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I. I N T R O D U C T I O N

Rice is a vi ta l food for  m o re  than  h a l f  o f  the As ian  p o p u l a t io n  and 

w ide ly  g row n  in 89 c o u n t r i e s .  S ince,  the a v a i l a b i l i t y  o f  land  for rice 

cu l t iv a t io n  r e m a in s  s ta t ic  or  in m a n y  c a s e s  d w i n d l in g  rap id ly  due to the 

use o f  c u l t iv a b le  a reas  for  in dus t r ia l  p u r p o s e s ,  eve ry  effor t  s hou ld  be 

m ade  to increase  the p r o d u c t i v i t y  o f  r i ce  pe r  uni t  land a rea  to feed the 

ever  inc re as in g  p o p u la t io n .

In K era la  r ice  is g r o w n  in an  a rea  o f  ab o u t  3 .22  lakh ha wi th  an 

annua l  p r o d u c t i o n  o f  ab o u t  7 ,04  lakh  t (FIB ,  2004) .  M a nua l  t r a n s p la n t in g  

is the m ain  m e t h o d  f o l lo w e d  in a s s u r e d  i r r iga ted  areas .  T ra d i t io n a l ly ,  

r ice is t r a n s p la n t e d  by c o n t r a c t  l a b o u r e r s  on  da i ly  wages .  Usua l ly  the 

f a rm er s  are p r a c t i c i n g  r a n d o m  p la n t in g  in r ice  c u l t iv a t io n .  For  t a rge ted  

y ield ,  m a i n t e n a n c e  o f  o p t i m u m  p lan t  p o p u l a t i o n  is n e c e s s a ry  w h ic h  is 

not p o s s ib l e  u n d e r  r andom  p lan t ing .  So  line p l a n t in g  w'as in t ro d u c ed  

w h ic h  r equ i r e s  m o re  sk i l l ed  l a b o u r e r s  to m a in ta in  o p t i m u m  popu la t io n  

u nde r  suc h  a sy s te m .

In creased  i n d u s t r i a l i z a t i o n  has r e d u c e d  the  ava i l ab i l i t y  o f  farm 

lab oure rs .  Fu r the r ,  inc re ase d  w a ge  rates  inc re ase d  the cos t  o f  p ro d u c t io n ,  

m a k i n g  the c u l t iv a t io n  o f  r i ce  u n e c o n o m i c a l .  U n d e r  such s i tua t ion ,  a 

less e x p e n s i v e  and  l abou r  s a v in g  m e t h o d  o f  r ice  p l a n t in g  w i t h o u t  m uch  

loss  o f  yield  is the urgent  need o f  the hour .

In Uttar  P r a d e s h ,  a l a b o u r  s av ing  m e t h o d  o f  t r a n s p l a n t in g  r ice i.e.. 

h\  b r o a d c a s t i n g  s e e d l in g s  has  been s u c c e s s fu l l y  a d o p te d  ( V a ru g h e s e  

a  at. .  1993) .  H o w e v e r  this  p r a c t i c e  is not  in vogue  in Kerala .

In r ecen t  yea rs ,  the a rea  u nde r  r ice  c ro p  is a lso d e c re a s in g  year  by 

> ear  due to less  p ro f i tab i l i ty .  To get  m a x i m u m  re tu rns ,  the cost  o f  

c u l t iv a t io n  has to be r ed u c e d  t h ro u g h  r e d u c t io n  in l abou r  input .

Use of n e e  t ransplanter-  will  a lso  r educe  the total cost  of’ 

c u l t iv a t io n  s ince ,  large a re a s  can be t r a n s p l a n t e d  w i th in  a \ er\  short



period .  The  use o f  m a c h i n e s  in a g r i cu l tu ra l  p r o d u c t io n  is one  o f  the 

o u t s t a n d in g  d e v e l o p m e n t s  in a g r i c u l tu re  a c ro s s  the globe .  T h r o u g h  

m e c h a n iz a t io n  the bu rden  and  d r u d g e r y  o f  fa rm w o rk  has  been  reduced  

and the e f f i c i e n c y  o f  l abou r  is inc reased .  R e d u c i n g  the labour  

r e q u i r e m e n t s  has been  the p r inc ipa l  m o t i v a t i n g  force in a g r i cu l tu ra l  

m e c h a n iz a t io n .

M y c o r r h iz a l  fungi  are  the key c o m p o n e n t s  o f  soi l  m ic r o b io t a .  A 

ca re fu l  s e le c t i o n  o f  func t io n a l ly  c o m p a t ib l e  h o s t - f u n g u s - s u b s t r a t e  

c o m b i n a t i o n  is e s sen t ia l  for  ea r ly  e s t a b l i s h m e n t  o f  a r b u s c u l a r  

m y co r rh iz a l  fungi  in nu rse ry  or  in out  p lan ted  f ie lds  o f  m a jo r  

ho r t i c u l tu ra l  c rops .  M y c o r r h i z a  has  the ab i l i ty  to m o b i l i z e  nu t r i t iona l ly  

im p o r ta n t  e l e m e n t s  f rom u n a v a i l a b l e  to a v a i l a b l e  fo rm t h ro u g h  b io log ica l  

p roces ses .

In r ec e n t  yea rs ,  b i o fe r t i l i z e r s  h a v e  e m e r g e d  as an im p o r ta n t  

c o m p o n e n t  o f  In teg ra ted  N u t r i e n t  Supp ly  Sys tem  ( IN SSJ  and hold a 

p r o m is e  to i m p r o v e  nu t r i en t  s u p p l i e s  and c ro p  yield.  A m o n g  

m v c o r r h iz a s ,  A M F  ( A r b u s c u l a r  M yc o r rh iz a l  Fungi )  has good  po ten t ia l  in 

im p r o v in g  nu t r i en t  cyc l ing,  i n o c u l a t i o n  o f  s e e d l in g s  with m y c o r r h i z a  

will  inc re ase  the p ro l i f e r a t i o n  o f  roo ts  w h ic h  e n h a n c e s  the a n c h o i a g i n g  

c apac i ty  o f  the s e ed l ings  and  i m p r o v e  the up take  o f  nu t r i e n ts .  The  

f u n g u s - r o o t  r e l a t i o n s h ip  has  i m p o r t a n c e  from the po in t  o f  av a i l ab i l i t y  o f  

d i f fu s io n  d e p e n d e n t  e l e m e n t s  ( im m o b i l e  in soi l )  l ike p h o s p h o r u s  and 

z inc  etc.

H e nc e  the p resen t  i n v es t ig a t io n  is p roposed  to s tudy  the effect  of  

d i f f e re n t  e s t a b l i s h m e n t  m e th o d s  and a r b u s c u l a r  m y co r rh iz a l  fungi  ( A M F )  

on g row th  and yield o f  r i ce  and  to c o m p a r e  the e c o n o m i e s  o f  r ice 

c u l t iv a t io n  by the  a d o p t io n  o f  d i f f e r e n t  e s t a b l i s h m e n t  m e th o d s .
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1. R E V I E W  O F  L I T E R A T U R E

T r a n s p l a n t i n g  o f  r ice  s e e d l i n g s  in the t r a d i t i o n a l  p r a c t i c e  is a

l a b o u r  i n t e n s iv e  and  l a b o r i o u s  task .  T h e  n o n - a v a i l a b i l i t y  o f  l a b o u r e r s

for t r a n s p l a n t i n g  at a p p r o p r i a t e  t im e  leads  to d e la y  in p l a n t in g ,  w h ic h  

re s u l t s  in p o o r  y ie ld s .  T he  m a jo r  o p e r a t i o n s  l ike n u r s e r y  p r e p a r a t i o n  

and m a n a g e m e n t ,  p u l l i n g  out  s e e d l i n g ,  t r a n s p o r t a t i o n  and  d i s t r i b u t i o n  

o f  s e e d l i n g s  to m a in  f ie ld  and  t r a n s p l a n t i n g  c o n s u m e s  3 0 - 4 0  p e r  cen t  o f  

to ta l  cos t  o f  c u l t i v a t i o n  in t r a n s p l a n t e d  r ice.  I nc r e a se  in t r a n s p l a n t i n g  

cos t  and  d e c l i n i n g  p r o f i t a b i l i t y  o f  r i ce  p r o d u c t i o n  u n d e r  p u d d l e d  

c o n d i t i o n s  fo rced  m a n y  f a r m e r s  to sh i f t  f rom t r a n s p l a n t i n g  to nove l  

m e t h o d s .

I n o c u l a t i o n  o f  s e e d l i n g s  wi th  m y c o r r h i z a  i n c r e a s e s  the 

p r o l i f e r a t i o n  o f  roo ts ,  w h i c h  i m p r o v e s  the a n c h o r a g i n g  c a p a c i ty  o f  the 

s e e d l i n g s  and e n h a n c e s  the u p t a k e  o f  n u t r i e n t s  and  i n c r e a s e  the yield .

The  p r e s e n t  r e v i e w  is m a i n l y  c o n f i n e d  to the s tu d i e s  m a d e  on 

d i f f e r e n t  p l a n t i n g  m e t h o d s  and A M F  i n o c u l a t i o n  on g r o w th  and yield 

a t t r i b u t e s  o f  r ice

2.1 E F F E C T  OF TH E D IF F E R E N T  M E T H O D S  OF P L A N T IN G  IN RICH

T r a n s p l a n t i n g  is the m o s t  c o m m o n  and  e x p e n s i v e  m e t h o d  lor

o b t a i n in g  g o o d  e c o n o m i c  y ie lds .  M e c h a n i z a t i o n  in t r a n s p l a n t i n g  

t h ro u g h  r ice  t r a n s p l a n t e r  u s ing  m at  n u r se ry  r e d u c e s  the cos t  o f  

c u l t i v a t i o n  s inc e  l a rge  a re a s  can  be t r a n s p l a n t e d  w i th in  a ve ry  short  

pe r iod .

D i rec t  s e e d i n g  and th r o w in g  o f  s e e d l i n g s  u n d e r  p u d d l e d  

c o n d i t i o n  arc the v i ab l e  a l t e r n a t i v e s  for t r a n s p l a n t i n g  ( M a t s u s h i m a .  

1979) .



t,

S in g h  et al.  ( 1 0 9 7 )  r e p o r t e d  tha t  the  gra in  and s t r a w  y ie ld  were
\

m a x i m u m  wi th  t r a n s p l a n t i n g  c o m p a r e d  to dr il l  s o w i n g  and  b r o a d c a s t  

s e e d i n g  in r ice.

G a n c s h  ( 1 9 9 9 )  o b s e rv e d  that  y ie lds  were high  in p u d d l e d  and 

po n d e d  t r a n s p l a n t e d  r ice ,  f o l l o w e d  by p u d d l e d  and  p o n d e d  b roadc a s t  

r ice,  bad hi (1 9 9 9 )  r epor ted  tha t  d i f f e r e n t  p l a n t in g  sy s te m s  in r ice a ffec t  

the gra in  yield and  e x p re s s io n  o f  yield a t t r ibu tes .

S a n b a g a v a l l i  et al .  ( 1 9 9 9 )  o b s e r v e d  tha t  t h e  r e s p o n s e  o f

i n d iv id u a l  g r o w t h  c h a r a c t e r s  v a r i e d  s i g n i f i c a n t l y  w i th  p l a n t in g

m e t h o d s .  T h e  c ro p  g r o w t h  p a r a m e t e r s  viz . ,  p l a n t  he ig h t ,  r oo t  l eng th ,
-)

root  v o l u m e  and n u m b e r  o f  t i l l e r s  nT‘ at f l o w e r i n g  and  dry  m a t t e r  

p r o d u c t i o n  at m a t u r i t y  s t a g e s  w e r e  found  to be m o re  in d i f f e r e n t  

p l a n t in g  m e t h o d s  in r ice,

B u d h a r  and T a m i l s e l v a n  ( 2 0 0 2 )  r e p o r t e d  tha t  the  y ie ld  a t t r i b u t e s  

l ike p r o d u c t i v e  t i l l e r s  h i l l ' 1, f i l l ed  g r a i n s  p a n i c l e 1 and  t es t  w e i g h t  w e re  

s i g n i f i c a n t l y  h ig h e r  by m e t h o d s  o f  p l a n t i n g  v iz .  t r a n s p l a n t i n g ,  t h r o w i n g  

o f  s e e d l i n g s ,  d i r e c t  s e e d i n g  by m a n u a l  b r o a d c a s t i n g  and w e t  s e e d i n g  by 

d r u m  seede r .  But  d i re c t  s e e d i n g  p r a c t i c e s  r e d u c e d  the t im e  for  50 per  

cent  f l o w e r i n g  by 7 - 9  days  c o m p a r e d  w i th  t r a n s p l a n t i n g  and t h r o w i n g  

o f  s e e d l in g s .

H e g d e  et al.  ( 2 0 0 0 )  n o t i c e d  th a t  the  b r o w n  spo t  i n c i d e n c e  in r ice 

was  m i n i m u m  in ro w  s e e d i n g  u s ing  a d rum  s e e d e r  and l ine t r a n s p l a n t i n g  

u s ing  a t r a n s p l a n t e r .

P o n n u s w a m y  et al .  ( 2 0 0 0 ) no t i c e d  tha t  the n u m b e r  o f  t i l l e r s  was  

p o s i t i v e l y  i n f l u e n c e d  by the m e t h o d  o f  p l a n t i n g  in r ice .

H igh ly  s ig n i f i c a n t  d i f f e r e n c e s  were  n o t i c e d  for the e f f e c t  o f  

p l a n t in g  m e t h o d s  on the n u m b e r  o f  t i l l e r s  m"2, n u m b e r  o f  p a n ic l e s  m ", 

n u m b e r  o f  g r a i n s  p a n ic l e " 1. p a n ic l e  w e ig h t .  1000 gra in  weigi i t .  g ra in  

y ie ld  m"“. gra in  and  s t r a w  y i e ld s  ( I r il -Kasaby et al . ,  2 0 0 2 ).



Pil l a i  et al.  ( 2 0 0 2 )  r e p o r t e d  th a t  d i f f e r e n t  m e t h o d s  o f  s o w i n g  ! 

t r a n s p l a n t i n g  had s i g n i f i c a n t  e f f e c t  on  p l a n t  p o p u l a t i o n  and  n u m b e r  o f  

p a n ic l e s  at h a rv e s t .  But  p r e - g c r m i n a t c d  s e e d s  m ix e d  wi th  c o w d u n g ,  

b r o a d c a s t  and  d i b b l i n g  r e c o r d e d  s i g n i f i c a n t  h ig h e r  p lan t  p o p u l a t i o n  

th an  t r a n s p l a n t i n g  in r i ce  u n d e r  l o w  land  s i t u a t io n .

2.1.1 S e e d l i n g  T h r o w i n g

in S o u th  E a s t  A s i a n  c o u n t r i e s ,  a m e t h o d  o f  r i ce  c rop  

e s t a b l i s h m e n t  s im p l y  by t h r o w i n g  the  r ice  s e e d l i n g s  into the p u d d l e d  

f ield lias been  d e v e l o p e d  to a c h i e v e  b e t t e r  m a n a g e m e n t  and y ie ld  in n e e  

c u l t i v a t i o n  ( M a t s u s h i m a ,  1979) .

In a s tu d y  c o n d u c t e d  at R ic e  R e s e a r c h  S t a t i o n ,  K a y a m k u l a m .  

K e r a la ,  V a r u g h e s e  et al.  ( 1 9 9 3 )  r e p o r t e d  that  b r o a d c a s t  p l a n t e d  c rop  

p r o d u c e d  h i g h e r  n u m b e r  o f  p a n ic l e s  as a r esu l t  o f  h e a v y  t i l l e r i n g  even  

th o u g h  the  n u m b e r  o f  h i l l s  m ~2 w a s  low  in b r o a d c a s t  p l a n t e d  c rop  

c o m p a r e d  to t r a n s p l a n t e d  crop .

K a n d a s a m y  el al.  ( 1 9 9 6 )  r epo r ted  that  due  to yield m a i n t e n a n c e  and 

sav ing  in p l a n t in g  l abou r  cost ,  the  B: C rat io  was  h ighe r  wi th  s e e d l in g  

th r o w in g  m e t h o d s ,  e sp e c i a l l y  in k h a r i f  season .

Li et al. (1999)  r epor ted  tha t  s e ed l in g  b ro ad c a s t  p r o d u c e d  more  

y ie ld  due  to inc re ase d  n u m b e r  o f  t i l le r s  and  sp ikes .

J i a n g  et al. ( 1999)  o b s e rv e d  that  the t e c h n i q u e  o f  t h r o w in g  rice 

s e ed l ings  into w e t  paddy  f ie ld  has  been  w id e ly  used  to  so lve  die 

p r o b l e m s  o f  h ig h  l abou r  in tens i ty  and late m atu ra t ion .

At  C o i m b a t o r e ,  s tud ies  r evea led  that  there  was  a c o n s id e r a b l e  

s av ing  in l abou r  for t r a n s p la n t in g  due  to s e ed l in g  t h ro w in g  in a d d i t io n  to 

inc re ase d  gra in  yield ( S h e k in a h  et a l ., 1999) .

Yan et al.  ( 1 9 9 9 )  found that  r ice  s e e d l in g s  t r a n s p la n t e d  by 

t h ro w in g  w ere  d i s t r ib u t ed  at r a n d o m  and  were  s h a l lo w  roo ted ,  and



d e v e lo p e d  a g o o d  p o p u l a t i o n  s t ruc tu re .  They a lso  had a sh o r t e r  lag 

phase ,  m o re  t i l le r s  and h igher  yield,

2.1.2  lYlcclumicul T r a n s p l a n t i n g

M e c h a n i z a t i o n  e n h a n c e s  p rod u c t iv i t y ,  as it r equ i r e s  less  t im e  to 

c o m p l e te  the v a r i o u s  c u l t iv a t io n / a g r i c u l tu ra l  o p e ra t io n s .  M e c h a n i z a t i o n  

im p r o v e s  the  e f f i c i e n c y  and cos t  e f f e c t i v e n e s s  in. c u l t iv a t io n .

S tu d ie s  c o n d u c te d  by va r io u s  w o r k e r s  r e p o r t e d  tha t  s u s t a i n e d  r ice 

p r o d u c t io n  can  be a c h ie v e d  by the e x t e n s i v e  a d o p t io n  o f  m e c h a n ic a l  

t r a n s p l a n t in g  (K h a n  and G unke l ,  1988;  V a rg h e se ,  1995) .

The  im p r o v e d  IRRI six ro w  paddy  t r a n s p la n t e r  s a v ed  75 pe r  cent  

l abou r  and  70 pe r  cent  cos t  in t r a n s p l a n t in g  ( K A U ,  2002) .

I s lam and A h m a d  (1998)  o b s e rv e d  that  the w o rk  rate  o f  m a c h in e  

t r a n s p l a n t in g  was  a p p r o x i m a t e ly  n ine  t im es  m o r e  t h a n  that  o f  hand  

t ransp la  nt ing.

P a n d ia ra ja n  et a!. ( 1 9 9 9 )  r e p o r t e d  that  t r a n s p l a n t in g  wi th  p o w e r  

t r a n s p l a n t e r  has given best  be ne f i t  cos t  rat io.  H e gde  et al.  (2000)  

r epo r ted  that  the i n c id e n ce  o f  b row n  spo t  in r ice was  m i n i m u m  by us ing  

a t r a n sp la n te r .

Ming  et al. (2000)  observed that  mechan ica l  t ransplan t ing s t imulated  

early t il lering, more num ber  o f  panicle  on earl ier  t il lers,  larger  panicles ,  

longer  ac t ive lea f  life and reduced the rate o f  loss o f  leaf' arqa.

M a n j a p p a  and  Ka ta rak i  (2 0 0 2 )  found  that  the net  r e tu r n s  were  

s ign i f i c a n t ly  h ighe r  wi th  m a c h i n e  t r a n s p la n t in g .  E l -K a sa b y  et a!. (2002)  

o b s e rv e d  tha t  m e c h a n ic a l  t r a n s p l a n t in g  gave  h ighes t  va lues  for n u m b e r  

o f  t i l ler  m"2, n u m b e r  o f  pan ic le  m 2, n u m b e r  o f  g ra ins  p a n i c l e ' 1, pan ic le  

we igh t ,  t h o u sa n d  gra in  we igh t ,  grain yield nT" and  s t r aw  yield than  that 

o f  m anua l  b r o a d c a s t i n g  and  d r i l l ing  in dry soil .



2.1.3 L ine  T r a n s p l a n t i n g

Line t r a n s p l a n t in g  e nsu re s  un i fo rm  c rop  s tand  and  h igher  

p r o d u c t iv i t y  but  r equ i r e s  m ore  l abou r  than  m a c h i n e  p l a n t in g  and s e e d l in g  

th row ing .  C h a t t e r j e e  and  Mait i  ( 1 9 8 9 )  s ta l ed  that  p roper  plan t  sp a c in g  is 

one o f  the i m p o r ta n t  f ac to rs  to o b t a i n  good  y ie ld  in r ice ,  p a r t i cu la r ly  in 

t r a n s p l a n t e d  c ond i t ion .

C h a n d r a  (1992)  r epo r ted  tha t  in l ine p lan t in g ,  there  is an even 

d i s t r i b u t io n  o f  l igh t ,  m o is tu re  and  nu t r i e n ts  a m o n g  the r ice p l a n t s  in a 

unit  area,  l ead ing  to m a n i f e s t a t i o n  o f  ideal  g r o w th  c o m p o n e n t s ,

S a i k i a  et al. (1992)  r e p o r t e d  that  i m p r o v e d  p rac t i c e s  o f  

t r a n s p l a n t in g  in l ines  with f e r t i l i z e r  a p p l i c a t i o n  have  h igher  grain vicld 

(4.33 t h a ' 1) and  benefi t  cost  ra t io  (2 .11)  ov e r  o the r  m e t h o d s  o f  p lan t ing  

i .e. .  d i rec t  s e e d i n g  and r andom  t ra nsp la n t ing .

A n b u m a n i  et al.  ( 1999)  o b s e rv e d  tha t  l ine  p l a n t in g  h a d  the h ighes t  

n u m b e r  o f  t i l le r s  m ' 2 and m a x i m u m  l e a f  a rea  index ( L A l )  and  dry m at te r  

p r o d u c t i o n  ( D M P )  at harves t .  Line p l a n t in g  a lso  p r o d u c e d  h ighes t
_ 9 x f

n u m b e r  o f  p a n ic l e s  m"' .  n u m b e r  of f iled g ra ins  p a n ic l e '  and  thus  b> 

increased  the grain  yield.

In Kera la ,  based  on the resu l ts  f rom e x p e r i m e n t s  c o n d u c te d  in 

different agro-cl imat ic  regions, a spacing o f  15 x 10 cm, 20 x 10cm and 20 x 

15 cm are recommended  for short,  med ium  and long durat ion rice varieties 

respectively for general cult ivat ion to get high rice yield {KAU, 2002).

2.2 C O M P A R I S O N  OF D I F F E R E N T  M E T H O D S  OF P L A N T I N G  IN 

RICE

2 . 2.1 S e e d l in g  T h r o w i n g  Vs L in e  P la n t in g

In a s tudy  to c o m p a r e  b ro ad c a s t  p l a n t in g  and c o n v e n t i o n a l  

p lan t ing  Lai et al. (1986)  o b s e rv e d  that  b roadcas t  p l a n t in g  re su l ted  in 

c o n s id e r a b l e  s a v ings  in l abour  cos ts  as it r equ i red  less n u m b e r  o f  l abour  

and y ie lded  s im i la r  to that  o f  c o n v e n t io n a l  t ra n s p la n t in g .



S a n b a g a v a l l i  ef al. ( 1 9 9 9 )  r epo r ted  that  t h r o w in g  o f  s e ed l ing  

unde r  w e t l a n d  c o n d i t io n  is s im p le ,  p r ac t i c a l l y  f ea s ib le  and  less l abour  

i n tens ive .  S e e d l i n g  t h r o w in g  m e t h o d  p r o d u c e d  4.7 and  6 .6  per  cen t  m ore  

t i l le r s  than  l ine p l a n t in g  d u r in g  the rabi  and  k h a r i f  s e a s o n s  r e s pe c t ive ly .  

S e e d l ing  t h ro w in g  m e th o d  r eg i s te r ed  the h ighes t  gr a in  yield (6 .35 t h a ' 1) 

c o m p a r e d  to that  o f  l ine p l a n t in g  (6.15 I h a ' 1). S e e d l in g  t h r o w in g  m ethod  

r e q u i r e d  only 30 and  31 w o m e n  da ys  h a "1 in rabi  and  k h a r i f  r e s p e c t iv e ly ,  

w h e r e a s  l ine p l a n t in g  r e q u i r ed  m a x i m u m  labou r  for t r a n s p l a n t i n g  v iz . ,  56 

(rabi )  and 54 (khar i f) .  Th is  m e t h o d  o f  p l a n t in g  is less  l a b o u r  in te ns iv e  

and less d r u d g e r o u s .  r equ i red  on ly  55.5 per  cen t  and  68,5 per  cent  o f  

l a b o u r e r s  used for l ine and r a n d o m  p l a n t in g  m e t h o d s  r e s p e c t i v e ly  ove r  

the two  se asons .  T he y  a lso  r e p o r t e d  h i g h e r  D M P  in s e e d l i n g  t h r o w i n g  

m e t h o d  in k h a r i f  s e a s o n  and  l ine p l a n t i n g  m e t h o d  in rabi  s e as o n .

P o n n u s w a m y  ef al. ( 2 0 0 0 )  in a s tu d y  on  v a r io u s  e s t a b l i s h m e n t  

m e t h o d s  on y ie ld  o f f i c e  o b s e r v e d  that  g r a in  y ie ld  u n d e r  l ine p l a n t in g  

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

K a th i r e s a n  and N a r a y a n a s a m y  ( 2 0 0 1 )  r epo r ted  that  the labour  

sav ing  in t h ro w in g  paddy  s e ed l ings  w a s  57 per  cen t  ov e r  l ine p lan t ing .

S u b b u l a k s h m i  and P a n d i a n  ( 2 0 0 2 )  r e p o r t e d  that  h ig h  g ra in  y ie ld  

in bo th  l ine t r a n s p l a n t i n g  and  s e e d l i n g  b r o a d c a s t  w a s  due  to m ore  

n u m b e r  o f  p r o d u c t i v e  t i l l e r s  and  f i l l ed  gra in  p a n ic l e " 1,

2.2 .2  M e c h a n i c a l  T r a n s p l a n t i n g  Vs M a n u a l  T r a n s p l a n t i n g

Khan el al. ( 1 9 8 8 )  c o n c lu d e d  that  m anua l  l a b o u r  was  found  to 

t ransplant  only 68 per  cent o f  the r ecom m ended  plant  populat ion h a "1 than 

that  was t r a n s p la n t e d  by a m ec h a n ic a l  t r a n sp la n te r .

Transp lan t ing  by se lf-propel l ed  t ransplanter  p roduced  s ignif icant ly  
"  -2h igher  n u m b e r  o f  e f f e c t ive  t i l ler s  m" than  d i rec t  s o w i n g  bo th  u nde r  dry 

and wet  c o n d i t i o n s  and this  was  due  to the h ighe r  n u m b e r  o f  seed l ings 

hi l l "1 planted  through a mechan ica l  t r ansplan te r  (Garg ef al., 1997) .



B u d h a r  and  T a m i l s e l v a n  ( 2 0 0 2 )  o b s e r v e d  th a t  f i l l ed  g ra in s  

p a n i c l e "1 and  10 0 0 -g ra in  w e i g h t  w e r e  m a x i m u m  in the  m a n u a l  

t r a n s p l a n t i n g ,  f o l l o w e d  c lo s e l y  by m e c h a n i c a l  t r a n s p l a n t i n g  and  bo th  

r e c o r d e d  s i g n i f i c a n t l y  h i g h e r  t es t  w e i g h t  than  d i r e c t  s o w i n g .  S i m i l a r  

t r e nd  w a s  o b s e r v e d  for g ra in s  and  s t r a w  yi elds .

Hl -Kasaby  et al. ( 2 0 0 2 ) r e p o r t e d  tha t  m e c h a n ic a l  t r a n s p la n t in g
'y

p r o d u c e d  h ighes t  va lues  for n u m b e r  o f  t i l ler s  m"", n u m b e r  o f  p a n ic l e s  in' 

n u m b e r  o f  gra ins  p a n ic le "1, p a n ic l e  w e igh t ,  t h o u s a n d  gra in  w e igh t ,  

gra in  y ie ld  m "2 and s t r aw  y ie ld  than  tha t  o f  m a n u a l  b r o a d c a s t i n g  and  

d r i l l ing  in dry soi l .

2 .2 .3  M e c h a n i c a l  T r a n s p l a n t i n g  V s  S e e d l in g s  T h r o w i n g

S e e d l in g  t h ro w in g  m e t h o d  r e d u c e s  the l abou r  r e q u i r e m e n t  for  

p lan t ing .  A be t t e r  a l t e rna t ive  to r e g u la r  t r a n s p la n t in g  o f  r ice  in the 

co n te x t  o f  scarc i ty  o f  h u m a n  l abour ,  h igh  cos t  and  d ru d g e ry  in v o lv e d  in 

t r a n s p l a n t in g  w o u l d  be the s e e d l i n g  t h r o w in g  m e t h o d  s ince  it r e d u c e d  the 

labou r  r e q u i r e m e n t  for p lan t in g .  Bu t  use o f  r ice t r a n s p l a n t e r  will  a lso 

r educe  the total  cos t  o f  cu l t iv a t io n  s inc e  large  a reas  can be t r a n s p la n t e d  

w i th in  a very short  pe r iod  th r o u g h  the use o f  m ac h in e  t r a n s p la n t in g ,

M in g  et al. ( 2 0 0 0 )  o b s e rv e d  that  w h e n  m e c h a n ic a l  t r a n s p l a n t i n g

was  c o m p a r e d  to t r a n s p la n t in g  by b r o a d c a s t i n g  s e e d l in g s  and hand

t r a n s p l a n t in g  m e t h o d s ,  m ec ha n ic a l  t r a n s p l a n t in g  in c r e a s e d  yield by 5.71 

per  cen t  and 3 .80  per  cen t  respec t ive ly ,

2.3 E F F E C T  OF P L A N T I N G  M E T H O D S  O N  G R O W T H  OE RICE

In a h e l d  e x p e r im e n t  c o n d u c te d  at Rice R e s e a rc h  Sta t ion .

K a y a m k u la m ,  K era la  V a rughe se  ei a I. ( 1993)  r epo r ted  that  t r a n s p la n t in g  

o f  s e e d l in g s  c a u se d  a s ign i f ic a n t  increase  in hi l ls  m ' 2 w h i l e  s e ed l ing  

b ro ad c a s t  r e su l ted  in heavy  t i l l e r ing  and  ta l le r  p lan t s .

Fie ld e x p e r i m e n t s  c o n d u c te d  d u r in g  k h a r i f  and rabi  s e a s o n s  to 

s tudy  the effect  o f  d i f f e ren t  p l a n t in g  m e th o d s ,  S a nba ga va l i i  el al.  ( 1990) 

o b s e rv e d  that  p r o fu s e  d e v e l o p m e n t  o f  l a te ral  roo ts  wi th  s e ed l in g  th ro w n



c ro p  f a v o u re d  t i l ler  p r o d u c t i o n  at ear ly  s tages .  The  t i l le r s  wi th  s e e d l in g  

t h ro w in g  m e t h o d  o f  p l a n t in g  was  4.7 per  cen t ,  6.6 per  cen t  m ore  ove r  

l ine p l a n t in g  in rabi  and k h a r i f  s e a s o n s  respe c t ive ly .  Tljie l ea f  a rea  index  

rec o rde d  was  c o m p a r a b l e  in l ine p l a n t in g  (5 .70)  and s e e d l i n g  th ro w in g  

m e t h o d s  ( 5 .5 3 )  in wet  s eason .  T he  dry  m a t t e r  a c c u m u l a t i o n  w a s  h ighes t  

in l ine p l a n t in g  (rabi )  and  s e e d l i n g  th r o w in g  (khar i f )  m e t h o d s  o f  p l a n t in g  

w h e n  c o m p a r e d  to r a n d o m  p lan t in g .

P o n n u s w a m y  et al.  ( 2 0 0 0 )  r e p o r t e d  that  s e e d l i n g  b r o a d c a s t i n g  had  

s ig n i f i c a n t  i n f lue nce  on n u m b e r  o f  t i l le r s  and  was  s u p e r i o r  to r an d o m  

p l a n t in g  and  l ine p l a n t in g  m e th o d s .  He a lso  r e p o r t ed  tha t  h igh  t i l le r ing  

was  p o s s ib l e  b e c au s e  o f  shal low'  p l a n t in g  and  less roo t  d a m a g e .  The  

m a x i m u m  be ne f i t  cos t  ra t io  o f  3 .26  was  rea l ized  unde r  s e e d l in g  

b r o a d c a s t  m e t h o d .

2.4 E F F E C T  OF P L A N T I N G  M E T H O D S  O N  Y IE L D  A T T R I B U T E S  

A N D  Y IELD  OF R IC E

V a r u g h e se  et al. ( 1 9 9 3 )  r ec o r d e d  h ighe r  n u m b e r  o f  p a n ic l e s  m"" 

w i th  s e e d l i n g  t h ro w in g  m e t h o d  c o m p a r e d  to t r a n s p la n t in g .  A n b u m a n i  et 

al. ( 1 9 9 9 )  r e p o r t ed  that  l ine p l a n t in g  r e c o r d e d  the  h ig h e r  n u m b e r  o f  

pa n ic le s  m ' 2, n u m b e r  o f  f i l l ed g ra ins  p a n i c l e ’1 and  h ig h e r  gra in  yield 

w h e n  c o m p a r e d  to r andom  p l a n t in g  and d i re c t  s e ed in g .  Line p lan t in g  

p ro d u ce d  the  h ig h e s t  g r a in  yield o f  4 6 5 0  kg h a *1 and s e e d l i n g  th ro w in g  

r eg i s te r ed  the g ra in  yield o f  4 3 5 0  k g  h a ' 1. S a n b a g a v a l l i  et  al. ( 1999 )  

o b s e rv e d  that  l ine p l a n t in g  m e t h o d  r e c o r d e d  m ore  p a n ic l e  m '2 (485)  

c o m p a r e d  to s e ed l in g  t h ro w in g  (471)  in rabi  s eason .  T h e  r e v e r s e  was  t rue 

in the k h a r i f  s e a s o n  (483 and 459  p a n i c l e s ' 2) for  s e ed l in g  t h r o w in g  and 

l ine p l a n t in g  m e t h o d s  re spe c t ive ly .  S e e d l in g  th ro w in g  m e t h o d  r eco rded  

s ign i f i c a n t ly  m o re  n u m b e r  o f  f i l l ed g ra in s  panic le" '  ( 8 8 . 8 ) and  was  on 

pa r  wi th  l ine p lan ted  c ro p  (86 .0 )  in k h a r i f  s eason .  H ig h e r  sp ike  let 

s t e r i l i t y  was  o b s e rv e d  wi th  s e ed l in g  t h ro w in g  m e th o d  (16 .7  and 19.0 per  

cent  in rabi and  k h a r i f  s e a s o n s  r e s p e c t iv e ly  c o m p a r e d  to l ine and random



p l a n t in g  m e th o d s .  S e e d l i n g  t h ro w in g  m e t h o d  p r o d u c e d  g ra in  y ie ld  o f  

(5.61 t h a ' 1) and  on par  wi th  l ine p l a n t in g  m e t h o d  (5 .84  t h a ' 1) in rabi  

s eason .  T h e  random  plan t ing m e th o d  recorded  yield o f  5.22 t h a ' 1 ( rabi)  and 

5.71 l ha’1 (kharif) .

2.5 E C O N O M I C S  OF D I F F E R E N T  P L A N T I N G  M E T H O D S

S a i k i a  et al.  ( 1 9 9 2 )  r e p o r t e d  a h i g h e r  b e n e f i t  : cos t  r a t io  w i th  row 

plant ing compared  than random plant ing and direct seeding.  Varughese  et al.  

( 1 9 9 3 )  o b s e rv e d  tha t  s e ed l in g  b r o a d c a s t i n g  was  e c o n o m i c  c o m p a r e d  to 

o rd in a ry  t r a n s p la n t in g .  S a n b a g a v a l l i  et al  ( 1 9 9 9 )  r e p o r t e d  that  s e e d l i n g  

t h r o w i n g  m e t h o d  w a s  m o r e  a d v a n t a g e o u s  b e c a u s e  o f  less  l ab o u r  

r e q u i r e m e n t  (44 .5  pe r  cent  o f  l a b o u r  s a v in g  c o m p a r e d  to l ine p l a n t i n g )  

and  r e s u l t e d  in h i g h e r  b e n e f i t  : cos t  ra t io  (2 ,85  and  3.14  for  the  rabi  and 

k h a r i f  s e a s o n s )  c o m p a r e d  to l ine p l a n t i n g  m e t h o d ( 2 . 7 9  and  2 .95  for  rabi 

and k h a r i f  s e a s o n s  P o n n u s w a m y  et al.  ( 2 0 0 0 )  r epo r ted  that  the labour  

r e q u i r e m e n t  in s e ed l in g  b r o a d c a s t  m e th o d  was  on ly  one  th ird  o f  l ine 

p l a n t in g  and  s e ed l in g  b ro ad c a s t  r ec o r d e d  h ig h es t  be ne f i t  : cos t  ra t io  than 

s t r a igh t  row p lan t ing  and  r a n d o m  p lan t in g .

M an ickasundaram  and G nanam ur thy  (2002)  found  that  the l ab o u r  

sav ing  in s e e d l i n g  th rowdng m e t h o d  ov e r  l ine p l a n t in g  w a s  a ro u n d  25 per  

cent .  T h e  net  r e tu rn s  and  benefi t :  cos t  ra t io  in s e ed l in g  t h r o w i n g  m e th o d  

is h ighe r  than  l ine p lan t ing .  The  B : C rat io  is alw'ays h ig h e r  with 

seed l ing  th row in g  method  com pared  to t ransplant ing  method.  Sharma  et al. 

( 2 0 0 2 ) o b s e rv e d  tha t  in c o m p a r i s o n  to m an u a l  t r a n s p la n t in g ,  m e c h a n ic a l  

t r a n s p l a n t in g  sa v ed  93 per  cen t  t im e  and  65 .87  p e r  cent  cost.

2.6 E F F E C T  OF P L A N T I N G  M E T H O D S  O N  N U T R I E N T  U P T A K E

S a n b a g a v a l l i  et al. ( 1 9 9 9 )  o b s e rv e d  that  the d e v e l o p m e n t  of  

p ro fu se  lateral  roo ts  in s e ed l in g  th row n  c rop  favou re d  be t t e r  nu t r i e n t  

up take .  S u b b u l a k s h m i  ( 2 0 0 1 )  a lso  r epo r ted  that  N, P and K up take  in 

seed l ing  th r o w in g  m e t h o d  was  s ign i f i c a n t ly  s u p e r io r  to l ine,  r a n d o m  and 

wet  s e e d in g  m ethods ,



2.7 C R O P  R E S P O N S E  TO A M F

A r b u s c u la r  mycor r l i iza l  fungi  deno te  o b l ig a te  sym b io t ic

a s s o c i a t i o n s  b e tw e e n  ce r ta in  z y g o m y e e to u s  soil  fungi  and  h ighe r  p lan ts  

in w h ich  the m y c o s y m b io n t  is be n e f i t t e d  by o b ta i n in g  its c a rbon

r e q u i r e m e n t s  f rom the p h o t o s y n t h a t e s  o f  the host ,  w h ic h  in turn funct ion  

as addi t iona l  absorbing  surfaces  o f  the host and supp ly  less mobile

nutr ients ,  par t icular ly  phospho rus  to the host  plant  with the help  of

ex trametr ical  mycel ium. The assoc ia t ion  is so preva len t  in terrestria l  plant 

c om m un i ty  that non  mycor rh iza l  plan t  is an excep t ion  rather  than  the rule.

A M F  play an im p o r ta n t  ro le  in the w a te r  e c o n o m y  o f  p lan ts .  Il 

im p r o v e s  c o n d u c t i v i t y  o f  roots ,  w h ich  co n t r ib u te  to be t t e r  up take  o f  

w a te r  ( Levy  and Kr ikun ,  1980) .  M y c o r r h iz a l  fungi  are the key 

c o m p o n e n t s  o f  soil  m ic r o b io t a .  They  are o b l iga te  s y m b i o n t s  and  are  not 

hos t  s p e c i f i c  ( B o n l a n t e - F a s o l o ,  1987).

A r b u s c u l a r  m y c o r r h iz a c  im p a r t  e n o r m o u s  be n e f i t s  to the plant  

c o m m u n i t y  bo th  in the na tura l  e c o s y s t e m  and  in the d i f f e r e n t  a g r i c u l tu ra l  

s i tua t ions .  It has  been w id e ly  used as a bio i nocu la n l  for  s u s t a i n i n g  the 

g row th  and  hea l th  o f  c u l t iva te d  c rops  ( R o s e n d a h l  et a l ., 1992).

The  v e s ic u l a r  a rb u s c u l a r  m y co r rh iz a l  a s s o c i a t i o n  in c re as e s  the 

g ro w th ,  nu t r i e n t  up take  and  r e s i s ta nc e  to root  d i se a s e s  in c rop  p lan ts  

(S iv a p r a s a d  et a l ., 1990).

H e gde  and D w ived i  (1994)  o b s e rv e d  that  the best  s t r a tegy  to 

u t i l iz e  AV1F fungi for c rop  p r o d u c t i o n  is to c o n c e n t r a t e  on c rops  

n o rm a l ly  g r o w n  in nu rse ry  beds  w h e re  they  can be easi ly  i n o cu la te d  with 

se le c te d  s t r a in s  and  then  t r a n sp la n ted .

2.7.1 N u t r i e n t  U p ta k e  and  T r a n s f e r  t h r o u g h  M y c o r r h i z a

flie s y m b io t ic  a s so c i a t i o n  b e tw e e n  m y co r rh iz a l  fungi  and  p lan t s  is 

benefi c ia l  to the p lan t  in t e rm s  o f  be t t e r  nu t r i en t  up take  ( M o s s c .  1973)



h ig h e r  w a te r  po ten t ia l  ( S a n c h e z - D i a s  and H o n r u b ia ,  1994)  and  les ser  

c h a n c e s  o f  root  d i se a s e s  ( N e w s h a m  et a /.. 1995) , w'hich led the plant s  

m o re  he a l th y  and p r o d u c t iv e  in c o m p a r i s o n  to n o n - m y c o r r h i z a l  p lan ts .

In o cu la t i o n  o f  A M I - is bene f i c i a l  to c rops  by way o f  m o b i l i z i n g  

n u t r i e n t s  e s p e c i a l l y  P ( L a m b e r t  e! a l 1980;  H a y m a n ,  1983;  Bo lan ,  1991;  

V e r m a  and  S c h u e p p ,  1995;  Se ka r  et a/ . ,  1997) ,

It has been  well  d o c u m e n t e d  tha t  A M F  a s s o c i a t i o n  can act  as a 

channe l  for di rec t  inte r  p lan t  nu t r i e n t  t r an s fe r  o f  p h o s p h o r u s  (H e a p  and 

N e w m a n ,  1980) ,  t ran s fe r  o f  N (Kesse l  et a!. ,  1985)  and c a rbon

c o m p o u n d s  ( G r e e v e s  et al . ,  1997)  by A M  hyphae .

G a n g o p a d h y a y  and Das  (1 9 8 2 )  o b s e rv e d  an in c r e a s e d  nu t r i e n t  

up take  in A M F  in o cu la te d  r ice  p lan ts .  T in k e r  (1 9 7 5 )  r e p o r t e d  the role  

o f  A M F  in p lan t  g row th  and nu t r i e n t  up take .  H a y m a n  (1 9 8 3 )  o b se rve d  

that  AM hyphae  in o rgan ic  c o n n e c t io n  wi th  the root  e x te n d  b e y o n d  the 

z one  o f  p h o s p h a te  de p le t io n ,  w'hich d e v e lo p s  in p h o s p h a te  d e f i c i e n t  so i ls  

b e c au s e  the root  a b s o r b s  p h o s p h a te  ions f as te r  than  they  can di f fusc 

th rough  soil  to r ep len ish  the supp ly  at the root  su r f a c e .  B o la n  et al. 

( 1984)  o b s e rv e d  that  when the init ia l  soil  P c o n c e n t r a t i o n  was  very low,  

even  a sm a l l  a d d i t io n  o f  P t r e m e n d o u s l y  inc re ase d  c o lo n i z a t i o n .  In sp i te  

o f  this ,  w hen  heavy  dose  o f  P vvas ap p l i e d  it reduced  root  v o l u m e  and in 

c o n s e q u e n c e  it d e c re a s e d  the su r face  a rea  c o lo n iz e d  by A M F  ( S m i th ,  

1982;  T h o m p s o n  et al . ,  1 99 I ).

F.xpcr im enta l  re su l t s  o f  Y o u n g  et al. ( 1986)  have  in d ic a te d  that 

A M F  in a s s o c i a t i o n  with p lan t  roo ts  inc re ase d  p h o s p h o r u s  up take .

C’h n m p a w a t  (1992)  r epor ted  e n h a n c e d  shoo t  and root  dry we igh t  

in c h i c k p e a  due  to m y co r rh iz a l  in o c u la t i o n s .  P h o s p h o r u s  co n te n t  in 

shoo t  and  root  were s ign i f i c a n t ly  m o re  in inocu la ted  p lan t s  than nun-  

i n o cu la te d  plan ts .



u

In m a i z e ,  B a n e r j e e  e t  al.  ( 1 9 9 9 )  r e p o r t e d  t h a t  A M F  g e n e r a l l y  

e n h a n c e s  u p t a k e  and  t r a n s l o c a t i o n  o f  P a n d  e n c o u r a g e s  p l a n t  g r o w t h  

and  d e v e l o p m e n t  in n u t r i e n t  d e f i c i e n t  soi ls .

S u b r a m a n i a n  and  C h a r e s t  (1999)  r e p o r t e d  tha t  m y c o r r h i z a l  

c o lo n i z a t i o n  s ig n i f i c a n t l y  in c r e a s e d  P s ta tu s  o f  m a iz e  r e g a r d le s s  o f  soil  

m o is tu re  r eg im e .

A M F  be ne f i t  p l an t s  t h r o u g h  the  e x p a n s i o n  o f  soil  v o l u m e  by 

w h ich  the n u t r i e n t s  are m a d e  m o re  ava i l ab le .  A v a i l a b i l i t y  o f  nu t r i e n t s  

l ike p h o s p h o r u s ,  n i t r o g e n ,  z inc ,  c o p p e r ,  p o t a s s i u m ,  c a l c iu m  and 

m a g n e s i u m  are e n h a n c e d  in ac id ic  soi ls  (C la rk  and  Z e to ,  2 0 0 0 ) .

Gil l  et al. ( 2000)  o b s e rv e d  that  A M F  have  an i m p o r t a n t  e f f e c t  on 

p lan t  p h o s p h o r u s  up take  and  a v a i l a b i l i t y  o f  o the r  e l e m e n t s  l ike  zinc ,  

c o p p e r ,  p o t a s s i u m ,  s u lphur ,  a l u m in i u m ,  m a n g a n e s e ,  m a g n e s i u m ,  i ron  etc. 

M y c o r r h i z a  inhab i t  roo ts  o f  severa l  c ro p s  and s o lu b i l i z e  soil  p h o s p h a t e s

A M F  s ign i f i c a n t ly  s t i m u la t e d  g r o w t h ,  dry  m a t t e r ,  n o d u la t io n ,  

shoo t  and root  leng th ,  s h o o t  and  roo t  dry w e igh t ,  and  h i g h e r  u p t a k e  in 

g r e c n g r a m  ( H a z a r i k a  et al. ,  2000) .  Pa re  et al.  ( 2 0 0 0 )  r e p o r t e d  that  N 

r e c o v e r y  and  m in e r a l i z a t i o n  f rom  c rop  r e s id u e s  by m a i z e  was  e n h a n c e d  

by i n o c u la t i o n  w i th  A M F  fungi .

Devi  and  S i t a r a m a ia h  ( 2 0 0 1 )  o b s e rv e d  tha t  b i a c k g r a m  i n o cu la te d  

wi th  m y co r rh iz a ]  fungi  s h o w e d  m o r e  roo t  and  s h o o t  dry w e i g h t  and 

c h lo r o p h y l l  con ten t .  The  v e g e ta t i v e  g r o w th  and c h e m ica l  c o m p o s i t i o n  o f  

n i t roge n ,  p h o s p h o r u s ,  p o t a s s i u m ,  c a l c iu m  and  m a g n e s i u m  in c r e a s e d  with 

i n c r e a s in g  i n o c u lu m  dens i ty .

Kha l iq  et al.  ( 2 0 0 1 ) n o t i c e d  tha t  the  sy m b io t i c  a s s o c i a t i o n  o f  

m y c o r r h iz a l  fungi  e n h a n c e d  the m in e r a l  nu t r i e n ts  e s p e c i a l l y  p h o s p h o r u s ,  

p o t a s s i u m  and z inc  a c q u i s i t i o n  o f  p e p p e r  mint .

Rea  and T u l l io  (2001)  c o n c lu d e d  that  A M F  can be c o n s id e r e d  as 

b io lo g ica l  fer t i l ize rs .  They  i m p r o v e  the  hos t  p l a n t ’s w a te r  and  nu t r i t i o n a l
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c o n d i t i o n s  and  are a va l id  he lp  to c he m ic a l  f e r t i l iz e rs  in a c h i e v i n g  yield 

and at the s a m e  t im e  p r e s e r v in g  the e n v i r o n m e n t .

2 .7 .2  E f f e c t  o f  A M F  on G r o w t h ,  Y ie ld  A t t r ib u t e s ,  Y ie ld  an d  N u tr i e n t

U p t a k e  in Rice

G a n g o p a d h y a y  and  D a s  ( 1 9 8 2 )  r e p o r t e d  tha t  e n d o g o n e  type 

m y c o r r h i z a s  w ere  found  in a s s o c i a t i o n  wi th  up l an d  r i ce  and  bo th  u p take  

and  yield were  in c r e a s e d  in A M F  in o c u la te d  pl an ts .

K h a n  et al.  ( 1988)  f o u n d  that  m y c o r r h i z a l  i n f e c t i o n  g rea t ly

i m p r o v e d  the g r o w th  and n u t r i e n t s  (n i t rogen ,  p h o s p h o r u s  and  z inc)  

c o n te n t s  o f  r ice  p lan ts .

In an  e x p e r i m e n t  for  m o n i t o r i n g  the im p a c t  o f  A M F  on  r ice  p lan t  

u nde r  w e t l a n d  e c o sy s t e m ,  c o n d u c te d  at C o l l e g e  o f  A g r i c u l t u re .

V e l la ya n i ,  S iv a p ra s a d  et al.  ( 1993)  o b s e rv e d  tha t  a p p l i c a t i o n  o f  A M F  

i n o c u la t i o n  as  a top layer  o v e r  the  nu r se ry  bed  was  found  to g iv e  m o re  

c o lo n i z a t i o n  as  c o m p a r e d  to m ix i n g  the i n o c u l u m  in the  n u r s e r y  soil .  

T h e y  a lso  o b s e rv e d  that  the g r o w t h  and  y ie ld  o f  m y c o r r h i z a l  s e ed l in g s  

wi th  n u r s e r y  level  i n o c u la t i o n  and  t r a n s p l a n t in g  gave  be t t e r  re su l ts .

S o l a i m a n  and  Hi ra ta  ( 1 9 9 5 )  r e p o r t e d  that  .A M F  e s t a b l i s h m e n t

be fo re  f lo o d in g  had  a p o s i t i v e  im p a c t  on A M F  c o l o n i z a t i o n  and

s p o ru l a t i o n  in wet  l and  r ice  c u l t iv a t io n  at the v e g e t a t i v e  s ta ge  and  A M F  

a c c e l e r a t e  N  and  P t r a n s fe r  f ro m  s h o o t s  a n d /o r  soi ls  to r ice  g ra in s  even  

unde r  f lo o d e d  c o n d i t i o n s  a lo ng  w i th  the t e n d e n c y  to i n c r e a s e  the ha rve s t  

index.

S o l a im a n  and  H i r a t a  ( 1 9 9 7 a )  o b s e rv e d  that  A M F  in o c u l a t e d  r ice  

s e ed l in g  g r e w  be t t e r  than  the u n i n o c u l a t e d  s e e d l in g s  and had  h ig h e r  

g ra in  yield (+10  p e r  cent ) .  S hoo t  and  roo t  g r o w th  were  e f f e c t i v e l y  

in c r e a s e d  by A M F  in o cu la t ion .  In a n o th e r  g reen  h o u s e  e x p e r i m e n t ,  

S o l a im a n  and  H i r a t a  (1997  b) r e p o r t e d  that  p lan t s  in o c u la te d  wi th  A M F  

p r o d u c e d  h igher  b io m a s s  at m a tu r i ty ,  and  g ra in  y ie ld  was  14-21  p e r  cen t  

h igher  than that  o f  u n - in o c u l a t e d  p lan ts .



H e r n a n d e z  and  C u e v a s  (1 9 9 9 )  no t ic e d  that  m y c o r o h i z a l  

i n o c u l a t i o n  in c r e a s e d  y ie lds  in  rice.

S inha  et al.  ( 2000)  no t ic e d  tha t  the dry  w e ig h t  and root  

c o l o n i z a t i o n  w e r e  h ig h e r  in A M F  t rea ted  t r a n s p l a n t e d  r i ce  c u l t i v a r s  than 

those  w i th o u t  the t r e a tm e n t .  U p ta k e  o f  P was  s ig n i f i c a n t l y  h i g h e r  wi th  

A M F  and  the  p lan t  g r o w th  w a s  a l so  be t te r .

P u r a k a y a s t h a  and  C h h o n k a r  ( 2 0 0 1 )  r e p o r t ed  tha t  A M F  in o c u l a t i o n  

in r ice  e n h a n c e d  the root  l eng th ,  roo t  w e igh t ,  r oo t  v o l u m e  and  total  

u p t ak e  o f  z inc  and inc re ase d  gra in  a n d  dry m a t t e r  y ie lds .  T h e  A M F  

c o lo n i z e d  r ice  p lan t s  were  m ore  ac t ive  in a c q u i r in g  z inc  f rom  added  or 

na t iv e  s o u rc e s  t h a n  n o n - c o l o n i z e d  p lan t s .

In an  e x p e r i m e n t  c o n d u c t e d  at Cen t ra l  R a i n fe d  U p l a n d  R ice  

R e s e a rc h  S t a t i o n ,  H a z a r ib a g ,  m y c o r r h i z a l  c o lo n i z a t i o n  e n h a n c e d  the 

y ie ld  a t t r i b u t in g  c h a ra c te r i s t i c s  l ike l e a f  area index ,  t i l ler  n u m b e r  and 

p a n ic l e  n u m b e r  in r ice  ( R a n a  et al . ,  20 0 2 ) .  The  total  p r o d u c t i v i t y  o f  r ice  

and p i g e o n  p e a  was  s ig n i f i c a n t ly  and  c o n s i s t e n t ly  h i g h e r  than  th e  o th e r  

c ro p p i n g  sy s te m s  but  was  on  p a r  w i th  r ice  and  g r o u n d n u t  s y s te m .



MATERIALS AND METHODS



3. M A T E R I A L S  A N D  M E T H O D S

The p resen t  inves t iga t ion  was  ca r r ied  out  in the  w e t la nds  o f  the 

Inst ruct ional  Fa rm,  Col lege  o f  A gr icu l tu re ,  Ve l layan i  f rom June  2003 to 

S e p t e m b e r  2003.

The  de ta i l s  o f  mate r i a ls  u sed  and  m e th o d s  a d o p te d  are p r e s e n t e d  in 

this  chapter .

3.1 E X P E R I M E N T A L  SITE

The e x p e r im e n t  was  c o n d u c te d  at the Inst ruc t iona l  F a rm  a t t ached  to 

the C o l l ege  o f  Agr icu l tu re ,  Vel layan i ,  Kera la ,  loca ted  at 8 .5 °N  lat i tude  

and 76 .9°E long i tude  at an a l t i tude  o f  29  m above  m ean  sea  level .

3.1.1 Soi l

The soil o f  the e xpe r im e n ta l  s ite is sandy  clay loam which  be lo ngs  

to the laxonon i ica l  o rder  ox iso l .  The  ph y s ic o c h e m ic a l  p roper t ie s  o f  the 

soil o f  the e xpe r im e n ta l  s ite are g iven  in Tab le  I.

3 .1 .2  C l i m a t e

The  e xpe r im e n ta l  si te  en joys  a h u m id  t ropical  c l im a te .  The  da ta  on 

var ious  w e a th e r  p a ra m e te r s  dur ing  the c ropp ing  pe r iod  are g iven  in the 

A pp e n d ix  I and  i l l us tr at ed  in Fig. 1.

3.1.3 C r o p p in g  H is tory  o f  the Field

The  e xpe r im e n ta l  area was  kep t  under  f a l low pr io r  to the lay out  o f  

the expe r im en t .

3.1.4 Season

The f ield e x p e r im e n t  was c o n d u c te d  dur ing  the f irs t  c rop  season  

k h a r i f  (June  to S e p tem b e r )  o f  the year  2003,
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Table.  1.Soil  cha rac te r i s t i c s  o f  the e xpe r im e n ta l  f ie ld

A . M e c h a n i c a l  c o m p o s i t io n

SI .No P aram e te r s Con ten t  (%) M e thods  used

1.

2 .
n .

4.

Coarse  sand 

Fine  sand  

Silt  

Clay

47 .56

10.84

8.42

33.18

B o u y o u c o s  h y d r o m e t e r  m e t h o d  i 

(B ouyouc os ,  1962)

1

B .C h e m ic a l  c o m p o s i t io n

I.
A va i l a b l e  N 282  kg h a ' 1 

( M e d iu m )

1
A lk a l in e  p e r m a n g a n a t e  m e th o d  

( S u b b ia h  and  Asi ja ,  1956)  j
.

2 .
A va i l a b l e  P2CN 24 .8  kg  h a ' 1 

( M e d iu m )

B ray  c o lo r i m e te r  m e t h o d  1 

( Jackson ,  1973)

3.
A v a i l a b l e  K 2O 180.96 kg h a 1" 

( M e d iu m )

A m m o n i u m  ace ta te  m e th o d  

( Jackson ,  1973)  !

4.
O rg a n ic  ca rbon 1.65 pe r  cent  

(H igh)

W alk ley  and  B l a c k ’s rapid  t i t ra t ion  1, 

m e t h o d  ( Ja c k s o n ,  1973)

5.

Soi l  pH 5.50

(Acid ic )

1 : 2.5 soil  so lu t ion  rat io  us ing pH 

m e te r  wi th  jglass e lec trode  

( Jackson ,  1973)  j

3.2 M A T E R I A L S

3.2.1 Seeds

The r ice var ie ty ,  se lec ted  for  the e x p e r im e n t  was 'L ima '  ( M O  1(3) 

r e leased f rom  Rice R esea rch  Stat ion ,  M o n c o m p u  with du ra t ion  o f  135 

days.

3.2.2 M y c o r r h i z a l  I n oc u lu m

M ycorrh iza l  inocu lum  was ob ta in e d  from the D e pa r tm en t  o f  Plant 

Pa tho logy ,  Col lege  o f  Agr icu l tu re ,  Vel layani .
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Fig. 1. Weather parameters during the cropping period (June to September 2003)



3.2.3 M a n u r e s  and Ferti l izers

FYM (0 .35  per cent N)  is used as organic source.  Fertilizer sources  

like urea (46  per cent N),  musooriephos (18 per cent P2O 5) and muriate o f  

potash (60  per cent KiO)  were used as the inorganic sources  for the 

experiment.

3.3 M E T H O D S

3.3.1 Des ign and Layout  (Fig. 2)

General v iew o f  the experimental  field is g iven in Plate 1.

Design

Number  o f  main plot treatments  

Number  o f  sub plot treatments  

Number o f  replications  

Gross plot s ize  

Net plot s ize  

Total number o f  plots

3.3.2 T r e a t m e n t s

Main plot : Method o f  planting

a. Throwing  seed l ings at random -  M

Seedling throwing method is given in H ate  I.

b. Mechanical  transplanting by transplanter -  M2-

Mechanical  transplanting by transplanter is g iven in Plate 3

c. Line transplanting at 20 x 10 cm -  M 3

Line transplanting is g iven in Plate 4.

Sub plot: A M F application in nursery

a. With AMF application in nursery -  A|

b. Without AM F application -  Ao

: Split plot design  

3 

2

5

6  x 3 .6  m 2

5.6 x 3.4 m 2 

30



Plate 1. General view of the experimental field

Plate 2. Seedling throwing method



Plate 3. Mechanical transplanting by transplanter

Plate 4. Line transplanting



m , a , M i A« m 3a 0 m 3a , m 2a „ m 2a , R>

m 2a , m 2a „ m 3a „ IV® 3 A j m ,a „ M,A, k 2

M 3Ao m 3a , M,A„ M ,A , m 2a 0 m 2a ,

m 3a , ivt3a 0 M 2A, IV12A 0 M , A 0 M ,A , r 4

M iA 0 M jA j m 3a 0 m 2a , M , A 0 M 2A! R5

VIi -  Throwing  seed l ings  at r andom  A (, -  W i thou t  A M F  appl i cat ion

Mi -  Mechanica l  t ra nsp lan t ing  hy t r a n sp la n te r  A] -  W ith  A M F  appl i cat ion

M-, -  Fine t ransp lan t ing  at 20 \  10 cm

Fig. 2. Layout  plan o f  the e xp e r im en t
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3.4 C R O P  H U S B A N D R Y

3.4.1 N u r s e r y

3.4 .1 . }  L an d  Preparation

The e xpe r im e n ta l  a rea  for  nu rse ry  was  p lo u g h ed ,  pud d led  and 

leve l led  a f te r  r e m o v in g  the w e e d s  and  s tubb les .

3.4 .1.2 Seeds  a n d  Sowing

Pre -ge rm ina te d  seeds  @ 65 kg  h a ' 1 were b roadc a s te d  on the nursery 

area du r ing  the last week o f  M a y  2003 .  Hea l thy  seed l ings  were  pu l led out  

from the nu rse ry  and  t ransp lan ted  in the m ain  field. M a t  n u r se ry  was  also 

raised us ing @ 150 g seeds for a 60 x 30 cm m at  and  this  was  used in 

m a c h in e  t ransplanting. Mycorrhizal inoculum was applied to mat  nursery 

(■kT} 200 g in '2) and c onven t iona l  nurse ry .

3.4 .2 M ain  Field

3.4.2.1 L an d  Preparation

The e xpe r im e n ta l  a rea  w a s  p l o u g h e d ,  pud d led  and  leve l led  using 

p o w e r  ti l ler . Ind iv idua l  plots  o f  s ize 6 x 3.6 m were laid out  and were 

perfec t ly  leve l led be fore  t ransp lan t ing .

3.4.2 .2  Transplanting

Transp lan t ing  was done with a thin film o f  water  in the field. 

Seedl ings  were t ransp lanted  at a spacing  o f  20 x 10 cm using two seed l ings  

hi l l ' 1 in line t ransplan t ing  m ethod .  T ransp lan te r  was used for t ransp lan t ing  

the seedl ings  raised in the mat  nursery.  Seedl ings  were  also planted  by 

throw ing seedl ings  at random.

3.4.2.3 App lica tion  o f  A M F

A M F  inocu lum  app l i ed to the nurse ry  @ 200 g m ' 2. It is p laced  as a 

layer on the soil surface.  Seeds  were sow n  on this  layer.



3.4 .2 .4  Applica tion  o f  M anures  and  Fert i l izers

FY M  (5 I ha"1) was  inco rpora ted  at the t ime  o f  first p lough ing  

Fer t i l i ze r  0 ,  90 : 45 : 45 kg N P K  h a ' 1 was  appl i ed  to each plot as per POP 

re c o m m e n d a t i o n  o f  the K era la  Agr icu l tu ra l  Univers i ty  a Pe r  leve l l ing the 

f ield (K A U ,  2002) .  Full  dose  o f  P and h a l f  dose  o f  N and K were applied 

as basal and the remaining ha lf  dose o f  N and K was applied as topdressing at 

panicle initiation stage.

3.4 .2.5 M ain tenance  o f  the  Crop

M ain ta in ed  the w a te r  level al abou t  1.5 cm dur ing  t ransplanting. 

Thereaf ter  increased it g radua l ly  to abou t  five cm until  m ax im u m  til lering 

stage.  Two hand weed ings  were given at 20 and 45 days after  t ransp lant ing.  

Dra ined water  13 days before  harvest.

3.4.2 .6  P lant Sampling

S a m p le s  were co l l ec ted  from the a rea  left for s ampl in g .  Tw elve  hills 

were selected r andom ly  f rom  the net piot a rea  to record b iometr i c  

obse rva t ions .

3.4.2.  7 H a r v e s t

The crop was harvested at full maturity.  The border  and sampling rows 

were harvested separately. Net plot area o f  individual  plots was h a n e s t e d  and 

die weight  oI grain and s t raw were recorded separately.

3.5 Oil  S PR Y AT IONS

3.5.1 Hiometr ic  O b s e r v a t io n s

3 . 3 . / . /  Es tabli shment Count

It was taken a l t e r  15 days o f  t ransp lan t in g .  N u m b e r  o f  plants  :n ’: in 

each  plot was coun ted  in a random  m an n e r  using quadra te ,  f o u r  quadra tes  

■each ol 0 .2 ."' n r  area were selected at random  in each plot and n u m b e r  o f  

seed l ings  e s tab l i shed  were coun ted  <ii 1 5 D.VI and  e x p re s se d  in hills m
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3.5.2  Root  s tu d ie s

Root  s tud ies  were done  at t i l le r ing,  f lo w er in g  and m a tu r i t y  s tages .

3 .5 .2 .1 Root Length

S a m p le  hi l ls  were taken f rom  each  plot ,  roo ts  were  w a s h e d  wel l  and 

root  length was  taken from the ba se  o f  the root  to the t ip  o f  the lo nges t  

roo t  and e x p re s s e d  in cm.

3.5.2.2 Roo t-Shoo t  Rat io

Fresh  w e ig h t  o f  root  was  t aken  and  then  it is o v e n  d r ied  to cons tan t  

weight  and the rat io  o f  dry w e igh t  to f resh  we igh t  is t aken  and e xp res sed  

as roo t - s h o o t  ratio.

3.5.2.3 Root  Colonizat ion Percentage  o f  A M F

Plan ts  w ere  se lec ted  at r a n d o m  from respec t ive  p lo ts  and  the roo ts

were  w a sh e d  wel l  in tap water  to r em o v e  the dirt  and  clay par t ic l es .  The

m ycor rh iza l  c o lon iz a t ion  in root  was  e s t im a ted  fo l low ing  the p roce du re  o f

Ph i l l ips  and H a y m a n  (1970) .  The  wel l  c leaned  root  s a m p le s  were  cut  into

one  cm size bi ts  and  f ixed  in F A A  ( F o rm a ld e h y d e -A c e t i c  a c id - A lc o h o l )  in

5 :5 :90  p ropo r t ion .  The  roo ts  were  hydro lysed  in 10 p e r  cen t  p o t a s s ium

hydrox ide  at i 00°C for  10-15 min.  The  a lk a l in i ty  o f  the s a m p le s  w a s  then

neu t ra l i zed  by w ash ing  in one pe r  cen t  hyd roch lo r ic  acid  and  the root  bits

were  s ta ined  wi th  0.05 per  cen t  t rypan  b lue  in l ac topheno l  ( la c t i c  acid 20

ml.  pheno l  20 ml,  glycero l  40 ml and  d i s t i l l ed  w a te r  20 ml) .  The  s ta ined

roots  were a rr anged  on a c lean  s l ide ,  pr essed wi th  a n o th e r  c lea r  s l ide and

obse rved  u nde r  m e d iu m  p o w d e r  o f  the m ic ro sc o p e  for  the p re se nc e  o f

m y ce l iu m ,  ves ic les  and  a rbuscu les .  A m in i m u m  o f  25 root  bi ts  f rom each

s am p le  were  obse rved  and  the p e rcen tage  in fec t ion  w a s  r ec o rde d  in the

three di ff e ren t  m e th o d s  o f  p lan t ing  viz. ,  s eed l ing  th row ing ,  m ac h ine

p lan t in g  and  l ine p lan t ing  m ethods .

N o .o f  root bits positive for A M F  colonisation
A M F  colonisation (%) =  __________      X  100

Total no. o f  root bits observed



3.5.2 .4  Root  Volume

The root  v o l u m e  was r ec o rde d  by wa te r  d i sp l a c e m e n t  m e th o d  as 

s ta ted  be low.  The  roo ts  o f  s am p le  p lant s  were w a s h e d  free o f  a d h e r i n g  soil 

with water.  The  roo ts  w ere  i m m e r s e d  in 1000 m3 m e a s u r in g  cy l inde r  

containing, wa te r  and  the r ise in w a te r  level  was  recorded .  D i s p la c e m e n t  o f  

vo lu m e  o f  wa te r  was  taken as vo lu m e  o f  the root  and e x p re s se d  in 

c m 3 hil l"1.

3.5.3 O b s e r v a t io n s  on G row th  C o m p o n e n t s

3 .5 .3 .1 Height o f  Plant

Height  o f  p lan ts  (cm) w ere  r ec o rde d  at t i l l e r ing,  f lo w er in g  and  at 

matur i ty  s tages .  H e igh t  o f  p lan t s  vvere m e a s u r e d  from the ba se  o f  the 

plan t  to the t ip o f  the longest  l ea f  or  to the t ip o f  the longes t  ea r  head 

w h ic h e v e r  was  tal ler .

3.5.3.2 Tiller N u m b er  Hi l l '1

T i l l e r  n u m b e r  was c o u n te d  at t i l ler ing ,  f lower ing  and  at m atu r i ty  

s tages  f rom sa m p le  hi l ls ,  the m ean  va lue s  worked  out  and  reco rded .

3.5.3.3 L e a f  Area  Index

L e a f  a rea  at t i l le r ing,  f lo w er in g  and  at m a tu r i ty  s ta ges  was  ca lcu la ted  

using the l eng th  w id th  m e t h o d  sugges ted  by G o m e z  (1972) .

L e a f  a rea  = k x 1 x w 

where  k is an ad ju s tm e n t  factor ,  1 is the length and  w is the m a x i m u m  

width.

LAI was  w ork e d  out  u s ing  the fo rm ula ,

L e a f  area
LAI =  __ _____ —

Land area

3.5.3 .4  Dry  M atter  Production

Dry m at te r  p ro d u c t io n  at t i l l e r ing,  f low er ing  and m atu r i ty  s tage  were 

recorded.  The  s am p le  pl an ts  were  up roo ted ,  w ashed ,  air  d r ied  and oven



dr ied at 7 0 °C for  72 ho u r s  to cons tan t  we igh t .  Dry m a t te r  p r o d u c t io n  was 

c o m p u te d  for  each  t r ea tm en t  and  e x p re s s e d  in kg h a ' 1.

3.5.4 O b s e A a t i o n s  on Yield  C o m p o n e n t s

3.5.4. I Days  to 50 p e r  cent Flowering

N u m b e r  o f  days from sowing  till the date  when app rox im a te ly  50 per  

cent o f  the p lant s  f lowered  were coun ted  and  recorded.

3.5.4.2 N u m b er  o f  Productive Tillers Hi l l '1

N u m b e r  o f  p roduc t ive  t i l lers in tw e lv e  s am p le  hi l ls were  coun ted  and 

expres sed  as n u m b e r  pe r  hill at m a tu r i ty  s tage.

3.5.4.3 N um ber  o f  Panic les  m'2

In each  plot ,  n u m b e r  o f  pa n ic le s  wi th  in a m 2 was  r ec o rde d  us ing  a 

quadra te .

3.5.4.4 N u m b er  o f  Fil led  Grains Pan ic le '1

From  the r andom  sam ples  o f  pan ic le  the total n u m b e r  o f  f il led g ra ins  

pa n ic le ' 1 was  c oun ted  and  e x p re s se d  as  f i l led grains  p a n ic l e ' 1

3.5.4.5 Thousand Grain Weight

One thousand  grains  were coun ted  from the cleaned  and dr ied produce 

from net plot area o f  each plot and the weight  was expre ssed  in gram.

3.5.4.6 Steri l i ty  Percentage

N u m b e r  o f  sp ik e le ts  and  unf i l led  grains  pe r  pan ic le  was  coun ted

and e x p re s s e d  as c h a f f  p e rcen tage  u s in g  the fo l l o w in g  f o rm u la  :

N u m b e r  o f  unfi l led  gra ins  per  pan ic le
Ster i l i ty  p e rcen tage  = _____                  x 100

N u m b e r  o f  f i l led gra ins  p e r  pan ic le

3.5 .4 .7  Grain Yield

The gra ins  ha rves ted  from each  net p lo t  were dr ied  to cons ta n t  

we ight ,  c leaned ,  we ighed  and e x p re s se d  in kg ha"1.



3.5 .4.8 S t r a w  Yield

The s t r aw  h a rves ted  f rom  each net  p lo t  was dr ied  to a c o ns ta n t  

weight  u nde r  sun and the we igh t  was  e x p re s se d  in  k g  h a ' 1.

3.5.4 .9  H arves t  Index

Harves t  index was  ca lcu la ted  us ing the formula ;

E c o n o m ic  yield
HI -     . -______ ______ —

Bio log ica l  yield

3 .5 .5  L a b o u r  R e q u ir e m e n t

The l abou r  r eq u i r em e n t  fo r  d i f f e re n t  p lan t ing  m e th o d s  were  w orked  

out  and  e xpressed  in m an -days  ha"1.

3.5.6 C h e m i c a l  A n a lys i s

3.5.6.  /  Plant Ana lys is

S a m p le  p lant s  co l l ec ted  from each  p lo t  at  ha rves t  w'ere sun dr ied 

then,  oven  dr ied  to a cons tan t  we ight ,  g round  the s a m p le s ,  d ig es t e d  and 

used for nu t r i en t  co n te n t  analysis .  The  N con ten t  ( m od i f i e d  m ic rok je lda h l  

m e thod) ,  P con ten t  ( V a n a d o -m o ly b d o - p h o s p h o r i c  y e l l o w  c o lou r  m e th o d )  

and K co n te n t  ( F lam e  p h o t o m e te r  m e th o d )  were e s t im a ted  for  p lan t  

sam ples  f rom each  plot separa te ly ( Jackson ,  1973). P lan t  nu t r i en t  up take  

w'as ca lcu la ted  by m u l t ip ly ing  the nu t r i en t  con tent  o f  p lan t  s a m p le s  with 

the r espec t ive  dry w e igh ts  at  ha rves t  s tage  and e xpressed  in kg ha"1.

3.5.6.2 S o i l  Ana lys is

S a m p le s  co l lected be fo re  and a f te r  the e x p e r im e n t  were d r ied  in 

shade,  s ieved  th rough  2 mm s ieve  and  ana ly sed  to d e te r m in e  the ava i l ab le  

N con te n t  o f  the soil  by a lka l ine  pe rm a n g an a te  m e t h o d  (S u b b ia h  and 

Asi ja .  1956) , ava i l ab le  P by B r a y ’s m e th o d  and  ava i l ab le  K by a m m o n iu m  

ace ta te  m e th o d  ( Jackson ,  1973).



3.5 .7  E c o n o m ic  A n a lys i s

Economic  analysis  was  done  af ter  tak ing  into account  the cost  o f  

cul t iva t ion and preva i l ing marke t  pr ice  o f  r ice  and straw.

3.5. 7.1 N e t  Returns

Net re tu rn s  were ca lcu la ted  us ing the formula .

Net returns (Rs h a '1) = Gross  returns  -  Total expendi ture  (cost  o f  cu l t iva t ion)

3.5. 7.2 B e n e f i t : Cost  Ratio (BCR)

Benefi t  : cos t  ra t io  was w ork e d  ou t  us ing the fo rm ula .

G ross  re tu rn
B C R  =  _

C os t  o f  c u l t iva t ion

3.5.8 S c o r in g  o f  M a jo r  P es ts  l ike  R ic e  B u g ,  Stem B o r e r  and  L e a f  

R o l l e r  and  Diseases  L ike  S h e a th  Blight ,  B la s t  a nd  Bacteria)  

L e a f  B l ight

The d i sease  and pest inc idences  did not  reached  the  th re sho ld  level 

and hence  un i fo rm  score was  g iven  to all plots .

3.5.9 S ta t i s t ica l  A n a ly s i s

The da ta  gene ra ted  for the charac te r s  s tud ied  u nde r  d iff e ren t  

t rea tm en ts  were sub jec ted  to ana lys i s  o f  v a r i a n ce  (Panse  and Sukha tm e ,  

1978). W h e n e v e r  the  resul ts  were  s ign i f ican t ,  the cr i t ical  d i f f e rence  was  

worked  out  at f ive or  one  per  cent  p robab i l i ty .



RESULTS



4.  R E S U L T S

A f ie ld  e x p e r i m e n t  on m e d i u m  d u r a t i o n  r ice  va r i e ty  U m a  was 

c o n d u c te d  at the In s t ru c t io n a l  F a rm  a t t ached  to the C o l l e g e  o f  

A g r i c u l tu re ,  V e l l a y a n i  d u r in g  k h a r i f  s e as o n  ( June  - S e p t e m b e r ,  2003) .  

T h e  p r e s e n t  i n v e s t ig a t io n  w a s  d o n e  to e v a lu a te  the  e f f i c i e n c y  o f  the 

d i f f e r e n t  p l a n t in g  m e t h o d s  and  A M F  a p p l i c a t i o n  on the g r o w t h  and  y ie ld  

o f  r ice.  T h e  e x p e r i m e n t a l  da ta  c o l l e c t e d  were  s t a t i s t i c a l ly  a na ly se d  and 

resu l ts  o b t a i n e d  are  p r e s e n t e d  be low .

4.1 B I O M E T R I C  O B S E R V A T I O N S

4.1.1 E s t a b l i s h m e n t  C o u n t

T he  a v e ra g e  e s t a b l i s h m e n t  co u n t  o f  s e e d l in g s  as i n f l u e n c e d  by the 

t r e a tm e n t s  is p r e s e n t e d  in T a b l e  2.

E s t a b l i s h m e n t  co u n t  w a s  s ig n i f i c a n t ly  i n f l u e n c e d  by m e t h o d s  o f  

p l a n t in g  and  A M F  a pp l i c a t ion .

S i g n i f i c a n t ly  h ighe r  e s t a b l i s h m e n t  w a s  n o t i c e d  in l ine p l a n t in g  

( 48 .81 ) .  It w a s  f o l l o w e d  by s e e d l i n g  t h ro w in g  m e t h o d  (4 7 .7 1 ) .  The  

low es t  v a lu e  w a s  rec o rde d  in m a c h i n e  p l a n t in g  (32 .34) .

A M F  in o c u la te d  s e ed l in g  e s t a b l i s h e d  be t t e r  (43 .52 )  th a n  n o n ­

in o c u la te d  s e e d l in g s  (42 .38) ,

The  in te r ac t io n  b e tw e e n  p l a n t in g  m e t h o d s  and  A M F  a p p l i c a t i o n  

was  not  s ig n i f i c a n t .

4 .2 R O O T  C H A R A C T E R I S T I C S

4.2.1 R o o t  L e n g th

T h e  a ve rage  leng th  o f  roo t  at  th ree  s ta ges  o f  g r o w th  viz . ,  t i l l e r ing ,  

f lo w e r in g  and  m a tu r i t y  s ta ges  are p r e s e n t e d  in T a b le  3.



T a b le  2. E f fe c t  o f  p l a n t in g  m e t h o d s  (M)  and A M F  a p p l i c a t i o n  (A)  on 

e s t a b l i s h m e n t  coun t ,  m '2

T reatments A l AO Mean

M,

m 2

m 3

Mean

48.24

38.83

49.48

43.52

47.18

31.84

48.13

42.38

47.71

32.34

48.81

r: M A MA
I

1429.81** 13.08** 0.126

SE 0.244 0.222 0.185

CD 0.794 0.684 NS

** Significant at 1 per cent level NS - Non significant



T i l l e r in g  s tage F l o w e r in g  s tage M a t u r i t y  s tage

T reatm ents A, Ao M e a n A i Ao M e a n A, Ao M e an

Mj

m 2

M i

Mean

10,94

10.41

10.37

10.57

8 .99

8.56

8.77

8.77

9 .96

9.48

9 .57

12.99

12.29 

11.60

12.29

1 1,46 

10.52 

10,67 

10.88

12,22 

11.41 

11.14

13.72

12.74

12.16

12.87

12.93 

1 1.88 

1 1,40 

12.07

13.32 

12.31 

1 1.78

M A M A M A M A M A M A

F 5.58* 3 0 0 .5 8 * * 0.98 10.44** 54 .9 4** 1.70 34 .3 2** 9 .1 8** 0.01

SE 0.107 0.073 0.391 0.175 0.134 0.719 0,134 0.186 0 .9 9 7

CD 0.3 50 0 .2 2 6 NS 0.571 ' 0 .4 14 N S 0 .436 0 .575 NS



stf

At all  s ta ges  o f  g ro w th ,  roo t  l en g th s  va r ied  s ig n i f i c a n t l y  a m o n g  

the m e t h o d s  o f  p l a n t in g  and  A M F  a p p l i c a t i o n ,

S u p e r io r  roo t  l eng th  w a s  n o t i c e d  for  s e ed l in g  th r o w in g  m e t h o d  at 

all s tages .  L ine  p l a n t in g  and  m a c h i n e  p l a n t in g  r e g i s t e r e d  m o re  or  less 

s a m e  root  l en g th s  w h ic h  were  on  par.  Bu t  at  m a t u r i t y  s tage  l o w e s t  root  

leng th  was  p r o d u c e d  by p lan t s  w h i c h  were  l ine t r a n s p la n t e d .

A M F  in o c u l a t e d  p l a n t s  s h o w e d  h ighe r  roo t  l e ng th  t h a n  n o n ­

in o c u la te d  p lan t  at  a ll  s tages .

The  in te r ac t io n  b e tw e e n  p l a n t in g  m e t h o d s  and A M F  a p p l i c a t i o n  

was not  s ign i f ican t .

4,2.2  R o o t  V o l u m e

T h e  a v e ra g e  v o l u m e  o f  root  at  th ree  s tages  o f  g r o w t h  viz. ,  

t i l l e r ing ,  f l o w e r i n g  and  m a t u r i t y  s ta ges  are  p r e s e n t e d  in T a b l e  4,

At  t i l l e r ing  and  m a tu r i t y  s tages ,  p l a n t in g  m e t h o d s  had  no 

s ig n i f i c a n t  i n f lue nce  on  root  v o l u m e  w h i l e  e ff ec t  o f  A M F  a p p l i c a t i o n  

was s ig n i f ic an t .

At  t i l l e r ing  s tage ,  t h o u g h  s t a t i s t i c a l ly  no t  s ig n i f i c a n t ,  h i g h e r  root  

v o l u m e  w a s  o b s e rv e d  in s e ed l in g  t h r o w in g  m e t h o d  (2 .93  c m 3). The  

low es t  roo t  v o l u m e  w a s  n o t i c e d  in l ine p l a n t in g  (2 .63  c m 3).

At  f low'er ing s tage ,  bo th  m e t h o d s  o f  p l a n t in g  and  A M F  a p p l i c a t i o n  

s ig n i f i c a n t ly  in f lue nce d  the roo t  v o l u m e .  H ighe r  roo t  v o l u m e  was 

no t iced  in m a c h i n e  p l a n t in g  (9 .8 6  c m 3). S e e d l in g  t h r o w in g  m e t h o d  and 

l ine p l a n t in g  m e t h o d  rec o rde d  lesse r  roo t  v o lum e .

A M F  in o c u la te d  s e ed l in g  r e g i s t e r e d  h ighe r  root  v o l u m e  than  non-  

in o c u la le d  s e ed l in g  at all s ta ges  o f  g rowth .

The  in te r ac t io n  was  not  s ig n i f i c a n t  at any  o f  the s tages .



T i l l e r i n g s t a g e F l o w e r i n g  S t a g e M a t u r i t y  s t a g e

T  r e a t m e n t A, Ao M e a n A, Ao M e a n Ai Ao M e a n

M,

m 2

M.i

Mean

3.15

3.27

2.91

3.11

2.71

2 .52  

2 .36

2.53

2.93

2 .89

2.63

9.12

11.13

9 .30

9.85

7.62

8.59

7.39

7.86

8.37

9.86

8.34

9.55

8.55 

8.38  

8.83

8.70

7.98

7.91

8.19

9.12

8 .26

8.15

c M A M A M A M A M A M A
r

4.19 3 2 ,1 0 * * 0 .79 2 9 .3 2 * * 89 .3 6** 2.08 2 .79 7.67* 0 .25

SE 0.079 0.072 0.124 0.16 0.148 0.257 0.320 0.162 0.280

CD NS 0 .2 2 2 NS 0 .5 2 2 0 .457 NS N S 0.499  ' N S



4.2.3 Root  S h o o t  Rat io

T h e  a v e r a g e  r o o t - s h o o t  r a t io  at th re e  s t a g e s  o f  g r o w th  viz . ,  

t i l le r ing ,  f lo w e r in g  and  m atu r i ty  s tages  are  p r e s e n t e d  in T a b l e  5.

S i g n i f i c a n t  d i f f e r e n c e  was  n o t i c e d  b e tw e e n  the d i f f e r e n t  p l a n t in g  

m e t h o d s  and  A M F  a p p l i c a t i o n  on  r o o t - s h o o t  ra t io  at all s t a g e s  o f  g rowth .

At  t i l l e r in g  s tage  h ighe r  r o o t - s h o o t  ra t io  w a s  o b s e r v e d  in s e ed l ing  

th row-ing m e t h o d .  Line p l a n t in g  and  m a c h i n e  p l a n t in g  r ec o r d e d  le sse r  

r o o t - s h o o t  r a t io  and  w ere  on  par.  At  f lo w e r in g  s tage  h ig h e r  r o o t - s h o o t  

r a t io  was  r eg i s te r ed  in m a c h i n e  p l a n t in g  f o l l o w e d 1 by  l ine p lan t in g .  

Low es t  ro o t - s h o o t  ra t io  was  r ec o r d e d  in s e ed l in g  th r o w in g  m e thod .  

Line p l a n t in g  r ec o r d e d  supe r io r  r o o t - s h o o t  ra t io  at m a tu r i t y  s tage .  It was 

fo l l o w e d  by s e e d l i n g  t h ro w in g  m e t h o d  and  the  l o w e s t  v a lu e  w'as r e c o rd e d  

in m a c h i n e  p lan t in g .

A M F  in o cu la te d  p lan t  r e g i s t e r e d  h ig h e r  ro o t - s h o o t  ra t io  than  non-  

i n o cu la te d  p lan t s  at all s tages  o f  g row th .

T h e  i n te r a c t io n  e ff ec t  w a s  s ig n i f i c a n t  on ly  at f low'er ing s tage.  At  

f l o w e r i n g  s tage  m a c h i n e  p l a n t in g  w i th  A M F  i n o c u l a t i o n  fo l l o w e d  by l ine 

p l a n t in g  w i th  A M F  i n o c u la t i o n  r e c o r d e d  h ig h e r  r o o t - s h o o t  r a t io  and  they 

w ere  on par .  T he  low e r  v a lu e s  were  r ec o r d e d  in n o n - in o c u l a t e d  se ed l in g s  

in m a c h i n e  p lan t ing ,  s e ed l in g  t h ro w in g ,  l ine p l a n t in g  and s e e d l in g  

t h r o w in g  w i th  A M F  inocu la t ion .

4 .2 .4  R o o t  C o l o n i z a t i o n  P e r c e n t a g e  o f  A M F

T h e  a v e ra g e  root  c o lo n i z a t i o n  p e rc e n ta g e  o f  A M F  at nu rse ry  

s tage ,  two  w e e k s  a f te r  t r a n s p la n t in g  and fou r  w e e k s  a f te r  t r a n s p l a n t in g  

are p re s e n ted  in T a b le  6 .

O u t  o f  the th ree  m e t h o d s  t r i ed ,  s e ed l in g  t h r o w in g  m e t h o d  was  

found  to be the bes t  for  h ig h e r  c o lo n i z a t i o n  o f  A M F .  At  nu rse ry  s ta ge  

h igher  ra te  o f  c o lo n i z a t i o n  w a s  no t i c e d  in mat  n u r se ry  (54  per  c e n t )  used  

for mechan ica l  t ransplant ing .  At  14 D A T  and 28 D A T  h igher  c o lo n i z a t i o n



T i l l e r in g  s tage F l o w e r in g  s tage M a tu r i t y  s tage

T r ea tm ents A, A,, M e a n A, Ao M e an A t Ao M e a n

M]

m 2

M;,

M ean

0.58

0.52

0.53

0 .54

0 .47

0 .42

0 .44

0 .44

0.53

0 .48

0 .49

0.33

0.43

0.41

0 .3 9

0.30

0.33

0.32

0.31

0.31

0.38

0.36

0 .34

0.31

0.35

0.33

0.28

0.28

0 .30

0 .29

0.31

0.30

0.33

i; M A M A M A M A M A M A
r

8.36* 160.43** 0 .06 10 .24** 82 .06** 5.21* 13.36** 2 4 .26** 0.73

SH 0.009 0.006 0.010 0.01 0.006. 0.011 0.004 0.006 0.011

CD 0.030 0 .017 N S 0 .0 3 3 0 .019 0.033 0.013 0 .019 N S



Tabic 6 . A M F  colonization at different stages, %

Treatments Nursery s tage’" 14 DAT* 28 DAT*

Mi 48 68 76

m 2 54 62 70

m 3 46 60 65

Control 28 32 26

*Not statistically analysed



p e rc e n ta g e  w a s  no t i c e d  in s e ed l in g  th r o w in g  m e t h o d  (68 p e r  cen t  and  76 

per  cen t)  r e s p e c t iv e ly .  In m a c h i n e  p l a n t in g  the  p e r c e n ta g e  w a s  62 per  

cent  and  70 pe r  cen t  r e spe c t ive ly .  In l ine  p l a n t i n g  the  c o lo n i z a t i o n  

p e rc e n ta g e  w a s  60  per  cen t  and  65 p e r  cen t  r e s p e c t iv e ly .  In c o n t r o l  plot ,  

the  root  c o l o n i z a t i o n  pe r  cen t  w a s  28,  32 and  26  r e s pe c t ive ly .

4.3 G R O W T H  C H A R A C T E R S

4,3.1 P lan t  H e ig h t

T h e  a v e ra g e  p lan t  h e igh t  at  th re e  s ta ges  o f  g r o w th  viz. ,  t i l le r in g ,  

f lo w e r in g  and  m a tu r i t y  s ta ges  are  p r e s e n t e d  in T a b l e  7.

Pl an t  h e igh t  was  s ig n i f i c a n t ly  i n f lu e n c e d  by m e t h o d s  o f  p lan t in g  

and A M P  a p p l i c a t i o n  at all s ta ges  o f  g ro w th .  S ig n i f i c a n t  i n t e r a c t io n  was  

no t iced  at f lo w er in g  and m a tu r i t y  s tages .

At  t i l le r in g  s tage ,  m a x i m u m  p l a n t  h e igh t  w a s  r e g i s t e r e d  in l ine 

p l a n t in g  m e t h o d  (45 .40  c m )  and  it w a s  on pa r  w i th  s e e d l i n g  t h r o w in g  

m e t h o d  (43 .0 5  cm).  M a c h i n e  p lan t e d  s e ed l in g  r ec o r d e d  s ig n i f i c a n t ly  

lower  p lan t  h e igh t  (37 .1 8  cm).  .

S e e d l in g  th ro w in g  m e t h o d  r ec o r d e d  h igher  p lan t  h e igh t  bo th  at 

f lo w e r in g  (9 1 .4 0  cm)  and  at m a t u r i t y  s ta ges  (9 9 .8 6  c m )  and  it was  

f o l l o w e d  by l ine p lan t ing  (85 .78  cm  and  93 .19  cm ) .  The  lo w e s t  p lant  

he ight  was  o b s e rv e d  in m ac h in e  p l a n t in g  (7 7 .2 7  cm  and  86 .6 6  cm).

A M F  in o c u la te d  p lan t s  s h o w e d  s ign i f ican t ly  h ig h e r  p lan t  he igh t  

than  n o n - in o c u l a t e d  p lan t s  at  ail s ta ges  o f  g rowth .  At  f l o w e r i n g  s tage 

m a x i m u m  p lan t  he igh t  was  o b s e rv e d  in s e ed l in g  t h r o w in g  m e t h o d  wi th  

A M F  in o cu la t i o n  (100 ,93  cm) .  It w a s  f o l l o w e d  by l ine p l a n t in g  wi th  

A M F  in o c u la te d  s e ed l ings  (9 0 .6 6  cm) .  M a c h i n e  p l a n t in g  and  t h r o w in g  

seed I ings w i th o u t  A M F  i n o c u la t i o n  and  m ac h in e  p l a n t in g  w i th  A M F  

in o cu la t i o n  r ec o rde d  m o re  or  less  same  p lan t  he igh t .  T h e  low es t  plan t  

height  was o b s e rv e d  in m a c h i n e  p l a n t in g  wi th  n o n - i n o c u l a t e d  seed l in g s  

(72 ,6 4  cm).



T i l l e r i n g  s t a g e F l o w e r i n g  s t a g e M a t u r i t y  s t a g e

T r e a t m e n t s A, Ao M e a n A, Ao M e a n A! Ao M e a n

M,

m 2

m 3

M ean

4 5 .3 0

39.03

47 .73

44 .0 2

40 .80
-t c -s ~t

43 .08

39.73

43 .0 5

37 .18

4 5 .4 0

100.93

81.89

90 .66

91.16

81.87

72 .64

80 .90

78 .47

91 .40

77.27

85.78

109.41

90 .6 0

9 7 .5 6

99 .1 9

90 .3 2

82 .72

88.83

87 .2 9

99 .8 6

86 .66

9 3 .1 9

M A M A M A M A M A M A

F 24 .1 4** 57.68** 0 .27 48 .3 7** 2 0 7 .99** ' 13.12** 3 8 .0 7 * * 2 0 0 .5 1 * * 18 .42**
SE 0.797 0..745 1.291 1.024 0.621 1.076 1.071 0.593 1.027

CD 2 .6 0 0 2.297 3 .9 7 9 3 .336 1.917 3 .320 3 .488 1.831 3.171



k !

Al m a t u r i t y  s tage  s ign i f i c a n t ly  h ig h e r  p l an t  h e igh t  w a s  o b s e r v e d  in 

s e ed l in g  t h ro w in g  {109.41 c m )  tha t  was  in o c u la te d  w i th  A M F  fo l low ed  

by line p l a n t in g  wi th  A M F  (9 7 .5 6  cm).  The  low es t  p l a n t  h e ig h t  w as  

r eg i s te r ed  in n o n - in o c u l a t e d  m a c h i n e  p l a n t e d  s e e d l in g s  (8 2 ,7 2  cm).

4.3.2 N u m b e r  o f  T i l ler s
\

The a ve rage  n u m b e r  o f  t i l le r s  at  th ree  s ta ges  o f  g r o w th  viz .,  

t i l l e r ing ,  f l o w e r i n g  and  m a t u r i t y  s ta ges  is p r e s e n t e d  in T a b l e  8 .

f i l l e r  co u n t  at t i l l e r ing  and  f l o w e r i n g  s ta ges  w e r e  s ign i f ic a n t ly  

i n f lu e n c e d  by m e t h o d s  o f  p lan t in g .  M y c o r r h i z a  a l so  p r o v e d  to be 

e f f e c t ive  as s ign i f i c a n t ly  h igher  t i l le r  n u m b e r  was  n o t i c e d  in A M F  

in o cu la te d  s e ed l ings  at all s tages .

At  t i l l e r ing  and  f lo w e r in g  s ta ges  m a x i m u m  t i l le r  c o u n t  was  

o b s e rv e d  in m a c h i n e  p l a n t in g  (10.51 and  11.35) .  L ine  p l a n t i n g  and  

s e ed l in g  t h r o w in g  m e t h o d  r e g i s t e r e d  low e r  t i l le r  n u m b e r  and w e r e  on  par  

at bo th  the  s tages .

At  m a tu r i t y  s tage ,  m e t h o d s  o f  p l a n t in g  s h o w e d  no s ig n i f ic a n t  

i n f lue nce  on  n u m b e r  o f  t i l le r s  w h e r e a s  A M F  in o c u la te d  p l an t s  r ec o rd e d  

h ig h e r  t i l le r  n u m b e r  (9 .73) .  T h o u g h  s t a t i s t i c a l ly  not  s ig n i f i c a n t ,  s e ed l ing  

t h ro w in g  m e t h o d  r ec o r d e d  h ig h e r  n u m b e r  o f  t i l le r s  (9 .60 )  than  m a c h in e  

p l a n t in g  (9 .25)  and  l ine p lan t ing  (8.82) .

The  in te rac t ion  was  not  s ig n i f i c a n t  at  any  o f  the s tages .

4.3 .3 L e a f  A r e a  Index  (LAI)

T h e  a v e ra g e  LAI at th ree  s ta ges  o f  g r o w th  viz. ,  t i l l e r ing ,  f lo w e r in g  

and  m atu r i ty  s ta ges  are  p r e s e n t e d  in  T a b le  9.

At  all s tages ,  LAI was s ign i f i c a n t ly  i n f lu e n c e d  by d i f fe ren t  

m e th o d s  o f  p l a n t in g  as wel l  as A M F  app l i c a t i o n .  H o w e v e r ,  the 

i n te rac t ion  was  s ign i f ic a n t  on ly  at f lo w e r in g  and  m a tu r i t y  s tages .  At  

t i l le r ing ,  f lo w e r in g  and  m a tu r i t y  s ta ges  m a x i m u m  LAI was  o b s e r v e d  in



F M A M A M A M A M A M A

41.58*  * 3 8 .19** 2.32 5 .21* 52 .62** 1.47 3.91 2 3 .2 2 * * 1.74

SE 0.335 0.147 0.254 0.352 0.281 0.487 0.352 0.149 0.486

CD 1.148 0 .8 6 6 0 .784 1.130 0.506 1.501 NS- 0 .4 6 0 NS

* Significant at 5 percent  level ** Significant al I per  cent level NS - Non Significant



T i l l e r in g  s tage F l o w e r in g  S ta g e M a tu r i t y  s tage

T r e a tm e n t A, A 0 M e a n Ai Ao M ean A ' A o M e a n

Mi

m 2

m 3

M ean

1.69

1.17

1.65

1.50

1.47

0.91

1.34

1.24

1.58 
1.04

1.49

6.03

4 .6 5

5 .46

5 .38

5 .66 

4 .10

4.45

4 .74

5.84

4 .3 7

4.95

4.38

3.14

3.77

3 .76

3.73

2 .77

3 .19

3.23

4 .05

2.95

3.48

M A M A M A M A M A M A
F

24 .75** 2 0 .79** 0.19 1 8 7 .51** 2 4 6 .05** 2 1 .3 9 * * 2 9 9 .62** 3 7 1 .6 6 * * 9 .0 1 * *

SE 0.058 0.041 0.069 0.054 0.029 0.050 0.032 0.019 0.034

CD 0.190 *0.125 0 .2 1 6 . 0 .1 7 6 0 .0 8 9 0 .154 0.103 0 .0 6 0 0 .1 0 4



se ed l in g  t h r o w in g  m e t h o d  (1 .58 ,  5 .84  and 4 .0 5 )  fo l l p w e d  by l ine p lan t in g  

(1 .49 ,  4 .95  and  3 .48) .  T h e  lo w e s t  va lue  for  LAI w a s  no t ic e d  in m a c h i n e  

p l a n t in g  {1.04,  4 .37  and  2.95 ) .

A M F  in o c u la te d  p lan t s  r e g i s t e r e d  s ig n i f i c a n t ly  h ig h e r  LAI than 

n o n - i n o c u l a t e d  p lan ts .

At  f l o w e r i n g  s tage ,  s e e d l i n g  th r o w in g  m e t h o d  w i th  A M F  

i n o c u l a t i o n  r ec o r d e d  m a x i m u m  LAI (6 .03 )  and  f o l l o w e d  by s e ed l ing  

t h ro w in g  m e t h o d  w i th o u t  A M F  a p p l i c a t i o n  (5 .66) .  The  lo w e s t  LA I  w as  

o b s e rv e d  in m a c h i n e  p l a n t in g  w i t h o u t  A M F  inocu la t ion .

At  m a tu r i t y  s tage  s ig n i f i c a n t  i n te r ac t io n  w a s  o b s e rv e d  b e tw e en  

p l a n t in g  m e t h o d s  and A M F  a p p l i c a t i o n .  H i g h e r  LA I  w a s  no t ic e d  in 

s e ed l in g  t h r o w in g  with A M F  i n o c u l a t i o n  (4 ,38) .  L ine  p l a n t in g  wi th  

A M F  i n o c u la t i o n  (3 .77)  and  s e e d l i n g  t h ro w in g  w i th o u t  A M F  in o c u la t i o n  

(3 .73)  r e c o r d e d  LAI that  w e r e  on  par.  L ine  p l a n t in g  w i t h o u t  A M F  

i n o c u la t i o n  3.19  and m a c h i n e  p l a n t i n g  wi th  A M F  i n o c u l a t i o n  3 ,14  

r ec o r d e d  LAI th a t  were  on  par.  The  low es t  LAI w a s  no t i c e d  in m a c h i n e  

p lan t ing  w i t h o u t  A M F  inocu la t ion ,

4 .3 .4  D ry  M a t t e r  P r o d u c t i o n  ( D M P )

The D M P  at th ree  s tages  o f  g r o w t h  viz. t i l l e r ing ,  f l o w e r i n g  and 

m a tu r i t y  s ta ges  are  p re s e n ted  in T a b le  10.

D M P  va ri ed  s ign i f i c a n t ly  b e tw e e n  m e t h o d s  o f  p l a n t in g  and  A M F  

a p p l i c a t i o n  at all s tages .  H o w e v e r ,  s ig n i f i c a n t  i n t e r a c t io n  was  n o t i c e d  at 

f l o w e r i n g  s tage .

At  all s t a g e s  m a x i m u m  D M P  was  no t ic e d  in s e e d l i n g  th r o w in g  

method (679 kg h a ' 1, 9124 kg h a ' 1 and 14039 kg ha '1). It was fo l lowed  by line 

p lan t ing (659 kg ha’1, 8209 kg h a '1, 13320 kg h a ' 1). T h e  lo w e s t  va lue  was 

seen in m a c h i n e  p l a n t in g  (511 kg  h a ' 1, 6 5 7 9  kg h a ' 1, 11650 kg h a ' 1).



Til ler ing  s ta g e F l o w e r in g  s tage M a t u r i t y  s tage

T rcatm ents A, Ay M e an A, Ac M e a n A, Ao M e a n

Mi

m 2

M3

Mean

701

543

692

645

658

478

627

588

679

511

659

981 1 

7269  

8543  

8541

8438

5890

7875

7401

9124

6579

8209

14865

12409

14012

13762

13214

10892

12627

12244

14039  

1 1650 

13320

M A MA M A MA M A MA

F 283.8** 89.9** 1.5 1745.1** 1525.7** 65.  4** 714.1** 662.0** 1.7

SE 5.5 4,3 7.4 30.9 20.6 35.7 45.9 41.6 71.7

CD 17.8 13.2 22.9 100.6 63.6 1.10.2 149.6 128.5 222.6



A M F  in o c u la te d  p l a n t s  p r o d u c e d  s ig n i f i c a n t ly  h ig h e r  D M P  (645 

kg h a ' 1, 8541 kg  h a ' 1. 13762 kg h a ' 1) than  n o n - in o c u l a t e d  p lan t s  (588  kg 

h a ’1. 7401 kg h a ' 1, 12244 kg h a ' 1) r e s p e c t i v e ly  at all s tages .

D i f f e r e n t  m e t h o d s  o f  p l a n t in g  and in te r ac t io n  wi th  A M F  

a p p l i c a t i o n  s ig n i f i c a n t ly  i n f l u e n c e d  the D M P  at f l o w e r i n g  s tage.  

S e e d l i n g  t h r o w in g  w i th  A M F  i n o c u l a t i o n  p r o d u c e d  s ig n i f i c a n t l y  h ig h  dry 

m a t t e r  (9811 kg  h a ' 1) f o l l o w e d  by l ine p l a n t in g  w i th  A M F  and  t h r o w in g  

w i t h o u t  A M F ,  w h ic h  w e r e  on  par .  The  low es t  D M P  w a s  n o t i c e d  in 

m a c h i n e  p l a n t in g  w i th o u t  A M F  a pp l i c a t ion .

4,4 Y I E L D  A N D  Y I E L D  A T T R I B U T I N G  C H A R A C T E R S

4.4.1 D ays  to 50 p e r  cent  F l o w e r in g

T h e  a v e r a g e  n u m b e r  o f  days  t a k e n  for  50 p e r  cen t  f l o w e r i n g  is 

p r e s e n t ed  in T a b l e  1 1.

S ig n i f i c a n t  d i f f e re n c e  was  n o t i c e d  in n u m b e r  o f  days  to 50 per  

cent  f lo w e r in g  b e tw e e n  the m e t h o d s  o f  p l a n t in g  and A M F  a p p l i c a t i o n .

S e e d l i n g  t h ro w in g  m e t h o d  had  t a k e n  m o re  n u m b e r  o f  da ys  to 50 

per  cen t  f lower ing  (81 days).  Line p lan t in g  had taken 78 days while  

m ach ine  p lant ing  had taken 72 days. A M F  inoculated seedl ings  had taken 

only 75 days to 50 per  cent f lower ing  where  as non inocu la ted  seed l ings 

had taken m ore  num ber  o f  days (79)  to 50 per  cent f lowering.

The  in te r ac t io n  w a s  not  s ig n i f ic an t .

4 .4 .2  P r o d u c t iv e  T i l ler s

The a v e ra g e  n u m b e r  p r o d u c t i v e  t i l le r s  are p r e s e n t e d  in T a b le  1 2,

S ig n i f i c a n t  va r i a t ion  w a s  no t ic ed  in p r o d u c t i v e  t i l le r  coun t  

b e tw e e n  m e t h o d s  o f  p l a n t in g  and  A M F  a p p l i c a t i o n .

S e e d l in g  t h ro w in g  (7 .98)  and  l ine p l a n t in g  (7 .63)  r e c o r d e d  h i g h e r  

n u m b e r  o f  p r o d u c t i v e  t i l le r s  and  w ere  on  par .  M a c h i n e  p l a n t in g  

r eg i s te r ed  lo w e s t  n u m b e r  o f  p r o d u c t i v e  t i l le r s  (6 .97) .



Treatments A, Ao Mean

Mi 79 83 81

m 2 70 74 72

m 3 76 80 78

Mean 75 79

M A MA
F

243.01** 65.6a** 0.075

SE 0.3 0.3 0.6

Cl) 1.0 1.1 NS



Treatments Ai ^ A 0 Mean

M, 8.87 7.09 7.98

m 2 7.11 6.82 6.97

m 3 8.12 7.15 7.63

Mean 8.03 7.02

M A M A
F

7.36* 42,28** OO O *

SE 0.190 0.106 0.184

CD 0.620 0,328 0.569

T a b le  13. E f fec t  o f  p l a n t in g  m e t h o d s  (M)  and  A M F  a p p l i c a t i o n  (A )  on

n u m b e r  o f  p a n ic l e s  m ’:

Treatments A, A 0 Mean

M, 529 476 502

m 2 418 367 392

m 3 442 376 409

Mean 476 463

M A MA
F

396.5** 564.5** 3.7

SE 3.0 1.7 2.9
CD 9,7 5.2 NS



A M F  in o c u la te d  p l an t s  p r o d u c e d  m a x i m u m  n u m b e r  o f  p r o d u c t i v e  

t i l ler s  (8 .03 )  w h e n  c o m p a r e d  to n o n - i n o c u l a t e d  p l a n t s  (7 .02) .

S i g n i f i c a n t  i n t e r a c t io n  w a s  n o t i c e d  b e tw e e n  m e t h o d s  o f  p lan t in g  

and A M F  in o cu la t ion .  H ig h e s t  n u m b e r s  o f  p r o d u c t i v e  t i l le r s  were  no t iced  

in s e ed l in g  t h ro w in g  m e t h o d  w i th  A M F  inocu la t ion .  It is f o l l o w e d  by 

line p l a n t in g  w i th  A M F  inocu la t ion .

4.4 .3  P a n i c l e s  m'2

"■ 2 ■The  average  num ber  of panic les  m ’ is p resen ted  in Tab le  13.

D i f fe r en t  m e t h o d s  o f  p l a n t in g  and  A M F  a p p l i c a t i o n  s ig n i f i c a n t ly  

i n f lu e n c e d  the n u m b e r  o f  p a n ic l e s  m '2 but  the i n te r ac t io n  was  not  

s ig n i f ic a n t .  H ig h e r  n u m b e r  o f  p a n ic l e s  m "2 w a s  r ec o r d e d  in s e e d l in g  

t h ro w in g  m e t h o d  (502) .  It was  f o l l o w e d  by l ine  p l a n t i n g  (409) .  

M a c h i n e  p l a n t in g  rec o rde d  lo w e s t  n u m b e r  o f  p a n ic l e s  m "2 (392) .

A M F  in o cu la te d  se ed l ings  r ec o r d e d  h ighe r  n u m b e r  o f  p a n ic l e s  m'~ 

(463)  vvhen c o m p a r e d  to n o n - i n o c u l a t e d  s e ed l ings  (406) .

4 .4 .4  F i l l ed G ra in s  P a n i c l e ' 1

The average num ber  o f  filled grains  p an ic le ' 1 is presented in Table  14.

Fi i led g ra in s  p a n ic l e ' 1 va r ied  s ign i f i c a n t ly  a m o n g  the m e t h o d s  o f  

p l a n t in g  and  A M F  inocu la t ion .

M a x i m u m  n u m b e r  o f  f i l l ed g ra in s  p a n i c l e ' 1 w a s  ‘o b s e r v e d  in line 

p l a n t i n g  m e t h o d  (90) ,  It was  f o l l o w e d  by s e ed l in g  th r o w in g  m e t h o d  (87)  

and the low es t  va lue  was  r ec o r d e d  in m a c h i n e  p l a n t in g  (81).

A M F  in o c u la te d  p lan t s  had  p r o d u c e d  s ig n i f i c a n t ly  m ore  f i l led 

g ra ins  p a n i c l e ' 1 (92 )  c o m p a r e d  to  n o n  in o c u la te d  p l a n t s  (80).

flie i n t e r a c t io n  w a s  not  s ig n i f ic an t .



Treatments Ai Ao Mean

M, 94 81 1 87

m 2 85 77 81

m 3 98 82 90

Mean 92 80

F
M A MA

9 9** ]9 ?** 0.8

SE 1.4 2.0 3.5

CD 4.6 6.3 N S

Table  15. E f fec t  o f  p l a n t in g  m e t h o d s  ( M )  and  A M F  a p p l i c a t i o n  (A) on 

t h o u s a n d  g ra in  w e igh t ,  g

i Treatments A, A q Mean

Mi 26.09 24.22 25.15

I m 2 24.31 22.34 23.32

m 3 26.04 24.24 25.14

1 Mean
1

25.48 23.60

M A
MA

F 235,06** 414.98**
0.255

SE 0.069 0.065 0.1 13

CD 0.224 0.201 NS



4.4 .5  T h o u s a n d  G r a i n  W e i g h t

T h e  a v e r a g e  th o u s a n d  g ra in  w e i g h t  is p r e s e n t e d  in T a b l e  15.

T h o u s a n d  gra in  w e ig h t  va r i ed  s i g n i f i c a n t l y  b e tw e e n  the d i f f e re n t  

m e t h o d s  o f  p l a n t in g  and  A M F  a p p l i c a t i o n  h o w e v e r  i n t e r a c t io n  e ff ec t  was 

not  s ig n i f i c a n t .  S e e d l in g  t h ro w in g  m e t h o d  r e c o r d e d  s ig n i f i c a n t l y  h i g h e r  

values  o f  t housand  grain weight  (25.15 g) but  was  on  par  with line p lan t ing  

m ethod  (25 .14  g). The  lowes t  value was  recorded in m ach ine  p lan t ing  

(23.32 g).

A M F  inoculated plants  recorded s ign if icant ly  h igher  values  o f  

thousand  grain  weight  (25.48 g) than  non- inocu lated  seed l ings  (23 .60  g).

4 .4 .6  S t e r i l i t y  p e r c e n t a g e

The a v e r a g e  s te r i l i ty  p e r c e n ta g e  is p r e s e n t e d  in T a b le  16.

S te r i l i ty  p e r c e n ta g e  was  s ig n i f i c a n t ly  i n f l u e n c e d  by d i f f e r e n t  

m e t h o d s  o f  p lan t in g .  T h e  h ig h es t  s te r i l i ty  p e r c e n ta g e  w a s  n o t i c e d  in 

s e ed l in g  t h ro w in g  m e t h o d  (2 1 .0 0 ) .  L i n e  p l a n t in g  and m a c h i n e  p l a n t in g  

r ec o rde d  low e r  s te r i l i ty  pe rc e n ta g e s  w h ic h  w e r e  on  par.

A M F  had  no s ig n i f i c a n t  in f lu e n c e  on  s te r i l i t y  and  the  i n te r a c t io n  

was  a lso  not  s ign i f ic a n t .

4 .4 .7  G ra in  Yield

T h e  a v e r a g e  gra in  y ie ld  is p r e s e n t e d  in Tab le  17.

S ig n i f i c a n t  d i f f e re n c e  was  n o t i c e d  b e tw e e n  m e t h o d s  o f  p l a n t in g  

and  A M F  a p p l i c a t i o n .  The  h ig h es t  y ie ld  was  no t i c e d  in s e ed l in g  th ro w in g  

( 4436  kg  ha"1) w h ic h  was  on  p a r  wi th  l ine  p l a n t in g  (4421 kg  ha"1). The  

low es t  y ie ld  was  o b s e rv e d  in m a c h i n e  p l a n t in g  (3447  kg  h a _i).

A M F  in o c u la te d  p l a n t s  p r o d u c e d  h i g h e r  y ie ld  (4392  kg  h a ' 1) than  

n o n - i n o c u l a t e d  p lan t s  (3810  kg  h a ' 1).



T a b le  16. E f fec t  o f  p l a n t in g  m e t h o d s  (M)  and  A M F  a p p l i c a t i o n  (A)  on 

s te r i l i ty  p e rc e n ta g e

Treatments Aj Ao Mean

Mi

m 2

m 3

Mean

21.52

11.51

12.38

15.14

20.47 

12.56

11.47 

14.83

21,00 “~| 

12.03 |

11.92 1
!

1

M A MA
F

69.38** 0.07 0.35

SE 0.626 0.812 1.407
CD 2,038 NS N S

T a b le  17. E f fec t  o f  p lan t ing  m e t h o d s  (M )  and A M F  a p p l i c a t i o n  (A)  on 

gra in  y ield ,  kg h a ' 1

Treatments Ai Ao Mean

Mi 4609 4264 4436

M 2 3880 3015 3447

M;, 4689 4153 4421

Mean 4392
_  .

3810

F
M

402.2**

A

88. 7**

MA

6 .0*

SE 28.3 43.6 75.6
CD 92.1 134.7 233.3



T h e  i n t e r a c t io n  b e tw e e n  m e t h o d s  o f  p l a n t in g  and  A M F  a p p l i c a t i o n  

was  s ig n i f ic a n t .  L ine  p l a n t in g  w i th  A M F  a p p l i c a t i o n  ( 4 6 8 9  kg  h a ' 1) and  

s e e d l i n g  t h r o w i n g  wi th  A M F  a p p l i c a t i o n  (4609  kg h a ' 1) r e c o r d e d  y ie lds  

tluil were on  par .  S e e d l in g s  t h ro w in g  w i th o u t  A M F  a p p l i c a t i o n  (4264  kg 

h a ' 1), line p lan t in g  wi thout  A M F  app l icat ion (4153 kg h a ’1), and  m a c h i n e  

p l a n t in g  w i th  A M F  a p p l i c a t i o n  (3880  kg  h a ' 1) r e c o r d e d  l o w e r  yields .  

M a c h i n e  p l a n t in g  w i t h o u t  A M F  a p p l i c a t i o n  r e g i s t e r e d  the  l o w e s t  gra in  

yield (3015  kg h a ' 1),

4 .4 .8  S t r a w  Y ie ld

T h e  a v e r a g e  s t r a w  yield is p r e s e n t e d  in T a b le  18.

S i g n i f i c a n t  d i f f e re n c e  was  no t ic e d  in s t r a w  y ie ld  due  to the 

d i f f e r e n t  m e t h o d s  o f  p l a n t in g  and  A M F  inocu la t ion .  The  i n t e r a c t io n  was 

a lso  s ig n i f ic an t .

Significant ly higher straw yield was not iced in seedi ing throwing  method 

(9868 kg h a ' 1) and it was followed by line plant ing (8951 kg h a ' 1). T he  lo w e s t  

yield was  o b s e rv e d  in m a c h i n e  p l a n t in g  (8100  k g  h a ’1). S e e d l i n g  

th ro w in g  m e t h o d  wi th  A M F  i n o c u la t i o n  r ec o r d e d  m a x i m u m  s t r a w  

p r o d u c t i o n  (1 0 5 0 8  kg h a ' 1) and it was  f o l l o w e d  by l ine  p l a n t i n g  wi th  

A M F  a p p l i c a t i o n  (9424  kg h a ' 1). S e e d i i n g  t h ro w in g  w i th o u t  A M F  (9229  

kg  h a ’1), m a c h i n e  p l a n t in g  with A M F  (8555  kg h a ' 1) and l ine  p l a n t in g  

w i th o u t  A M F  (8478  kg h a ’1) r ec o r d e d  l o w e r  s t r aw  y ield.  T h e  lo w e s t  

straw- yield was  no t ic e d  in m a c h i n e  p l a n t i n g  w i th o u t  A M F  a p p l i c a t i o n  

(7644  kg h a ' 1).

4.4 .9 H a rv e s t  In d e x

T he  a v e ra g e  ha rves t  index  is p r e s e n t e d  in T a b le  19.

H a r v e s t  i n d ex  was  s ign i f i c a n t ly  i n f l u e n c e d  by m e t h o d s  o f  p l a n t in g  

and A M F  a p p l i c a t i o n .  L ine  p l a n t in g  r e c o r d e d  s ig n i f i c a n t ly  h ig h e r  

ha rves t  index  (0 .49) .  It was  f o l l o w e d  by seed l ing  t h ro w in g  (0 .45) .  The  

low es t  ha rves t  index was  no t ic e d  in m a c h i n e  p l a n t in g  (0 .42) .



Treatments A, Ao Mean

Mi 10508 9229 9868

m 2 8555 7644 8100

m 3 9424 8478 8951

Mean 9495 8450

F M A M A

30.5** 28.1** 48.7**

SE 21.6 19.8 34.4

CD 70,3 61.2 106.1

T a b l e  19. Ef fec t o f  p l a n t in g  m e t h o d s  (M )  and  A M F  a p p l i c a t i o n  (A)  on

h a rv e s t  index

Treatments A[ Ao Mean

M, 0.43 0.46 0.45

m 2 0.45 0.39 0.42

m 2 0.49 0.49 0.49

Mean 0.46 0,44

M A MA
F

100.81** 5,41* 14.76**

SE 0.003 0.004 0,007

CD 0.011 0.013 0.023



In te r ac t io n  b e tw e e n  m e t h o d s  o f  p l a n t in g  and  A M F  i n o c u la t i o n  was  

s ig n i f ic a n t .  Line p l a n t in g  wi th  and  w i t h o u t  m y c o r r h i z a l  a p p l i c a t i o n  

r ec o r d e d  high  h a rv e s t  index  (0 .49 ) .  M a c h i n e  ‘p l a n t in g  wi th  A M F  

a p p l i c a t i o n  and  t h ro w in g  s e e d l i n g  w i th o u t  A M F  a p p l i c a t i o n  reco rded  

m ore  or  less  s a m e  ha rves t  index .  The  low es t  h a rv e s t  i p d ex  w a s  no t iced  

in m a c h i n e  p l a n t in g  w i th o u t  A M F  in o cu la t i o n ,

4.5 U P T A K E

4.5.1 N U p ta k e

T h e  a v e ra g e  n i t rogen  u p tak e  is p r e s e n t e d  in T a b le  20.

Plant ing m ethods  and A M F  inocula t ion had s ign if icant ly  in f luenced  

the ni t rogen up take  o f  plants.

S ig n i f i c a n t ly  h ig h e r  u p t a k e  w a s  no t ic e d  in s e ed l in g  t h r o w in g  

method  (130.8 kg ha"1). It was fo l lowed by line p lan t ing  (119.7 kg h a ' 1). 

The  low es t  va lue  was  r ec o rde d  in m a c h i n e  p l a n t i n g  (116 .5  kg  h a ' 1).

A M F  in o cu la te d  p lan t s  had  be t t e r  u p t ak e  (1 3 0 .4  kg  h a ' 1) c o m p a r e d  

to non  in o c u la te d  p lan t s  (114.3 kg h a ’1).

The  interac t ion was not  s ignif icant .

4 .5 .2  Ph o s p h o r u s  U p ta k e

T h e  a v e ra g e  p h o s p h o r u s  u p t a k e  is p r e s e n t e d  in T a b l e  21.

It c o u ld  be o b s e rv e d  f ro m  the  da ta  tha t  there  was  s ig n i f ic a n t  

i n te r ac t io n  a m o n g  the t r e a tm e n t s  w i th  r e s p e c t  to the  u p t a k e  o f  P by the 

c rop  at ha rves t .  T h e  in te r ac t io n  was  a lso  s ig n i f ican t .

S ig n i f i ca n t ly  s u p e r i o r  u p t ak e  w a s  no t ic e d  in s e e d l i n g  t h r o w in g  

m e t h o d  (37 .7  kg  ha"1). It was  fo l l o w e d  by l ine p l a n t in g  (33 .0  kg h a ' 1). 

The  lowes t  u p t ak e  was  r ec o rde d  in m a c h i n e  p l a n t in g  (29 .9  kg  ha"1).



T reatments A, Ao Mean

Mi 139.1 122.5 130.8

M ; 124.0 109.0 116.5

m 3 128.2 111,3 119.7

Mean 130.4 114,3

M A MA
F

62.76** 311.24** 0.47

SE 0.95 0.65 1.12

CD 3.09 1.99 NS

T a b le  21, E f fe c t  o f  p l a n t in g  m e t h o d s  (M)  and  A M F  a p p l i c a t i o n  (A)  on

phosph o rus  up take  (kg ha

Treatments Ai Ao Mean

Mi 44,6 30.8 37.7

m 2 36.0 23.7 29.9

m 3
1

36.0 30.1 33.0

Mean 38.9 28.2

F M A MA

25.41** 81.81** 4.27*

SE 0.78 0.83 1.44

CD 2.54 2.57 4 .45

’‘’Significant at 5 per cent level ** Significant at I percent level 

NS - Non significant



A M F  app l i ed  p lo ts  r e c o r d e d  m a x i m u m  u p t a k e  (38 ,9  kg h a ' !) 

c o m p a r e d  to n o n  ap p l i e d  p lo ts  (28,2 kg  h a ' 1).

T he  h ighes t  u p t ak e  was  found  in s e e d l i n g  th r o w in g  m e t h o d  wi th  

AMF' a p p l i c a t i o n  (44 .6  kg h a ' 1). L ine  p l a n t in g  wi th  A M F  i n o c u la t i o n  

(36.0 kg ha"1) and m ach ine  p lan t ing with A M F  inocula t ion (36.0 kg ha"1) 

r e c o r d e d  P u p ta k e  that  w e r e  on  par .  S e e d l in g  t h r o w in g  m e t h o d  and  l ine 

p l a n t in g  m e t h o d  w i t h o u t  A M F  a p p l i c a t i o n  r e c o r d e d  l o w e r  P u p ta k e ,  30.8 

kg h a ' 1 and  30.1 kg h a ' 1 r e spe c t ive ly .  The  lo w e s t  u p t a k e  w a s  no t ic e d  in 

m a c h i n e  p l a n t in g  w i th o u t  A M F  a p p l i c a t i o n  (23 .7  kg h a ' 1),

4.5 .3 P o t a s s iu m  U p ta k e

The average po tass ium  up take  is p resen ted  in Tab le  22.

Signi f i can t  d i ffe rence  was not iced  a m ong  the m ethods  o f  p lant ing and 

A M F  app l icat ion in the K uptake by  plants.  The  inte rac t ion  was not

significant .

The  h ig h es t  u p t ak e  w a s  n o t i c e d  in s e ed l in g  t h r o w in g  m e t h o d  (99.1 

k g  h a ' 1). L ine  p l a n t in g  r e c o r d e d  u p t a k e  o f  94 .7  kg  h a ’1 a n d  the  l o w e s t  

u p t a k e  was  seen  in m a c h i n e  p l a n t in g  (91 .5  kg  h a ' 1).

A M F  ap p l i e d  p lan t s  r eg i s te r ed  s u p e r i o r  u p t ak e  (101 .3  kg h a ’1) 

c o m p a r e d  to n o n - in o c u l a t e d  p l a n t s  ( 88.8  kg h a ' 1).

4 .6  SO IL  A N A L Y S I S

4.6.1 So i l  N i t r o g e n

The a v e ra g e  soil  n i t ro g e n  s ta tus  a f t e r  the h a rv e s t  is p r e s e n t ed  in 

T a b le  23.

B e tw e e n  m e t h o d s  o f  p l a n t in g ,  no s ig n i f i c a n t  v a r i a t ion  was  n o t iced  

in a v a i l a b l e  n i t ro g e n  s ta tus .  A M F  a p p l i c a t i o n  s ig n i f i c a n t l y  in f lu e n ce d  

the soil  n i t ro g e n  s ta tus  but  the i n t e r a c t io n  was  not  s ig n i f i c a n t .

Nit rogen  avai labi l i ty  was less in A M F  applied plots  (255.7 kg ha’1) 

than  non ap p l i e d  p lo ts  (262 .3  kg h a ' 1).



F
M A MA

51.54** 386.09** 1.83

SE 0.53 0.45 0.78

CD 1.71 1.39 NS

Table  23. E f fe c t  o f  p l a n t in g  m e t h o d s  (M)  and  A M F  a p p l i c a t i o n  (A) on 

n i t r o g e n  a va i l a b i l i t y ,  k g  h a ' 1

Treatments A, Ao Mean

Mi

M 2

Ms
Mean

252.1

256.1 

258.9 

255.7

260.7

265.0

261.0 

262.3

256,4

260.6

259.9

M A MA
F

1.90 21.14** 2.37

SE 4.38 1.01 1.27
CD NS 3,12 N S

** Significant at 1 per cent level NS - Non significant



4 .6 .2  So i l  P h o s p h o r u s

T h e  a v e ra g e  soi l  p h o s p h o r u s  s ta tus  is p r e s e n t e d  in T a b le  24.

N o  s ig n i f i c a n t  v a r i a t ion  was  no t i c e d  b e tw e e n  m e t h o d s  o f  p l a n t in g  

in soil  p h o s p h o r u s  ava i l ab i l i ty .  Bu t  A M F  a p p l i c a t i o n  e n h a n c e d  the 

a v a i l a b i l i t y  o f  p h o s p h o r u s  in soil .  T h e  in te r ac t io n  w a s  a l so  s ign i f ican t .

H ig h  P s ta tus  was  no t ic e d  in A M F  r ec e iv e d  p lo t s  (3 6 .9  kg  h a ' 1) 

than non r e c e iv e d  p lo ts  (34.1 kg  h a ' 1).

S e e d l i n g  th ro w in g  and  l ine p l a n t in g  m e t h o d s  w i th  A M F  

i n o c u la t i o n  and  m a c h i n e  p l a n t in g  wi th  and  w i th o u t  A M F  rec o r d e d  m ore  

or  less  the  s a m e  P s ta tus  and w e r e  on  pa r .  S e e d l in g  t h r o w i n g  and  l ine 

p l a n t in g  m e t h o d s  w i th o u t  A M F  i n o c u la t i o n  r ec o r d e d  the  l o w e s t  soil P 

s tatus .

4 .6 .3  Soi l  P o t a s s iu m

T h e  a v e ra g e  soi l  p o t a s s i u m  s ta tu s  is p r e s e n t e d . i n  T a b le  25.

B e t w e e n  p l a n t in g  m e th o d s ,  no  s ig n i f i c a n t  v a r i a t i o n  was  o b s e rv e d  

in soil p o t a s s i u m  s ta tus .  S ig n i f i c a n t  i n f lu e n c e  o f  m y c o r r h i z a  w a s  no t iced .

Soil potass ium status was low in A M F  received plots  (160.0 kg h a ' 1} 

than non- inocu la ted  plants  (162.9 kg  h a ' 1).

4.7.  L A B O U R  R E Q U I R E M E N T

The l abou r  r e q u i r e m e n t  fo r  d i f f e r e n t  m e t h o d s  o f  p l a n t in g  and  

p e r c e n ta g e  o f  l a b o u r  sav ing  ov e r  l ine  p l a n t in g  w e r e  w o r k e d  out  and 

e x p re s s e d  in T a b le  26.

Machine  plant ing required less num ber  o f  labour o f  five man days h a ' 1 

wh ich  a c c o u n t s  for  90 ,9  p e r  cen t  l a b o u r  s a v in g  ov e r  l ine p lan t ing .  

S e e d l in g  t h ro w in g  r e q u i r e d  20  w o m e n  days  h a ’1 w h i c h  a c c o u n t s  for  63.6  

pe r  cen t  l a b o u r  s a v in g  o v e r  l ine p lan t ing .  L ine  p l a n t in g  took  m a x i m u m  

n u m b e r  o f  l a b o u r  (55 w o m e n  days  h a ' 1).



Treatments A, Ao Mean

M,

m 2

m 3
Mean

37.4

36.3

37.2

36.9

33.0 

36.3 

32.9

34.1

35.2

36.3 

35,0

M A MA
F

2.96 35.62** 9.18**

SE 0.94 0.34 0.59
CD NS 1.05 1.81

Table  25.  E f fec t  o f  p lan t ing  m e t h o d s  (M )  and A M F  a p p l i c a t i o n  (A) on 

p o t a s s i u m  a v a i l ab i l i ty ,  kg  h a ' 1

Treatments A, Ao Mean

M, 157.9 ' 164.4 161.2

m 2 161.4 162.2 161,8

m 3 160.8 162,0 161.4

Mean 160.0 162.9

M A M A
i

0.17 5.37* 2.24

SE 0.84 0.87 0.79
CD NS 2,68 NS



Table 26. Labour requirement  (men / women days h a '1)

Establishment method Labour  requirement Labour  saving (%)

1. Seedling throwing 20 63.6 (L.P)*

2. Machine planting 5 90.9 (L.P)*

3. Line plant ing (L.P) 55

^ C o m p a r e d  to l ine p lan t in g

T a b ic  27. E f fe c t  o f  p l a n t in g  m e t h o d s  a n d  A M F  a p p l i c a t i o n  on  B :C  rat io

Treatments Al AO Mean

Mi 2.99 2.72 2.86

m 2 3,11 2.53 2.82

m 3 2.08 1.85 . 1.97

Mean 2.73 2.37 ‘

F
M A MA

2009.20** 163.78** 15.57**

SE 0.011 0.020 0.034

CD 0.036 0.061 0.106

** Significant at 1 per cent level



4.8 H C O N O M I C S  OF C U L T I V A T I O N

4.8.1 B : C Rat io

T h e  B:C  Ra t io  is p r e s e n t e d  in T a b le  27.

S ig n i f i c a n t  d i f f e re n c e  was  n o t i c e d  as B'.C ra t io  va r i ed  a m o n g  

m e t h o d s  o f  p l a n t in g  and A M F  a p p l i c a t i o n .  S e e d l i n g  t h r o w in g  m e t h o d s  

and m a c h i n e  p lan t ing  r ec o r d e d  high  B :C  ra t io s ,  2 .85  and  2 .82  

r e s p e c t iv e ly .  L ine  p l a n t in g  r e g i s t e r e d  the l o w e s t  B:C  rat io  (1 .97) .

A M F  in o c u la te d  p l an t s  r e g i s t e r e d  h ig h  B'.C rat io  (2 .73 )  than non-  

in o c u la te d  p lan t s  (2 .37) .

The  i n t e r a c t io n  b e tw e e n  m e t h o d s  o f  p l a n t in g  and  A M F  a p p l i c a t i o n  

was  s ig n i f ic a n t .  The  h ighes t  B :C  rat io  o f  3.11 was  f o u n d  in s e ed l ing  

t h ro w in g  m e t h o d  wi th  A M F  a p p l i c a t i o n .  T h e  l o w e s t  B'.C rat io  was  

ob ta in e d  in l ine p l a n t in g  w i th o u t  A M F  in o cu la t i o n  (1 .85) .

4.8 .2  G ro s s  R e t u r n s

G r o s s  R e tu rn s  is p r e s e n t ed  in T a b le  28.

D i f fe r en t  p l a n t in g  m e t h o d s  s ig n i f i c a n t ly  i n f l u e n c e d  the g ross  

re turns .

H ighe r  g ro ss  r e tu rn s  were  r ec o r d e d  in s e ed l in g  t h r o w in g  m e th o d  

(R s ,49965 h a ' 1). It was fo l lowed by l ine p lan t ing  m e th o d  (Rs .45477  h a ' 1). 

T h e  low es t  g ro ss  r e tu rn s  were  r e g i s t e r e d  in m a c h i n e  p l a n t in g  (R s .3 7 1 4 2

h a ' 1).

A M F  in o c u la te d  p lan t s  p r o d u c e d  h igh  y ields  and  the g r o s s  r e tu rn  

w-as h igh  ( R s . 4 6 0 8 9  h a ' 1) c o m p a r e d  to non  in o c u la te d  p l a n t s  ( R s . 40301 

h a ' 1).

4.8 .3  Net  R e t u r n s

N et  R e tu rn s  is p r e s e n t ed  in T a b ie  29.



Treatments A| Ao Mean

Mi

m 2

m 3
Mean

49176

40960

48130

46089

44754

33324

42824

4030]

46965

37142

45477

M A MA
F

672.1** 155.6** 4.3

SE 204.5 327.6 567.4
CD 666.0 1011.0 NS

Table  29.  E f fec t  o f  p l a n t in g  m e t h o d s  and A M F  a p p l i c a t i o n  on net 
r e tu rns ,  R s . h a ' 1

Treatments A1 A0 Mean

M] ^  

Mi

M 3

Mean

32731

27815

25085

28544

28309

20179

19779

22756

30520

23997

22432

M A MA
F

441.3** 155.6** 4.3

SE 201.4 327.56 567.4
CD 655.9 1011.00 N S



Net  returns  var ied s ignif icant ly  due  to A M F  app l i ca t ion  and m ethods  

o f  planting.

Seedling throwing method registered higher net returns (Rs. 30520 ha"1). It 

was fo l lowed by m ach ine  p lan t ing (Rs. 23997 ha’1). The  lowes t  net re turns  

was obse rved  in l ine plant ing  (Rs. 22432 h a ’1).

A M F  inocu la ted plants  had  h igher  net re turns  (Rs. 28544  h a ' 1) when  

com pared  to non inoculated plants  (Rs. 22756  h a ’1).
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5. DISCUSSION

A f ie ld  i n v e s t ig a t io n  w a s  c o n d u c t e d  d u r in g  k h a r i f  s e a s o n  ( June  - 

S e p t e m b e r ,  2 0 0 3 )  at C o l l e g e  o f  A g r i c u l t u r e ,  V e l l a y a n i  to e v a lu a te  the 

e f f i c i e n c y  o f  the d i f f e re n t  p l a n t in g  m e t h o d s  and  A M F  a p p l i c a t i o n  on  the 

g r o w th  and  y ie ld  o f  rice.  T h e  r e s u l t s  o b t a in e d  a re  d i s c u s s e d  be low.

5.1,  E F F E C T S  OF P L A N T I N G  M E T H O D S  A N D  A M F  A P P L I C A T I O N  

ON E S T A B L I S H M E N T  C O U N T

S i g n i f i c a n t  va r i a t i o n  w a s  o b s e rv e d  b e tw e e n  the  d i f f e r e n t  m e t h o d s  

o f  p l a n t in g  (Fig.  3). H ighe r  e s t a b l i s h m e n t  was  o b s e rv e d  in l ine p lan t in g  

and  s e e d l i n g  t h ro w in g  m e t h o d  c o m p a r e d  to m a c h i n e  p lan t in g .  The  w id e r  

row s p a c i n g  in m a c h i n e  p l a n t in g  (30 x 10 c m )  m ig h t  have  led to low 

s e ed l in g  p o p u l a t i o n  than  o t h e r  m e t h o d s .  S e e d l in g  t h r o w in g  w a s  d o n e  at 

r a n d o m  w h ic h  m igh t  have  led to c o m p a r a t i v e l y  less  p o p u l a t i o n  than  line 

p lan t in g .

A M F  in o c u la te d  p lan t s  had  be t t e r  e s t a b l i s h m e n t .  T h i s  m ig h t  be 

due  to b e t t e r  roo t  g r o w th  and  root  p ro l i f e r a t i o n  w h i c h  m a d e  the 

e s t a b l i s h m e n t  m ore  e f fec t ive .  S i m i l a r  re su l t s  were  r e p o r t ed  by

P u r a k a y a s t h a  and  C h h o n k a r  (2001) .

5.2 E F F E C T S  OF P L A N T I N G  M E T H O D S  A N D  A M F  A P P L I C A T I O N  

ON  R O O T  C H A R A C T E R S

S e e d l i n g  t h ro w n  c rops  had  longe r  roots ,  m o re  roo t  v o l u m e  and 

high  root  : s h o o t  r a t io  c o m p a r e d  to o t h e r  m e t h o d s .  T h i s  m ig h t  be due  to 

ze ro  d e p th  o f  p l a n t in g  w h ic h  r e s u l t e d  in  m ore  p ro l i f e r a t i o n  and  g r o w t h  o f  

roots .  S im i la r  f ind ings  o f  in c r e a s e d  root  leng th ,  roo t  v o l u m e  and  roo t  

ac t iv i ty  in s e ed l in g  th ro w n  c ro p  was  r e p o r t e d  by S a n b a g a v a l l i  el al.

(1999) .



50

45

40

35

30

25

20

15

10

5

0

T reatments



Increase in root length, root vo lum e  and root-shoot  ratio was  

not iced in AM F inoculated seed l ings  during all the growth s tages  o f  the 

crop. Increased root and shoot  dry weight  was also noticed due to AM F  

application .  This  might be due to the enhanced root prol i feration which  

resulted in more root vo lum e .  Purakayastha and Chhonkar ( 2 0 0 1 )  also  

reported enhanced  root length and root vo lum e  in A M F inoculated rice 

plants.

5.3 EFFECTS OF PLANTING M ETHODS ON GROWTH C H AR AC TE RS  

OF RICE

The crop growth parameters viz .  plant height,  t il lers,  LAI and dry 

matter production at various growth stages  were found to be very much  

respons ive  to different  planting methods.

Higher plant height  was observed  in seed l ing  throwing  method at 

f lower ing and maturity stages.  At t i l lering stage,  plant height  was  

comparable  with line planting (Fig.  4).  In seed l ing  throwing method,  

due to zero depth o f  planting the prol iferation o f  roots  increased which  

help for more uptake o f  nutrients. This  might have led to the increased  

height  o f  the plant. Similar increase in plant height  in seed l ing  thrown 

crop was  reported by Varughese  et al.  ( 1 9 9 3 )  and Sanbagavall i  ( 1 9 9 9 ) .

Data on til ler count revealed that at t i l lering and f lo w er ing  stages  

machine  planted seed l ings  recorded higher number o f  til lers. This  can be 

attributed to the wider row spacing  and higher number o f  s eed l ing  h i l l 1 

planted through mechanical  transplanter. Similar results o f  increased  

til ler production in machine transplanting were reported by Garg et al. 

(1997)  and Sharma et al. ( 2002 ) .  Wider row spacing in machine  planting  

also led to the production o f  more number o f  til lers.

The LAI was  higher in seed l ing  throwing method at f lower ing  and 

maturity stages but at t i l lering stage it was on par with line planting
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( F ig .5).  This  may be due to more number o f  l eaves  and t il lers  at these  

stages in seed l ing  thrown crop compared to l ine transplanted crop.  

Lower LAI was  not iced in machine  transplanting. This  was due to wider  

row spacing  fo l low ed  in machine  planting method.

Dry matter production was  higher under seed l ing  throwing method  

compared to other methods  at all s tages  o f  plant growth (Fig.  6).  Greater  

accumulat ion o f  DM P under seed l ing  throwing method could  be due to 

favourable growth com ponents  as wou ld  be seen from increased plant  

height.  LAI and higher plant population.  Similar increase in DM P in 

seed l ing  throwing method in kharif  season  was  reported by Sanbagavall i  

el al. ( 1 9 9 9 )  and Subbulakshmi (2001 ) .

5.4 EFFECTS OF PLANTING  M E T H O D S  ON YIELD A T T R IB U T IN G  

C H A R A C T E R S  OF RICE

Seedl ing  throwing method had taken maxim um  number o f  days to 

50 per cent  f lowering.  This  might be due to the more ve ge ta t ive  growth  

observed in this method.

S eed l ing  throwing method recorded higher number o f  productive
t

til lers m' than line planting and machine planting (Fig.  7). This  was due  

to enhanced plant growth as ev ident from more LAI, root act ivity and 

better uptake o f  nutrients from soil .  Sanbagavall i  et al.  ( 1 9 9 7 )  also  

observed higher number o f  productive  til lers m'2 in seed l ing  throwing  

method.

•  • “) < a *  a a •
More number o f  panic les  m ‘* was observed in seed l ing  throwing  

method (F ig .8).  This  was due to more productive t il lers  h i l l ' 1 in seed l ing  

throwing method.  The lowest  number o f  panicles  m was  reported in 

machine  planting.  This  was  due to lower  number o f  productive t il lers .
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Fil led grains p an ic le '1 (F ig .9)  and thousand grain we ight  were  

higher under l ine planting and seed l ing  throwing methods .  More LAI,  

consequent  increase in photosynthes is  and translocation o f  

photosynthates  might have enhanced these yield attributing characters  in 

l ine planting and seed l ing  throwing  method.  This  is in line with the 

f indings  o f  S ingh el al. ( 1997) .

Increased steri li ty was  not iced in seed l ing  throwing methods .  

Increased vegeta t ive  growth expressed  as height  (Table 7),  LAI (Table 9)  

and the erratic spatial arrangement o f  the seed l ings  due to the seed l ing  

throwing method might be the reason for the increased steri li ty  

percentage.  Similar f indings  o f  increased spikelet  steri li ty in seed l ing  

throwing method were reported by Sanbagavall i  el al.  ( 1 9 9 9 )  and 

Shekinah et al.  (1999 ) .

5.5 EFFECT OF PLANTING  M E T H O D S  ON YIELD

Line planting and seed l ing  throwing produced higher grain yield  

(Fig. 10). The increased y ie ld  in l ine planting method is attributed to the 

more production o f  f il led grains pan ic le '1 and low steri li ty percentage.  

Seed l ing  throwing method also produced comparable y ield with line 

planting method.  This  might be due to the increased number o f  

productive til lers h i l l '1 and more number o f  panicles  m': and higher  

thousand grain weight .

Line planting and seed l ing  throwing produced 28 .2 4  and 2 8 .6 8  per 

cent  more grain yield  than machine  transplanting respect ively.  Lesser  

grain yield  was recorded in machine planting due to the production o f  

lesser number o f  productive ti l lers,  number o f  pan ic les  h i l l ' 1, f il led 

grains pan ic le '1 and thousand grain weight .

Higher straw yield was produced by seed l ing  throwing method  

(Fig.  11). Seed l ing  throwing method has produced 10.25 per cent  and
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21 .83  per cent  more straw yield  than l ine transplanting and machine  

transplanting respect ively.  The better straw yield not iced may be due to 

the direct ref lect ion  o f  the pos i t ive  response o f  growth attributes like  

plant height ,  til ler number, l e a f  area index and dry matter production.

5.6 EFFECT OF PLANTING  M E T H O D S  ON H A R V E S T  I N D E X

Harvest  index represents the energy convers ion  e f f i c i e n c y  o f  a 

plant. It is inf luenced by the amount o f  a ss im ila tes  translocated to the 

earhead during grain f i l l ing,  w'hich in turn depends on the y ie ld  capacity.  

Line planting recorded the highest  and mechanica l  transplanting recorded  

the lowest  harvest  index.  Line planting recorded the highest  harvest  

index as the bio log ica l  yield o f  this method was  less  compared to that o f  

seed l ing  throwing  method. In seed l ing  throwing method,  though the 

grain yield was high, the harvest  index wras low due to high bio log ica l  

yield.  In machine planting,  the grain yield was low and it resulted in a 

low harvest  index.

5.7 EFFECT OF PLANTING  M E T H O D S  ON N U T R I E N T  U P T A K E

Nutrient uptake was s ign if icant ly  high under s e ed l ing  throwing  

method (Fig.  12, 13 and 14). The enhanced root prol i feration,  more  

vegeta t ive  growth along with enhanced  total dry matter production  

(T D M P )  might have resulted in increased uptake o f  nitrogen,  phosphorus  

and potassium. But in machine  transplanted crop, the short stature and 

reduced vegeta t ive  growth resulted in lower nutrient content.

5.8 EFFECT OF PLANTING  M E T H O D S ON L A B O U R  USE  

EFFICIENCY

Machine transplanting saved 9 0 .9  per cent  labour and seed l ing  

throwing method saved 63 .6  per cent  labour over  l ine planting  

respect ive ly  (Fig.  15). In machine  planting,  mat nursery is used which  is
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Fig. 15. Labour requirement for transplanting, men/women days ha'1



n

cheap.  So  the labour required for raising a convent ional  nursery and 

pul l ing o f  s eed l ing  for transplanting can be avoided and more area can be 

transplanted within a short period o f  t ime. Similar f indings  o f  labour  

saving  through the use o f  mechanical  transplanter were reported earlier  

(K.AU. 2002) . Similarly, Lai el al. (1986)  and Kathiresan and Narayanasamy 

( 2 0 0 1 )  observed  that seed l ing  throwing resulted in cons id erable  labour  

sav ing over convent ional  transplanting.

5.9 EFFECTS OF PLANTING M E T H O D S A N D  A M F APPLICATION

ON E C O N O M IC S OF C U L T IV A T IO N

B: C ratio was  high in seed l ing  throwing and machine  planting  

methods (Fig.  16). This  was due to low  labour requirement in these  

methods compared to line planting method.

In line planting,  grain production was  high but straw production  

was  low when  compared to seed l ing  throwing method,  wh ich  resulted in 

reduced gross  returns in line planting.  In seed l ing  throwing  method,  

transplanting cost  accounts  to only one third o f  that required in line  

planting. This  increased the net returns in seed l ing  throwing  method  

compared to line planting. Cost  o f  cult ivation  was low  in seed l ing  

throwing method because  o f  low labour requirement in transplanting and 

the ease and quickness  o f  transplanting. Though the gross  return in 

machine planting was low,  it registered a higher net returns because  o f  

the low  cos t  incurred in transplanting and nursery preparation. This  is in 

conformity  with the f indings o f  Manjappa and Kataraki (2002 ) .

5 .10  EFFECT OF A M F ON G RO W TH  C H A R A C T E R S  OF RICE

Inoculation o f  AM F favoured the growth o f  rice plant than non  

inoculated plants.  This  can be poss ib ly  exp la ined  through the relat ive  

values  o f  various growth components  viz.,  plant height ,  LAI, number o f  

tillers produced.  DMP and root characters.
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A M F  in o c u l a t e d  s e e d l in g s  p r o d u c e d  m o r e  n u m b e r  o f  t i l le r s ,  high  

LAI,  dry m a t t e r  p r o d u c t io n ,  p r o d u c t i v e  t i l le r s  etc. T h e  h i g h e r  t r e nd  in 

these  c h a ra c te r s  w a s  due  to e n h a n c e d  roo t  c o n d u c t iv i t y  w h i c h  led to 

be t t e r  u p t a k e  o f  w a te r  and  nu t r i e n ts .  T h i s  is in c o n f o r m i t y  w i th  the 

f ind ings  o f  L e v y  and  K i r k u n  (1 9 8 0 )  and  K h a n  el al. ( 1983) .

H ig h  LA I  w a s  no t i c e d  in A M F  in o c u l a t e d  p lan t s .  E f fe c t iv e  

u t i l i z a t i o n  o f  r e s o u r c e s  led to m ore  s h o o t  g ro w th ,  p r o d u c i n g  m ore  l eaves  

and t i l ler s  r e s u l t i n g  in h ig h e r  LAI.  T h i s  r esu l t  is in c o n f o r m i t y  w i th  the 

f ind ings  o f  R a na  el al. (2002) .

A M F  in o c u la te d  p lan t s  p r o d u c e d  h ig h e r  D M P  at al l  s t a g e s  than  

noi l i n o c u l a t e d  p lan ts .  E f fe c t iv e  A M F  c o l o n i z a t i o n  and  h i g h e r  u p t a k e  o f  

n u t r i e n t s  r e s u l t e d  in h ig h e r  dry m a t t e r  p ro d u c t io n .  T h i s  is in a c c o r d a n c e  

with the f in d i n g s  o f  Singh  ei al. (1997 ) ,  K h a n  el al.  ( 1 9 8 8 )  and S inha

( 2 0 0 0 ).

5.11 E F F E C T  OF A M F  O N  Y IE L D  A T T R I B U T E S  O F  R IC E

Y ie ld  a t t r ib u t e s  l ike n u m b e r  o f  p r o d u c t i v e  t i l le r s  m ’2, p a n ic l e s  m ", 

1000 gra in  w e i g h t  and  n u m b e r  o f  f i l l ed  g ra in  p a n i c l e -1 w e r e  h ig h e r  in 

A M F  in o c u la te d  seed l ings .  I n c re a se d  uptake '  o f  w a te r  and n u t r i e n t s ,  

e n h a n c e d  t r a n s lo c a t i o n  o f  m e t a b o l i t e s  m ig h t  have  c o n t r i b u t e d  to 

in c r e a s e d  p r o d u c t i o n  o f  p r o d u c t i v e  t i l le r s  m ’2, p a n ic l e s  m ' 2, t h o u s a n d  

gra in  w e ig h t ,  n u m b e r  o f  f i l l ed g ra ins  p a n i c l e ' 1. T h i s  w a s  in l ine w i th  the 

f ind ings  o f  R a n a  et al. (2002) .

5 .12  E F F E C T  OF A M F  O N  G R A I N  A N D  S T R A W  Y I E L D

G ra in  and s t r aw  y ie ld  were  h ighe r  in A M F  in o c u la te d  p lan t s .  The  

inc re ase  in gra in  and  s t r aw  y ie ld  in A M F  in o cu la te d  p l an t s  w ere  15,27 

and  11,18 p e r  cen t  r e spe c t ive ly .  H ig h e r  s t r a w  y ie ld  in A M F  in o cu la te d  

pl an ts  m ay  be re s u l t e d  f rom  e n h a n c e d  p lan t  g r o w th  and  dry  m a t t e r



a c c u m u la t io n .  In c reased  gra in  y ie ld  was  due  to i m p r o v e d  y ie ld  a t t r ib u t e s  

viz. i n c r e a s e d  p r o d u c t i o n  o f  p r o d u c t i v e  t i l le r s  m ' 2, p a n i c l e s  m~2, t h o u s a n d  

g ra in  w e igh t ,  n u m b e r  o f  f i l l ed g ra in s  p a n ic l e " 1. H i g h e r  gra in  y ie ld  in 

A M F  in o c u la te d  r ice  was  a lso  r e p o r t e d  b y  S o l a im a n  and  H i r a t a  (1997a) ,  

S o l a im a n  and Hi ra ta  ( 1 9 9 7 a )  and  P u r a k a y a s t h a  and C h h o n k a r  (2001) .

5.1 3 E F F E C T  OF A M F  I N O C U L A T I O N  ON N U T R I E N T  U P T A K E

Root  c o n d u c t i v i t y  and  root  ac t iv i ty  w a s  m ore  in A M F  i n o cu la te d  

p lan ts .  T h e  e n h a n c e d  root  p ro l i f e r a t i o n  and be t t e r  n u t r i e n t  a s s i m i l a t i o n  

a lo n g  wi th  h ig h e r  total  dry m a t t e r  p r o d u c t i o n  m ig h t  have  r e s u l t e d  in 

inc re ase d  up take  o f  n i t rogen ,  p h o s p h o r u s  and  p o t a s s i u m  in A M F  

in o c u la te d  p lan ts .  S im i l a r  re su l t s  were  a lso  r epo r ted  by K han  et al. 

(1 9 8 8 )  and  S i n h a  (2000) .

5 .14 E F F E C T  OP A M F  ON E C O N O M I C S  OF C U L T I V A T I O N

B : C ratio, gross  income and net return were high in A M F  inoculated 

p lan t s  and  this  m ay  be due  to h ig h e r  gra in  yield and s t r a w  yield 

c o m p a r e d  to n o n - in o c u l a t e d  p lan t s .

5 .15 E F F E C T  OF P L A N T I N G  M E T H O D S  A N D  A M F  I N O C U L A T I O N  

ON SO IL  N U T R I E N T  S T A T U S

The p l a n t in g  m e t h o d s  had no s ig n i f i c a n t  in f lu e n c e  on nu t r i e n t  

s ta tus  o f  soil  wh i le  there  was  s ig n i f i c a n t  in f lue nce  o f  A M F  on a v a i l a b l e  

nu t r i en t  s ta tus  o f  soil  as e v id e n t  f rom  the da ta  p r e s e n t e d  in T a b le  23, 24 

and  25.  T h e  i n o c u la t i o n  o f  A M F  has  r eg i s te r ed  the m i n i m u m  c o n te n t  o f  

a v a i l a b l e  n i t roge n ,  p o t a s s i u m  and  m a x i m u m  a v a i l ab l e  p h o s p h o r u s  s ta tus  

o f  soil .

The  low es t  va lues  o f  a v a i l a b l e  soi l  n i t ro g e n  and p o t a s s i u m  m ig h t  

be due  to the  inc re ase d  u p tak e  o f  t hese  nu t r i e n ts  by A M F .  In a d d i t io n  to 

P s o lu b i l i z a t i o n ,  this  m ic r o o r g a n i s m  cou ld  m in e r a l i z e  o rgan ic



p h o s p h o r u s  into s o lu b le  fo rm .  T h u s  m ic r o b e s  r ende re d  m o r e  p h o s p h o r u s  

in to  soil  s o lu t io n  than  that  is r e q u i r e d  for  the i r  o w n  g r o w th  and 

m e t a b o l i s m .  Th is  m ig h t  be the  r e a s o n  for  in c r e a s e d  soi l  P in A M P  

rec e iv e d  p lo ts .

S i m i l a r  r esu l t  o f  m in e r a l i z a t i o n  o f  p h o s p h o r u s  t h ro u g h  the 

p r o d u c t i o n  o f  o rgan ic  a c id s  w a s  r e p o r t e d  by Levy  and  K i r k u n  (1980) ,  

H e gde  and  D w iv e d i  ( 1 994)  a lso  r e p o r t e d  e n h a n c e d  a v a i l a b i l i t y  o f  

d i f f u s io n  d e p e n d e n t  nu t r i e n t  l ike p h o s p h o r u s  by A M F,



SUMMARY



6. S U M M A R Y

A field i n v es t ig a t io n  w a s  c o n d u c te d  d u r in g  k h a r i f  s e as o n  ( June -  

S e p t e m b e r  2003 )  al C o l l e g e  o f  A g r i c u l t u r e ,  Ve l layan i  to e v a lu a t e  the 

e f f i c i e n c y  o f  d i f f e re n t  p l a n t in g  m e t h o d s  and  A M F  a p p l i c a t i o n  on 

e s t a b l i s h m e n t ,  g row th  and yield a t t r ib u t e s  o f  r ice.  . T h e  f in d i n g s  o f  the 

i n v e s t ig a t io n  are  s u m m a r i s e d  b e lo w .

M a x i m u m  e s t a b l i s h m e n t  coun t  w a s  no t ic e d  in l ine p l an t in g  

f o l lo w e d  by s e e d l i n g  t h ro w in g  m e t h o d .  A M F  in o c u la te d  s e e d l i n g s  

e s t a b l i s h e d  be t t e r  than  non  in o cu la te d  s e ed l ings .

H ig h e r  roo t  l eng th  was  o b s e r v e d  in s e ed l in g  t h ro w in g  at all s tages ,  

A M F  in o c u la te d  s e e d l in g s  h a v e  h ig h e r  roo t  l eng th  than  n o n - in o c u l a t e d  

plan ts .

M a c h i n e  p l a n t in g  r ec o r d e d  h ig h e r  roo t  v o l u m e  at f low 'er ing s tage.  

A M F  in o c u la te d  se ed l ings  have  h ig h e r  roo t  v o l u m e  th a n  n o n - in o c u l a t e d  

s tage  at all s tages .

S e e d l in g  t h ro w in g  r e c o r d e d  h ig h e r  r o o t - s h o o t  r a t io  at t i l l e r ing  

s tage ;  at f lo w e r in g  s tage ,  h ig h e r  r o o t - s h o o t  ra t io  w a s  r ec o r d e d  in 

m a c h i n e  p l a n t in g  f o l lo w in g  by l ine p lan t in g .  L ine  p l a n t i n g  r e c o r d e d  the 

h ig h es t  r o o t - s h o o t  ra t io  at h a rv e s t  s tage.  A M F  in o c u l a t e d  p l an t s  had 

h ighe r  ro o t - s h o o t  ra t io  at all s ta ges  o f  g row th .  The  in te r ac t io n  e ff ec t  was 

s ig n i f i c a n t  at f lo w e r in g  s tage ;  m a c h i n e  p l a n t in g  wi th  A M F  in o c u la t i o n  

f o l lo w e d  by l ine p l a n t in g  w i th  A M F  i n o c u la t i o n  r ec o r d e d  h ig h e r  root  

shoo t  rat io.

H ighe r  ra te  o f  root  c o lo n i z a t i o n  was  o b s e rv e d  in m at  nu rse ry .  At 

f ie ld  leve l ,  h ig h e r  c o lo n iz a t io n  p e r c e n ta g e  was  no t ic e d  in s e ed l ing  

th ro w in g  m e t h o d  at 14 days  and  28 days  a f t e r  t r a n s p la n t in g .

S e e d l in g  t h ro w in g  and  l ine p l a n t in g  p r o d u c e d  h ig h e r  n u m b e r  o f  

p r o d u c t iv e  t i l l e r s .  A M F  in o cu la te d  p lan t s  p r o d u c e d  m ore  t i l l e r s  than 

n o n - in o c u l a t e d  seed l ings .



H i g h e r  n u m b e r  o f  p a n ic l e s  m ' 2 was  o b s e rv e d  in  s e e d l i n g  th ro w in g  

m e t h o d .  A M F  i n o c u l a t e d  p l a n t s  a l so  p r o d u c e d  m o r e  n u m b e r  o f  

p a n i c l e s  m"2.

S e e d l i n g  t h ro w in g  and  l ine p l a n t in g  m e t h o d s  r e c o r d e d  h ig h e r  1000 

g ra in  w e igh t .  A M F  in o c u la te d  p l a n t s  a lso  rec o rde d  h i g h e r  1000 grain  

we igh .

S te r i l i ty  p e r c e n ta g e  was  l o w  in l ine p l a n t in g  and  m a c h i n e  p lan t in g  

but  h igh  in s e e d l i n g  t h ro w in g  m e th o d .

H ig h e r  grain yieid w a s  o b t a i n e d  in  s e ed l in g  t h r o w in g  m e t h o d  and 

l ine p l a n t in g  m e th o d s .  A M F  in o c u la te d  p lan t s  p r o d u c e d  h i g h e r  grain 

yield than  n o n - in o c u l a t e d  p lan t s .

H ig h e r  s t r a w  yield was  no t ic e d  in s e ed l in g  th r o w in g  and  line 

p l a n t in g  m e thods .  A M F  in o c u la te d  p lan t s  p r o d u c e d  m o r e  s t r a w  than 

n o n - in o c u la t e d .

Line p l a n t in g  r e g i s t e r e d  h ig h e r  h a rv e s t  index  f o l l o w e d  by s e e d l in g  

t h ro w in g  m ethod .  A M F  in o cu la te d  p l a n t s  had h ighe r  ha rves t  index  than 

n o n - in o c u ] a t e d  p lan ts .

U p ta k e  o f  n i t roge n ,  p h o s p h o r u s  and  p o t a s s i u m  w a s  h i g h e r  in 

s e ed l in g  t h ro w in g  m e t h o d  f o l lo w e d  by l ine p l a n t in g  m e t h o d .  A M F  

in o cu la te d  p lan ts  had  h i g h e r  n i t roge n ,  p h o s p h o r u s  and  p o t a s s i u m  u p take  

th an  n o n - i n o c u l a t e d  plan ts .

N i t r o g e n  and  p o t a s s i u m  a v a i l a b i l i t y  w a s  l o w  in s e e d l i n g  th ro w in g  

m e t h o d  and  A M F  app l i ed  plo ts .  H i g h e r  P s ta tus  was  no t i c e d  in A M F  

ap p l i e d  p lo ts .

Se e d l in g  t h ro w in g  and  m a c h i n e  p l a n t in g  r e c o r d e d  h ig h e r  B:C 

ra t io .  A M F  in o c u la te d  p l a n t s  a lso  r e c o r d e d  h ig h e r  B :C  rat io .

H ig h e r  g ro ss  r e tu rn s  were  o b s e rv e d  in s e ed l in g  t h r o w i n g  m e th o d  

fo l lo w e d  by l ine p l a n t in g  m e t h o d .  A M F  in o c u la te d  p lan t s  r eco rded  

h igher  g ro ss  re tu rns .



S e e d l i n g  th r o w in g  m e t h o d  r e g i s t e r e d  h ig h e r  ne t  r e tu r n s  by 

m a c h i n e  p lan t in g .  A M F  in o c u la te d  p l a n t s  a l so  r e c o r d e d  h i g h e r  ne t  

re turns .

F u tu r e  l ine  o f  w o r k

P o te n t i a l  o f  A M F  in i m p r o v i n g  the  g r o w th  and yield p a r a m e t e r s  in 

r i ce  s h o u ld  be s tu d i e d  in de ta i l .  P r a c t i c a b i l i t y  o f  l a b o u r  s a v in g  m e t h o d s  

s h o u ld  be a n a ly s e d  for  im p r o v in g  the  p ro f i t a b i l i t y  and r e tu r n s  in r ice  

c u l t iv a t io n  u n d e r  K e ra la  c o n d i t io n .



REFERENCES



go

A n b u m a n i ,  S., K upp u s w am y ,  G. and  Chandrasekaran ,  B. 1999. Effect  o f  

d ifferent  m e thods  o f  p lan t ing / sow ing  and  N P K  levels  on rice. M a d ra s  

agric. J. 86 : 677-678

Banerjee ,  M.R. ,  C hapm an ,  S.J. and  Ki l lham,  K. 1999. Uptake  o f  fer t i l izer 

su lfur  by m aize  from soils o f  low su lfur  s tatus as a ff ec ted  by 

ves icu la r -a rbuscu la r  mycorrh izae.  Can. J . So il  Sci. 79 :557-559

Bolan,  N.S.  1991. A cri tical  rev iew  o f  the role o f  mycor rh iza l  fungi  in the 

uptake o f  phosphorus  by plants .  PI. S o i l  134: 189-207

Bolan.  N.S. ,  Robson ,  A.S.  and Barrow,  J .W, 1984. Increasing phospha te  

supply ,  increase in the infec t ion by plan t  roots by ves icu lar  

mycorrh iza l  fungi.  So il  Biol. B iochem .  16:419-420

Bonfan te -Faso lo ,  P. 1987. V es icu la r  a rbuscu lar  m ycor rh izae  fungus  plant  

interact ion at the ce l lular  level.  Sy m b io s is  3: 2 4 9 -254 '

Bouyoucos ,  C.J.  1962. Hydrom ete r  m e thod  im proved  for m ak in g  part ic le  

s ize  analysis  o f  soil.  Agron. J. 54: 464-465

Budhar. M.N.  and Tamilselvan, N. 2002. Effect o f  stand establishment

techniques on yield and economics o f  lowland irrigated rice (Oryza saliva). 

Indian  J. A gron .  47: 57-69

C h a m p a w a t ,  R.S.  1992, Effect  o f  ves icular  a rbuscu lar  m ycor rh izae  fungi  

on g row th  and  nut r i t ion o f  ch ickpea .  M adras  agric. J. 79: 91-93

Chandra ,  D. 1992. Effect  o f  m ethods  o f  e s tab l ishmen ts  and levels  o f  

n i t rogen  and g rowth  and yield and pro tein conten t  in r ice var ie ties.  

O ryza  29: 33-36

Chat ter jee ,  B.N and Mait i,  S. 1989. Pr incip les  and Pract ices  o f  Rice 

Growing.  Oxford  and IBH Pub l ish ing  Co. , N e w  Delhi ,  354 p.



Clark,  R.B. and Zeto,  S.K. 2000.  Minera l  acqu is i t ion  by a rbuscu lar  

myeor rh iza l  plants .  J. PI. N u tr .  23: 867-902

Devi ,  G.V. and S i taramaiah,  K. 2001.  Response  o f  endom yeor rh iza l  fungi  

at different  levels  o f  inocu lum  in black gram. In d ia n  P hy topa th .  54: 

377-379

*E1-Kasaby,  A.T. ,  Lei lah,  A.A. ,  E I -R ahman,  A .A .M .A . and  El-Ekhtyar ,  

A .M .M .  2002.  Evalua t ion o f  some p lan t ing and ha rves t ing  m ethods  o f  

rice. E gyp tian .! ,  agric. Res. 80: 727-736

FIB. 2004.  F arm  G uide  2004.  Farm Info rmation  Bureau,  G o v e r n m e n t  of  

Kerala ,  T h i ruvanan thapuram ,  104 p.

Ganesh ,  H.V.  1999. E va lua t ion  o f  different  e s tab l ishment  m ethods  and 

systems o f  cul t iva t ion  on yield and water  use in hybr id use. M ysore  J  

agric. Set. 33 :317-322

Gangopadhyay ,  S. and Das,  K, M. 1982. O ccur rence  o f  ves icular  a rbuscu lar  

m ycor rh izae  in rice in India.  Ind ian  P hytopath .  35: 83 -  85

Garg,  I.K., Mahal ,  J.S. and  Sharma,  V.K. 1997. D e v e lo p m e n t  o f  field 

eva lua t ion o f  manua l ly  operated,  six row paddy t ransp lanter ,  Agric.  

M echan iza tion  A sia  Afr. L a tin  A m .  28: 21-24

Gill, M.S.,  Singh,  K. and Wala, S.S. 2000.  Use o f  b io fe r t i l izers  in 

agr icul ture .  K isan  W l d l l :  32-33

G o m e z ,  K..A. 1972.  T e c h n iq u e s  f o r  f i e l d  e x p e r im e n ts  w ith  r ice .

I n te rna t iona l  R ic e  R e s e a rc h  Ins t i tu te ,  Los  B a n o s ,  33 p.

Greeves ,  J .D. ,  Walk ins ,  N.K. ,  Fi l ter,  A.H. ,  Robinson ,  D. and  Ser ing lour ,

C.C.  1997. In ter-specif ic  t ransfe r  o f  carbon be tween  p lan ts  l inked by 

a c o m m o n  mycel ia l  ne twork.  Pi. S o i l  192: 153-159

Hayman,  D.S. 1983. The  phys io logy  o f  ves icular  a rbuscu lar

endomyeor rh iza l  symbiosis .  Can. J. Bot. 61: 944-963



Hazarika ,  D.K. ,  Das,  K.K.,  Dubey,  L.N. and Phookan ,  A.K.  2000.  Effect  o f  

ve s icu la r -a rbuscu la r  mycor rh iza l  (V A M ) fungi  and rh izob ium  on 

g rowth  and yield o f  g reengram  ( Vigna rad ia ta  (L.) Wilezek) .  

J. M ycol. P i  Path.  80: 424-426

Heap.  A.J. and N e w m a n ,  E.L 1980. Links be tw een  roo ts  hyphae  o f  VA M , 

N ew  Phytol.  85: 173-179

Hegde .  D.M, and Dwivedi ,  G.S. 1994. Crop response  to b iofer t i l izer  on 

i r r igated areas . Fertil. N ew s  39: 19-26

Hegde ,  Y.R. ,  Ganajax i ,  H.A.  and Angad i ,  V.V.  2000,  Effect  o f  m e th o d  o f  

p lan t ing  on  the incidence o f  b row n  spot  or  rice. Adv. agric. Res. 14: 

167-168

*H ernandez ,  M. and  Cuevas ,  F. 1999. Asses sm ep t  o f  di ffe ren t  a rbuscu lar  

mycor rh iza l  s trains  for f looded area.  Cultivo's T rop ica les  20: 19-22

*ls lam,  M.S.  and  Ahm ed ,  D. 1998.  Crop  es tab l i shm en t  t echno log ie s  for 

lowland  paddy  in Bangladesh  : hand  t ransplan t ing  vs. M achine  

t ransplant ing .  Thai J. agric. Sci. 31 :543-554

J a c k s o n ,  M.L,  1973.  S o i l  C h e m ic a l  A n a ly s is .  S e c o n d  ed i t io n .  P re n t i c e  

Ha l l  o f  Ind ia  (Pv t . )  Ltd . ,  N e w  D e lh i ,  498  p.

J iang ,  H.Z. ,  H ing ,  W .W .  and  Feng,  W .W .  1999.  E x p e r im e n t a l  r e s e a rc h  

on  the sp a c in g  m e c h a n i s m  o f  a p a d d y  r ice  s e e d l i n g  d i s t r ib u to r .  

M ode l  SYJ-2 .  T r a n s a c t io n s  C h in e se  Soc. agric. E n g n g  1 5: 13 5 -139

Kandasam y,  O.S. , Shekinath ,  D.E.  and Sivaperumal ,  V. 1996. Rice 

plant ing  by th row ing  seedl ings.  Tam il N a d u  agric. Univ. New  si. 26: 2

Katb iresan ,  G. and N arayanasamy,  M.R.  2001,  T h ro w in g  o f  paddy 

seedl ings.  K isa n  W ld  28: 9

KAIL  2002.  P ackage  o f  Prac tices  R e c o m m en d a t io n s  : Crops.  Directora te  o f  

ex tens ion ,  Kerala Agricul tu ral  Univers i ty ,  Thrissur ,  Ihdia,  278 p.



Kessel .  C.V. ,  Singleton ,  P.W. and Hoben ,  H.J.  1985. E n h a n c ed  N trans fer  

f rom soyabean  to maize via  V A M  fungi.  PI. P h y s io l  79: 562-563

Khal iq .  A., Gupta ,  M.L. and Kum ar,  S. 2001.  The  effect o f  ves icu lar  

a rbuscu la r  mycorrhizal  fungi  on  growth  o f  pepperm in t .  Ind ian  

P hytopa th .  54: 82-84

Khan,  A.H.,  Is lam,  A., Islam, R.,  Begum, S. and Huq,  S.M.I .  1988. 

Mycorrhizal  s tatus o f  some Bangladesh  soils and  the effect o f  

i nd igenous  V A  mycor rh iza l  fungi  on the g rowth  o f  r ice plants.  

B a n g la d esh  J. Boi. 17: 49-58

Khan.  A.S.  and Gunkc l ,  W.W.  1988. Mechan ica l  t ransp lan t ing  o f  rice in 

Pakis tan.  Agric. M echan isa tion  A s ia  Afr. L a tin  Am. 19: 21 -26

Lai, P., G a u ta m ,  R.C. and Bisht ,  P.S, 1986.  A new  way o f  t ransp lan t ing  

ricc. Ind ian  F m g  26(2) :  24-27

Lamber t ,  D.H.,  Baker ,  D.E. and  Cole,  H. 1980. The  role o f  m ycor rh izae  in 

the in teract ions o f  phosphorus  with zinc and  o ther  e lements .  So il  Sci. 

Soc. Am. Proc .  43:  976-980

Levy. Y. and Krikun ,  J, 1980. Effect  o f  V A M  in C itrus j a m h h i r i  water  

re la t ions.  N ew  Phytol.  8 5 :2 5 -3 1

*Li. Y., Li, D.W, and Wang ,  H. 1999. Studies  on relevant  factors  o f  yield 

o f  qual i ty  early indica r ice Zhon  903 t ransp lan ted  by  b roadcas t ing  o f  

seedl ings.  Z h e ja n g  N oygye  K uxue  5: 209-210  (Chinese)

M a n ic ka sunda ra m ,  P. and  Gnanam ur thy ,  P. 2002.  A c om para t ive  s tudy on 

lowland  rice es tabl ishment .  M adras  agric. J. 89: 724-726

Manjappa, K. and Kataraki, N.G. 2002. Use o f  drum seeder and transplanter for 

increasing rice (Oryza sativa  L.) profitability. Indian J. agric. Sci. 74: 19-20

Matsush im a ,  S. 1979. Rice cu lt iva t ion  f o r  the m i l l io n -D ia g n o s is  o f  r ice  

c u lt iva tion  a n d  techn iques  o f  y i e ld  increase. Un ivers i ty  o f  Tokyo 

press,  Tokyo ,  267 p.



*Ming.  Y.Y. ,  Xing,  M.S and  Hua,  S. 2000.  Effect  o f  t ransp lan t ing  o f  rice 

seedl ings  in pots  on  growth  charac te r is t ic s  and  yield o f  s ingle 

c ropp ing  late rice. J ia n g su  agric. Sci.  1: 13-15 (Chinese)

Mosse ,  B. 1973. A dvances  in the s tudy o f  ves icu la r -a rbuscu la r  mycorrhiza.  

A. Rev. P hytopath .  I I  : 171-196

N e w sh a m ,  K.K. ,  Fi tter,  A.H.  and  W atk inson ,  A.R .  1995. A rb u s c u la r  

m ycor rh izae  protect  o f  annua l  grass  f rom root  pa thogen ic  fungi  in the 

field. J  Ecol. 83: 991-1000

Padh i ,  A.K.. 1999, P roduc t ion  potent ia l ,  energe t ics  and e c onom ics  of  

di ffe ren t  sys tems  o f  p lan t ing in rice. O ryza  36: 234-273

Pandiarajan, T., Ponnuswamy,  K. and Santhi, P. 1999. Comparative performance 

o f  various establishment methods in rice. J. Ecobiol. 11:317-319

Pause,  V.S. and  Sukha tme,  P.V. 1978. Stat is tical m ethods  for Agr icu l tura l  

Workers .  Indian Counci l  o f  Agricu l tural  Resea rch  Pub l ica t ions ,  New  

Delhi,  327 p.

Parc, T., Gregorich,  E.G. and Ne l son ,  S.D. 2000.  M inera l i sa t io n  o f  

ni t rogen from crop residues and N recovery  by m aize  inocu la ted  with 

vesicu la r -a rbuscu la r  mycorrhiza l  fungi.  PI. So i l  2 1 8 : 1 1 - 2 0

Phill ips ,  J.M. and I laym an ,  D.S.  1970. Improved procedure  for c lear ing 

roots and s ta ining parasi te  and ves icu la r  a rbuscu lar  mycorrh iza l  fungi 

for rapid as se s sm en t  o f  in fect ion.  Trans. Br. M ycol. Soc.  55 : 158-161

Pillai.  J .S. ,  Ba lasubramann ian ,  T.N. and  Rani ,  S.T, 2002.  Evaluat ion  o f  

m ethods  o f  e s tab l ishment  o f  r ice in low  land. N a tio n a l  S y m p o s iu m  on  

P rior i t ie s  a n d  S tra teg ie s  fo r  R ice R esearch  in H igh  R a in fa l l  Tropics  

ION I O c tober  2002  (eds. Nair ,  R.V. and Ba lachandran ,  P.V.).  Kerala 

Agr icu l tura l  Universi ty ,  Thris sur ,  pp. 42-43

P onnusw am y,  K., Santhi,  P. and Subraman ian ,  M. 2000.  Effect  o f  var ious 

es tab l ishment  m ethods  on the g rowth  and yield o f  rice. M adras  agric.

87: 389-391



Purakayas tha,  T.J.  and Chhonka r ,  P.K.  2001. Inf luence  o f  vesicular-  

a rbuscu lar  mycor rh iza l  fungi  ( G lom us e tun ica tum  L.) as m ob il iz a t ion  

o f  z inc in wet land rice (Oryza sativa  L.). Biol. Fertility 'Soils 33: 323-327

Rana. S.K., Maiti,  D., Barnwal , M.K.,  Singh, R.K. and Variar, M. 2002. Effect o f  

rice (Oryza sativa ) based intercropping systems on vesicular mycorrhizal 

colonization, P uptake and yield, Indian J. agric. Sci. 72: 400-403

Rea.  E. and Tul l io ,  M. 2001.  A rbuscu la r  m ycor rh izae  - A  na tura l  answer  to 

fer t i l izat ion need. Recen t Res. D evelop. PI. B iol.  1: 1-15

Rosendah l ,  S., Rosendah l ,  C. N.  and Things trup ,  I. 1992. The  use of  

vesicu la r -a rbuscu la r  mycorrh iza l  ( V A M )  fungi as a b iocontro l  agent.  

B u l l  O IL B /S R O P  15 : 48-50

Saikia . L., Bhat tacharya ,  H.C. and Pa thak ,  A.K.  1992. Seed ing  and 

t ransp lan t ing  prac t ice  o f  r ice (O ryza  sa tiva  L.) with and without  

ni t rogen,  phosphorus  and potass ium. Ind ian  J. A gron .  37: 155-157

Sanbagaval l i ,  S., Kandasamy,  O.S, and Singaram, P. 1999. Seedl ing  

th row in g  method  -  a new concep t  for low land rice p roduct ion  

technology.  M a d ra s  agric. J. 8 6 : 191-195

Sanchez-Dias ,  M. and Honrubia ,  M. 1994. Water  re la t ions and der ivat ions 

o f  d rought  s tress in mycor rh iza l  plants .  Im p a c t  o f  A rb u sc u la r  

M yco rrh iza s  on Sus ta inab le  A g r icu l tu re  a n d  N a tu ra l  E cosystem  

(eds .G iann ianaz i ,  S. and Shuepp,  H.). Birkhauser ,  Boston ,  p p . 167-178

Sekar .  L., V anagam udi ,  1C. and Suresh,  K.K.  1997. Inf luence o f  inocula t ion 

o f  biofer t i l izers  on b iomass  product ion  o f  seedl ings  o f  Sho la  tree 

species.  Van Vigyan  35: 57-62

Sharma,  S.N. , Bohra,  J.S., Singh,  P.K. and  Srivas tava ,  R.K.  2002.  Effect  o f  

t il lage and  m echan iza t ion  on p roduct ion  potential  o f  r ice (O ryza  

sa tiva  L.) -  whea t  (Trit icum  aes tivum )  c ropping  system. Indian  ./, 

A gron .  47: 305-310



Shekinah,  D.E. ,  Kandasam y,  O.S. ,  B a la sub ram an iam ,  N. ,  J ayakum ar ,  R. 

and Paneerse lv am , N. 1999. A com para t ive  s tudy o f  t radi t iona l  and 

new es tab l i shm en t  m ethods  in rice for  yield and econom ics .  M adras  

agric. J. 8 6 : 3-7

Singh.  A.,  Awarth i ,  R.P. and  Singh,  R.D.  1997. P e r fo rm ance  o f  r ice  ( O ryza  

sa liva )  under  d ifferent  m e th o d s  o f  cu l t iva t ion  in hi lly soi ls  o f  Sikkim.  

Ind ian  J. A g ro n .  42: 611-613

Sinha, K.D.,  Baruah,  R. and Pa thak ,  A.K.  2000,  O c cu r rence  and 

pe r fo rm a nc e  o f  V A M  fungi  on the g rowth  o f  r ice plant  under  ra infed 

low lands condi t ions  o f  Assam.  Ann. agric. Bio. Res.  5: 149-154

Sivaprasad,  P., Sulochana ,  K.K.  and  Nair,  S.K. 1990. Compara t ive  eff iciency 

o f  different mycorrhizal fungi on cassava (M aniho t  e scu len t a). J. Roof  

C rops  16: 39-40

Sivaprasad ,  P., Sulochana ,  K.K. ,  W il son ,  K.I, and George ,  B. 1993. Impac t  

o f  V A  m ycorrh izae  on r ice p lan ts  unde r  we t land  ecosys tem. 

P roceed ings  o f  the N a t io n a l  Sy m p o s iu m  on  R ice  in W elland  

Ecosystem , 19-21 D ecem ber  1990  (eds.  Naif ,  R.R.,  N a i r ,  K.P .V,  and 

Joseph ,  C.A.) ,  Di rec to ra te  o f  Ex tens ion ,  K era la  Agr icu l tura l  

Univers i ty ,  M annuthy ,  pp. 80-83

Smith,  B.E. 1982. In f low o f  phospha te  into mycor rh iza l  and non 

mycorrh iza l  Trifo lium  su b te ra n u m  at d if ferent  levels  o f  soil 

phosphate .  N ew  Phyto l.  90: 293-303

Sola im an ,  M.Z.  and  Hirata ,  H.  1995. Effects  o f  ind igenous  a rbuscu lar  

mycorrh iza l  fungi in paddy f ie lds on  r ice growth  apd N,  P, K nutr i t ion  

under  d ifferent  water  regimes .  So il  Sci. P I  Nutr. 41: 505-514

Sola iman ,  M.Z.  and Hirata ,  H. 1997a.  Responses  o f  di rect ly  seeded 

we t land  rice to a rbuscu lar  mycor rh iza l  fungi  inoculat ion .  J. PI. Nutr. 

20: 1479-1487



Soia iman ,  M. Z. and Hirata ,  H. 1997b. Effec t  o f  a rbuscu lar  mycor rh iza l  

fungi inocu la t ion o f  r ice seed l ings  at the nurse ry s tage upon 

pe r fo rm ance  in the paddy f ield and greenhouse.  P i  S o i l  191: 1-12

Subbiah ,  B.U. and Asi ja ,  G.L. 1956. A  rapid procedure  for  e s t ima t ion  o f  

ava i lable  ni t rogen  in soils.  Curr. Sc i.  25: 259-260

Subbu lakshm i ,  S. and  Pandian ,  B.J.  2002.  Effect  o f  wa te r  m ana ge m e n t  

pract ice  and crop es tab l ishment  techn iques  on  weed  g row th  and 

p roduc t ivi ty  o f  rice, Ind ian  J. W eed  Sci. 34: 275-277

Subbu lakshm i ,  S. 2001.  Eva lua t io n  o f  i r r igation and s tand e s tab l ishmen t  

techn iques  for low land rice in Tambiraparan i  c o m m a n d  area.  M.Sc.  

(Ag) Thes is .  Tamil  N adu  Agr icu l tura l  Univers i ty ,  C o im ba to re ,  p . l  12

Subram an ian ,  K.S.  and Charest ,  C. 1999. A cquis i t ion  o f  N  by ex ternal  

hyphae o f  an a rbuscu lar  mycor rh iza l  fungus  and its impact  on 

phys io logica l  responses  in m aize  under  d rought  s t r e ssed  and well 

wa te red  cond i t ions.  M ycorrh izae  9: 69-78

Thom son ,  B.D. ,  Robson ,  A.S.  and Abott ,  L.K,  1991. Soil  m ed ia ted  effects  

o f  phospho rus  supply  on the fo rm ation  o f  m ycor rh izae  by 

Scit le l io spora  ca lospora . N e w  Phytol. 118: 463-469

Tinke r .  P. B. 1975. Effect  o f  ves icular  a rbuscular  m yco r rh iza  on higher  

plants.  Exp. Biol. 29  : 3 2 5 - 3 4 9

Varghcse ,  F. 1995. Agricu l tural  m echan isa t ion  with special  reference to 

Kerala,  India.  Agric. M echan isa tion  A s ia  Afr. Latin  Am .  26: 68-70

Varughese ,  A.,  Nair ,  S.S. and  Pi llai ,  K.B.  1993. T ransp lan t ing  r ice by 

b roadcas t ing  seedl ings. J. trap. A gr ic .  31: 257-258

*Verma,  A., and Schuepp ,  H. 1995. Mycorrh izaf ion  o f  the com m erc ia l ly  

impor tan t  m ic ropropaged  plants .  Crit. Rev. B io tech .  15: 313-328



u

*Young ,  C. , Juang ,  T.C.  and Guo ,  H.Y.  1986. V es icu la r  a rbuscu lar  

m ycor rh izae  inoculat ion ,  soybean  yield and m in era l  p h ospho rus  

ut i l i za t ion in sub-tropica l  soil.  PL So il  95: 245-254

* Orig inal  not  seen

I



E V A L U A T I O N  O F  E S T A B L I S H M E N T  M E T H O D S  A N D  A M F  

A P P L I C A T I O N  O N G R O W T H  A N D  Y I E L D  O F  R I C E

J A Y A K I R A N . K

A b st r a c t  o f  the  
thesi s  s u b m i t t e d  in par t ia l  f u l f i l lm e n t  o f  the r e q u i r e m e n t

for  the d e gree  of

M a s te r  o f  S c i en ce  in A g r ic u l t u r e

Eacul ty  o f  A g r i c u l t u r e  
K era la  A g r i c u l t u r a l  U n iv e r s i t y ,  T h r i s s u r

2004

D e p a r t m e n t  o f  A g r o n o m y  
C O L L E G E  O F  A G R I C U L T U R E  

V E L L A Y A N 1 ,  T H 1 R U V A N A N T H A P U R A M  695  522



A B S T R A C T

A n  e x p e r i m e n t  w a s  c o n d u c t e d  at  C o l l e g e  o f  A g r i c u l t u r e ,  V e l l a y a n i  

d u r in g  k h a r i f  s e as o n  ( June  -  S e p t e m b e r  2 0 0 3 )  to e v a lu a t e  the e f f i c i e n c y  

o f  d i f f e r e n t  p l a n t in g  m e t h o d s  and  A M F  a p p l i c a t i o n  ©n the  e s t a b l i s h m e n t ,  

g r o w th  and  y ie ld  a t t r ib u t e s  o f  r ice.  T h e  e x p e r i m e n t  w a s  la id  out  in sp l i t  

p lot  d e s ig n  w i th  f ive  r e p l i c a t io n s .  T h e  m a i n  t r e a t m e n t s  w e r e  s e e d l in g  

th r o w in g ,  m a c h i n e  p l a n t in g  and  l ine t r a n s p l a n t in g  m e t h o d s .  T h e  s u b p lo t  

t r e a tm e n t s  c o n s i s t e d  o f  A M F  a p p l i c a t i o n  and  w i t h o u t  A M F  a p p l i c a t i o n .

M a x i m u m  e s t a b l i s h m e n t  as  n o t i c e d  in l ine p lan t in g .  M o re  roo t  

ac t iv i ty ,  p l an t  he ig h t ,  l e a f  a rea  index ,  dry m a t t e r  p r o d u c t i o n  and  t i l le r s  

w ere  o b s e r v e d  in s e ed l in g  th r o w in g  m e thod .

Days  to 50 p e r  cen t  f l o w e r i n g  was  m i n i m u m  in m a c h i n e  p lan t ing .  

H ig h e r  n u m b e r  o f  f i l l ed  g ra ins  p e r  p a n ic l e  w a s  o b s e r v e d  in l ine  p lan t ing .  

H ighe r  n u m b e r  o f  p r o d u c t iv e  t i l le r s ,  p a n ic l e s  m '2 a n d  s t r a w  y ie ld  wfas 

o b s e r v e d  in s e e d l i n g  t h r o w in g  m e t h o d .  H ig h e r  g ra in  y i e ld  w a s  o b s e rv e d  

in s e e d l i n g  th r o w in g  and  l ine p l a n t in g  m e th o d s .  M a x i m u m  h a rv e s t  index  

w a s  n o t i c e d  in l ine p lan t in g .  H i g h e r  u p t a k e  w a s  no t i c e d  in s e e d l in g  

th r o w in g  m e t h o d .

A M F  i n o c u l a t e d  p l a n t s  s h o w e d  s u p e r i o r  t r e n d s  in e s t a b l i s h m e n t  

coun t ,  p l an t  he igh t ,  l e a f  a r e a  index ,  d r y m a t t e r  p r o d u c t i o n ,  n u m b e r  o f  

t i l le r s ,  p r o d u c t i v e  t i l l e r s ,  p a n ic l e s  m ' 2, f i l l ed  g ra in s  p a n ic l e " 1, 1000 grain  

w e igh t ,  g r a in  y ie ld  and  s t r a w  yield .

H ig h e r  g ro ss  r e tu rn  and  ne t  r e tu r n  w a s  o b s e r v e d  in s e e d l in g  

t h ro w in g  m e t h o d .  In m a c h i n e  p l a n t in g  and  s e e d l i n g  t h r o w i n g  th e re  w as  

h igh  l a b o u r  s a v in g  c o m p a r e d  to l ine  p lan t ing ,  ■ H i g h  B : C ra t io ,  g ross  

r e tu rn  and  n e t  r e tu r n  w e r e  o b s e r v e d  in  A M F  in o c u l a t e d  p lan t s .

M a c h i n e  p l a n t in g  o f  s e e d l i n g s  r a i s e d  in A M F  i n o c u l a t e d  mat  

nu rse ry ,  at  a s p a c i n g  o f  30 x 10 cm  f o l l o w e d  by  s e e d l i n g  th r o w in g  o f  

A M F  in o c u l a t e d  s e e d l in g s  r e c o r d e d  h ig h e r  B : C rat io.
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A P P E N D I X  I

W e ath e r  pa ram ete rs  du r ing  the c ropp ing  per iod  
(M ay  2 2 nd 2003 to S e p t e m b e r  5 1'1 20 0 3 ) '

S tandard
weeks

M a x im u m
tem pera tu re ,

°C

M in i m u m
tem pera tu re ,

°C

Rainfa l l ,
m m RH , % Evapo ra t ion ,

m m

21 32 ,30 25 .80 2.6 78,1 4.5

22 33.00 25 .90 1.4 75.4 4.5

23 33 .0 0 25 .00 6.8 76.8 4.6

24 31 .4 0 24.30 44.6 79.3 3.6

25 30.20 23 .40 129.8 84.1 3.1

26 30.80 23 .80 31.6 79.7 3.6

27 34.20 23.20 28.7 79.7 2.7

28 32.00 23.70 21,4 81.6 3.8

29 30 .30 23,70 43.2 77.0 "i "iJ . 3

30 30.80 24.30 14.1 82.9 3.0

31 31.00 24 .30 23.1 83.6 3.6

32 30.90 24.50 1 1.0 80.6 3.8
-'i nJ J 31.60 24.40 1.4 77,1 4.4

34 30.40 24 .50 44.5 82.7 3.6

35 30 .1 0 23.40 23.1 91 .6 4.0

36 30.90 23.70 4.6 80.0 4.2

37 31.30 23.60 3.1 77.5 4.7

38 31.80 24.30 0 75.0 5.2

39 32.20 24.30 0 71.8 5.2

40 29 .9 0 23 .80 222.8 86.6 3.0


