc e '  w hile  th o se  

supplied w ith  p o tass ium  and k in e t in  {35 or 70 kg K ^O /ha  a long  w ith  

one or tw o  sp rays  of k inetin )  showed h igher  a c c u m u la t io n  of c a rb o h y d ra te s  

in th e  's in k 1.

5. The p o ta s s iu m -k in e t in  in te r a c t io n  was s y n e rg e s t ic  on th e  c a rb o h y d ra te  

yield f ro m  p an ic le  as  well as  on th e  t o ta l  c a rb o h y d ra te  yield  f r o m p la n t .  

A dose  of 35 kg k ^ O /h a  plus a  s ing le  sp ray  ■ of 10 ppm  k ine t in  a t  10 

DAF w as o p tim u m  in th is  r e s p e c t .

6 . The p o ta s s iu m -k in e t in  in te r a c t io n  was s ig n i f ic a n t  on th e  p ro te in  conten t 

of p la n t  p a r t s  and a p p l ic a t io n  of 35 kg k ^ O /h a  plus a  single spray  of 

k in e t in  a t  10 DAF re su l te d  in h igher  a c c u m u la t io n  of p ro te in  in th e  

's in k 1.

7. The p o ta s s iu m -k in e t in  in te r a c t io n  was s y n e rg e s t ic  on th e  p an ic le  p ro te in  

and to ta l  p ro te in  yeild . A pp lica t ion  of 35 kg k ^ O /h a  plus a s ing le  spray  

of 10 ppm  k in e t in  a t  10 DAF was found to  be  op tim um  in th is  r e s p e c t .
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8 . The p o ta s s iu m -k in e t in  in te r a c t io n s  w e re  s y n e rg e s t ic  on n u t r i e n t  up tak e  

and a p p lic a t io n  of 35 kg l ^ O / h a  plus a  s ing le  sp ray  of 10 ppm  k ine t in  

a t  10 DAF re su l te d  in h igher  u p tak e  of N, P and K.

2
9. N um ber of p a n ic le s  p e r  m , num ber  of sp ik e le ts  per  pa n ic le ,  num ber 

of f il led  g ra in s  pe r  p a n ic le ,  p e rc e n ta g e  of f i l led  g ra in s  and 1 0 0 0  g ra in  

w e ig h t  w e re  th e  h ig h es t  w ith  th e  t r e a t m e n t  c o m b in a tio n  "70 kg K ^O /-  

h a  plus a s ing le  sp ray  of k in e t in  a t  10 DAF" fo llow ed by "35 kg f ^ O / h a  

plus a s ing le  sp ray  a t  10 DAF".

10. The p o ta s s iu m -k in e t in  in te r a c t io n  w as  s y n e rg e s t ic  on g ra in  yield and 

ap p lic a t io n  of 35 kg k ^ O / h a  w ith  a s ing le  sp ray  of 10 ppm  k in e t in  a t  

10 DAF was op tim u m .

11. P o ta ss iu m  a p p lic a t io n  in c re a se d  s t r a w  yield up to  a  leve l  of 35 kg k ^ O /h a .  

K ine tin  sp ray  (10 ppm) a t  10 DAF in c re ase d  s t r a w  y ield .

12. The h a rv e s t  index of r ic e  was in c re ase d  by po tass iu m  a p p lic a t io n .  A ppli

c a t io n  of 35 kg ^ O / h a  plus a s ing le  spray  of 10 ppm  k in e t in  a t  10 DAF r e 

su lted  in h ig h er  h a rv e s t  index .

A pp lica t ion  of 35 kg ^ O / h a  along  w ith  a s ing le  sp ray  of 10 

ppm  k in e t in  a t  10 DAF w as an  e f f i c i e n t  and e c o n o m ic  com bina tion  

po tass iu m  and k in e t in  fo r  low land r ic e  du ring  su m m e r.
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APPENDIX -  I
M ETEO RO LO G IC A L D A TA  DURING THE C R O P P IN G  PE R IO D

S u m m e r  1987

S tandard  P er iod  R a in fa l l  M axim um  M inim um  R e la t iv e  R e la t iv e
Weeks c  T m m  t e m p e r a -  t e m p e r a -  hum idity(% ) hum id ity  (9f

F ro m  10  t u r e  tu re  08.30 17.30
°C °C

■7 F eb . 12 Feb . 18 0 33 2 3 .4 ' ’ 81 69

8 F e b .  19 F eb . 25 0 32.6 23.5 76 66

■9 F eb .  26 M ar. 4 0 32.8 23.4 75 64

10 Mar. 5 M ar. 11 0 33.3 23.2 72 60

11 M ar. 12 Mar. 18 4 33.9 25.4 73 68

12 M ar. 19 M ar. 25 3.9 33.4 24.3 74 67

13 Mar. 26 Apr. 1 0 33.8 25.0 75 64

14 Apr. 2 Apr. 8 10.1 33.7 25.5 75 72

13 Apr. 9 Apr. 15 0 33.9 26.6 74 69

16 Apr. 16 A pr. 22 89 33.5 24.5 83 80

17 Apr. 23 A pr. 29 17.9 32.8 25.4 81 73

18 A pr. 30 May 6 '! 14.5 33 25.3 77 67

19 May 7 - May 13 2 .6 34.2 25.8 76 70

20 May 14 May 20 94 32.7 24.5 83 83

21 May 21 May 27 85.4 32.9 24.8 85 76

2 2 . May 28 Ju n .  3 35.9 32.0 24.9 80 75

23- Jun . 4 Ju n .  10 31.2 33.5 23.6 83 77



A b s tra c t  o r  ANOVA t a b l e  f o r  g ro w th  c h a r a c t e r s .

Source d . f .

Mean Sum o f  S q u a re s

Replication 2

Treatment 3

Error

 PTant height
30 DAT

MSS

1 9 0 .1 6

5 -5 5

60 DAT

5 ' 52 , 3 7 .3

** *■*

~i T r ~ : f l 1 : i l l e r 5 / r 1 ---------------- D rv  m a t t e r  p r o d u c t i o n  S ource
_ T 60 DAT 30 DAT 60  DAT

3 2 2 .9

9 .4 8

5 7 8 .2 5

5 1 8 1 0 .6 * *

3 3 5 .9

d . f .  P l a n t  H e ig h t  DMP a t  
a t  H a rv e s t-  H a r v e s t

8 7 7 .5 - 133312 1601 2 8 R e p l i c a t i o n 2
■**

2 7 .5 2 1030400

87365** ' 5 3 7 0 2 2 0 * * 9101483** T re a tm e n ts 15
**

1 0 .5 8 8001400**

896 242551 49298Q L e v e ls  o f  K 3
**■

3 3 .5 2 21656240

L e v e ls  o f  B 3
**

1 2 .0 7 14144340**

L e v e ls  o f  K 
L e v e ls  o f  B

x 9 2 .4 3 140 2 1 4 1 *

E r r o r 30 2 .4 7 5 8 0 6 2 5 .1

* S i g n i f i c a n t  a t  5% l e v e l

**  S i g n i f i c a n t  a t  1% l e v e l
DAT -  D ays a f t e r  t r a n s p l a n t i n g



^ APPENDIX I I IAbstract■act o f  ANOVA t a b l e  f  o
— _______________  LAI’ C h l° r0 p hy11  c o n t e n t > c a r b o h y d r a te  c o n te n t  and c a r b o h y d ra te  y i e l d .

   MEAN SUK OP SQUARES ' ' 7 -----------
LAj a t    C h l o r o p h y l l  c o n t e n t  --------------- - -------------------- ----------------------- ------------------------------------------------------------------------------------------------
f lo w e r -  S o u rc e  d -r 7L _    — a r  o h y d r a te  c o n t e n t  a t  h a r v e s t  (%) C a rb o h y d ra te  y i e l d  ,a t  h a r v e s t
in g -  15  DAF 25 DA? j . . ,  “  .----------------------   --------------------------------- ----------------

     S h e a th  Culm P a n ic le  L e a f  S h e a th  Culm P a n ic le  T o ta l

0 .0 1 8 8  R e p l ic a 
t i o n

7 .4 2 ?  T r e a t -

0 - 0 0 0 6 ,  0 .0 0 24 0 .0 0 6 9 1  * 0 .0 0 1 7 2  0 .0 0 5 1  6 . 1 95 *
~  2 0 .5 3 5  1 3 .6 4 0  7 0 .5 7 0  128528 139712

= .„ t s  0 .0 1 8 3 . 0 .0 1 0 3 ”  0 .1 1 0 9 "  0 .0 7 5 s ”  0 .1 5 3 7 * *  5 4 .5 4 5 ”   * * -  — * * -  — * * _______ * •  ■ ■ - * *
15 U.UIUJ o . 11no — n „.,= „*»■  ** * *

1 8 .6 5 0  2 4 .9 3 0  9 4 .4 7 8  1860499 1897822
0-0255  Levels o f  3 ^

Levels o f 3 +* ^  O -^eOI 0 .2 3 2 5  . 0 .6 9 0 8 * *  2 1 0 .3 2 2 * *  16. 832** 2 7 .5 0 7 *  3 4 .1 6 6  5856395**  59OB102*

B .OO79 0 .0 0 5 9  0 .0 6 3 2 * *  0 .0 5 3 9 * *  0 .0 5 3 1 * *  4 0 .3 0 2 * *  4 5 .2 4 8 * *  6 5 .4 9 4 * *  2b6- 19 b 2646080* 2746091*
Levels of
K x L evels 9 n * *

0 f  B ■ ' 9 -0 0 0 3 5  0.00384 0 .0 3 0 8 * *  0 .0 0 8 2  7 . 368*  . I 0.390 10.632 5 0 .6 7 5  266675** 276279"

0 .0 0 0 5 2  O.OOO69 0 .0 0 1 9 9  0 .0 0 1 5  0.005
Error

2 -955  6.170 8 .2 5 0  29.396 69O8O 73568

**
S i g n i f i c a n t  a t  5*  l e v e l  d a f  n
S iK H f  ~ y s  a i ‘ t e r  LlowerinnS i g n i f i c a n t  a t  1% i e v e l  °



APPENDIX IV

A b s tra c t  o f  ANOVA ta b le  f o r  p r o te in  c o n te n t ,  p r o te in  y ie ld  and n u t r i e n t  u p ta k e .

Mean Sum o f  S o u a re s

Sour■ce d . f .

of K x 9 
e v e l s  o f  B

E r r ° 1'  . .  . , 3 0

P r o t e i n  c o n t e n t  a t  h a r v e s t

L ea f S h e a th

0 .0261

0 .1341

0 .4 4 6 5 *

**
0 .0 7 6 1

■**
0 .0 4 9 3

P r o t e i n  y i e l d  a t  h a r v e s t
Culm P a n ic le L e a f Sheath Culm P a n ic le

0 .0 0 3 8 0 .0 1 4 6 0 .2 3 7 9 0 .3 5 1 2 0 .0 1 1 3 5 4 .4 5 3 189

0 .0321 0 .0 3 4 3 **
5 .9 7 9 1 0 0 .9 4 5 6 6 .8 1 4 * 5 4 0 .6 8 6 * 5471 I*

**0 .0 9 6 9 0 .0 5 2 3 1 8 .7 8 2 * 1 4 0 .8 4 0 * 1 4 1 .4 5 8 * 9 1 2 .2 5 0 * „  ■ ** 162438

0 .0 1 9 2 * 0 .0 1 3 3  . 7 .6 6 1 * 2 2 9 .2 8 ^ * 1 4 9 .8 6 2 * 6 4 5 .9 1 6 82694

0 .0 1 4 0 * 0 .0 3 3 8 ** 
1 .1 5 2 4 4 .8 6 4 1 4 .2 5 0 3 8 1 .7 5 3

+#-
9483

0 .0 0 2 4 ' 0 .0 1 8 8 0 .0 8 3  ■ 2 1 .9 4 3 9 -6 0 3  ■ 2 5 6 .8 5 3 1 1 1 6 .

N u t r i e n t  u p ta k e  a t  h a r v e s t

T o ta l

15B2

**
72725

*■*
210034

f-*118704

-  **
11629

2209

* S i g n i f i c a n t  a t  5% l e v e l "  

**  S i g n i f i c a n t  a t  1#  l e v e l

N

37

18Q1*

5609

**
2465

310

40

2 .6  

' r90

*■*
2 1 8 .7

9 6 .2

4 6 .0

3 -“>

1 6 .9
*«

3 1 9 7 .2

*•«
6 7 1 6 .7

*•*
2 6 5 5 -5

*«-
6 3 5 -0

9 .5



APPENDIX V

A b s tr a c t  o f ANOVA t a b l e  f o r  y ie ld  a t t r i b u t e s ,  y i e l d ,  h a r v e s t  in d ex  and econom ics o f  r i c e  p r

Mean Sum o f  S q u a re s

S o u rc e d . f . N'o. of „ 
p a n ic le s /m

P a n ic le
le n g th

N'o. o f  No. o f 
s p i k e l e t s /  f i l l e d  
p a n i c l e  g r a i n s /  

p a n i c l e

% f i l l e d  
g r a i n s

1000
g r a i n
w e ig h t

G ra in
y i e l d

S traw
y i e l d

H a rv e s t
in d e x

F.ccnomi-CS c

N et
r e t u r n

R e p l ic a t i o n 2 33 *0 . 085 0.766 0.515 1.266 0.016 163264 395776 0.00014 1237632

T re a tm e n ts 15
**

11019
**

3.997 179. 444* 458. 444* 150. 863*
**

8.414 2462473* 1619200* 0.00079 11256510

L e v e ls  o f  K 3
**

46461
**

12.662
**

783.146 • 2106. 604*
**

700.323
**

38.106 7194198 3881813
**

0.00278 37850800

L e v e ls  o f  B 3
**

4868
**

3.376
**

64.208
**-

130.188 . 37.042
**

3.315 3966933
**

3151616
**

0.00051 11567450

L e v e ls  o f 
K x  L ev e ls  
o f  B

9
**

1255 1 .317
*

16.622 1 8 .4 7 S *
**

5.649
**

0.216 383744* 354190
**

0.00022
■H*

2288100

E r r o r 30 70 0.727 2.397 1.928 1.845 0 .0 6 6 127880 172654 0 . 00005' 834577

Net return 
per rupee 
invested

0 .0 4 7

0.364

**
1 .3 7 7

** 
0 .1 6 5

0 .0 9 3

0 .0 3 3

* S i g n i f i c a n t  a t  5% l e v e l

** S i g n i f i c a n t  a t  1% l e v e l



GROWTH AND YIELD OF RICE AS INFLUENCED 
BY POTASSIUM AND KINETIN

By

SAKEENA, I. B.Sc.(Ag.)

ABSTRACT OF THE THESIS 
submitted in partial fulfilment of the 

requirement for the degree of 
MASTER OF SCIENCE IN AGRICULTURE 

Faculty of Agriculture 
Kerala Agricultural University

DEPARTMENT OF AGRONOMY 
COLLEGE OF AGRICULTURE 
VELLAYANI, TRIVANDRUM 

1988



A BSTRACT

With a  v iew  to  s tu d y  th e  e f f e c t  of po tass iu m  and k in e t in  on 

g row th , a s s s im i ia te  p a r t i t io n in g ,  n u t r i e n t  u p ta k e  and yield  of a  sh o r t  

d u ra t io n  r ic e  v a r ie ty  T riven i,  an  e x p e r im e n t  w as co n d u c ted  a t  th e  C ro p p 

ing S ys tem s  R e a s e a rc h  C e n t r e ,  K a ra m a n a ,  T r ivand rum  during  su m m er  

1987. The soil of th e  e x p e r im e n ta l  f ie ld  was sandy loam , a c id ic  in r e 

a c t io n ,  low in a v a i lab le  n i t ro g e n  and p o ta ss iu m  and m ed ium  in a va ilab le  

phosphorus. The t r e a t m e n t s  consis ted  of a f a c to r i a l  c o m b in a tio n  of 

4 leve ls  of p o ta ss iu m  (0, 17.5, 35 and 70 kg K2 0 / h a )  and 4 leve ls  of 

k in e t in  ( w a t e r 1 sp ray , 10 ppm  k in e t in  a t  f low er ing , 10  ppm  k in e t in  a t  

10 DAF and 10 ppm k in e t in  a t  f lo w er in g  and aga in  a t  10 DAF). The 

e x p e r im e n t  w as laid o u t  in a  random ised  b lock  des ign  w ith  t h r e e  r e p l i 

ca tio n s .  An a b s t r a c t  of th e  r e s u l ts  is g iven  below .

The e f f e c t s  of p o ta ss iu m  and k in e t in  w e re  s y n e rg e s t ic  on g ro w th ,  

yield and n u t r i e n t  u p tak e  of r ic e  and a c o m b in a tio n  of 3 5  kg K ^O /ha  

plus a s ing le  sp ray  of 10 ppm k in e t in  a t  10 DAF was o p t im u m .

Both p o ta ss iu m  as w ell  as k in e t in  a p p l ic a t io n  p re v e n te d  th e  

a c c u m u la t io n  of c a rb o h y d ra te  and p ro te in s  in th e  ’s o u rc e '  and enhanced  

th e i r  a c c u m u la t io n  in th e  e c o n o m ic  's ink '.  Their  in te r a c t io n  e f f e c t  

was a lso  f a v o u ra b le  in th is  r e s p e c t  and 35 kg K 2 0 / h a  plus a s ing le  sp ray  

of 10 ppm k in e t in  a t  10 DAF w as o p t im u m .



po tass iu m , k in e t in  as  well as  th e i r  in te r a c t io n s .  A p p lica t io n  of

35 kg I ^ O / h a  plus a  s ing le  sp ray  of 10 ppm  k in e t in  a t  10 OAF 

re su l te d  in h igher  g ra in  yield as  well as h a rv e s t  index.

A pp lica t ion  of 35 kg K 2 0 / h a  along  w ith  a s ing le  sp ray

of 10 ppm  k in e t in  a t  10 DAF w as found to be an e f f i c i e n t  and

e c o n o m ic  com bina tion  of p o tass ium  and k in e t in  for low land r ice .

The harvest index of rice was favourably influenced by


