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INTRODUCTION



Indi a ,  l ike a n y  o t h e r  d e v e l o p i n g  c o u n t r y  is on the t h r e s h o l d  o f  
r ap id  a n d  p h e n o m e n a l  g r o w t h  in th e  a g r i c u l t u r e  a n d  in d u s t r i a l  s ec to rs .  
Wi th  70 per  c en t  o f  th e  p o p u l a t i o n  d e p e n d i n g  on  a g r i c u l t u r e ,  the  
p r o s p e r i t y  o f  th e  n a t io n  to  a  g r e a t  e x t e n t  d e p e n d s  on its s t r e n g th  in th is  
a r ea .  I nd i an  a g r i c u l t u r e  is p l a g u e d  by  th e  p r o b l e m  o f  f r a g m e n t e d  a nd  
s c a t t e r e d  h o ld in g s ,  e r ra t i c  m o n s o o n s ,  u n s c i e n t i f i c  c u l t i v a t i o n  m e t h o d s ,  
s t a g n a t i n g  y i e ld  le ve l s  a n d  d e t e r i o r a t i n g  q u a l i t y  o f  soi l  a n d  e n v i r o n m e n t .  
T h e  p r e s s u r e  o f  p o p u l a t i o n  on  land and th e  f o o d  d e m a n d s  o f  th e  e v e r  
i n c r e a s i n g  p o p u l a t i o n  ha s  o u t l i n e d  th e  n e e d  f o r  c r o p  p r o d u c t i o n  
s t r a t e g i e s  to  m a x i m i z e  y i e ld  p e r  un i t  a r ea  w i th  le as t  d a m a g e  to the  
e n v i r o n m e n t .

An i n e v i t a b l e  c o n s e q u e n c e  o f  th e se  d e v e l o p m e n t a l  a c t i v i t i e s  is the  
p r o b l e m  o f  w a s t e  g e n e r a t i o n  w h i c h  ha s  fa r  e x c e e d e d  the c a r r y i n g  a nd  
r e c y c l i n g  c a p a c i t y  o f  t h e  b i o s p h e r e .  W a s t e  d i s p o s a l  s t r a t e g i e s  on  
s c i e n t i f i c  l i ne s  h a v e  to be  t a k e n  up  to p r e v e n t  e n v i r o n m e n t a l  a nd  
a s s o c i a t e d  h ea l th  p r o b l e m s .  A g r i c u l t u r a l  and  o t h e r  b i o d e g r a d a b l e  w a s t e s  
ca n  be r e c y c l e d  t h r o u g h  e f f e c t i v e  c o m p o s t i n g  m e t h o d s .  I n d u s t r i a l  w a s t e s  
on th e  o t h e r  h a n d  sh o u l d  e i t h e r  be pu t  to a l t e r n a t i v e  u s e s  or  t a c k l e d  
t h r o u g h  sa fe  a n d  e f f i c i e n t  d i s p o sa l  s y s t e m s .

A c r i t i c a l  a p p r a i s a l  o f  th e  d a t a  on  g a r b a g e  p r o d u c t i o n  a t  a n y  leve l ,  
s ta te ,  n a t i o n a l  or  g l ob a l  s h o w s  th a t  i n d u s t r i e s  a r e  a  m a j o r  c o n t r i b u t o r  to 
t h i s  m a l a d y .  O f  I n d i a ’s a n n u a l  g e n e r a t i o n  o f  25 m i l l i o n  t o n n e s  o f  u r b a n  
so l id  w a s t e ,  r u b b e r  and  r u b b e r  re la te d  i n d u s t r i e s  a c c o u n t  for  2 .9  pe r  cent  
( S i n h a  a n d  S in ha ,  2 0 0 0 ) ,  the f o r e m o s t  a m o n g  suc h w a s t e s  b e i n g  la t ex  
s lu d g e ,  a b y p r o d u c t  o f  la tex  c o n c e n t r a t e  p r o c e s s  in na t u r a l  r u b b e r  
in du s t ry .

S h i f t i n g  f ro m  in d u s t r i a l  to th e  a g r i c u l t u r a l  s c e n a r io ,  th e  s t u m b l i n g  
b l o c k s  in c r o p  p r o d u c t i o n  ar e  e n u m e r o u s ,  th e  m o s t  s e r i o u s  a m o n g  th e m  
be ing  th e  e v e r  h i k i n g  p r ic e  o f  in pu ts ,  e s p e c i a l l y  f e r t i l i z e r s .  D i f f e r e n t



rock  p h o s p h a t e s  w h i c h  h a v e  g a i n e d  p o p u l a r i t y  a s  c o m p a r a t i v e l y  c h e a p e r  
p h o s p h o r u s  s o u rc e  to c r o p s  h a v e  l i m i t a t i o n s  l ike t h e i r  o c c a s i o n a l  
u n a v a i l a b i l i t y  a n d  u n s u i t a b i l i t y  to  c e r t a i n  so i l s  a n d  c r o p s  d u e  to th e i r  
c h e m i c a l  n a t u r e ,

'The e x p l o i t a t i o n  an d us e  o f  la t e x  s lu d g e ,  a b y p r o d u c t  o f  latex 
c o n c e n t r a t i o n  p r o c e s s  t h e r e f o r e  a s s u m e s  s i g n i f i c a n c e .  Its a g r i c u l t u r a l  
u t i l i z a t i o n ,  i f  f e a s ib l e ,  p r o m i s e s  a p p a r e n t l y  to be the s o l u t i o n  to th e  tw in  
p r o b l e m s  o f  w a s t e  d i sp o sa l  and  f e r t i l i z e r  sc ar c i t y .  A b o u t  8 0 0  t o n n e s  o f  
th i s  m a te r i a l  a r e  p r o d u c e d  a n n u a l l y  in K e r a l a  a lo n e  by  110 la t ex  
p r o c e s s i n g  f a c to r i e s  e n g a g e d  in the p r o c e s s  o f  c o n c e n t r a t i n g  f ie ld  latex 
t h r o u g h  c e n t r i f u g a t i o n  ( T h e  R u b b e r  B o a rd ,  2 0 0 1 ) .  A s  h i gh  c o n t e n t  o f  
M g in f ie ld  latex ,  a d v e r s e l y  a f f e c t s  its s t ab i l i ty  on  f u r t h e r  p r o c e s s i n g  a 
p ra c t i c e  o f  p r e c i p i t a t i n g  it ou t  as  m a g n e s i u m  a m m o n i u m  p h o s p h a t e  by  
a d d i n g  d i a m m o n i u m  h y d r o g e n  p h o s p h a t e  p r i o r  to  c e n t r i f u g a t i o n  is 
u s u a l l y  r e s o r t e d  to. T h i s  p r e c i p i t a t e  ge t s  c o l l e c t e d  on  th e  s id e s  a n d  sh a f t  
o f  th e  c e n t r i f u g e  b o w l  w h i c h  is la te r  c o l l e c t e d  a n d  d u m p e d  in th e  f a c to r y  
p r e m i s e s .  P r e l i m i n a r y  s tu d i e s  h a v e  s h o w n  th i s  p r e c i p i t a t e  p o p u l a r l y  
k n o w n  as Lb o w l  s l u d g e '  to  be a v e r y  r ich  so u r c e  o f  p l a n t  n u t r i e n t s ,  
e s p e c i a l l y  p h o s p h o r u s  ( L o w e ,  1968 ;  J o h n  e t a l., 1977).

In th i s  b a c k g r o u n d ,  th e  p r e s e n t  s t u d y  w a s  p l a n n e d  w i th  d e t a i l e d  
i n v e s t i g a t i o n  on th e  f o l l o w i n g  a s p e c t s  o f  la tex  s lu d g e .

♦ B a s i c  p h y s i c o - c h e m i c a l  p r o p e r t i e s

♦ N u t r i e n t  m i n e r a l i s a t i o n  pa t t e r n  on i n c u b a t i o n  wi th  soi l

♦ E f f e c t  on  th e  g r o w t h  a n d  y i e ld  p a r a m e t e r s  o f  a c r o p  o f  ch i l l i

♦ R e s i d u a l  e f f e c t  on  a s u b s e q u e n t  c r o p  o f  ch i l l i

It is h o p e d  th a t  th e  f i n d in g s  o f  t h i s  s t u d y  can  e l e v a t e  th e  s t a t u s  o f  
th is  m a te r i a l  n o w  c o n s i d e r e d  as  j u s t  a t r o u b l e s o m e  w a s t e  to be  d i s p o s e d  
o f f  to t h a t  o f  an  i n d i g e n o u s  c h e a p  so u r c e  o f  p h o s p h o r u s  to  c r o p s .



REVIEW OF LITERATURE



The  p res en t  s tudy is an a t t em p t  to e x p lo re  th e  po ss ib i l i t y  o f  us ing  
latex s ludge ,  a h igh  p h o sp h o r u s  c o n t a i n in g  was t e  p rod uc t  o f  c o n cen t ra t e  
latex indus t ry  as a  sou rce  o f  p h o s p h o r u s  in c rop  p r oduc t ion .  In th is  ch ap te r  
a re  p r e sen t ed  re v ie w  on spec i f i c  aspe c t s  o f  latex s lu dge  r e l evan t  to  the 
present  inve s t i ga t ion  and a lso  the role o f  p h o sp h o r u s  in the nu t r i t ion  o f  test  
c rop  chi ll i .

The  crop  p r od uc t io n  s cena r io  wo r l d  o v e r  r ev ea ls  tha t  the in creas ing  
pr ice o f  inputs ,  e spe c i a l ly  fe r t i l izer  is on e  o f  the  g rav es t  co n c e rn s  o f  the 
farmer .  P h o s p h o r u s  is a m a jo r  nu t r ien t  e l e m e n t  requ i r ed  in la rge  a m o u n t s  
for p l ant  g row th .  D if f er en t  rock  p h o s p h a t e s  w h ic h  h av e  n o w  ga ined  
po pu la r i t y  as a c o m p a ra t iv e  chea pe r  sou rc e  o f  p h o s p h o r u s  to c rops  have  
l imi ta t ions  l ike occ as i on al  un av a i l ab i l i t y  and  unsui tab i l i t y  to ce r ta in  soi ls  
and  c rops  o w i n g  to the i r  ch em ica l  na ture .  H ea vy  m e ta ls  Cd and Pb are 
s t ruc tura l  c o m p o n e n t s  o f  m os t  ro ck  phos pha te s .  P ro lo nged  use  o f  rock 
p h o s p h a te s  can th e re fo re  lead to th e i r  a c c u m u la t i o n  and po l l u t i on  o f  soil  
an d  grou nd  w a t e r  (Basak ,  1999),  In this co n tex t ,  the id ent i f i ca t ion  and 
popu la r iz a t i on  o f  a l te rna te  i n d igeno us  and c h e a p  sou rces  o f  p l ant  
p h o s p h o r u s  a s su m e s  im por t ance .

2.1 A L T E R N A T E  S O U R C E S  OP PH O SPHO RUS

Bas ed on  field e x p e r i m e n t s  c o n d u c te d  in d i f fe ren t  c rops ,  severa l  
indus tr ial  b y p r o d u c t s  have  bee n  f ound to have  po ten t ia l  as a l t e rna t e  sou rc e  
o f  p h o s p h o r u s  (P) like latex s lu dge  ( Lo w e ,  1968;  W a h a b  et al., 1979),  basic 
s lag ( M a th u r ,  1995; G h osh ,  1999),  press  m u d  o r  f i l ter  c ake  ( R a m a n  e t a l ,
I 999;  Jeya bal  e t al., 2000 ) ,  f ly ash  (Mal t i  et a!., 1990;  M o n g i a  et al., 2003 ) ,  
K C P L  s ludge  ( T h o m a s  and G o p in a th a n ,  2002 ) ,  spen t  w a sh  or  d is t i l l e ry



eff luen t  ( Joshi  et al., 1996; Jo t h im a n i  and  B h as kar an ,  2002 ) ,  r ubb e r  e f f luent  
(Kar im  an d Bachik ,  1989; A u g u s t h y  and Mani ,  20 01 ) ,  pa lm  oil mil l  e f f luen t  
{ K an apa th y  et al., 1983; T e o h  and C h e w ,  1984),  p a p e r  mi l l  e f f luen t  
( D u t ta  and  Boi ssya ,  1999; Br ien  et al., 2002 ) ,  d y e  f ac to ry  e f f luent  
(S w a m i n a t h a n  and V a i d h e e s w a r a m ,  1991),  oil re f in ery  w as t e  w a t e r  ( A h m a d  
et al.. 2003 ) .  da i ry  indus t ry  ef f lu en t  ( G au tam  et al., 1992).  fe r t i l izer  factory 
ef f l u en t  ( G o s w a m i  and Na ik ,  1992),  t a n ne ry  e f f l u en t  (Fa roo qu i ,  1994) and 
d o m e s t i c  e f f lu en t s  both  sol id ( s l ud ge )  and  l iquid ( sew ag e )  ( D h a l iw a l  and  
Mal ik ,  1999;  R e d dy  an d Rao ,  20 00 )  .

T h e  f av ou ra b le  e f fe c ts  o f  so m e  in d ig en ous  p h o s p h o r u s  c on ta in in g  
m at e r ia l s  as a l t e rna te  p h o s p h o r u s  so u rc es  in re la t ion  to  c r o p  g r o w th  arc 
re v ie w ed  be lo w .  Tha t  pe r ta in in g  to la tex s lu dge  and rubb e r  e f f l u en t  is 
p r es en t ed  in de tai l  separa te ly .

2.1.1 Sp ec i f ic  Ef fe ct  on C r o p

Basic  s l ag

Va r a d a n  et al. ( 197 7 )  r ev ea le d  tha t  bas ic s lag  was  as go od  as SP and 
RP in in c re a s ing  the y ie ld  o f  f i ng e r  mi l le t  at 60  kg  P2O 5 h a "1 in a red sandy  
loam soil.  M a th u r  (1980)  o b s e rv e d  s ig ni f ic an t  increase  in y ie ld o f  so y ab ean  
due to bas ic  s lag  a lone  or wi th  R P  in 1:1 ratio.  S im i l a r  w o rk  in r ice  was  
done  by  M o h a n d a s  and A p p a v u  ( 2 0 0 1 )  an d th ey  o b s e rv e d  tha t  ap p l i ca t i o n  
o f  1000 kg  bas i c  s lag wi th 18.75 t h a " 1 o f  green  l e a f  m a n u r e  r e co rded  the 
h ighes t  gra in  and s t r aw yie lds .

Pres s  mud C a k e  (Fi l ter  Cake)

Pati l  and Kale  (198 3)  c o m p a r e d  d i f f e ren t  s ou rc e s  o f  P and ob ta ined  
the h ig hes t  P uptake ,  c a n e  and sug a r  y i e ld  and good  j u i c e  qu al i ty  by sugar  
c an c  r ec e i v ing  pre ss  m ud  cake  @ 25 t h a ' 1. S im i l ar  e f fe c t  o f  pre ss  m ud  cake  
in in c re a s ing  the can e  y ie ld  and qu al i ty  o f  su g a r  c a n e  was  r ep o r te d  by 
K a n w a r  an d K a p u r  (198 7)  and Singh et al. (2001).



R ep or ts  by K u m a r  et al. (1999)  in di ca ted  tha t  a pp l i ca t i o n  o f  fly ash 
in creased  the  gr a in  y ie ld o f  both so y abean  and w hea t  g r o w n  in a  red loam 
soi l .  S r i va s t av a  and C h h o n k a r  (200 0)  noted  tha t  p h o s p h o r u s  c o n te n t  o f  
sudan grass and  oa t s  in creased  wi th gr aded  leve ls  o f  f ly ash in corpo ra t ion  
up to 100 g kg " 1 soi l .  Increase d  p h o s p h o r u s  up ta k e  in r ice and le t tuce  w as  
s ho w n  by R a m e s h  and C h h o n k a r  (2001) .

K C P L  S lu d g e

T h o m a s  and G o p i n a th a n  (2002)  s ho w ed  tha t  a va lue  add ed  or gan ic  
m a n u r e  c o n t a i n in g  9 .05  pe r  cent  P pr ep a red  f rom K C P L  s ludge ,  an 
indus tr ial  was t e  pr od uced  by K era la  C h e m i c a l s  and Pro te ins  Limited ,  
T hr is sur ,  ca n  be used  as a po ten t ia l  P sou rce  in r ice wi th  no  de l e t e r io u s  
e f fe c t  e i t he r  on  cr op  or soil eve n  at  h igh e r  do se s  o f  2 0  t h a ' 1.

S p e n t  w a s h  or  D is t i l le ry  e f f luen t

Z a l a w a d i a  et al. (1 99 7)  ob se rv ed  tha t  app l i ca t i o n  o f  50 t i m es  d i lu ted  
spent  w a sh  in creased  y ie ld and P up ta k e  in sug a r  cane .  Pati l  and  C h aud ha r i
(2002)  r ep or te d  that  app l i ca t io n  o f  spen t  wash  @  50 in ’h a " 1 w a s  the 
o p t i m u m  dose  for  fodder  m a ize  a s  s ig ni f ican t ly  h igh e r  fodd e r  y ie ld,  le af  
pro te in,  ch l o rop hy l l  c o n te n t  and  P up take  w e r e  re cor de d at  this level.  
I ncr ease d  P up tak e  in m a iz e  w i th  app l i ca t io n  o f  d i lu ted  spen t  w a sh  was  
in di ca t ed  by  S u k an y a  et al. ( 20 02) ,

P alm  Oi l  M i l l  E f f l u e n t  ( P O M E )

Y e o w  (1 98 3)  f ound that  app l i ca t io n  o f  P O M E  in creased  the wei gh t  
o f  f resh f rui t  bunc h o f  oil palm by 10 to 35 per  cent  w h i l e  Har on  and 
Z aka r ia  (1 9 9 4 )  ob se rv ed  an in cr ea se  by 2.4 pe r  cen t  w h en  P O M E  was 
ap p l i ed  for  four  years .



K an nan  and Ob l i sam i  (1992)  indica ted  that  app l i ca t ion  o f  25 per  cent  
co nce nt ra te d  pap er  mill  e f f luent  favoured germina t ion ,  g row th  and increase 
in dr y  m a t t e r  product ion  in groundnut .  S ingh et al. (2002)  s tudied  the ef fec t  
o f  d i lu ted  pulp  and pap er  mill  e f f luent  in wheat  and found tha t  its app l i ca t io n  
increased  chlorophyl l  content ,  p lant  height ,  shoot  and  root  b iomass ,  leaf  
pro te in  con ten t ,  grain yield,  protein,  ca rboh yd ra t e  and lipid con tents .

Dye Factory  Ef f luent

S w a m in a th a n  and V a i d h e e s w a r a m  (199 1)  r ep or te d  tha t  50  per  cent  
d i lu t ed  dy e  fac tory  ef f l u en t  w a s  ideal  for  seed  g e r m in a t i o n ,  hy po co ty l  
d ev e lo p m e n t ,  seed  v i g o u r  and s eed l in g  grow th  o f  g r ou nd nu t .

Oil Re f in ery  Ef f luent

A h m a d  et al. ( 200 3)  r eve a l ed  that  a pp l i c a t i o n  o f  w a s t e  w a t e r  o f  oil 
r e f in ery  i n cr ea sed  c a n e  length,  w e i g h t  o f  ten can es  and can e  y ie ld by 1.4,
6.7 and  7 per  cent  respec t i ve ly .

Dairy Ef f l uen t

Tri a l s  by G a u ta m  et al. ( 199 2)  sh o w ed  that  a pp l i ca t i o n  o f  25 pe r  cent  
d i lu ted  da i ry  e f f l u en t  re su l ted  in m a x i m u m  g e r m in a t i o n  o f  k h a r j f  and rabi 
c rops .

Fer t i l iz er  F a c t o r y  Ef f l uen t

G o s w a m i  and Na ik  (1 99 2)  r ep or te d  that  a pp l i ca t i o n  o f  10 per  cent  
d i lu ted  ef f l u en t  o f  a ph os pha t i c  fe r t i l izer  fac tory  im p ro v e d  the c h l o rop hy l l  
c o n te n t  o f  C yam opsis tetragonaloba.

T a n n e r y  Ef f l uen t

R ep or ts  by  Fa rooq ui  (199 4)  in di ca t ed  tha t  app l i ca t io n  o f  four  t imes  
d i lu t ed  t a n ne ry  e f f l u en t  p r o m o te d  the ve g e ta t iv e  and r ep r o d u c t i v e  g row th  
and y ie ld o f  Lens cu linaris  M ed ic .



D o m e s t i c  Ef f l uen t

R aj an  and S r i ra m u lu  (198 7)  in di ca t ed  a p p a ren t l y  g o o d  g r o w th  o f  
m aize  and ragi un der  s ew age t r ea tm en t .  Rao  an d S han ta ram  (199 6)  repor ted  
the  fa vou ra b le  e f fec t  o f  se w a g e  s ludge  on  dr y  m a t t e r  p ro d u c t io n  and yield 
o f  m a iz e  w h e n  ap p l i ed  at a rate o f  33 t h a ' 1. F avo urab le  e f fe c t  o f  s e w a g e  
app l i ca t i o n  in v e g e ta b le s  w a s  r ep or te d  by Mi t ra  and G u p ta  (1999) ,

2.1 .2  Sp ec i f ic  Effect  on Soi l  A v a i la b l e  P h o s p h o r u s

Bas ic  s la g

I g b o k w e  and Tiw ar i  (198 5 )  s h o w e d  that  a pp l i c a t i o n  o f  bas ic  s lag  @ 
3 .79  t h a ' 1 in a silt  loam soil o f  pH 6.4 b rou gh t  abo u t  a s ig n i f ic an t  increase  
in soil  a v a i la b le  P. D eb na th  an d Ba sak  (198 6)  no ted  tha t  a p p l i ca t i o n  o f  
basic s lag  in c re ased  the ava i la b le  P s ta tus  o f  la te ri te  soi l s  in th e  foot  hi l ls  o f  
H i m a la y as .  Re su l t s  on s im i l ar  l ines  w e r e  repor ted  by N a e id h e  (2001) .

Press  m u d  C a k e  ( P M C )

Raja  and Raj (1979)  sh o w ed  a pr og re ss ive  increase  in av a i la b le  P 
c o n te n t  o f  red,  b lack ,  a l l uvia l ,  no n sa l ine  alkal i  and  ac id  soi ls  w h e n  press  
m ud  cake  was  ap p l i ed .  A g r e e i n g  repor ts  had a lso  been  put f o rw a rd  by 
Palra  et al. (1989)  and K u m a r  a nd  M i sh r a  (1991) .

Fly ash

Eal et al. (1996)  in di ca t ed  a  s ig ni f icant  i n cr ea se  in soi l  av a i la b le  P 
wi th  fly ash app l i ca t io n  in soi l  o f  the farm o f  Bi rs a  A g r i cu l tu r a l  Un iv ers i t y .  
S im i l a r  fa vou ra b le  e f fec ts  o f  fly ash  in inc reas in g  soil ava i l a b l e  P we re  a lso 
r epor t ed  by R a m a n  et al. ( 199 6)  and S r i vas ta v a  and C h h o n k a r  (2000) .

S p e n t  w a sh  or  D is t i l le ry  ef f lu en t

D ev ara j an  and O b l i sa m i  (1 99 5)  r ev ea led  an increase  in ava i la b le  P 
c o n te n t  o f  sand y  loam soil  wi th  the app l i ca t io n  o f  d i s t i l le ry  ef f luent .



Sim i l ar  i n cr ea se  in ava i la b le  P was  r epo r te d  by  S in gh  and B a h a d u r  (1998),  
K ayal v iz hi  et al. ( 200 1)  and C h a t t e r j e e  e t al. (2003) .

Palm  Oi l  Mil l  E f f l uen t  ( P O M E )

Har on  and Z aka r ia  (199 4)  r ev ea led  tha t  a pp l i ca t i o n  o f  PO M K  ov e r  
fou r  yea r s  i n c re ased  soi l  av a i la b le  P e igh t  t i m es  o v e r  the con t r o l  plot .  
A g r e e i n g  resul t  w a s  repor ted  by  O v ia s o g i e  an d A g h i m i e n  (2003) .

P a p e r  Mil l  Ef f l uen t

B a se d  on the i r  work ,  Pa la n is w am i  an d S r i ra m ulu  (199 4)  co n c lu d ed  
tha t  p a p e r  mill  was t e  app l i ca t i o n  ov er  15 yea rs  in cr ea sed  av a i l a b l e  P in the 
su r fa ce  15 cm layer  o f  a s a n d y  loam soil in T am il n ad u .  S im i l a r  pos i t ive  
ef fec ts  o f  app l i ca t io n  o f  p a p e r  mi l l  e f f lu en t  we re  in di ca ted  by several  
w o rk e rs  (Ach ar i  et al., 1998; T h a w a l e  et al., 1999; Ach a r i  et al., 1999; 
G a g n o n  et al., 2003) .

T a n n e r y  Ef f l uen t

R ep or ts  by T ha n g a v e l  (2002)  indica ted  that  c o n t i n u o u s  i r r iga t ion  o f  
25 t i m es  d i lu ted  tan ne ry  e f f l u en t  s i g n i f ic an t l y  in creased  the P c o n t e n t  in a 
s an dy c lay  soi l .

D o m e s t i c  E f f lu e n t

Dat ta  et al. ( 2000)  noted  180 per  c en t  increase  in soi l  ava i la b le  P 
(Olsen  P) w h e n  s ew ag e  e f f l u en t  w a s  app l ied .  Bhat ia  et al. ( 200 1 )  found tha t  
ap p l i c a t i o n  o f  s e w a g e  at 7.5 cm  h a ’ 1 co u ld  p rov id e  5 kg P h a ' 1 th e re b y  
in c re a s ing  tota l P co n te n t  o f  soi l .  A g re e i n g  resul t s  w e r e  r epo r te d  by Tiwar i  
et al. (2003) .

2.2 L A T E X  S L U D G E  AS A S O U R C E  O F  P H O S P H O R U S

Since  la t ex  s ludge  as a re search  m a te r i a l  has  ga ined  the  focu s  o f  
sc ient i s t s  on ly  very  recen t ly  an d hen ce  l i te ra ture  on th e  topic  is m eag r e .  So



l i t e rature  on s im i l a r  l ines b e a r in g  c lose a s so ci a t io n  to th e  p r e sen t  s tudy has 
a lso  been inc luded.

2.2.1 N u t r i e n t  C o n t e n t  o f  Latex  S lu dge

Low e  (196 8)  w a s  the f irs t  to r epo r t  tha t  bo wl  s l u dg e  c o n ta i n in g  Mg, 
N H 4 and  PO 4 w a s  an ex ce l l en t  fer t i l izer .  T hi s  s ludge  w a s  s h o w n  to con ta i n  
abo u t  35 per  c en t  rubber ,  6  pe r  c en t  Mg, 25 per  cent  P2O 5 and  4 per  cent  
N H 4 on  we t  basis.

Joh n et al. (1977)  g a v e  the  c o m p os i t io n  o f  bo wl  s l u dg e  as m o i s t u re  
( 54 .7 0  per  cent ) ,  N (2 .60  per  cent ) ,  P (1 3 .30  per  cent ) ,  K (5 .90  per  cent ) ,  Ca 
(0.03 pe r  cen t )  and  M g  (7 .00  pe r  cent ) .

W a h a b  et al. ( 1979)  s h o w e d  that  bo wl  s ludge  was  re la t ive ly  r ich in P 
and Mg. Tota l  P2O 5 c o n te n t  ra nged  f rom 33 .86  per  c en t  to 39 .46  per  cent ,  
the ave rage  be ing  37 ,43  per  cent .  T h e  c i t ra te  so luble  f rac t ion  o f  total  P 
ranged f rom 7.22 per  cent  to 12.66 per  cen t  w h e r e a s  w at er  so l ub le  P 
f rac t ion  ranged f rom 13.16 pe r  cent  to 25 .04  per  cent .  Bes ides  P, it a l so  
c o n ta ined  7.54 pe r  c en t  N,  2 . 49  per  cent  K2O and 0 .08  per  c en t  C a O .  The  
m o i s tu re  co n te n t  o f  the  s ludge  ra nged  f rom 36.21 pe r  cen t  to 4 0 .0 4  pe r  cent .

S iv a n a d y a n  and A s o k u m a r  (198 9)  repo r t ed  tha t  N a tu ra l  Ru bb er  
Serum P o w d e r  ( N R S P )  p r o d u c e d  by con c e n t r a t i n g  th e  e f f l u en t  se rum  f rom 
latex co ncen t ra t e  fac tory  c o n ta ined  7.5 pe r  cen t  N,  1.2 pe r  c en t  P2O 3 and  1.4 
per  c en t  K.

S i v a n a d y a n  ( 1 9 9 2 )  g a v e  the n u t r i e n t  c o n t e n t  o f  N R S P  b l e n d e d  
wi th  in o r g a n ic  f e r t i l i z e r  as  N (8  p e r  c e n t ) ,  P2O 5 (8  p er  c e n t )  and  K 20  (8.5 
pe r  ce n t ) .

B a s e d  on a  p r e l i m i n a r y  c h e m i c a l  a n a l y s i s  o f  la tex  s lu d g e ,  G e o r g e  
et al. (1994)  gave  its nutr ient  content  as N (5.1 per  cent),  P 2 0 s {32.7 per  cent),  
K.2O  (0.8 per  cen t )  an d  M g O  (14,8  per  cent ) .  In s u b s e q u e n t  s tudi es ,  George
(2003)  showed  that  another  sample  o f  latex sludge conta ined  5.0 per  cen t  N,



30,0  per  c en t  P1 O 5, 0,8 pe r  cent  K 2O, 1.0 pe r  c en t  C a O  and 14.0 pe r  cent  
MgO.

2.2.2 N u t r i e n t  C o m p o s i t i o n  o f  R u b b e r  Ef f l uen t

W o o d  (1977)  w a s  the  f irs t  to repor t  the nu t r ien t  c o m p o s i t i o n  o f  
r ubb e r  e f f lu en t  and r e c o m m e n d e d  it as a sou rce  o f  fe r t i l izer  for  c rops .  He 
gave  the nu t r ien t  c o n te n t  o f  the ef f lu en t  f rom sheet  r u b b e r  fac tory  as total  N 
( I 90 p p m ),  P (11 I ppm),  K (335 ppm).  M g  (56 p p m )  and C a  (2 I ppm)  and 
that  f rom bl ock  rubb e r  fac tory  as total  N (320 ppm),  P ( 14 7 p p m ),  K (450 
ppm).  M g  (87 p p m )  and Ca (5 ppm).

D o lm a t  (1978)  a na lysed  ef f lu en t  f rom latex c o n c e n t r a t e  indus t r ies  
and found tha t  th e  skim con ta ine d  tota l N (952 pp m),  P (99  ppm),  K (724 
ppm).  M g (80  p p m )  and C a  (39  ppm).

A c c o r d i n g  to Y e o w  and Y c o p  (1983) ,  the nu t r ie n t  c o n t e n t  o f  m ix ed  
co n c e n t r a t e  rubb e r  e f f lu en t  w a s  N (718 ppm),  P (43 p p m ),  K (461 p p m ).  M g  
(28 ppm) and C a  (133 ppm),  wh i l e  tha t  f rom block  r u b b e r  fac tory  ef f luent  
was  N (1 82 p p m ),  P (81 ppm),  K (246 ppm),  M g  (5 1 p p m )  and C a  (10  ppm).

Severa l  w o rk e r s  had a lso  s u g ges te d  the po ten t ia l  o f  r u b b e r  e f f luent  
as a  sou rc e  o f  nu t r ien ts  for  c rops  ( N a z e e b  et al., 1983;  U r n  and P ' n g ,  1984; 
Isa and Ib rahim.  1988; Lim,  1988;  A u g u s th y  and Mani ,  2001 ) .

T h e  cha rac te r iz a t io n  o f  d i f f eren t  s a m p le s  o f  la tex s lu dg e  ob ta ined  
from fa c to r ie s  p r o d u c i n g  d i f fe ren t  r u b b e r  p r od uc t s  was  d o n e  in de tai l  by 
Kar im  et al. (1997) .  T h e  va l ue s  r epo r te d  by  th em  for orga n ic  C and  N  (per  
cent )  and P, K, C a  and M g  (ppm ) for  s ludge  f rom a su rg ica l  g l ov e  fac tory  
was  12, 0.9,  9090 ,  4.1,  207.1 ,  and  20, that  f rom a h o u se h o ld  g love  
m a n u f a c t u r in g  fac tory  w a s  11.5,  0.7,  1850, 12.2, 28 8.6  an d 92.3 and that  
from a latex th read  m a n u f a c t u r in g  fac tory  w a s  14.7, 0.9,  28 4 0 ,  15.7,  257.1 
and 1 1 . 1  re sp ec t ive ly .



2.2 .3  V a r ia t i o n  in N u t r i e n t  C o n t e n t  o f  L a te x  S lu d ge

W a h a b  et al. (1979)  s tud ied  the da i ly  va r i a t i on  in the  nu t r ien t  
c o m p o s i t i o n  o f  the bow!  s lu dg e  f ro m  a  la tex con c e n t r a t e  fac tory .  They  
r ep or te d  tha t ,  ov er  a per io d  o f  a lm o st  tw o  m on ths ,  total  P2O 5 d id not  vary 
m uch  but  the c i t r a t e  so luble  P w a s  qui te  var iab le  r a ng ing  f ro m  as low as 
5.38 pe r  cen t  to as h igh  as 10.47 per  cent .  Var ia t ion  in N and K a p p ea red  
m in im a l .  H o w e v e r ,  in the ca se  o f  M g ,  va lues  as low as 13.16 pe r  cen t  and 
as h igh  a s  25 .04  per  c en t  M g O  w e r e  recor ded .  So, th ey  c o n c lu d e d  tha t  there 
was  need  to a s ses s  the nu t r ien t  co n te n t  o f  the s l udge  be fo re  e v e r y  use.

2.2 .4  P h o s p h a t e  D i s so lu t io n  Pat te rn  from L a te x  S lu d g e

G e o r g e  et al. ( 199 1)  c o n d u c t e d  an incubat ion  s tudy for  90 da ys  to
u n de r s ta n d  th e  pa t te rn o f  P re lea se  f rom bo wl  s lu dg e  and c o m p a r e d  it wi th
sup e r  p h o s p h a t e  and rock  ph osp ha te .  A gra du al  inc rease  in av a i la b le  P 
co n te n t  was  no t i ce d  up to 3 0 th d a y  wi th  a  sharp  de c l ine  on  the 4 5 lt1 day  in all 
t r e a tm en t s  w h ich  they  a t t r i bu t ed  to the te m p ora ry  im m o b i l i z a t i o n  o f  P by 
m ic r o o r g a n i s m s .  A f t e r w a r d s  a  gr adu a l  inc rease  w a s  no t iced  up to 75 Ih day  
when the  h i gh es t  co n te n t  was  re cor de d by all the t r ea tm en ts .

2.2 .5  L a te x  S lu d g e  as an E f f i c i en t  and  a Slo w R e l e a s e  F e r t i l i z e r

W a h a b  (197 6)  no te d  tha t  the smal l  p e r cen t ag e  o f  r u b b e r  r e s idu e  in 
latex s ludge  resul ted  in ‘e n c a p s u l a t i o n ’ o f  the  p lant  nu t r ien t s  p r e sen t  in it 
e n a b l i n g  it to act  as a s low re lease  fer t i l izer .  Fur th e r  in ves t i ga t io n s  car r ied
out  by  W a h a b  et al. ( 197 9 )  c o n f i rm e d  this f ind ing  and on  the  ba s i s  o f  this
they  r e c o m m e n d e d  la tex s lu dg e  for  s an dy soi ls  w h e re  losses  o f  app l i ed  
nu t r ien t s  a re high.

G e o r g e  et al. (1991)  s u g ges te d  that  the pr es en ce  o f  P in the s l u dg e  as 
a m m o n i u m  p h o s p h a t e  cou ld  be the r ea son  for  th e  sup e r i or i t y  o b s e rv e d  in 
bow l s lu dge  ap p l i ed  p l ant s  in g r o w th  as wel t  as in th e  up ta k e  o f  nu t r ien ts .



C o n tr o l le d  av a i l ab i l i ty  o f  nu t r ie n t s  f rom the  N R S P  w a s  in di ca t ed  by 
S iv a n a d y a n  and A s o k u m a r  (1989) .

G e o r g e  (200 3)  o b s e rv e d  tha t  w h en  latex s ludge  w a s  app l i ed  a lo ng  
wi th  rock  p h o s p h a t e  for  im m a tu re  rubber ,  one th i rd o f  the to ta l  P 2O 5 b e c a m e  
w a t e r  so l ub le .

2.2 .6  E f fe c t  o f  Latex  s lu d g e  on C r o p  P e r f o r m a n c e  in C o m p a r i s o n  with  
o t h e r  P F ert i l i ze rs

R u b b e r  Resear ch  Ins t i tu te  o f  M a l a y s i a  r ep or te d  tha t  th e  a g r o n o m i c  
e f f e c t i v e n e s s  o f  bowl  s ludge  w a s  c o m p a r a b l e  to tha t  o f  ge n e ra l ly  used 
so lub le  sup e r  p h o s p h a t e  ( R R I M ,  1976).

The  p ion ee r  wo rk  on agr icu l tu ra l  u t i l iza t ion  o f  latex s ludge  w as  
u n de r ta k en  in c o v e r  c rops  in r u b b e r  p lanta t ions .

2.2.6.1 Cover Crops
Low e  (1968)  foun d  tha t  a p r e- p l an t in g  p repa ra t i on  o f  a  poor  

u n d u la t i n g  lateri l ic soil un de r  r u b b e r  i n c o rpo ra t i ng  latex s lu dge  as a c hea p  
fer t i l izer  enab le d  ea r ly  and be t te r  e s ta b l i sh m e n t  o f  the c o v e r  c r o p s  and  th us  
p r even te d  eros ion .

P u sh pa ra ja h  et al. ( 197 5)  a lso  r ep or te d  tha t  bo wi  s lu dg e  cou ld  be 
used  as a sou rc e  o f  P for  l eg u m e  covers .

W a h a b  (1976)  noted  tha t  increa s in g  P app l i c a t i o n  as bo wl  s lu dg e  
from 45 to 135 kg P2O 5 h a " 1 re su l ted  in im p ro v e d  y ie lds  o f  P euraria  and 
that  fur ther  increase  in P app l i ca t io n  was  not benef ic ia l .

Joh n e t al. ( 197 7)  s tu di ed  the c o m p a r a t i v e  e f f e c t i v e n e s s  o f  seve n 
c o m m e r c i a l l y  ava i la b le  rock  p h o s p h a t e s  wi th  bo wl  s ludge  an d f o u n d  th a t  
bowl  s ludge  a pp l i ca t i o n  r esu l t ed  in the h ig h es t  dry m a t t e r  y i e ld  o f  P euraria.

W a h a b  et al. (1979)  c o m p a r e d  bowl  s lu dg e  wi th  s o m e  c o m m e r c i a l l y  
ava i la b le  p h o s p h a t e  fe r t i l izers ,  viz., C1RP (36  per  cent  P2O5), P o lyph os



{32 per  cent  P 1 O 5) and  H igh la nd s  R P  (30  per  c en t  P2O 5) us ing  Peuraria  
ja v a n ic a  as  the in di ca tor  c rop .  La te x  s lu dge  app l i ca t io n  was  found to resul t  
in be t te r  P up ta k e  g iv in g  the h ig hes t  c u m u la t i v e  y ie ld  ov er  th ree  years  
w h ic h  w a s  45 per  cen t  h igh e r  than  that  ob ta in ed  wi th  th e  c o m m o n l y  used  
sou rce ,  C IR P .  T h e y  also noted  tha t  the use o f  latex s l udge  a s  a s ta r te r  dose  
o f  so l ub le  P for  l eg u m e  cov er  e s t a b l i s h m e n t  was  as e f fe c t i ve  as two 
c o m m o n l y  used  P sou rces .

George  et al. (199!)  compared  three P sources -  bowl sludge, super 
phosphate and mussorie rock phosphate with regard to their effects on dry matter 
production and uptake o f  nutrients by the cover crop Peuraria phaseoloides and  
found that  30 kg  P 2O 5 h a "1 as bo wl  s lu dge  was  su p e r io r  to o th e r s  in dry 
m a t t e r  p r od uc t io n  as wel l  as up ta k e  o f  nut r ien ts .

G e o r g e  (200 3)  r e c o m m e n d e d  that  latex s ludge  cou ld  be used  as  a P 
fer t i l izer  for c o v e r  c rops  in r u b b e r  p l an ta t io ns .

2.2.6.2 Cereals
L o w e  (196 8)  po s tu la te d  tha t  b o w l  s lu dg e  co u ld  be u se d  as a c hea p  

a l t e r n a t i v e  for fe rt i l izers  in cerea l  c rops  l ike r ice and maize .

2.2.6.2.1 Rice
Joh n et al. (1977)  s tudied  the e f fe c t  o f  e f f lu en t  f rom sk im  rubber  

fac tory  on  i r r igated  pad dy  a n d  f ound tha t  d i lu t ion  o f  the  e f f l u en t  to 25 per  
cen t  ga ve  the best  resu l t s  in te rm s  o f  dry m a t t e r  prod uc t ion .

D o lm a t  (1978)  o b s e rv e d  tha t  the e f f l u en t  from the latex c o n cen t ra t e  
fac tory  in creased  y ie ld o f  pa ddy  in te rm s  o f  dry we igh t  o f  gr a in  and total  
dry weight .

S im i l a r  f av ou ra b le  e f fec ts  o f  rubb e r  e f f lu en t  on  i r r iga ted  p a d d y  w ere  
r ep or te d  by K a n a p a t h y  (1968) ,  P u s h p a r a j a h  et al. ( 197 6)  an d Y ap a  (1984) .



P u s h p a r a j a h  et al. ( 197 5 )  r ep or te d  tha t  for  m a ize ,  bow!  s lu dg e  w as  
the  m o s t  e f f i c i en t  sou rc e  o f  P.

W a h a b  (197 6)  repor ted  an inc rease  in dr y  m a t t e r  p ro d u c t io n  o f  m a iz e  
due  to a pp l i ca t i o n  o f  bowl  s lu dg e  w h en  c o m p a r e d  to the  c o m m o n l y  used 
sou rc e  o f  P. su p e r  ph osp ha te .  S im i t a r  e f fe c t  w a s  repor ted  by Jo h n  et al. 
(1 97 7)  also.

W a h a b  et al. ( 19 7 9 )  ob se rv ed  tha t  the  d i f f e r e n c e  in the  e f fe c t s  o f  
sup e r  p h o s p h a t e  and bowl  s lu dge  on  m a ize  w a s  neg l ig ib le .

F a v o u r a b l e  e f fec t  o f  rubb e r  e f f lu en t  on m a iz e  w a s  in d i ca te d  by John 
et al. (1 97 7)  and Y e o w  (198 3)  also.

2 .2 .63  Fruits and Vegetables
A c c o r d in g  to L o w e  (1 96 8)  bowl  s ludge  cou ld  be used  as a c hea p  

a l t e r na t iv e  for  fer t i l izers  in w a te rm e lo n .

Y e o w  (198 3)  repo r t ed  th a t  the e x p e r i m e n t s  c o n d u c t e d  by U n iv er s i t y  
Per lan ian ,  an o rgan iz a t io n  in M a lays i a ,  on use  o f  r ubb e r  e f f l u en t  as a source  
o f  nu t r ien ts  for  veg e ta b le s  had y i e ld e d  a  pos i t ive  r esponse .

Y ap a  (198 4)  repor ted  tha t r u b b e r  se rum  was  a  g o o d  fe r t i l izer  for 
leafy veg et ab le s .

S i v a n a d y a n  a nd  A s o k u m a r  (19 8 9 )  c o m p a r e d  the  N R S P  ag a i n s t  a 
c o m m o n  N P K  c o m p o u n d  fe r t i l izer  in sp i na ch ,  sawi ,  t o m a t o  a n d  l a d y ’s 
l inger  and  found that  N R S P  out p e r f o rm e d  the c o m p o u n d  fe r t i l iz e r  by 
g iv ing  ex t ra  y ie lds .  N R S P  m a in t a in e d  its su p e r io r  e f fe c t  on y i e l d  o f  the se  
ve g et ab le s  eve n  w h en  it w a s  b l end ed  wi th  so m e  in o rgan ic  fe r t i l ize r  
mate r i a l s .

S iv a n a d y a n  (1992)  noted  that  in a pot  cu l tu re  ex p e r i m e n t ,  use  o f  
N R S P  e i t h e r  a lo ne  or  in c o m b in a t i o n  wi th  o ther  in o rgan ic  fe r t i l izers



r e co rded  be t te r  g row th  an d y ie ld for  sp in ach ,  sawi  and t o m a to  than  when 
ino rganic  N P K  c o m p o u n d  fe r t i l izer  w a s  used  a lone .

2.2.6.4 Pulses and Legumes
W a h a b  (1976)  r epo r te d  tha t  for  s o y ab ean ,  bo wl  s lu dg e  w a s  the most  

e f f i c i en t  sou rc e  o f  ph os pha te .  Thi s  was  ref lec ted  by  the total  dr y  m at te r  
p ro d u c t io n  and y i e ld  o f  seeds.  P u sh pa ra ja h  et al. ( 197 5)  and Joh n et al. 
(1 97 7)  a lso  r epo r te d  tha t  bowl  s l u dg e  cou ld  be used a s  a sou rce  o f  P for 
soy abe an .

W a h a b  et al. ( 197 9 )  c o m p a r e d  bo wl  s lu dge  wi th  s u p e r  p h o s p h a t e  and 
rock  p h o s p h a t e  for  m a n u r in g  m u n g  bean  and o b ta ined  s ig n i f ic an t  increase  
in both  y i e ld  o f  pods  and tota l p l ant  dr y  we igh t  wi th  bo wl  s lu dg e  than  tha t  
wi th  o th e r  two P sources .

A u g u s th y  and Mani (200 1)  s tudied  the ef fe c t  o f  r u b b e r  e f f l u en t  on 
seed  g e r m in a t i o n  an d s ee dl in g  grow th  o f  c o w p e a  and f ound tha t  the length  
of'  root  and  shoot  sys t em and the  n u m b e r  o f  la teral  roots  w e r e  increased  
when 50 per  cent  d i lu ted  e f f l u en t  was  app l i ed .

Tew ar i  et al. (2003)  s tu died  the ef fec t  o f  r ubb e r  e f f l u en t  on g r ow th  
o f  Pisum  sativum  (var .  A ur i c le )  and  found tha t  the g r o w th  p a r a m e te r s  such  
as shoot  and root  length,  n u m b e r  o f  leav es  and br anch es ,  l e a f  a rea ,  shoot  
an d  root  dr y  weigh t ,  p l ant  dr y  wei gh t ,  seed  y ie ld per  p lant  and  shoot :  root  
rat io w e r e  the h i gh es t  w h en  t rea ted  wi th  25 pe r  cent  d i lu ted  ef f luent .

2.2.6.5 Oilseeds
P u s h p a r a j a h  et al. (1975)  r epo r te d  that  bo wl  s l udge  cou ld  be used  as 

a source  o f  P for gr oundnut .

W a h a b  (197 6)  a lso  found that ,  in the case  o f  g r o u n d n u t  the y ie ld  
o b ta in ed  by the  app l i ca t io n  o f  bo wl  s l u dg e  w a s  h igh e r  than  tha t  o b ta ined  by 
a pp ly in g  rock  p h o sp h a t e  and w a s  c o m p a r a b l e  to that  o b ta ined  by the  use  o f  
sup e r  ph osp hat e .



Bu t  Joh n et al. (1977)  o b s e rv e d  tha t  tota l dry m a t t e r  p r o d u c t io n  and 
y ie ld s  wi th  latex s lu dge  wer e  s l i gh t ly  less than  that  wi th  s u p e r  p h o s p h a t e  in 
gro undnut .

W a h a b  et al. ( 197 9)  noted  that  in g r o u n d n u t  th e  d i f f e re n c e  in the 
e f fe c t  be t w e e n  bo wl  s ludge  and su p e r  ph osp ha te  w a s  neg l i g ib le  in t e r m s  o f  
p lant  dr y  wei gh t  but in te rm s o f  pod y ie ld super  p h o s p h a t e  was  s l ight ly  
bel ter ,

2.2.6.6 Fodder
[ .owe (196 8)  r e c o m m e n d e d  tha t  bowl  s ludge  cou ld  be used  as a 

sou rce  o f  N and P for  pa s t ur e  for  bo th  sh eep  and da i ry  ca t t le .  B y  ap p ly in g  
th is  on pas ture  such  a s  B rachiaria  m utica  and  A xonopus com pressus, an 
increase  in pro tein co n te n t  w a s  ob se rv ed .

Tan e t a l  (1973)  r epo r te d  tha t  nap ier  gras s  r e sp o n d e d  f av o u rab ly  to 
rubb e r  e f f l u en t  app l i ca t io n  and y i e ld  increase  up  to 2 0 0  pe r  cent  ove r  
con t ro l  cou ld  be ob ta i ned .

P u s h p a r a j a h  et al. (1 97 5 )  we re  o f  the  op in ion  tha t  use  o f  bo wl  s lu dg e  
at the rate o f  2.5 t h a ' 1 led to a tw o  fold inc rease  in the  y ie ld o f  Pus a  g i ant  
gra ss  an d  this increase  was  a t t r ibut ed  to P, Mg ,  N and K in th e  bo wl  s ludge .

T a n  et al. (1975)  s ho w ed  tha t  n ap ie r  gras s  and  s tar  gra ss  p rod uc t io n  
in creased  s ig ni f ican t ly  wi th  rubb e r  e f f lu en t  app l i ca t io n .  T h e  gr een  forage  
y i e ld  o f  n ap ie r  grass  w a s  m o r e  than  40 0 t ha "1 yr"1. T h e  cr ude  pro te in  
co n te n t  w a s  also the  h ighes t  wi th  e f f l u en t  app l i ca t io n .

Y e o w  (1983)  repo r t ed  the e x p e r i m e n t s  c o n d u c t e d  in M a l a y s i a ,  on  the 
ef fec t  o f  rubb e r  e f f l u en t  as a  sou rce  o f  nu t r ien ts  for  gras s  ha d  y i e lded  a 
pos i t ive  re sp on se .  S im i l a r  pos i t ive  ef fe c t  was  a lso  s h o w n  by Tan and  Pillai 
(1976) .

Jadi  (198 3 )  ob ta in ed  fodder  gra ss  y ie ld  o f  33 t h a " 1 y r "1 w h en  e f f luen t  
from skim rubb e r  fac tory  w a s  app l i ed .



2.2.6.7 Plantation Crops
2.2.6.7 .1 Rubber

W a h a b  (1 97 6)  noted  tha t  bowl  s ludge  co u ld  be  a  sa t i s fa c to ry  sou rc e  
o f  P an d M g for  rubber.

Tan and Pil lai  ( 197 6)  r ep or te d  good  r e sp on se  in rubb e r  wi th  the 
ef f l u en t  app l i ca t i o n  and h igh e r  y i e ld s  we re  o b ta ined ,  e s p e c i a l l y  in 
co n ju n c t i o n  wi th  e th e p h o n  s t imu la t ion .  S im i l a r  f in d ing  w a s  r e p o r te d  by 
Pil lai  (1977) .

Rep or ts  by John et al. ( 197 6)  indica ted  tha t  e f f l u en t  app l i ca t i o n  
pa r t ic u l ar ly  at  w e e k ly  in terva ls  r esu l t ed  in s ig ni f icant  increase  in the girth 
o f  r ubb e r  seedl ings .  T hi s  w a s  fur ther  c o r r o b o ra t e d  by Joh n e t al. ( 1977) .

W a h a b  et al. (1 97 9)  r epo r te d  tha t  bow]  s lu dg e  w a s  e q u a l l y  e f fec t ive  
as ro ck  p h o s p h a t e  for basal  app l i ca t i o n  in the  p l an t in g  hole  o f  rubber .  
S im i l ar  e f fe c t  was  r epo r te d  by  John et al. (1977) .

D o lm a t  et al. (1 97 9)  found tha t  rubb e r  r e sp o n d e d  po s i t i ve ly  to the  
nu t r ien t s  in the rubb e r  e f f luent .  G o o d  overa l l  grow th  and y ie ld  p e r f o r m a n c e  
were  o b s e rv e d  wi th  increase  in the rate o f  e f f lu en t  app l i ed .  Based  on 
a n o th e r  w'ork, D o lm a t  et al. ( 198 1 )  r epo r te d  th ree  cm  grow th  a d v a n t a g e  
w h en  rubb e r  e f f lu en t  w a s  ap p l i ed  on y o u n g  rubb e r  seedl ings .

B a c h ik  et al. (1987)  s h o w e d  tha t  the y ie ld o f  r u b b e r  in c re ased  wi th 
the  in creased  rate o f  rubb e r  e f f l u en t  app l i ca t io n  and  the p rop e r t ie s  o f  the 
latex we re  a lso  not a f fec ted .

Kar im and Bac h ik  (1 98 9)  m a d e  a  c o m p a r a t i v e  s tu dy  o f  ru b b e r  
effluent and an inorganic ferti l izer as sources o f  plant nutr ients for Hevea  and 
found no s ign i f icant  d i f f e re n ces  in the la tex y ie lds  b e t w e e n  fe r t i l izer  t rea ted  
and  e f f l u en t  t rea ted  seedl ings .



Lim (198 8)  r ep or te d  ten pe rce nt  increase  in rubb e r  y i e ld s  w h en  latex 
c o n c e n t r a t e  e f f lu en t  w a s  appl ied .

G e o r g e  et at. ( 199 1)  f ou nd that  app l i ca t io n  o f  bowl  s lu d g e  w as  
s ig ni f ican t ly  su p e r io r  in inc reas in g  the dry m a t t e r  p ro d u c t io n  in bu dd ed  
r ubb e r  s t u m p s  and a lso  in im p ro v in g  th e i r  gi rth a n d  he ight .

S iv a n a d y a n  (1992)  r ep or te d  tha t  the c o n cen t r a t ed  se ru m  f rom the 
ef f lu en t  o f  a latex con c e n t r a t e  fac tory  e n h a n c e d  dry  w e i g h t  and  b u d d in g  
su cces s  o f  rubb e r  seed l ings  in a p o l y b a g  nursery .

G e o r g e  e t at. (1994)  s tu died  the c o m p a ra t i v e  p e r f o r m a n c e  o f  latex 
s ludge ,  su p e r  p h o s p h a t e  and ro ck  p h osp ha te  on im m a tu re  rubb e r  and  found 
that  the gi rth in crem en t  b rou gh t  abo u t  by the th ree  s ou rc e s  in the th i rd ye a r  
o f  s tudy w a s  on par.

So y z a  et al. ( 199 4 )  s tu died  th e  e f fe c t  o f  c r epe  rubb e r  f ac to ry  e f f luen t  
on the grow th  o f  yo u n g  H evea  p l an ts  and  o b s e rv e d  tha t  se rum  t r e a tm e n t s  
had a m ean  he ig h t  a d v a n t a g e  o f  14 cm ov er  no rmal  fe r t i l izer  app l i ca t i o n .  
S im i l a r  fa vou ra b le  e f fec t  w a s  repo r t ed  by  Y a p a  (1987) .

G e o r g e  (2003)  ob se rv ed  tha t  w h e n  latex s lu dge  w a s  used  as  P 
fer t i l izer  for  im m atu re  rubb er ,  70 pe r  c en t  o f  the t r ee s  b e c a m e  re ady  for 
t a p p ing  in a per iod  o f  6.5 year s  and the y i e ld  an d qu a l i ty  o f  latex from 
s ludge  fe r t i l ized  p lants  wer e  on pa r  wi th  tha t  o b t a i n e d  w h en  o t he r  
co n v e n t io n a l  P fer t i l izers  were  app l ied .  O n  the bas is  o f  this f ind ing ,  latex 
s ludge  was  r e c o m m e n d e d  as a P fer t i l izer  for  both  m at u re  and im m a tu re  
rubber.

2.2.6. 7.2 OH Palm
T h e  resu l t s  o f  tr ial  c o n d u c t e d  by Tan e t al. ( 197 5)  on the use  o f  

r ubb e r  e f f l u en t  in oil pa lm,  sh o w ed  that  its app l i ca t io n  r esu l t ed  in in creased  
n u m b e r  o f  b u n c h e s  and w e i g h t  pe r  bu nc h ,  and  hence  total  w e i g h t  o f  
b u n c h e s  p a l m " 1 y r ' 1.



D o lm a t  (1978)  noted  th a t  in an es ta te  in ‘Neg r i  S e m b i l a n ’, use o f  
m ix ed  r u b b e r  e f f lu en t  in oil pa lm  ga ve  an add i t ional  y ie ld  o f  tw o  to nn es  
fresh f rui t  bu nc h .  S im i l a r  resu l t s  w e r e  a lso  r ep or te d  by seve ra l  w o rk e r s  
( D o l m a t  et al., 1979; Y eo w ,  1983; B ach ik  e t al., 1987 and W o o d  and U rn ,  
1989).

N a z e e b  et al. (1984)  s h o w e d  that  rubb e r  e f f l u en t  co u ld  be 
ben ef i c i a l ly  used  in oil pa lm  nurser ies .

2,2 .63  Other Crops
Y a p a  (198 4)  repor ted  tha t  rubb e r  serum was  a  g o o d  fe r t i l izer  for  

p l ant a in  t rees .

S iv a n a d y a n  and A s o k u m a r  (1 98 9)  r e c o m m e n d e d  tha t  N R S P  b le nd ed  
wi th  i nor ga n ic  fer t i l izer  co u ld  be u sed  as a sou rce  o f  nu t r ien t s  in co co a  
nu rse ry ,

Kar im  et al. ( 199 7)  o b s e rv e d  tha t  the dry w e i g h t  o f  Vetiver spp.  
g r o w n  on la tex s ludge  ap p l i ed  soi l  w a s  s ig ni f ican t ly  h igh e r  than  tha t  on 
un t r ea t ed  soi l  and  this cou ld  be due  to the  h igh e r  c o n c e n t r a t i o n s  o f  
ava i la b le  m a c r o  and m ic r o n u t r i e n t s  in the s ludge .

2.2 .7  E f fe c t  on P la n t  N u t r i e n t  C o n t e n t  and U p t a k e

L o w e  (1 96 8)  a na lysed  the l e a f  nut r ien t  c o n te n t  o f  fodd e r  gr as ses  
fe rt i l ized wi th  bowl  s ludge  and ob se rv ed  tha t  in the ca se  o f  B rachiaria  
im ttica  app l i ca t io n  o f  140 lb a c r e ' 1 o f  s ludge  in cr ea sed  the N per  c en t  from
2.04 to 2 .52,  one  m o n th  a f t e r  app l i ca t io n .

Tan e t al. (1975)  s h o w e d  tha t  rubb e r  e f f lu en t  app l i c a t i o n  on gra sses  
in creased  l e a f  ash,  N,  P a nd  K and d ec r ea sed  Mg, w h e r e a s  in oil  palm,  it 
in creased  N, K and Mg.



W a h a b  ei al. (1979)  no te d  that  wi th  the app l i ca t i o n  o f  bo wl  s ludge ,  
th ere  was  a good  up take  o f  P in P euraria  and  h igh  M g  up ta k e  in maize ,  
m u n g  bean  an d g r ou nd nu t .

D o lm a t  et al. (1979)  o b s e rv e d  that  the oi l  pa lm  t r ee s  in th e  ru b b e r  
e f f l u en t  t rea ted  f ield ha d  h igh e r  l e a f  N,  K, M g and to a  sma l l  ex t e n t  Mn and 
Mo  c o n te n ts  than th ose  r ec e i v ing  rout ine  m a n u r in g  s ched u le .  But,  the 
va i ues  for  ash con ten t ,  P, C a  and Cu we re  c o m p a r a b l e  be t w e e n  the two 
t r ea tm en t s .  For  rubber ,  app l i ca t io n  o f  r u b b e r  e f f lu en t  d id not a f fe c t  the le af  
nu t r ie n t  c o n te n ts  and  the latex p r o d u c e d  w a s  o f  eq u a l l y  g o o d  qu al i t y  
c o m p a re d  to  tha t  f rom  t rees  w h ich  rece ived  c h e m i c a l  fe r t i l izer  a c c o r d i n g  to 
r ou t ine  m a n u r i n g  sched ule .

Bac h ik  et al. (1 98 7)  c o m p a re d  the d y n a m i c s  o f  l e a f  nu t r ien t  
c o m p o s i t i o n  as a  resu l t  o f  rubb e r  e f f lu en t  app l i c a t i o n  in oi l  pa lm  and ru b b e r  
and  o b s e rv e d  the h ig hes t  con ten ts  o f  N, P and K in t r ea te d  leaves  o f  both 
the crops .

G e o r g e  e t al. ( 199 1)  noted  tha t  a pp l i c a t i o n  o f  bo wl  s lu dg e  
s ig ni f i ca n t ly  in creased  the up ta k e  o f  N,  P, K and M g in bu d d ed  rub ber  
s tu mp s .

H a b ib  (199 5)  ob ta in ed  s ig n i f ic an t l y  lo w er  c o n c e n t r a t i o n s  o f  Ca,  K, 
P. total  N and c rude  prote in  in se eds  o f  w h e a t  cv. RR -2 1 ,  w h en  50  per  cent  
d i lu te d  r u b b e r  e f f l u en t  was  appl ied ,

Kar im  et al. ( 199 7 )  o b s e rv e d  that  the up tak e  o f  total  N  an d M g by 
I 'd iv e r  spp.  g ro w n  on latex s lu dge  t rea ted  soi l  w a s  s i g n i f ic an t l y  g rea te r  
than  tha t  in an  un t r ea t ed  soil .  Bu t  the re  was  no s ig ni f icant  d i f f e re n c e  in the 
up tak e  o f  K and P.

F ro m  he r  s tud ies  in m at u re  rubber ,  G e o r g e  (2 0 0 3 )  noted  
s ig ni f ican t ly  h igh e r  up ta k e  o f  N,  P, K and M g w h en  latex s lu dg e  was  
app l i ed .



2.2.8.1 Physical Properties
T h e  bene f i c ia l  e f fe c t  o f  skim latex fo rm u la te d  wi th  oil in s tab i l i z ing  

soi ls  and  th us  p r e v e n t i n g  soi l  e r os io n  w a s  s h o w n  by S o o n g  and Yeo h 
(1974) .

D o lm a t  (197 8)  r ep or te d  tha t  the co ncen t ra t ed  se ru m  f rom the e f f luent  
o f  a latex co ncen t ra t e  fac tory  im p ro v e d  the phys ica l  c o n d i t i o n s  l ike soil 
s t ruc ture ,  soi l  ag g reg a t i o n  and m o i s t u r e  re ten t ion  abi l i t y  o f  a R e n g a m  soil 
ser ies  (Ty p ic  Pa leudul t ) .

D o lm a t  e t al. ( 197 9)  ob se rv ed  that  app l i c a t i o n  o f  r u b b e r  e f f luent  
inc reas ed  bulk  dens i ty  and ava i la b le  w at e r  c ap ac i t y  a n d  r e d u c e d  the  total 
poros i ty ,  total  ag g reg a t i o n  and a g g re g a t e  s tab i l i ty  in a S e re m b a n  soi l  series  
(P l in th ic  Pa leu dul t ) .

B ac h ik  et al. (1987)  ob se rv ed  tha t  app l i ca t io n  o f  r u b b e r  e f f lu en t  
increased  the  bu lk  dens i ty  and ava i la b le  w at er  c a p a c i t y  and r e d u c e d  the 
total  po ro s i ty  o f  a soi l  b e lon g in g  to Se rd ang  se r ies  (Ty p ic  Pa leu dul t ) .

2 .23 .2  Chemical Properties
2.23.2.1  Soil pH

A c c o r d in g  to L ow e  (1 96 8) ,  m a g n e s iu m  p h o s p h a t e  p res ent  in latex 
s ludge  had  a pH bu ff er ing  ef fec t  in the  soi l  and  thus  e l i m in a t ed  the  nee d  for 
fur ther  l iming.

T a n  et al. (1 97 5)  s ho w ed  tha t  app l i ca t io n  o f  rubb e r  e f f l u en t  d id not  
br in g  any app re c i a b l e  c h a n g e  in pH o f  an a l luvia l  soi l .

D o lm a t  et al. ( 197 9 )  o b s e rv e d  an in cr ea se  in pH  f rom 3.9 to 4 .7  for a 
S e r e m b a n  soi l  ser ies  (P l in th ic  Pa leudu l t )  and  no  m ark ed  c h a n g e  in pH for a 
R e n g a m  soil  ser ies  (Ty p ic  Pa l eu du l t )  a f te r  rubb e r  e f f l u en t  a pp l i c a t i o n  for



ab o u t  t h r ee  years .  In a no th e r  s tudy wi th  ac id ic  raw ef f luent ,  D o lm a t  et al. 
(198 1)  f ound an increase  in soil ac id i ty .

Y a p a  (198 4)  r ep or te d  an in cr ea se  in soi l  pH  f rom 5.1 to 6.0 in a 
rubber  p la nt a t io n  and f rom 4.61 to 5 .24  in a p a d d y  soi l  w h en  r u b b e r  e f f luent  
was  ap p l i ed .

Kar im  an d Bac h ik  (1989)  o b s e rv e d  tha t  pH w a s  not a f fe c te d  by the 
app l i ca t i o n  o f  rubb e r  e f f l u en t  in a R en gam  soil  ser ies  (Ty p ic  Pa l eu du l t )  o f  
pH 4 .01 .

G e o r g e  et al. (1991)  f rom an in cuba t ion  s tudy us ing  bo wl  s ludge ,  
super  p h o s p h a t e  and rock ph osp ha te  no t i ce d  no  s ig n i f ic an t  d i f f e re n c e  in soil  
pH by the app l i ca t io n  o f  these  d i f f e re n t  so u rce s  at  d i f f e re n t  pe r iods  o f  
incubat ion .

G e o r g e  et al. (1994)  o b s e rv e d  no  s ign i f icant  d i f f e re n ce  in pH by the  
app l i ca t io n  o f  la tex s l udge  co n t i n u o u s ly  for th ree  year s  in a soi l  o f  pH 5 . 0 1.

2.2.8.2.2 Available Nutrients
Tan et al. ( 197 5 )  s h o w e d  tha t  app l i c a t i o n  o f  r u b b e r  e f f luen t  

in creased  soil K, bu t  no ap p re c i ab l e  c h a n g e  w a s  o b s e rv e d  in o r g a n i c  C,  Mg, 
C a  and M n in an  a l l uvia l  soi l .

D o lm a t  et al. (1 97 9 )  o b s e rv e d  that  a pp l i c a t i o n  o f  r u b b e r  e f f lu en t  
in creased  ava i la b le  and  total  P, total  and  e x c h a n g e a b l e  K and C a  in 
S e re m b a n  soi l  ser ies  (P l in th i c  Pa l eu du l t ) .  In R e n g a m  soil ser ies  (Ty pi c  
Pa leu du l t ) ,  there  was  an increase  in orga n ic  C and N, but  M g and Mn 
co n ten ts  w e r e  una ffec ted .

D o lm a t  e t al. (1981)  r epo r te d  that  app l i ca t i o n  o f  r u b b e r  e f f lu en t  
co n s id e ra b ly  im p ro v e d  fert i l i ty by inc reas in g  the c o n c e n t r a t i o n s  o f  N, P, K. 
Ca  and M g  c o n te n ts  in S o g o m a n a  soi l  ser ies  (O x ic  T ro p a q u u l t ) .  T h e  
inc rease  in soi l  P w a s  very  s igni f icant .



Y a p a  (198 4)  in di ca ted  tha t  th e  leve ls  o f  all nu t r ie n t s  tes ted  i.e., P, K, 
Ca  and M g  we re  h i g h e r  in soi l  t rea ted  wi th  rub ber  e f f lu en t  c o m p a r e d  to the 
con t ro l .  T h e  increase  in P was  as h igh  as 358 per  cent .

B a c h ik  et al. (1 98 7)  s tu died  the im p ac t  o f  rubb e r  e f f l u e n t  on soil 
prop er t i es  and foun d  tha t  its app l i ca t io n  in creased  the o r gan ic  C, N,  total 
an d  ava i la b le  P and tota l and  e x c h a n g e a b l e  K and C a  co n te n ts  o f  the  soil.  
H o w ev e r ,  soil Mn was  not a f fec ted .

Ka r im  and Bac h ik  (1 9 8 9 )  m a d e  a c o m p a r a t i v e  s tu dy  o f  rubber  
e f f lu en t  and  an in organ ic  fe r t i l izer  for  th e i r  e f fec ts  on soi l  p r o p e r t i e s  and 
f ou nd tha t  e f f l u en t  t rea ted  soi ls  c o n ta ined  h igh e r  con c e n t r a t i o n s  o f  total  P, 
K. C a  and M g than  fer t i l izer  t rea ted  soi l s.  But,  no  d i f f e re n ce  w a s  o b se rv ed  
in the N con ten t .

G e o r g e  (2 00 3)  o b s e rv e d  tha t  app l i ca t io n  o f  latex s lu dg e  in creased  
the fert i l i ty s ta tus  o f  the  soil in the e x p e r i m e n t  car r ied  ou t  in rubb e r  al  the 
Ru b b e r  Resea rch  Ins t i tu te  o f  India ,  Ko t t ayam .

2.2 .9 R e s i d ua l  Ef fec ts

W a h a b  (1976)  r epo r te d  th e  h ig hes t  re s idua l  e f fe c t  o f  bowl  s l u dg e  as 
indica ted  by the dry m a t t e r  y i e ld  o f  Peuraria  in s ec on d  and th i rd cropp in gs .  
S im i l a r  resu l t  in Peuraria  w a s  r ep or te d  by  W a h a b  ei al. (1979) .

S iv a n a d y a n  and A s o k u m a r  (198 9)  s tud ied  the res idual  e f fe c t  o f  
N R S P  bl end ed  wi th  in organ ic  fe r t i l izer  on a  se co n d  cr op  o f  s p inach  by 
leav ing  its sho o t  s tu m p s  intact  in th e  soi l  a f te r  the ma in  ha rve s t  and found a 
large n u m b e r  o f  p lants  r e - sp r o u t in g  wi th  h igh e r  sho o t  w e igh ts .  S im i l ar  
f i nding  w a s  a lso  repo r t ed  by S iv a n a d y a n  (1992).

2.2 .1 0  E n v i r o n m e n t a l  C o n s i d e r a t i o n s

Bac h ik  et al. ( 1987)  found f rom the i r  s tudi es  in oil pa lm  pl an ta t io ns  
that  a pp l i c a t i o n  o f  latex s ludge  an d its e f f l u en t  ha d  neg l i g ib le  e f fe c t  on



g r o u n d  w a t e r  qual i t y  but s u g ges te d  tha t  th e i r  i n d i sc r im in a te  ap p l i ca t i o n  
should  be avo id ed .

Kar im et a l  ( 199 7 )  ba sed  on th e i r  s tudie s  in Vetiver  spp.  ob se rv ed  
tha t  h e a v y  m eta ls  in the s ludge  c a u s e d  ne i ther  inh ib i t ion  o f  g r o w th  nor  
toxi c i t y  to the plant .

2.3 E F F E C T  O F  P H O S P H O R U S  ON C H IL L I

T h e  role o f  p h o s p h o r u s  in nu t r i t ion  o f  chi l l i  is h i gh ly  r e c o g n iz e d  as  
it p lays  an im por t an t  role in e n e r g y  s to rage  and t r ansfer ,  d e v e l o p m e n t  o f  
r ep r o d u c t i v e  par ts ,  root  f orm at ion ,  seed  f orm at ion  etc.  ( B e r g m a n n ,  1992).

2.3.1 E f fe c t  on G r o w t h  C h a r a c t e r s

2 .3 .1.1 P lant Height
Jose p h  (1982)  no te d  inc rease  in he ight  in chi ll i  var.  Pant  C l  by  the  

app l i ca t i o n  o f  gr aded  do ses  o f  P. S in gh  and S r iva s ta v a  (198 8)  in di ca ted  
s ig ni f ic an t  e f fe c t  o f  P on the he i gh t  o f  chi l l i  cv.  Pant  C l  wi th  P2O ;  @  60 kg  
h a ' 1. Re su l t s  on  s im i l a r  l ines a l so  r ep or te d  by  seve ra l  w o r k e r s  ( R a m  et a t.,
1 996;  S r i n iv asan  et a l ., 1999; H o ssa in  e t a l ,  2001) .

H o w ev e r ,  P ra b hak a r  et a l  (1987)  and Shu k la  et a l  ( 198 7)  found tha t  
p l ant  he ig h t  w a s  not in f l uenced by  P fer t i l izat ion .

2.3.1.2 Branches per Plant
C h o u g u l e  and M ah a jan  (197 9)  found tha t  the n u m b e r  o f  ma in  

b r a n c h e s  pe r  p lant  was  s ig ni f ican t ly  i n c re ased  due  to d i f f e re n t  levels o f  P in 
chi l l i  va r . Jw ala .  Jo h n  (1989)  o b s e rv e d  that  app l i ca t io n  o f  P up  to 60  kg 
P2O 5 h a ' 1 s ig ni f ican t ly  in cr ea sed  the  n u m b e r  o f  b r a n c h e s  pe r  p l ant  in chi l l i  
var.  Jw a l a s a k h i .  S im i l ar  resu l t s  wer e  repor ted  by D a m k e  et al. (1988) ,  
S h a r m a  and Singh (199 4)  and G a r e  et al. (2001) .



H o w ev e r ,  P ra b h a k a r  et al. ( 198 7)  s h o w e d  tha l  P fert i l iza t ion  d id not  
a f fe c t  the n u m b e r  o f  b ranch es  in chi l l i  cv. G3.  S im i l a r  resu l t  w a s  repo r t ed  
by Shu k la  et al. (1987) .

2.3.1.3 Leaf Area
Sig ni f ican t  e f fe c t  o f  P on l e a f  a rea  w a s  o b s e rv e d  by J o s e p h  (198 2)  in 

chi l l i  var .  P an t  C l  and  Joh n (198 9)  in var .  Jw a la sakh i .  M a y a  et al. ( 1999)  
r ep or te d  tha t  1 00 kg  P h a " 1 r esu l t ed  in th e  h ig h es t  l e a f  a r ea  at  all s ta ges  o f  
chilli .

2.3.1.4 Time o f  Flowering
Khan and S u r y a n a ra y a n a  (197 7)  o b s e rv e d  that  in ch i l l i  var.  N P  46A,  

the  e f fe c t  o f  P was  s ig ni f ic an t  on the t i m e  o f  f low er i ng .  T h e  h igh e r  th e  level 
o f  P, the  lesser  was  the t i m e  r eq ui re d  for f lo w er i ng .  C h o u g u l e  an d M a h a ja n  
(1979)  f ound that  in chi l l i  var.  Jwa la ,  the  n u m b e r  o f  d a y s  r eq ui re d  for 50 
per  cent  f lo w er ing  were  s ig ni f ican t ly  in f l uen ced  due  to d i f fe ren t  leve ls  o f  P. 
S im i l ar  o b s e rv a t io n s  w e r e  r ep or te d  by seve ra l  w o rk er s  ( Jo s e p h  and Pil lai ,  
1985; A h m e d  and  T an k i ,  1991; M ed h i  et al., 1993; P u n d i r  and  Porwal ,  
1999).

2.3 .2  E f fe c t  on Yie ld  and  Yie ld  A t tr ib u t e s

2.3.2.1 Fruits per Plant
A h m e d  and T a n k i  (1991)  ob se rv ed  i n cr ea se d  n u m b e r  o f  f rui ts  per  

plant  wi th  P a pp l i c a t i o n  in chi l l i  and the o p t i m u m  rate w a s  f o u n d  to be 82.8 
kg P tO s  h a ' 1. S ingh and S r iva s ta v a  (198 8)  repo r t ed  tha t  in chi l l i  cv.  Pant  
C - l ,  P app l i c a t i o n  s ho w ed  a s ig n i f ic an t  e f fec t  on  the n u m b e r  o f  f rui ts  per  
plant .  S im i l ar  e f fe c t  o f  P on  n u m b e r  o f  f ru i ts  per  p l ant  a l so  in di ca ted  by  
S r in ivasan  et al. (1999) ,  J ayara j  e t al. ( 199 9 )  and M o h a n ty  et al. ( 2 0 0 1).



Khan and S u r y a n a ra y a n a  (1977)  o b s e rv e d  tha t  in chi l l i  var .  N P  46 A,  
P was  es sent ia !  for good  po d length an d gi rth.  C h o u g u l e  a n d  M a h a ja n  
(1 97 9)  foun d  tha t  in chi l l i  var.  Jwa la ,  the length  o f  po ds  we re  s ig n i f ic an t l y  
in creased  du e  to h igh e r  dose  o f  P used ,  i.e., 120 kg  h a ' 1. G a r e  et al. ( 20 01)  
ob ta in ed  the  h i gh es t  f rui t  len gt h  o f  8 . 1 cm  wi th  50 kg  P h a ' 1.

H o w e v e r ,  Joh n (198 9)  o b s e rv e d  that  the d i f f e re n ce  in length and 
mean g i r th  o f  po ds  due  to gr aded  d o s e  o f  P w a s  not  s ta t i s t ica l ly  s ig ni f i ca n t  
in chi l l i  var .  Jw a la sakh i .

2 .3 .2 3  F ru it W eight

C h o u g u l e  and M ah a ja n  (197 9)  found tha t  in ch i l l i  var.  N P  46 A ,  the 
mean w e i g h t  o f  f rui ts  pe r  p l ant  and  w e i g h t  o f  1 0 0  f rui ts  w e r e  s i gni f ic an t l y  
i n cr ea se d  due  to h igh e r  do se  o f  P used  i.e., 120 kg h a ' 1. In var ,  Jw a la sa k h i ,  
John (198 9)  o b s e rv e d  that  100 f rui t  w e i g h t  i n c re ased  s ig n i f ic an t l y  up  to 60 
kg P2O 5 h a ' 1. Rep or t  on s im i l ar  l ines  w a s  in di ca ted  by T h i a g a r a j a n  (1990) .

2.3.2.4 Total Chilli Yield
D harm at t i  and  Ku lk arn i  (198 8)  ob ta in ed  the h i gh es t  y i e ld  in 

ca p s i c u m  cv. C a l i fo rn i a  W o n d e r  wi th  the app l i ca t i o n  o f  1 12.5 kg  P2O 5 h a ' 1. 
N a s r e e n  and Islam (1989)  noted  that  in chi l l i  the h ig h es t  f rui t  y i e ld  can  be 
ob ta in ed  wi th  P app l i ca t io n  @  90 kg  ha"1, S ingh and Na ik  (199 0)  ob se rv ed  
that  P fe r t i l iza t ion  s ig ni f i ca n t ly  in f l uenced  f rui t  y i e ld  in Bell  P e p p e r  and the 
h i gh es t  y ie ld  o f  116.4q h a ' 1 w a s  r eco r ded  at 150 kg  P2O5 h a " 1 w h ic h  w as  
ab o u t  16 per  cent  h igh e r  than  the  y i e ld  o b t a i n e d  at 50 kg  P20 5 h a ' 1. Inc re ase  
in total  y ie ld  o f  chi l l i  wi th  P a pp l i ca t i o n  w a s  noted  by seve ra l  o t h e r  w o rk e r s  
( N ir an j an a  and Devi ,  1990; Das and Rath,  1992; S ha rm a  et al., 1996;  Al iyu.  
20 02 ;  M u k h o p a d h y a y ,  2004) .



Ho w ev e r ,  Sub b ia h  et al. (1982)  s ho w ed  tha t  y i e ld  o f  green  chi ll i  w as  
not i n f l u en c ed  by P app l i ca t ion .  Resu l t s  on  s im i l ar  l ines  w e r e  put forw ar d  
by Sr in ivas  (1983) ,  G o n z a l e z  and  Beale  (198 7)  and Shu k la  et al. (1987) .

2.3 .3  Effect  on Q ua l i ty  C h a r a c t e r s

2.3.3.1 Ascorbic Acid Content
J o s e p h  (1982)  r epo r te d  tha t  P app l i ca t io n  s ig ni f i ca n t ly  increased  

ascorbic  ac id  con ten t  in chi l l i  var .  Pant  C l . A g r e e i n g  resul t s  w e r e  repor ted  
by N i ra n j a n a  and Devi  (1990) ,  U d d in  and B e g u m  (199 0)  and M u r u g a n  
( 2001 ).

H o w ev e r ,  Joh n (198 9)  noted  tha t  the d i f f e re n ces  du e  to g raded  leve ls  
o f  P in the m ean  f rui t  a sco rbi c  acid co n te n t  w e r e  not s ta t i s t i ca l ly  s ig ni f i ca n t  
in chi ll i  var.  Jw a la sakh i .

2.3.3.2 Capsaicin Content
Saga  (1973)  no te d  tha t ,  the capsa i c i n  c o n te n t  o f  chi l l i  w a s  very  low 

in p lo ts  w i th o u t  P. T h e  bes t  rate for its h i g h e r  co n te n t  w a s  f ou nd to be 30  
ppm.  F a v o u r a b l e  e f fec t  o f  P on cap sa i c in  co n te n t  w a s  s h o w n  by severa l  
wo rk e rs  (Su bb ia h  et al., 1980; N i r a n j a n a  and Devi ,  1990; Y o dp e tc h ,  2000 ;  
M u ru g a n ,  2001) .

2.3.3.3 Oleoresin Content
Yo dp et ch  (2000)  repor ted  tha t  P fer t i l izer  in f luenced the quant i ty  and  

qual i ty o f  o l eores in  in ca ye nne  peppe rs  (Capsicum annuum  L.). T h e  o p t i m u m  
level to p r o d u c e  the h ighes t  co n te n t  (32 .63  pe r  cent )  was  found to be 187.5 
kg h a ' 1. R ec en t  repor ts  by M u t h u m a n i c k a m  (200 3)  s h o w e d  tha t  app l i ca t i o n  
o f  P r esu l t ed  in the h i gh es t  o l eores in  co n ten t  in b lack  pe ppe r .

2.3.3.4 Protein Content
In sw e e t  pepper ,  Bajaj  et al. (1 97 9)  ob ta in ed  the h ig hes t  f rui t  pro te in  

co n ten t  w h en  P w a s  app l ied  (a) 48  kg  h a ' 1. S ig ni f ican t  e f fe c t  o f  P in



in c re a s ing  p ro t e in  co n te n t  in chi l l i  w a s  noted  by  N i ra n j a n a  and Devi  (1990)  
an d M u r u g a n  et at. (2002) .

2.3 .4  T o ta l  Dry M a t t e r  P rodu ct i on

John (1989)  o b s e rv e d  s ig ni f ic an t  increase  in total  dr y  m at te r  
p ro d u c t io n  in chi l l i  up  to 60 kg  P jO ;  h a ' 1 and  he a t t r i but ed  th i s  to the 
c u m u la t i v e  ef fe c t  o f  P on increas ing  the p l ant  height ,  n u m b e r  o f  b r anc hes  
per  p l an t  and  n u m b e r  o f  po ds  pe r  p lant .  K a m i n w a r  and R a j a g o p a l  (1993)  
s tudied  th e  fe r t i l izer  re sp on se  o f  ra inf ed  chi l l i  and found* tha t dr y  m at te r  
p ro d u c t io n  in creased  co n t i n u o u s ly  f rom 45 to 150 da ys  and the  m a in  e f fec t  
was  d u e  to P.

H o w e v e r ,  Al iyu  (2 00 2)  o b s e rv e d  tha t  the ef fe c t  o f  P on dry  w e i g h t  o f  
chi ll i  w a s  less m ark ed .

2.3 .5  E f fe c t  on N u t r i e n t  U p t a k e

T a p i a  and Dabed  (198 4)  s tud ied  nu t r ien t  up ta k e  by s w e e t  p ep p e r  
g r o w n  in q u a r t z  and no te d  that  53 per  cen t  o f  total  P up ta k e  occu r r ed  in the 
last th i rd o f  o n to g e n e s i s  i.e., a f t e r  full frui t  set.  S an t ia go  and  G o y a l  (1985)  
o b se rv ed  tha t  the g rea te s t  a m o u n t  o f  nu t r ien t  up tak e  in chi l l i  oc c u r r e d  
d u r i n g  the  last  th i rd  o f  the  g r o w in g  s e a so n  and  w a s  in the  o r d e r  K > N > P .  
K a m i n w a r  and Ra ja go pal  (199 3)  s tudied  the fe r t i l izer  r e sp on se  o f  ra infed  
chi l l i  and  found tha t  P up tak e  i n cr ea se d  co n t i n u o u s ly  from 45 to 150 days  
an d to p r o d u c e  one  qu in ta l  o f  dry pods ,  the P nu t r ien t  r e q u i r e m e n t  w a s  0.25 
kg. A g r e e i n g  resul t s  w e r e  repor ted  by Pati l  and  B i ra d a r  (2002) .

2.3 .6  P h o s p h o r u s  D ef ic i en cy  in Chi l l i

M e h ro t r a  et al. ( 196 8)  in di ca t ed  tha t  P d e f ic i en t  ch i l l i  p lan ts  were  
s tu nted  in g row th  but dark  green  in co lour .  T h e  lea ves  we re  sma l l  and 
b lu ish  gr een  in the b e g in n in g  late r  tu rn in g  to d i r ty  g r ey i sh  green .  O ld e r  
ones  p r e m a tu re ly  dr ied to a b r o w n i sh  c o lou r  and  she d  pr em a tu re ly .



M o re o v e r ,  th ere  w a s  a r educt ion  in root  m ass ,  b ranch in g ,  n u m b e r  o f  leaves,  
n u m b e r  o f  f lo w ers  and f rui t  set.

R o y c h o u d h u r y  et al. ( 199 0 )  noted  the visua l  s y m p t o m s  o f  P 
de f ic i e n c y  in chi l l i  as s tunted  grow th  and sm a l l e r  leaves  w h ic h  w e r e  na r r ow  
and i n w ard ly  cu rved .  T h e  o ld e r  leaves  w e r e  ye l lowish  wi th  p ink  marg in ,  
f r u i t s  wer e  smal l  and  d i s tor ted  in sha pe  and th ere  w a s  dras t i c  r educt ion  in 
f low er  nu m ber .

Ba l ak r is h n an  (1999)  o b s e rv e d  that  P de f i c ie n t  chi ll i  p l an t s  p r od uced  
sm a l le r  leaves  wi th  b lu ish  gr een  a p p e a ra n c e .  T h e  p l ant  he ight ,  total  dry 
m at t er  p ro d u c t io n  and y ie ld  wer e  a lso  re duced .  R ep or ts  on  s im i l a r  l ines 
we re  indica ted  by M u k h o p a d h y a y  (2004) ,



MATERIALS AND METHODS



A d e t a i l e d  i n v e s t i g a t i o n  w a s  c a r r i e d  o u t  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 l u a t e  the e f f i c i e n c y  o f  la t ex  s l u d g e  (LS ) ,  a w as t e  
p r o d u c t  o f  la tex c o n c e n t r a t e  i n d u s t r y  as  a s o u r c e  o f  p h o s p h o r u s  (P)  in 
c r o p  p r o d u c t i o n .  C h i l l i  (C apsicum  annuum  L.) ,  a  v e g e t a b l e  c r o p  w i th  a 
r e l a t i v e  h i g h  P r e q u i r e m e n t  w a s  u se d  as the  te s t  c r o p .

T h e  e x p e r i m e n t  w a s  c a r r i e d  ou t  in fou r  s teps .

3.1 S tu d y  o f  th e  b a s i c  p r o p e r t i e s  o f  la t ex  s lu d g e .

3.2 I n c u b a t i o n  s t u d y  on  i ts n u t r i e n t  m i n e r a l i z a t i o n .

3.3 S t u d y  o f  th e  e f f e c t  on a m a in  cr op  o f  ch i l l i .

3.4 S tu d y  o f  th e  r e s i d u a l  e f f e c t  on  a  s u b s e q u e n t  c r o p  o f  ch i l l i .

T h e  d e t a i l s  r e g a r d i n g  th e  l a b o r a t o r y  a n d  po t  c u l t u r e  s tu d ie s  
c o n d u c t e d ,  o b s e r v a t i o n s  r e c o r d e d ,  a n a l y t i c a l  m e t h o d s  u s e d  and s ta t i s t i c a l  
p r o c e d u r e s  f o l l o w e d  are d i s c u s s e d  in t h i s  c h a p t e r .

3.1 S T U D Y  O F  T H E  B A S I C  P R O P E R T I E S  O F  L A T E X  S L U D G E

B e i n g  a  r e l a t i v e l y  n e w  c o m p o u n d ,  l i t t le  is k n o w n  o f  th e  v a r io u s  
p h y s i c o - c h e m i c a l  c h a r a c t e r s  o f  LS.  T h e  m a te r i a l  w a s  p r o c u r e d  f ro m  the  
c e n t r i f u g e  la tex  f a c to r y  a t t a c h e d  to ‘T h e  V a i k u n d a m  R u b b e r  C o . ,  L t d ’ , a t  
M a r l h a n d a m  in K a n y a k u m a r i  d i s t r ic t .  T h e  m a te r i a l  a i r  d r ie d ,  g r o u n d  a nd  
s i e v e d  w a s  used  for  c h a r a c t e r i z a t i o n  s tu d i e s  and  la te r  f o r  i n c u b a t i o n  a nd  
pot  c u l t u r e  s t u d i e s .

For  charac ter iz i ng  the  mater ial ,  the impor tant  ph ys i co -c hem ic al  
proper t ies ,  viz., pH,  mois ture  content ,  loss on igni t ion and con ten ts  o f  organ ic  
C,  N,  P, K, Ca  and M g  w ere  es t im ated .  In addi t ion  to tota l P con ten t ,  its 
wat er  and ci t rate  soluble  f rac t ions we re  also de t er m in ed .  S tandard  proc edures  
adopted  for the  va r ious  an al ys es  are g iven  in Table  I .



SI.
N o_

E s t i m a t e d
c h a r a c t e r M e t h o d R e f e r e n c e

pH D i r e c t  r e a d in g  u s i n g  P e r k i n - E l m e r  
M c t r i o n  V pH m e t e r  ( M o d e l  80)

J a c k s o n ( 1 9 7 3 )

2 M o i s t u r e
c o n t e n t

G r a v i m e t r i c  m e t h o d  u s i n g  L a b l in e  
l a b o r a t o r y  ho t  a i r  o v e n  ( M o d e l  
M H O S )

P i p e r (1 9 6 7 )

3 L o s s  on  
ig n i t i o n

M u f f l e  f u r n a c e  m e t h o d  
( P y r o m a s t e r  3,5 k W )

J a c k s o n  (1 9 7 3 )

4 O r g a n i c  C C h r o m i c  a c i d  we t  d i g e s t i o n W a l k l e y  a n d  
B l a c k  ( 1 9 3 4 )

5 T o t a l  N M i c r o k j e l d a h l  d i g e s t i o n  in 
s u l p h u r i c  a c id  a n d  d i s t i l l a t i o n

J a c k s o n  ( 1 9 7 3 )

6 T o t a l  P 2O 5 V o l u m e t r i c  a m m o n i u m  
p h o s p h o m o l y b d a t e  m e t h o d

A O A C  ( 1 9 6 0 )

7 W a t e r
so l u b l e
P i0 5

V o l u m e t r i c  a m m o n i u m  
p h o s p h o m o l y b d a t e  m e t h o d

A O A C  ( 1 9 6 0 )

8 C i t r a t e
in s o lu b l e
PiO ,

C o l o r i m e t r i c  m e t h o d  a f te r  
r e m o v i n g  c i t r a t e  and  w a t e r  s o l u b le
p 2o 5

A O A C  ( 1 9 6 0 )

9 C i t r a t e
s o l u b le
P :0 ;

S u b t r a c t i n g  w a t e r  s o l u b l e  a nd  
c i t ra t e  i n s o l u b l e  P20 5 f ro m  to ta l
PiO ,

A O A C  ( 1 9 6 0 )

1 0 T o t a l  K N i t r i c -  p e r c h l o r i c  a c id  (9 :3 )  
d i g e s t i o n  a n d  f l a m e  p h o t o m e t r y

J a c k s o n ( 1 9 7 3 )

1 1 T o t a l  Ca  
and  Mg

N i t r i c  -  p e r c h l o r i c  ac id  (9 :3 )  
d i g e s t i o n  a n d  v e r s e n a t e  t i t r a t i o n  
wi th  s t a n d a r d  E D T A

J a c k s o n  ( 1 9 7 3 )



3.2 I N C U B A T I O N  S T U D Y  O N  N U T R I E N T  M I N E R A L I Z A T I O N .
A n  i n c u b a t i o n  s tu d y  w a s  c o n d u c t e d  d u r i n g  O c t o b e r  2 0 0 2  to 

J a n u a r y  20 03  to  f in d  ou t  th e  p e r io d i c a l  r e l e a s e  o f  p l an t  n u t r i e n t s  f ro m  LS
to th e  soi l .  T h i s  w a s  c o m p a r e d  a g a i n s t  t w o  o t h e r  p h o s p h a t i c  f e r t i l i z e r s  -
S in g l e  S u p e r  P h o s p h a t e  ( S S P )  a n d  R o c k  P h o s p h a t e  ( R P ) .  T h e  t e c h n i c a l  
d e t a i l s  o f  th e  i n c u b a t io n  s tu dy  ar e  g i v e n  be low .

D e s i g n  -  C R D
N u m b e r  o f  r e p l i c a t i o n s  -  5
N u m b e r  o f  t r e a t m e n t s  -  4
T] -  LS ( 3 5 .9 8  pe r  c e n t  P2O5) to p r o v i d e  P @  40 kg h a ' 1 

T 3 -  S SP  ( 1 3 . 5 2  pe r  c e n t  P2O5) to p r o v i d e  P @  40 kg  h a ' 1 

T 3 -  R P  ( 2 5 .6 5  per  c e n t  P2O5) to  p r o v i d e  P @  40 k g  h a " 1 

T 4 -  C o n t r o l  (So i l  a l o n e )
T h e  s t u d y  w a s  c a r r i e d  ou t  in p l a s t ic  c o n t a i n e r s  i d e n t i c a l  in all  

a s p e c t s  for  a p e r io d  o f  120 d a y s .  T h e  soi l  f o r  th e  s t u d y  b e l o n g i n g  to 
V e l l a y a n i  s e r i e s  ( T y p i c  K a n d i u s t u l t )  w a s  c o l l e c t e d  f ro m  th e  I n s t r u c t i o n a l  
F a rm ,  a t t a c h e d  to  th e  C o l l e g e  o f  A g r i c u l t u r e ,  V e l l a y a n i .  T h e  c o l l e c t e d  
s a m p l e s  w e r e  t h o r o u g h l y  m ix e d ,  a i r  d r i e d  u n d e r  s h a d e  a n d  s i e v e d  
t h r o u g h  a  2  m m  s ie v e  a n d  a n a l y s e d  for  the i m p o r t a n t  ba s i c  p h y s i c o 
c h e m i c a l  c h a r a c t e r s  a c c o r d i n g  to  th e  s t a n d a r d  p r o c e d u r e s  g i v e n  in 
T a b l e  2.

T h e  c o n t a i n e r s  w e r e  f i l l ed  w i th  o n e  kg  e a c h  o f  t h i s  soi l  and  t h e  
t r e a t m e n t s  w e r e  a p p l i e d  at  r o o m  t e m p e r a t u r e .  T h e  f ie ld  c a p a c i t y  o f  the  
soi l  w o r k e d  o u t  in i t i a l l y  w a s  m a i n t a i n e d  t h r o u g h o u t  t h e  s tu d y  p e r i o d  by 
r e p l e n i s h i n g  th e  m o i s t u r e  lost  by  e v a p o r a t i o n ,  f o u n d  ou t  by  n o t i n g  the  
w e i g h t  d i f f e r e n c e .

Soi l  s a m p l e s  w e r e  t a k e n  a t  tw o  w e e k s  i n t e r v a l s  an d  e s t i m a t e d  for  
pH,  EC,  o r g a n i c  C,  a v a i l a b l e  N ,  P, K, C a  a n d  M g  as  pe r  th e  s t a n d a r d  
p r o c e d u r e s  g i v e n  in T a b l e  2.



SI.
No

E s t i m a t e d
c h a r a c t e r

M e t h o d R e f e r e n c e

1 M e c h a n i c a l
c o m p o s i t i o n

I n t e r n a t i o n a l  P ip e t t e  
m e t h o d

P i p e r ( 1 9 6 7 )

2 P a r t i c l e  d e n s i t y P y c n o m e t e r  m e t h o d B l a c k  et al, ( 1 9 6 5 )
3 B u lk  d e n s i t y U n d i s t u r b e d  c o r e  s a m p l e B l a c k  et al. ( 1 9 6 5 )
4 W a t e r  h o l d i n g  

c a p a c i t y
U n d i s t u r b e d  c o r e  s a m p l e B l a c k  et al.  ( 196 5)

5 H y d r a u l i c
c o n d u c t i v i t y

U n d i s t u r b e d  c o r e  s a m p l e B l a c k  et al.  ( 1 9 6 5 )

6 Soi l  r e a c t i o n D i r e c t  r e a d i n g  us in g  
P e r k in  E l m e r  M e t r i o n  V 
pH m e t e r  ( M o d e l  80)  in 
1 :2 .5 so i l  w a t e r  s u s p e n s i o n

J a c k s o n  ( 1 9 7 3 )

7 E le c t r i c a l
c o n d u c t i v i t y

D i r e c t  r e a d i n g  u s i n g  E l i co  
Soi l  B r i d g e  T y p e  C M . 84 in 
1 :2.5 soi l  w a t e r  s u s p e n s i o n

J a c k s o n  (1 973)

8 C a t i o n
e x c h a n g e
c a p a c i t y

A m m o n i u m  s a tu r a t i o n  
u s i n g  n e u t r a l  n o r m a l  
a m m o n i u m  a c e t a t e

J a c k s o n  (1 97 3)

9 O r g a n i c  C C h r o m i c  ac id  w e t  d i g e s t i o n  
m e t h o d

W a l k l e y  a nd  
B l a c k ( 1 9 3 4 )

1 0 A v a i l a b l e  N A l k a l i n e  p o t a s s i u m  
p e r m a n g a n a t e  m e t h o d

S u b b i a h  a nd  
A s i j a  (1 956)

1 I A v a i l a b l e  P B r a y  e x t r a c t i o n  and p h o t o  
e l e c t r i c  c o l o r i m e t r y

J a c k s o n  ( 1 9 7 3 )

1 2 A v a i l a b l e  K N e u t r a l  n o r m a l  a m m o n i u m  
a c e t a t e  e x t r a c t i o n  a nd  
F l a m e  p h o t o m e t r y

P ra t t  ( 1 9 6 5 )

13 E x c h a n g e a b l e  
C a  a n d  M g

N e u t r a l  n o rm a l  a m m o n i u m  
a c e t a t e  e x t r a c t i o n  a nd  
t i t r a t i o n  wi th  E D T A  
( V e r s e n a t e  t i t r a t i o n )

H e s s e  ( 1 9 7 1 )



3.3 S T U D Y  O F  T H E  E F F E C T  O N  A M A I N  C R O P  O F  C H I L L I
In o r d e r  to  s tu dy  t h e  p o s s i b i l i t y  o f  u s i n g  LS as  a  P s o u r c e  in c r o p  

p r o d u c t i o n ,  a po t  c u l t u r e  e x p e r i m e n t  w a s  c o n d u c t e d  u s i n g  chi l l i  as the  
te s t  c r o p .

3.3 .1 E x p e r i m e n t a l  S i t e
T h e  po t  c u l t u r e  e x p e r i m e n t  w a s  c o n d u c t e d  in th e  I n s t r u c t i o n a l  

F a rm ,  V e l l a y a n i .  G e o g r a p h i c a l l y  th e  ar ea  is 8 ° 5 ’ N o r t h  l a t i t u d e ,  77° U 
Eas t  l o n g i t u d e  and a t  an a l t i t u d e  o f  2 9  m a b o v e  M S L .

3 .3 .2  D e s i g n  a n d  L a y o u t  o f  E x p e r i m e n t
T h e  lay ou t  o f  th e  e x p e r i m e n t  is p r e s e n t e d  in F i g . l  

D e s i g n  -  C R D
N u m b e r  o f  r e p l i c a t i o n s  - 3
N u m b e r  o f  t r e a t m e n t s  -  1 1

T r e a t m e n t s
Ti -  Ful l  P as LS 
T 2 -  Ful l  P as SSP  
T 3 -  Ful l  P as RP
T 4 -  “A P as  LS + % P as  S S P  
T s -  Vi P a s  LS + Vz P a s  S S P  
T 6 -V *  P as  LS + Va P a s  S S P  
T 7 -  % P as  LS + P as  RP  
T s -  Vz P a s  LS + Vz P as  RP  
T 9 -  3A P as  LS + */* P a s  R P  
T 10 -  N o  P
T| 1 -  A b s o l u t e  c o n t r o l

An o v e r v i e w  o f  the  e x p e r i m e n t a l  s i te  is p r e s e n t e d  in P la t e  1



R e p l i c a t i o n  I R e p l i c a t i o n  II R e p l i c a t i o n  III

T , , T,o t 7
t 6 T i t 4
t 2 t 4 T s

Tto T n t 3
t 9 T s T u
T« T„ Tm
T, T 8 t 6
t 3 t 2 T i

t 4 t 7 Ts
t 7 t 3 t 9
T s T* t 2

F i g  1. L a y o u t  o f  the  e x p e r i m e n t  - C R D



An overview of the experimental site



3 .3 .3  Pot s  an d  P o t t i n g  M i x t u r e
E a r t h e n  po ts  o f  25 cm  d i a m e t e r  a nd  30  cm  h e i g h t  w e r e  f i l led  wi th  

so i l  @  8 kg  p o t  -1  c o l l e c t e d  f rom  th e  s a m e  s i t e  f ro m  w h e r e  so i l  s a m p l e s  
for  i n c u b a t i o n  s tu d y  w e r e  e a r l i e r  co l l e c t e d .

3 . 3 . 4  C r o p  a n d  V a r i e t y
J w a l a m u k h i ,  a h i gh  y i e l d i n g  c u l i n a r y  v a r i e t y  o f  c h i l l i  s u i t a b l e  for  

po t  c u l t u r e  w i th  a m a x i m u m  y i e l d i n g  p e r io d  o f  90  to  120 d a y s  w a s  
s e l e c t e d .  T h i s  v a r i e t y  w a s  e v o l v e d  by K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y ,  by  
c r o s s i n g  Pusa  J w a l a  a nd  local  va r i e t y  V e l l a n o t c h i .  T h e  f e r t i l i z e r  
r e c o m m e n d a t i o n  as  p e r  P a c k a g e  o f  P ra c t i c e s  R e c o m m e n d a t i o n s  o f  K e r a l a  
A g r i c u l t u r a l  U n i v e r s i t y  ( K A U ,  2 0 0 2 )  for  th e  c r o p  is 7 5 : 4 0 : 2 5  kg  N:  
P 20 5: K 20  h a ' 1.

3 . 3 .5  S e a s o n
T h e  c r o p  w a s  g r o w n  f ro m  S e p t e m b e r  to  D e c e m b e r  20 0 3 .  W e a t h e r  

p a r a m e t e r s  d u r i n g  the  e n t i r e  c r o p p i n g  s e a s o n  w e r e  r e c o r d e d  f ro m  the  
M e t e o r o l o g i c a l  o b s e r v a t o r y  a t t a c h e d  to  the  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 i ,  a n d  p r e s e n t e d  a s  f o r t n i g h t l y  a v e r a g e s  
in A p p e n d i x  I a nd  g r a p h i c a l l y  in F i g . 2.

3 . 3 .6  P l a n t i n g  M a t e r i a l
S e e d s  o f  J w a l a m u k h i  w e r e  p u r c h a s e d  f ro m  I n s t r u c t i o n a l  f a rm ,  

V e l l a y a n i .

3 . 3 .7  M a n u r e s  and  F e r t i l i z e r s
U r e a  (46  p e r  c e n t  N )  a nd  M u r i a t e  o f  p o t a sh  (56  p e r  c e n t  K 20 )  

w e r e  u sed  as  s o u r c e  o f  N a nd  K r e s p e c t i v e l y .  T h e  s o u r c e s  o f  P w e r e  LS 
( 3 5 . 9 8  p e r  c e n t  P20 5), S S P  ( 1 3 . 5 2  p e r  c e n t  P2Os)  a nd  R P  ( 2 5 . 6 5  p e r  c e n t  
P2Os) .  Urea ,  m u r i a t e  o f  po ta sh  and F Y M  w e r e  a p p l i e d  u n i f o r m l y  to  all  
t r e a t m e n t s  e x c e p t  a b s o l u t e  c o n t r o l ,  as  per  P a c k a g e  o f  P r a c t i c e s  
R e c o m m e n d a t i o n s  o f  K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y  ( K A U ,  2 0 0 2 ) .  T h e  
P f e r t i l i z e r s  w e r e  a p p l i e d  as  p e r  t r e a t m e n t  s c h e d u l e .



250

200

150

100

50

///SS////S/S/ SS *
Fortnight

— Maximum temperature (°C) 
— Rain fall (mm)

Minimum temperature (°C) Relative humidity (%)
Evaporation (mm)

Fig. 2 Weather parameters during the cropping period 
(Main crop - August to December 2003 
Residue crop - January to April 2004)



3 .3 .8  D e t a i l s  o f  C u l t i v a t i o n
3 .3 .8 .1 Nursery

C h i l l i  s e e d l i n g s  w e r e  r a is ed  in we l l  p r e p a r e d  e l e v a t e d  n u r s e r y  
b e d s  o f  1.2 m w i d t h  and 15 cm  h e i g h t  w i th  c h a n n e l s  a r o u n d  to f a c i l i ta te  
d r a i n a g e  o f  e x c e s s  w a t e r .  A bas a l  d r e s s i n g  o f  p o w d e r e d  ca t t le  m a n u r e  @ 
1 kg  m '2 w a s  a p p l i e d  in n u r s e r y  be ds .  T h e  s e e d s  w e r e  s o w n  o n  1 - 8 -20 03 .  
T h e  s e e d l i n g s  w e r e  i r r i ga t ed  d a i ly .  H a n d  w e e d i n g  w a s  d o n e  at  w e e k l y  
in te r v a ls .  P l a n t  p r o t e c t i o n  o p e r a t i o n s  w e r e  u n d e r t a k e n  a s  a n d  w h e n  
r e q u i r e d  as  pe r  th e  P a c k a g e  o f  P r a c t i c e s  R e c o m m e n d a t i o n s .

3.3.8.2 Transplanting
T h i r t y  d a y s  o ld r o b u s t  s e e d l i n g s  w e r e  t r a n s p l a n t e d  in e a r t h e n  po ts  

f i l l ed  w i th  soi l  a nd  F Y M .  S h a d e  w a s  p r o v i d e d  t o  t h e  s e e d l i n g s  f o r  f ou r  
d ay s .

3.3.8.3 Application o f  Fertilizers
F e r t i l i z e r s  w e r e  a p p l i e d  as  p e r  th e  t r e a t m e n t  s c h e d u l e .  H a l f  o f  N,  

full P a n d  h a l f  o f  K w e r e  a p p l i e d  a s  bas a l  d o s e  b e f o r e  t r a n s p l a n t i n g .  O n e  
fo u r th  o f  N a n d  h a l f  o f  K w e r e  a p p l i e d  30  d a y s  la te r  a n d  th e  r e m a i n i n g  
o n e  f o u r th  N o n e  m o n th  later .

3.3.8.4 After Cultivation
G a p  f i l l in g  w a s  d o n e  w i th  h e a l t h y  s e e d l i n g s  w h e r e v e r  n e c e s s a r y  so 

as  to m a i n t a i n  one  p l an t  pe r  pot .  R e g u l a r  i r r i g a t io n  a n d  w e e d i n g  w e r e  
c a r r i e d  out .

3.3.8.5 Plant Protection
D i m e t h o a t e  0 .05  p e r  c e n t  w a s  s p r a y e d  f o u r  t i m e s  to  c o n t r o l  m i t e s .

3.3.8.6 Harvesting
T h e  f irs t  h a r v e s t  w a s  d o n e  a b o u t  tw o  a n d  a  h a l f  m o n t h s  a f t e r  

t r a n s p l a n t i n g  a n d  s u b s e q u e n t  h a r v e s t s  w e r e  m a d e  at  e i g h t  d a y s  in te rva l .



3 . 3 . 9  G r o w t h  C h a r a c t e r s  O b s e r v e d
T h e  f o l l o w i n g  i m p o r t a n t  g r o w t h  c h a r a c t e r s  w e r e  r e c o r d e d  f rom 

e a c h  p l an t  on  th e  las t  d a y  o f  h a r ve s t ,

3.3.9.1 Plant Height
T h e  h e i g h t  o f  t h e  p l a n t  w a s  m e a s u r e d  f rom  the  ba se  to th e  g r o w i n g  

t ip  a n d  e x p r e s s e d  in c e n t i m e t r e .

3.3.9.2 Number o f  Branches
T h e  to ta l  n u m b e r  o f  b r a n c h e s  a r i s i n g  f ro m  m a i n  s tem  w e r e  

c o u n t e d  a n d  r e c o r d e d .

3.3.9.3 Number o f  Leaves
T h e  to t a l  n u m b e r  o f  l e a v e s  p e r  p l a n t  w e r e  c o u n t e d  a n d  r e c o r d e d .

3.3.9.4 L ea f  Area
T h e  l e a f  a r e a  w a s  f o u n d  ou t  u s i n g  g r a p h  p a p e r  m e t h o d .

3.3 .9 .5  D ays  to F low ering
T h e  n u m b e r  o f  d a y s  t o o k  by  p l a n t s  f ro m  t r a n s p l a n t i n g  to  reach  

f i r s t  f l o w e r i n g  w e r e  no te d  a n d  r e c o r d e d .

3 . 3 . 1 0  Y i e ld  and  Y i e ld  A t t r i b u t e s
T h e  f o l l o w i n g  im p o r t a n t  y i e l d  a t t r i b u t e s  w e r e  r e c o r d e d .

3.3.10.1 Fruits per  Plant
T h e  to ta l  n u m b e r  o f  f ru i t s  c o l l e c t e d  f ro m  e a c h  p l an t  f ro m  d i f f e r e n t  

h a r v e s t s  w e r e  c o u n t e d  and r e c o r d e d .

3.3.10.2 Fruit Length
T e n  f ru i t s  w e r e  r a n d o m l y  s e l e c t e d ,  t h e i r  l e n g t h s  m e a s u r e d  f rom 

the po in t  o f  p e d ic e l  a t t a c h m e n t  to f ru i t  a p e x ,  a v e r a g e s  w o r k e d  o u t  and  
e x p r e s s e d  In c e n t i m e t r e .



3.3.10.3 Fruit Girth
F ru i t s  u s e d  fo r  m e a s u r i n g  l e n g th  w e r e  u se d  for  r e c o r d i n g  the  g i r th  

a l s o .  G i r t h  w a s  m e a s u r e d  at  th e  b r o a d e s t  par t  o f  f ru i t s  a n d  e x p r e s s e d  in 
c e n t i m e t r e ,

3.3.10.4 Fruit Weight
F ru i t s  u s e d  f o r  m e a s u r i n g  len gt h  w e r e  u s e d  for  r e c o r d i n g  the 

w e i g h t  a l s o .  A v e r a g e s  w e r e  w o r k e d  o u t  and  e x p r e s s e d  in g r a m .

3.3.10.5 Yield per  Plant
Fru i t  y i e ld  f ro m  e a c h  p l a n t  w a s  c o m p u t e d  by  a d d i n g  t h e  w e i g h t s  

o f  f ru i ts  o f  e a c h  h a r v e s t  a n d  e x p r e s s e d  as  g p l a n t ' 1.

3 . 3 .1 1  C h e m i c a l  A n a l y s i s
3.3.11.1 Soil Analysis

Soi l  s a m p l e s  c o l l e c t e d  i m m e d i a t e l y  a f t e r  f ina l  h a r v e s t  w e r e  a i r  
d r ie d  a n d  p a s s e d  th ro u g h  2 m m  s ie v e .  T h e s e  w e r e  u sed  fo r  th e  a n a l y s i s  
o f  pH,  EC,  o r g a n i c  C,  a v a i l a b l e  N,  P, K, C a  a n d  M g u s i n g  s t a n d a r d  
p r o c e d u r e s  g i v e n  in T a b l e  2.

3 . 3 . 11.2 Plant Analysis
T h e  p l a n t s  a f t e r  f ina l  h a r v e s t  w e r e  u p r o o t e d ,  soi l  pa r t i c l e s  

a d h e r i n g  to ro o t s  r e m o v e d  a n d  to ta l  f r e sh  w e i g h t s  r e c o r d e d .  T h e n ,  the 
en t i r e  p l an t s  w e r e  c h o p p e d  a n d  p o o l e d  an d h o m o g e n o u s  s a m p l e s  w e re  
d r a w n  for  an a l y s i s .

T h e  p r e w c i g h e d  s a m p l e s  w e r e  o v e n  d r ie d  at  70°C a n d  t h e i r  f ina l  
w e i g h t s  r e c o r d e d  to c a l c u l a t e  th e  m o i s t u r e  c o n t e n t .  T h e n ,  th ey  w e r e  
g r o u n d  in W i l e y  mi l l  a n d  used  fo r  th e  e s t i m a t i o n  o f  dr y  m a t t e r  c o n t e n t  
a n d  c o n s t i t u e n t s  viz.,  N,  P, K, C a  a n d  M g f o l l o w i n g  th e  s t a n d a r d  
p r o c e d u r e s  g i ven  in T a b i c  3.



SI.
No . E l e m e n t M e t h o d R e f e r e n c e

1 M o i s t u r e
c o n t e n t

G r a v i m e t r i c  m e t h o d P ip e r  ( 1 9 6 7 )

2 N i t r o g e n M i c r o k j e l d a h l  d i g e s t i o n  in 
s u l p h u r i c  ac id  a nd  
d i s t i l l a t i o n

J a c k s o n  (1 97 3)

3 P h o s p h o r u s N i t r i c  - p e r c h l o r i c  ac id  
d i g e s t i o n  (9 :3 )  a nd  
c o l o r i m e t r y  ( V a n a d o  
m o i y b d o  p h o s p h o r i c  y e l l o w  
c o l o u r  m e t h o d )

J a c k s o n ( 1 9 7 3 )

4 P o t a s s i u m N i t r i c - P e r c h l o r i c  ac id  (9 : 3 )  
d i g e s t i o n  a n d  f la m e  
p h o t o m e t r y

J a c k s o n  (1 97 3)

5 C a l c i u m  a nd  
M a g n e s i u m

N i t r i c  - P e r c h l o r i c  a c id  (9 :3 )  
d i g e s t i o n  and v e r s e n a t e  
t i t r a t i o n  w i th  s t a n d a r d  E D T A

J a c k s o n  ( 1 9 7 3 )

6 A s c o r b i c  ac id T i t r i m e t r i c  m e t h o d S a d a s i v a m  a nd
M a n i c k a m
( 1 9 9 2 )

7 C a p s a i c i n F o l i n - D e n n i s  m e t h o d M a t h e w  et al. 
( 1 9 7 1 )

8 O l e o r e s i n G r a v i m e t r i c  m e t h o d  a f te r  
e x t r a c t i o n  in S o x h le t  
a p p a r a t u s  u s i n g  s o l v e n t  
a c e t o n e

S a d a s i v a m  a nd  
M a n i c k a m  
( 1 9 9 2 )

9 P ro t e in C o m p u t a t i o n  f ro m  n i t r o g e n  
c o n t e n t

S i m p s o n  et al. 
( 1 9 6 5 )



3.3.11.3 Fruit Analysis
T h e  m o i s t u r e  and c h e m i c a l  c o n t e n t s ,  viz., N,  P, K, C a  a n d  M g o f  

h a r v e s t e d  f ru i t s  w e r e  d e t e r m i n e d  us ing  the s a m e  p r o c e d u r e s  as t h o s e  
a d o p t e d  fo r  p l an t  a n a l y s i s .  Q u a l i t y  c h a r a c t e r s  o f  f rui t  viz., c a p s a i c i n ,  
o l e o r e s i n  a n d  p r o t e in  w e r e  a n a l y s e d  on d r i e d  g r o u n d  s a m p l e s  w h i l e  
a s c o r b i c  a c id  w a s  a n a l y s e d  on f r e sh  f ru i ts .  T h e  s t a n d a r d  p r o c e d u r e s  
a d o p t e d  fo r  qu a l i t y  p a r a m e t e r s  a re a l s o  g i v e n  in T a b l e  3.

3 . 3 .1 2  T o t a l  D r y  M a t t e r  P r o d u c t i o n

T h e  to ta l  dry  w e i g h t  o f  b h u s a  and f ru i t s  w e r e  a d d e d  to get  the  
to ta l  d r y  m a t t e r  p r o d u c t i o n .

3 . 3 .1 3  N u t r i e n t  U p t a k e

U p t a k e  o f  n u t r i e n t s  by f ru i t  a n d  b h u s a  w h i c h  w e r e  c a l c u l a t e d  
s e p a r a t e l y  by m u l t i p l y i n g  th e  n u t r i e n t  c o n c e n t r a t i o n  w i th  c o r r e s p o n d i n g  
dry w e i g h t s  w e r e  s u m m e d  up to  get  the to ta l  n u t r i e n t  u p t a k e  by  th e  p l ant .

3,4 S TUDY O F  T H E  R E S I D U A L  E F F E C T  ON A S U B S E Q U E N T  C R O P  
O F  C H I L L I

T o  u n d e r s t a n d  th e  r e s i d u a l  e f f e c t s  o f  t r e a t m e n t s ,  a n o t h e r  c r o p  o f  
ch i l l i  w i th  the  s a m e  va r i e t y  J w a l a m u k h i  w a s  r a i s e d  a f t e r  th e  h a r v e s t  o f  
the main  cr op ,  in the s a m e  soi l  w i t h o u t  any  P a d d i t i o n  d u r i n g  J a n u a r y  to 
A p r i l  2 0 0 4 .  U r e a  (N) ,  M u r i a t e  o f  P o t a s h  ( K 20 )  a n d  F Y M  w e r e  a p p l i e d  in 
all po ts  e x c e p t  a b s o l u t e  c o n t r o l ,  as  p e r  P a c k a g e  o f  P ra c t i c e s  
R e c o m m e n d a t i o n s  o f  K e r a l a  A g r i c u l t u r a l  U n i v e r s i t y  ( K A U ,  2 0 0 2 ) .  Al l  
o t h e r  c u l t i v a t i o n  o p e r a t i o n s  p r a c t i c e d  for  th e  m a in  c r o p  w e r e  r e p e a t e d .

A n  o v e r v i e w  o f  the e x p e r i m e n t a l  s i te is p r e s e n t e d  in P la t e  2.

3.4 .1  O b s e r v a t i o n s  R e c o r d e d
O b s e r v a t i o n s  on y i e ld  and  y i e ld  a t t r i b u t e s  o f  th e  r e s i d u e  c r o p  w e re  

r e c o r d e d .  T h e s e  i n c l u d e d  f ru i t  y i e ld  p e r  p l a n t  and  to ta l  dr y  m a t t e r  
p r o d u c t i o n .



3 . 4 .2  C h e m i c a l  A n a l y s i s
T h e  o v e n  d r ie d  a n d  g r o u n d  b h u s a  an d f rui t  s a m p l e s  w e r e  a n a l y s e d  

for  N, P, K, Ca  and M g  u s i n g  th e  s a m e  p r o c e d u r e s  a s  a d o p t e d  fo r  the  
m a in  cr op .

3 .4 .3  N u t r i e n t  U p t a k e

U p t a k e  o f  n u t r i e n t s  by  b h u s a  a n d  f ru i t s  w e r e  c a l c u l a t e d  s e p a r a t e l y  
by m u l t i p l y i n g  th e  n u t r i e n t  c o n c e n t r a t i o n s  w i th  c o r r e s p o n d i n g  dry  
w e i g h t .  T h e n  the  to t a l  u p t a k e  w a s  c a l c u l a t e d  by  a d d i n g  t h e s e  two.

3.5 S T A T IS T IC A L  A N A L Y S IS

T h e  d a t a  g e n e r a t e d  ou t  o f  i n c u b a t i o n ,  p o t  c u l t u r e  s t u d i e s  a nd  the 
s u b s e q u e n t  c h e m i c a l  a n a l y s e s  w e r e  s c r u t i n i z e d  s t a t i s t i c a l l y  u s ing  the  
t e c h n i q u e  o f  A n a l y s i s  o f  v a r i a n c e  a p p l i c a b l e  to C o m p l e t e  R a n d o m i z e d  
D e s i g n  ( C R D )  d e s c r i b e d  by  C o c h r a n  and C o x  ( 1 9 6 5 )  a n d  s i g n i f i c a n c e  
t e s t e d  by  F t e s t  ( S n e d e c o r  a n d  C o c h r a n ,  1967).

3 .6  F X O N O M I C  A N A L Y S I S
T h e  b e n e f i t  - c o s t  r a t i o s  o f  t h e  m a in  a n d  r e s i d u e  c r o p s  w e r e  

c a l c u l a t e d  s e p a r a t e l y  by  w o r k i n g  ou t  th e  r e s p e c t i v e  to ta l  c o s t s  o f  o u t p u t  
and  the to ta l  cos t s  o f  in p u ts  a n d  t a k i n g  t h e  r a t i o s  b e t w e e n  t h e m .



RESULTS



A s tu d y  w a s  u n d e r t a k e n  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 i n g  t h e  p e r io d  A u g u s t  2 0 0 3  to A p r i l  2 0 0 4  to e x p l o r e  t h e  a g r i c u l t u r a l  
u t i l i z a t i o n  po t e n t i a l  o f  la t e x  s lu d g e ,  a  w a s t e  p r o d u c t  o f  c o n c e n t r a t e  la tex 
in d u s t r y ,  as  a s o u r c e  o f  P in c r o p  p r o d u c t i o n .  T h e  s a l i e n t  re su l t s  
g e n e r a t e d  o u t  o f  the s t u d i e s  a re  p r e s e n t e d  in th i s  c h a p t e r  u n d e r  the 
f o l l o w i n g  s u b h e a d i n g s .

4.1 S t u d y  o f  th e  bas ic  p r o p e r t i e s  o f  la tex s lu d g e

4.2  I n c u b a t i o n  s tu d y  on  its n u t r i e n t  m i n e r a l i z a t i o n
4.3 S t u d y  o f  th e  e f f e c t  on a m a in  c r o p  o f  ch i l l i
4 .4  S t u d y  o f  th e  r e s i d u a l  e f f e c t  on  a s u b s e q u e n t  c r o p  o f  ch i l l i

4.1 B A S I C  P R O P E R T I E S  O F  L A T E X  S L U D G E

T h e  bas i c  p h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  th e  la tex  s l u d g e  are  
p r e s e n t e d  in f a b l e  4 a  a nd  4b .

T h e  LS used  for a n a l y s i s  w a s  n e a r  ne u t r a l  in r e a c t i o n  (pH 6 .49)  
an d  had  a m o i s t u r e  c o n t e n t  o f  a b o u t  44  pe r  ce n t .  T h e  loss  on ig ni t io n  
w a s  65 p e r  ce n t .  It had 5 .0 9  pe r  c e n t  o r g a n i c  C,  s ix pe r  c en t  N a n d  less 
t h a n  o n e  pe r  c e n t  K a n d  C a .  T h e  M g  c o n t e n t  w a s  6 . 8 6  pe r  cen t .  In 
a d d i t i o n  to to ta l  P, w a t e r  and  c i t r a t e  s o l u b le  f r a c t i o n s  w e r e  a n a l y s e d .  
T h e  to ta l  P c o n t e n t  w a s  3 5 .9 8  p e r  cen t .  O f  th e  to ta l  P. th e  w a t e r  and  
c i t r a t e  s o l u b l e  f r a c t i o n s  w e r e  13 .18  pe r  c en t  and  3 5 . 6 6  pe r  cent  
r e s p e c t i v e l y .  So ,  th e  a v a i l a b l e  P c o n t e n t  i.e., s um  o f  w a t e r  a n d  c i t ra te  
s o l u b l e  P w a s  4 8 .8 4  per  cent .

4 .2  I N C U B A T I O N  S T U D Y  O N  N U T R I E N T  M I N E R A L I S A T I O N

T h e  im p or t an t  p h y s i c o - c h e m i c a l  p r o p e r t i e s  o f  the soi l  u sed  for  
i n cu b a t i o n  s tudy and late r  for pot  cu l t u re  s t u d i e s  a re  p r e s e n t e d  in T a b l e  5.



T h e  soi l  u s e d  fo r  i n c u b a t i o n  a n d  po t  c u l t u r e  e x p e r i m e n t s  w a s  
s a n d y  lo am  in t e x t u r e  and had  a bu lk  d e n s i t y  o f  1.02 M g  m ' 3 a n d  p a r t i c l e  
d e n s i t y  o f  2 .8 6  M g  m ' 3. T h e  w a t e r  h o l d i n g  c a p a c i t y  w a s  3 3 .9 3  pe r  c e n t  
an d  h y d r a u l i c  c o n d u c t i v i t y  0 .5 0  cm  h r ' 1. T h e  soi l  w a s  a c id ic  in r e a c t i o n  
(pH  5 . 63 )  a n d  had  an  EC o f  91 .41  pS m"1. It w a s  h i gh  in o r g a n i c  C 
r a t i n g  ( 0 .63  pe r  cen t )  and  a v a i l a b l e  P ( 9 1 .2 8  kg  ha" 1) bu t  low in the c a se  
o f  a v a i l a b l e  N ( 2 1 5 .1 3  kg  h a ' 1) a n d  a v a i l a b l e  K ( 9 1 . 8 4  kg  h a ' 1). T h e  
e x c h a n g e a b l e  C a  and M g  c o n t e n t s  w e r e  1.80 a n d  0 .7 0  c m o l  k g ' 1 

r e s p e c t i v e l y .

T h e  d y n a m i c s  o f  im p o r t a n t  soi l  c h e m i c a l  p r o p e r t i e s  on  i n c u b a t i o n  
wi th  la t ex  s lu d g e  ( T j ) ,  s i n g l e  s u p e r  p h o s p h a t e  ( T 2) a n d  ro ck  p h o s p h a t e  
( T 3) s t u d i e d  a g a i n s t  c o n t r o l  ( T 4, soi l  a lo n e )  o v e r  a  p e r io d  o f  120 d a y s  are  
p r e s e n t e d  be low .

T a b l e  4a .  A n a l y t i c a l  p r o f i l e  o f  la t ex  s l u d g e  u s e d  fo r  the e x p e r i m e n t
SI. N o . P a r a m e t e r s C o n t e n t
1 pH 6. 49
2 M o i s t u r e  c o n t e n t  (%) 4 4 . 2 6
3 Los s  on  ig n i t i o n  (%) 6 5 .0 0
4 O r g a n i c  C (% ) 5. 09
5 T o ta l  N (%) 6. 05
6 T o t a l  P 20 5 (%) 35 .9 8
7 T o t a l  K (% ) 0 . 8 6
8 T o t a l  C a  (%) 0 . 8 7
9 T o t a l  M g  (%) 6 . 8 6

T a b l e  4b .  F r a c t i o n a t i o n  o f  to ta l  p h o s p h o r u s  in la tex s lu d g e
Si. No . P f r ac t i o n C o n t e n t

1 W a t e r  s o l u b l e  P2O 5 (%) 13.18
2 C i t r a t e  i n s o lu b l e  P2O 5 (%) 5 1 .1 6
3 C i t r a t e  s o l u b l e  P20 5 (%) 3 5 .6 6



i n c u b a t io n  a n d  for  pot c u l t u r e  e x p e r i m e n t s .
S I .No P a r a m e t e r C o n t e n t
A. M e c h a n i c a l  c o m p o s i t i o n

1 C o a r s e  sand 4 2 . 5 0 %
2 F in e  s an d 2 3 . 5 0 %
3 Sil t 14 .2 9 %
4 C l a y 17 .6 0 %
5 T e x t u r e S a n d y  lo am

B. P h y s i c a l  p r o p e r t i e s
1 B u lk  d e n s i t y 1,02 M g  m ' h
2 P a r t i c l e  d e n s i t y 2 .8 6  M g  m ' 1

3 W a t e r  h o l d i n g  c a p a c i t y 3 3 . 9 3 %
4 H y d r a u l i c  c o n d u c t i v i t y 0 .5 0  cm  h r ' 1

C.  C h e m i c a l  p r o p e r t i e s
1 PH 5.63
2 E le c t r i c a l  c o n d u c t i v i t y 91.41 pS m"'
3 O r g a n i c  C 0 . 6 3 %
4 A v a i l a b l e  N 2 1 5 . 1 3  kg  h a ' 1

5 A v a i l a b l e  P 9 1 .2 8  kg h a ' 1

6 A v a i l a b l e  K 9 1 .8 4  kg  h a ' 1
7 E x c h a n g e a b l e  Ca 1.80 cm o l  k g " 1

8 ; F .x ch ang eab l e  Mg 0 .7 0  c m o l  k g ' 1

4.2 .1  S o i l  pH

Soi l  pH w a s  no t  s i g n i f i c a n t l y  i n f l u e n c e d  by  t r e a t m e n t  a p p l i c a t i o n  
at  a n y  s ta g e  o f  i n c u b a t io n  ( T a b l e  6 ). H o w e v e r ,  th e  v a l u e s  r a n g e d  f rom 
5.33 to 5 . 59 ,  5 . 26  to 5 .6 2 ,  5 . 38  to 5 . 79 ,  5 .4 0  to 5 . 6 1 , 5 .4 4  to  5 .79 ,  5 . 13  to 
5 .89 ,  5.31 to 5 .4 2 ,  5 . 60  to 5 . 68  on  15th, 3 0 th, 4 5 th, 6 0 th, 7 5 th, 9 0 th. 105th 
a n d  12 0 th DO I  r e sp e c t i v e ly .



T r e a t m e n t s 1 5 lh DOI 3 0 th DOI 4 5 th DOI 6 0 th DO I 7 5 th DOI 9 0 tfrDO I 10 5 th D O I 12 0 th DOI

T, 5 .54 5.41 5.38 5.40 5.79 5. 67 5.33 5. 60

T : 5 .59 5.47 5. 79 5. 56 5. 76 5. 89 5.31 5.63

t 3 5.33 5.62 5. 70 5.61 5. 44 5.13 5. 42 5. 68

t 4 5.51 5. 26 5. 67 5. 42 5. 77 5.41 5.41 5 . 6 0

F (3 ,1 6) 0 . 7 2 ns 1. 08 ns I . 7 8 NS 0 . 3 5 ns 0 . 3 8 ns 1 .1 9 ns 0 . 8 8 NS 0 .2 1 NS

C D  (0 .0 5) - - - - - - - -

N S -  N o n  s i g n i f i c a n t ,  D O I -  D a y s  o f  I n c u b a t i o n

Ti -  L a t e x  s l u d g e  
T ;  -  S in g le  s u p e r  p h o s p h a t e  
T 3 -  R o c k  p h o s p h a t e  
T 4 -  C o n t r o l  (So i l  a l o n e )



4.2 .2  E l e c t r i c a l  C o n d u c t i v i t y

A p e r u s a l  o f  d a t a  ( T a b l e  7)  r e v e a l e d  tha t  th e  E C  o f  soi l  d u r i n g  the  
p e r io d  o f  i n c u b a t io n  d i d  no t  s h o w  any c o n s i s t e n t  p a t t e r n .  T 4 r e c o r d e d  
t h e  l o w e s t  v a l u e  t h r o u g h o u t  th e  i n c u b a t i o n  per io d .

O n  th e  15th DOI,  the h i g h e s t  EC ( 1 9 1 .8 4  pS m ' 1) w a s  r e c o r d e d  by 
T 2 and  it w a s  on  p a r  w i th  Ti  a n d  T 3. T h e s e  th ree  t r e a t m e n t s  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  v a l u e s  th an  T 4.

T |  r e g i s t e r e d  the h i g h e s t  EC ( 1 7 9 .9 6  pS m"*) on  3 0 th DOI a n d  it 
w a s  on  p a r  w i th  T 3 an d  T 2. T 4 w a s  s i g n i f i c a n t l y  l o w e r  t h a n  all o t h e r  
t r e a t m e n t s  and  r e c o r d e d  t h e  l o w e s t  EC o f  140.16  p S  m ' 1.

T h e  EC  v a l u e s  r a n g e d  f ro m  2 4 3 . 6 0  pS m " 1 to 2 7 2 .3 2  pS m " 1 on  
4 5 th DO I,  T h e  m a x i m u m  v a l u e  w a s  r e g i s t e r e d  by T 2 f o l l o w e d  on  p a r  wi th  
T.i a n d  Ti a n d  th e  lo w es t  v a l u e  w a s  s h o w n  by T 4.

T h e  s a m e  p a t t e r n  w a s  s e e n  to r e p e a t  on  the 6 0 th DOI wi th  T 2 

s h o w e d  th e  h i g h e s t  EC o f  2 4 4 . 0 2  pS m ' 1 and  T 4 r e c o r d e d  t h e  lo w e s t  
v a l u e  o f  1 9 9 .7 8  pS m " 1.

On the 75th DOI,  Ti recor ded  the  h ighes t  EC o f  24 9 .3 6  pS n f 1 

fo l lo wed by T 3 and  T 2. Al l  the three  t r ea tmen ts  were  on par  and  s igni f icant ly  
h ighe r  than T 4, wh ich  recorded  the lowest  value o f  198.74 pS m ' 1.

O n  9 0 th DOI,  the  h i gh es t  EC w a s  re co rde d by  T 2 ( 1 7 8 .7 0  pS m ‘!) 
fo l lo wed by T, ( 1 4 5 .9 0  pS m ’1). Bo th  T |  and  T 2 we re  s ig ni f ican t ly  d i f f er en t  
f rom eac h  o the r  and  a lso  f rom the res t  o f  the t r ea tmen ts .  T h e  lowest  EC o f
100.02 pS m " 1 was  ob se rv ed  in T 4 and  it w a s  on  pa r  wi th  T 3.

O n  10 5 th D O I,  th e  EC v a l u e s  r a n g e d  f rom  9 1 . 0 9  pS m ' 1 ( T 4) to 
1 10.25 pS m ' 1 ( T 3). T 3 w a s  s i g n i f i c a n t l y  h i g h e r  th an  all  o t h e r  t r e a t m e n t s  
and  T 2 an d  T |  w e r e  on par.



T r e a t m e n t s 15th DO I 3 0 th DOI 4 5 th DO I 6 0 th D O I 7 5 th DOI 9 0 ,h DOI 10 5 th DOI 12 0 th D O I  !

Ti 167.30 179.96 2 5 5 . 4 4 2 3 0 . 7 2 2 4 9 . 3 6 14 5 .9 0 102.32 9 9 .6 2

t 2 191.84 166.12 2 7 2 . 3 2 2 4 4 . 0 2 2 2 2 . 7 4 178.70 10 5 .5 8 10 6 .6 8

t 3 182.86 178.72 2 7 2 . 2 6 2 4 3 . 5 2 2 4 7 .8 2 1 19 .96 110.25 106 .2 7

t 4 127.14 140.16 2 4 3 . 6 0 19 9 .7 8 19 8 .7 4 1 0 0 . 0 2 9 1 .0 9 84 .4 4

F (3 ,1 6) 1 1 .41** 14 .34** 4 . 3 4 * * 8 . 6 5 * * 4 . 2 3 * * 2 1 . 2 8 * * 3. 81* * 9 . 9 3 * *

C D  (0 .0 5) 2 5 .4 0 14.62 2 0 .1 4 2 1 . 4 7 3 4 .9 2 2 2 . 1  1 12 .54 9. 89

** S i g n i f i c a n t  at  1 pe r  c e n t  lev e l ,  D O I-  D a y s  o f  I n c u b a t i o n

Ti -  La te x  s lu d g e  
T 2 -  S in g l e  s u p e r  p h o s p h a t e  
T 3 -  R o c k  p h o s p h a t e  
T 4 -  C o n t r o l  (So i l  a l o n e )



Tt  r e g i s t e r e d  th e  m a x i m u m  E C  o f  10 6.68  p S  m " 1 on  12 0 th DO I.  It 
w a s  on  p a r  w i th  T 3 and  Tj .  T 4 r e c o r d e d  the l o w e s t  EC o f  8 4 .4 4  pS m ' 1 

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

4 .2 .3  O r g a n i c  C a r b o n

S ta t i s t i c a l  a n a l y s i s  o f  th e  d a t a  ( T a b l e  8 ) on  o r g a n i c  C c o n t e n t  o f  
soi l  s h o w e d  th a t  e x c e p t  on  15th DO I,  th e  o n ly  s t a g e  w h e n  th e  t r e a t m e n t  
e f f e c t s  w e r e  no t  s i g n i f i c a n t  T, r e c o r d e d  v a l u e s  s i g n i f i c a n t l y  s u p e r i o r  to 
all o t h e r  t r e a t m e n t s .

O n  th e  15th DO I,  th e  t r e a t m e n t s  f a i l ed  to  p r o d u c e  a n y  s i g n i f i c a n t  
d i f f e r e n c e .

O r g a n i c  C c o n t e n t  r a n g e d  f rom  0 .5 9 8  pe r  c e n t  to  0 . 6 6 0  pe r  c e n t  on  
3 0 th DOI.  T h e  h i g h e s t  v a l u e  w a s  r e c o r d e d  by  T |  a n d  it w a s  s i g n i f i c a n t l y  
s u p e r i o r  to  a l l  o t h e r  t r e a t m e n t s .  T 2, T 3 a n d  T 4 w e r e  on  par.

O n  4 5 th D O I.  the v a l u e s  r a n g e d  f ro m  0 . 6 0 0  p e r  c e n t  ( T 4) to 0 . 6 8 2  
pe r  c e n t  (T[ ) .  Ti w a s  s i g n i f i c a n t l y  h i g h e r  th an  alt  o t h e r  t r e a t m e n t s .  T? 
and T 3 w e r e  on  par.

T h e r e  w a s  no c h a n g e  in th e  t r en d  o f  Ti on  6 0 th DO I  a lso .  It 
r e c o r d e d  th e  h i g h e s t  va lue  o f  0 . 7 0 0  pe r  c e n t  a n d  all o t h e r  t r e a t m e n t s  
w e r e  on par .  T h e  l o w e s t  v a l u e  o f  0 . 6 0 4  pe r  c e n t  w a s  r e g i s t e r e d  by  T 4.

T h e  m a x i m u m  v a l u e  o f  0 . 7 5 6  pe r  c e n t  on  7 5 th DO I  w a s  r e c o r d e d  
by Ti a n d  th e  lo w es t  v a l u e  by  T 4 ( 0 . 6 2 4  p e r  c en t ) .  Al l  the t r e a t m e n t s  
w e r e  s i g n i f i c a n t l y  h i g h e r  t h a n  a b s o l u t e  con t r o l .

O n  the 9 0 th D O I,  T |  m a i n t a i n e d  the s a m e  p a t t e r n .  It r e c o r d e d  the  
m a x i m u m  v a l u e  o f  0 . 7 0 0  p e r  c e n t  f o l l o w e d  by  T 2. Bo th  T |  a n d  T 2 w e r e  
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  e a c h  o t h e r  and  f ro m  re s t  o f  th e  t r e a t m e n t s .  
T 4 r e c o r d e d  th e  l o w e s t  v a l u e  o f  0 .6 2 8  pe r  c en t  a n d  w a s  on  p a r  w i th  T 3.



T a b i c  8 . O r g a n i c  c a r b o n  ( % )  o f  soi l  at  d i f f e r e n t  p e r i o d s  o f  i n c u b a t io n

T r e a t m e n t s 15th DO I 3 0 th DO I 4 5 th D O I 6 0 th DOI 7 5 th DOI 9 0 th DOI 10 5 th D O I 1 2 0 th DOI

T, 0 . 6 1 6 0 . 6 6 0 0 . 6 8 2 0 . 7 0 0 0 . 7 5 6 0 . 7 0 0 0 . 6 9 0 0 . 6 8 0

t 2 0 . 6 1 6 0 . 6 0 8 0 . 6 3 0 0. 624 0 . 6 3 7 0 . 6 6 6 0 . 6 4 7 0 . 6 4 2

t 3 0 . 6 1 6 0 . 5 9 8 0 . 6 1 9 0. 628 0 . 6 3 9 0 . 6 3 6 0 . 6 4 4 0 . 6 4 6

t 4 0 . 6 1 4 0. 600 0 . 6 0 0 0 . 6 0 4 0 . 6 2 4 0 . 6 2 8 0 . 6 2 6 0 . 6 2 6

F (3 ,1 6 ) 0 . 16ns 7 .36** 8 . 5 1 * * 9 . 2 7 * * 3 . 7 7 * * 5 . 6 3 * * 4. 18* 3 . 9 3 * *

C D  (0 .0 5) - 0 . 0 2 1 0. 015 0. 013 0 . 0 0 9 0 . 0 0 8 0 . 0 0 9 0 . 0 0 9

** S i g n i f i c a n t  at  1 p e r  c e n t  lev e l ,  * S i g n i f i c a n t  at  5 p e r  c e n t  leve l ,  N S -  N o n  s i g n i f i c a n t ,  D O I -  D a y s  o f  I n c u b a t i o n

Ti -  L a t e x  s lu d g e  
T 2 -  S in g l e  s u p e r  p h o s p h a t e  
T 3 -  R o c k  p h o s p h a t e  
T 4 -  C o n t r o l  (So i l  a l o n e )



T h e  h i g h e s t  v a l u e  on 1 0 5 th DO I  w a s  s h o w n  by T , ( 0 . 6 9 0  p e r  ce n t ) ,  
w h i c h  w a s  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  all  o t h e r  t r e a t m e n t s ,  i 2 a n d  T 3 

w e r e  on  p a r  and  T 4 s h o w e d  th e  l o w e s t  v a l u e  o f  0 .6 2 6  per  cent .

O n  12 0 th D O I ,  th e  p r e v i o u s  pa t t e r n  w a s  f o u n d  to r e p e a l .  T h e  
h i g h e s t  v a l u e  o f  0 . 6 8 0  p e r  c e n t  w a s  r e c o r d e d  by T] w h i c h  w a s  s u p e r i o r  to 
T 3 a n d  T 2, w h i c h  w e r e  on pa r .  T h e  l o w e s t  v a l u e  o f  0 . 6 2 6  pe r  c e n t  w as  
r e c o r d e d  by T4 .
4 .2 .4  A v a i l a b l e  N i t r o g e n

At al l  s ta g e s  o f  i n c u b a t i o n  e x c e p t  th e  last ,  t h e r e  w a s  s i g n i f i c a n t  
i n f l u e n c e  for  th e  t r e a t m e n t s  on  a v a i l a b l e  N c o n t e n t  o f  the soi l  ( T a b l e  9). 
A p e r u s a l  o f  d a t a  r e v e a l e d  t h a t  all  the t r e a t m e n t s  r e c o r d e d  a  g r a d u a l  
i n c r e a s e  in a v a i l a b l e  N up to 6 0 th D O I,  f o l l o w e d  by  a d e c r e a s e .  O n  all 
d a y s  o f  i n c u b a t i o n ,  e x c e p t  on  105th d a y ,  Tj  r e c o r d e d  th e  h i g h e s t  N 
c o n t e n t .

O n  15th D O I,  th e  v a l u e s  r a n g e d  f rom  2 1 6 .9 5  k g  h a ’ 1 to 2 2 7 . 2 8
kg ha"1. T h e  m a x i m u m  c o n t e n t  w a s  r e c o r d e d  by  T |  and  it w a s  on  par
w i t h  T 3 .  T h e  lo w e s t  va lue  w a s  r e c o r d e d  by  T;  a n d  it w a s  on  p a r  w i th  T4 .

T h e  m a x i m u m  va lue  o f  2 4 5 .9 8  kg  h a " 1 on  3 0 th D O I  w a s  r e c o r d e d
by Ti  a n d  it w a s  s i g n i f i c a n t l y  s u p e r i o r  to al l  o t h e r  t r e a t m e n t s .  T h e
lo w e s t  v a l u e  w a s  s h o w n  by T 4 ( 2 2 2 .9 3  kg  ha"1), w h i c h  w a s  on  par  wi th  
J 2 a n d  T 3 .

O n 4 5 th D O I,  th e  p r e v i o u s  pa t t e r n  r e p e a t e d .  T h e  h i g h e s t  v a l u e  o f  
2 5 4 .3 4  kg h a " 1 w a s  for  T] a n d  th e  lo w es t  v a l u e  o f  2 2 8 . 3 9  kg  h a " 1 w a s  for
t 4.

T] w a s  s i g n i f i c a n t l y  s u p e r i o r  to al l  o t h e r  t r e a t m e n t s  on  6 0 th DOI 
a lso ,  i he  N c o n t e n t  w a s  2 5 8 . 4 2  kg  ha"1. T h e  l o w e s t  c o n t e n t  w as  
r e g i s t e r e d  by  T 4 ( 2 2 8 .4 5  kg  ha" 1), w h i c h  w a s  on  pa r  w i th  T 3.



T r e a t m e n t s 15th DOI 3 0 th DOI 4 5 th DOI 6 0 th DO I 75 th DOI 9 0 lh DOI 10 5 th DO I 12 0 th DO I

T, 2 2 7 .2 8 2 4 5 . 9 8 2 5 4 .3 4 2 5 8 . 4 2 2 4 2 . 6 2 2 3 5 . 3 2 2 1 5 . 3 0 208.51

t 2 2 1 6 .9 5 2 2 5 . 5 4 2 3 2 . 6 9 2 3 7 . 4 5 2 3 5 . 4 5 2 1 9 . 5 2 2 1 0 . 3 8 2 0 5 . 5 0

t 3 2 2 4 . 5 7 2 2 7 . 5 3 2 3 0 . 4 4 2 3 5 . 3 0 2 2 8 . 5 3 2 2 5 . 6 7 2 1 6 . 6 6 2 0 3 . 5 6

t 4 2 1 8 . 2 4 2 2 2 . 9 3 2 2 8 . 3 9 2 2 8 . 4 5 2 3 0 . 4 9 2 2 5 .6 3 2 0 3 . 6 2 2 0 8 . 3 7

F (3 ,1 6) 4 . 59* 15.9** 19 .25** 2 2 . 4 5 * * 5. 27* 5 . 8 5 * * 4 . 6 8 * 0 . 7 9 6 NS

C D  (0 .0 5 ) 6 . 94 7. 89 8.23 8. 18 8. 19 8. 09 8. 16 -

** S i g n i f i c a n t  a t  1 pe r  cen t  leve l ,  * S i g n i f i c a n t  at  5 pe r  c e n t  l ev e l ,  N S -  N o n  s i g n i f i c a n t ,  D O i -  D a y s  o f  I n c u b a t i o n

Ti -  L a t e x  s lu d g e  
T 2 -  S in g le  s u p e r  p h o s p h a t e  
T j  -  R o c k  p h o s p h a t e  
T 4 -- C o n t r o l  (Soi l  a l o n e )



T h e  m a x i m u m  va lue  o n  7 5 th DOI w a s  r e g i s t e r e d  by  T,  ( 2 4 2 . 6 2  
kg  h a ' 1) f o l l o w e d  by  T 2 a n d  t h e y  w e r e  on  par.  T h e  l o w e s t  v a l u e  o f  
2 2 8 .5 3  kg  h a "1 w a s  s h o w n  by T 3.

O n  9 0 th DO I,  th e  v a l u e s  r a n g e d  f ro m  2 1 9 .5 2  k g  h a " 1 to 2 3 5 .3 2  
kg h a ' 1. T 1 w a s  s i g n i f i c a n t l y  s u p e r i o r  to al l  o t h e r  t r e a t m e n t s  a nd  
r e c o r d e d  t h e  h i g h e s t  c o n t e n t .  T 3 a n d  T 4 w e r e  on  par .  T 2 w h i c h  r e c o r d e d  
the l o w e s t  v a l u e  w a s  s ig n i f i c a n t l y  i n f e r io r  to al l  o t h e r  t r e a t m e n t s .

T h e  h i g h e s t  v a l u e  on  105th DO I  w a s  r e c o r d e d  by  T 3 ( 2 1 6 . 6 6  
kg h a ' 1) f o l l o w e d  by T 1 a n d  T 2 . T h e s e  t h r e e  t r e a t m e n t s  w e r e  on  par .  The  
l o w e s t  v a l u e  o f  2 0 3 .6 2  kg  h a " 1 w a s  r e c o r d e d  by  T 4.

4 .2 .5  A v a i l a b l e  P h o s p h o r u s

S ta t i s t i c a l  a n a l y s i s  o f  th e  d a t a  ( T a b l e  10) w h i c h  s h o w e d  
s i g n i f i c a n c e  a t  al l  s ta g e s  r e v e a l e d  a g r a d u a l  i n c r e a s e  in P c o n t e n t  
f o l l o w e d  by  a d e c r e a s e .  T h r o u g h o u t  th e  p e r io d  o f  i n c u b a t i o n ,  th e  lo w e s t  
v a l u e  w a s  r e c o r d e d  by a b s o l u t e  co n t r o l .

O n  the 15th D O I,  all th e  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  
f rom  e a c h  o t h e r  in t h e i r  P c o n t e n t .  T h e  h i g h e s t  c o n t e n t  o f  9 7 . 5 6  kg  h a " 1 

w a s  r e c o r d e d  by T 2 f o l l o w e d  by T 1 (95 .11  kg  h a ' 1) a n d  T 3 ( 9 2 . 8 0  kg  ha"1). 
The l o w e s t  v a l u e  o f  9 0 .6 8  kg  h a ' 1 w a s  r e c o r d e d  by  a b s o l u t e  co n t r o l .

T h e  v a l u e s  for  P c o n t e n t  on  3 0 th D O I,  r a n g e d  f ro m  9 1 .3 3  kg h a ' 1 

( T 4) to 9 6 . 4 6  kg  h a ' 1 (T 2). 12 and  T |  w e r e  on  pa r  and  th e y  w e r e
s i g n i f i c a n t l y  d i f f e r e n t  f ro m  T 3 a n d  T 4, w h i c h  w e r e  on  par .

T h e  h i g h e s t  P c o n t e n t  on  4 5 th DO I  w a s  r e c o r d e d  by  T[ ( 9 9 .28  
kg ha"1) f o l l o w e d  by  T 2 a n d  t h e y  w e r e  on  p a r  a n d  s i g n i f i c a n t l y  d i f f e r e n t  
f rom  T 3 a n d  T 4, w h i c h  w e r e  on  par .  T 4 r e c o r d e d  th e  l o w e s t  va lue  o f  
91 .7 9  kg  h a ' 1.

O n  th e  6 0 th DOI,  th e  m a x i m u m  P c o n t e n t  o f  102.02  kg  h a " 1 w as  
r e c o r d e d  by  T 2 a n d  it w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  all  o t h e r  t r e a t m e n t s .



T r e a t m e n t s 15th DOI 3 0 th DO I 4 5 th D O I 6 0 th D O I 7 5 th DO I 9 0 th DOI 10 5 th DOI 1 2 0 lh DO!

T, 95.1 1 96.41 9 9 .2 8 98 .3 9 109.31 106.54 10 3 .8 6 103 .7 8

T : 9 7 .5 6 9 6 . 4 6 9 7 .2 8 1 0 2 . 0 2 104.34 106.82 103.33 1 0 3 .5 0

T 3 9 2 .8 0 92.71 9 5 .0 7 98 .3 3 100.71 9 9 . 6 0 100 .1 8 10 0 .1 8

t 4 90 .6 8 91 .3 3 9 1 .7 9 91 .5 8 9 2 .0 3 9 0 .9 0 9 0 . 4 6 90.61

F (3 ,1 6) 19 .91** 8.1 9** 5 . 7 5 * * 2 2 .9 5 * * 10 .2 7 ** 11 .98** 14 .2 5 ** 1 4 ,4 4 * *

CD  (0 .0 5) 1.99 2.73 4.01 2. 73 6 . 5 9 6. 49 4 . 9 3 4 . 8 6

** S i g n i f i c a n t  at  1 p e r  c e n t  lev e l ,  D O I -  D a y s  o f  I n c u b a t i o n

Ti -  L a t e x  s l u d g e  
T i  -  S in g le  s u p e r  p h o s p h a t e  
T i  -  R o c k  p h o s p h a t e  
T 4 -  C o n t r o l  (So i l  a l o n e )



T |  w a s  on  p a r  w i th  T 3 and  t h e y  w e r e  s i g n i f i c a n t l y  i n f e r io r  to T 2 and  
s i g n i f i c a n t l y  s u p e r i o r  to T 4, w h i c h  r e c o r d e d  th e  l o w e s t  v a l u e  o f  91 .5 8  
kg  ha"1.

T h e  P c o n t e n t  on  7 5 th DOI r a n g e d  f rom  9 2 .0 3  kg  h a " 1 to  109.31 
kg ha"’ . T |  s h o w e d  the m a x i m u m  c o n t e n t  a n d  w a s  on  pa r  w i th  T 2. T he  
l o w e s t  c o n t e n t  w a s  r e c o r d e d  by  T 4 an d  it w a s  s i g n i f i c a n t l y  i n f e r io r  to  all  
o t h e r  t r e a t m e n t s .

T h e  s a m e  p a t te rn  w a s  se en  to r e p e a t  o n  th e  9 0 th D O I,  w i th  T 2 

r e g i s t e r i n g  m a x i m u m  v a l u e  o f  106,82  kg h a " 1 f o l l o w e d  by T | .  T 4 

r e g i s t e r e d  th e  m i n i m u m  v a l u e  o f  9 0 .9 0  kg  ha"1.

O n  10 5 lh D O I,  the  v a l u e s  r a n g e d  f ro m  9 0 .4 6  kg  h a ' 1 to 103.86  
kg ha"1. T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  by  Tj  f o l l o w e d  on  pa r  by T 2 

an d T v  The lo w es t  v a l u e  w a s  r e c o r d e d  by T 4 a n d  it w a s  s i g n i f i c a n t l y  
i n f e r io r  to all  o th e r  t r e a t m e n t s .

T h e  s a m e  pa t t e r n  r e p e a t e d  on  ! 2 0 lh DO I  a lso .  T h e  h i g h e s t  v a l u e  o f  
103.78  kg  h a " 1 w a s  r e c o r d e d  by Ti  an d  th e  l o w e s t  by T 4 (90 .61  kg  ha" 1).

4 .2 .6  A v a i l a b l e  P o t a s s i u m

[ h e r e  w a s  no  s i g n i f i c a n t  e f f e c t  for  v a r i o u s  t r e a t m e n t s  on  the  
a v a i l a b l e  K c o n t e n t  o f  soi l  at  a n y  s ta g e  o f  i n c u b a t i o n  ( T a b l e  11). 
H o w e v e r ,  th e  v a l u e s  r a n g e d  f ro m  8 2 .0 2  to  8 8 .3 8 ,  91 .9 3  to  9 8 .5 6 ,  87 .15  to 
9 1 .9 1 ,  8 4 .7 7  to 9 2 .0 7 ,  8 4 .5 0  to  9 0 .2 6 ,  8 6 .1 6  to  9 0 .7 4 ,  73 .23  to 81 .2 7 ,  
77 .83  to 80 .9 8  kg h a " 1 on t 5 <h' 3 0 th, 4 5 th, 6 0 lh, 7 5 ’\  9 0 th, 105,h a nd  12 0lh 
D O I  r e s p e c t i v e ly .

4 .2 .7  E x c h a n g e a b l e  C a l c i u m

S ta t i s t i c a l  a n a l y s i s  o f  th e  da t a  ( T a b l e  12) s h o w e d  s i g n i f i c a n t  
e f f e c t  for  v a r i o u s  t r e a t m e n t s  on  th e  e x c h a n g e a b l e  C a  c o n t e n t  o f  soi l  f ro m  
4 5 th to  10 5 th DO I  bu t  th e  e f f e c t s  w e r e  n o t  s i g n i f i c a n t  up  to  3 0 lh DOI and 
on 1 2 0 th day .



T r e a t m e n t s 15th DOI 3 0 th DOI 4 5 lh DOI 6 0 th DOI 7 5 th DO! 9 0 th D O I 1 0 5 th D O I
1

12 0 th D O I

T, 86 .8 0 98 .5 6 9 0 .3 8 9 0 . 3 9 9 0 .2 6 86 .1 6 73 .2 3 8 0 .1 0

t 2 82 .0 2 94 .3 6 91.91 9 2 . 0 7 8 6 .8 0 9 0 .7 4 74 .7 9 8 0 .0 4

t 3 87.21 91 .9 3 9 1 .2 4 8 4 .7 7 84 .5 0 8 7 .9 0 81 .2 7 77 .8 3

T 4 8 8 .3 8 92 .5 0 87 .1 5 8 9 .0 0 9 0 .2 7 8 9 .3 6 78 .8 3 80 .9 8

F (3 .1 6) 0 . 4 8 3 NS 0 .8 6 ns 0 . 5 1 Ns 1 . 1 7 ns 0 . 8 8 ns 0 . 6 0 5 NS 2.1 3 ns 0.11 5 ns

C D  (0 .0 5) - - - - - - - -

N S -  N o n  s i g n i f i c a n t ,  D O I -  D a y s  o f  I n c u b a t i o n

Ti -  L a t e x  s lu d g e  
T j  -  S in g l e  s u p e r  p h o s p h a t e  
T 3 -  R o c k  p h o s p h a t e  
T 4 -  C o n t r o l  (So i l  a l o n e )



T r e a t m e n t s 1 5 lh DOI 3 0 th DO I 4 5 th DOI 6 0 th DO! 7 5 th DO I 9 0 [h DOI 1 0 5 th DOI 12 0 th D O I

T, 1 .600 1.578 1 . 6 6 8 1.586 1.580 1.484 1.582 1.480

t 2 1.616 1.572 1 .570 1.460 1.474 1.620 1.744 1.574

t 3 1.588 1.580 1.600 1.540 1.360 1.494 1.580 1.506

t 4 1.562 1.596 1. 400 1.592 1.470 1.502 1.458 1.484

F (3 .1 6) 0.41 7 ns 0 9 2 n s 14.1 * * 8 .0 2 ** 15 .0 4 ** 4 .8* 10 .19** 3 . 1 3 ns

C D  (0 .0 5) - - 0.091 0 . 0 6 4 0 . 0 6 9 0 . 0 8 7 0 . 1 1 0 -

** S i g n i f i c a n t  at  1 pe r  c e n t  leve l ,  * S i g n i f i c a n t  at  5 per  c e n t  lev e l ,  N S -  N o n  s i g n i f i c a n t ,  D O I -  D a y s  o f  I n c u b a t i o n
T] -  L a t e x  s lu d g e  
T:  -  S in g le  s u p e r  p h o s p h a t e  
T 3 -  R o c k  p h o s p h a t e  
T 4 — C o n t r o l  (Soi l  a lo ne)



O n  4 5 11’ D O I,  th e  h i g h e s t  v a l u e  o f  1 .668 c m o l  kg"' w a s  r e c o r d e d  by 
Ti a n d  it w a s  on  p a r  w i th  T 3 . T h e  l o w e s t  v a l u e  w a s  r e c o r d e d  by  T 4 

( 1 . 4 0 0  c m o l  kg"1) an d  it w a s  s i g n i f i c a n t l y  i n f e r i o r  to  all  o t h e r  t r e a t m e n t s .

T h e  h i g h e s t  v a l u e  on 6 0 th DO I  w a s  r e g i s t e r e d  by T 4 ( 1 .5 92  
c m o l  k g ' 1) w h i c h  w a s  on p a r  w i th  T t and  T 3. T h e  l o w e s t  v a l u e  o f  1.460 
c m o l  k g ' 1 w a s  r e c o r d e d  by T 2 a n d  it w a s  s i g n i f i c a n t l y  i n f e r io r  to all o t h e r  
t r e a t m e n t s .

Ti r e c o r d e d  the h i g h e s t  v a l u e  o f  1 .580 c m o l  k g ' 1 on  7 5 th DO I and 
w a s  s i g n i f i c a n t l y  s u p e r i o r  to al l  o t h e r  t r e a t m e n t s .  T 2 a n d  T 4 w e r e  on  par .  
T 3 r e c o r d e d  th e  l o w e s t  v a l u e  o f  1 .360 cm o l  k g ' 1.

O n  th e  9 0 th D O I,  th e  v a r i a t i o n  w a s  f ro m  1.484 cm o l  k g " 1 for  T[ to 
1 .620 c m o l  k g ' 1 for  T 2. T 2 w a s  s i g n i f i c a n t l y  s u p e r i o r  to  all o t h e r  
t r e a t m e n t s .  T 4 and  T 3 w e r e  on  par .

T h e  m a x i m u m  v a l u e  on  10 5 lh DO I  w a s  r e g i s t e r e d  by  T 2 ( 1 . 7 4 4  
c m o l  kg"1) f o l l o w e d  by T |  a n d  T 3, bo th  o f  w h i c h  w e r e  on  par .  T 4 

r e c o r d e d  th e  lo w es t  va lue  o f  1.458 cm o l  k g ' 1.

4 .2 .8  E x c h a n g e a b l e  M a g n e s i u m

C r i t i c a l  a p p r a i s a l  o f  th e  d a t a  ( T a b l e  13) p o i n t e d  o u t  th a t  o n ly  
d u r i n g  th e  m id  p e r io d  o f  i n c u b a t io n  th e  t r e a t m e n t s  w e r e  a b l e  to p r o d u c e  
s i g n i f i c a n t  e f f e c t s  on  M g  c o n t e n t  o f  so i l .  U p  to  th e  3 0 th and a f t e r  the 
9 0 lh D O I,  t h e r e  w a s  no  s i g n i f i c a n t  e f f e c t  fo r  the t r e a t m e n t s .

O n  th e  4 5 th D O I,  th e  m a x i m u m  va lue  o f  0 . 7 2 8  c m o l  k g ' 1 w a s  for  
T 4, w h i c h  s to o d  on par  w i th  T[ .  T h e  m i n i m u m  v a l u e  o f  t h i s  w a s  for  T 3 

( 0 . 6 2 4  c m o l  k g ' 1) w h i c h  w a s  s ig n i f i c a n t l y  i n f e r io r  to all  o t h e r  t r e a t m e n t s .

T h e  v a l u e s  r a n g e d  f ro m  0 . 6 4 6  cm o l  k g ' 1 to  0 . 7 4 4  c m o l  k g ' 1 on  the  
6 0 th DO I,  r e g i s t e r e d  by T 3 and  T 2 r e s p e c t i v e l y .  T 2 w a s  on  p a r  w i th  T 4 
an d T ,,



T r e a t m e n t s 15th DOI 3 0 th DOI 4 5 th D O I 6 0 th DO I OO_cc— 9 0 th DO I 105th DO I 12 0 lh DOI

T, 0 . 7 0 4 0 . 7 0 0 0 . 7 2 6 0. 718 0 . 6 8 4 0 . 6 2 2 0 . 5 9 0 0 . 5 6 8

t 2 0 . 7 3 0 0. 732 0 . 6 7 0 0 . 7 4 4 0 . 6 8 8 0 . 5 6 8 0 . 6 3 2 0 . 6 0 0

t 3 0 . 6 8 2 0 . 7 3 0 0 . 6 2 4 0 . 6 4 6 0 . 6 0 6 0 . 6 0 0 0 . 6 2 2 0 . 6 0 8

t 4 0 . 6 6 8 0 . 6 8 4 0 . 7 2 8 0 . 7 2 6 0 . 6 1 6 0 . 6 1 0 0 . 5 8 4 0 . 5 8 8

F (3 ,1 6) 1 . 72NS 1 ,0 5 ns 2 2 .2 9 * * 4. 30* 4. 97* 0 . 6 9 nS 0 .7 1 N S I . 0 2 ns

C D  (0 .0 5 ) - - 0 . 0 3 2 0 . 0 6 2 0 . 0 5 8 - - -

** S i g n i f i c a n t  at  1 pe r  c e n t  lev e l ,  * S i g n i f i c a n t  a t  5 per  c e n t  lev e l ,  N S -  N o n  s i g n i f i c a n t ,  D O I -  D a y s  o f  I n c u b a t i o n
Ti -  L a t e x  s lu d g e  
T? -  S in g l e  s u p e r  p h o s p h a t e  
T 3 -  R o c k  p h o s p h a t e  
T 4 -  C o n t r o l  (So i l  a l o n e )



T 2 r e g i s t e r e d  the m a x i m u m  v a l u e  o f  0 . 6 8 8  c m o l  k g " 1 on  th e  7 5 th
DOI a n d  w a s  on  p a r  w i th  T i .  T 3 r e g i s t e r e d  m i n i m u m  c o n t e n t  o f  0 . 6 0 6
c m o l  k g " 1 a n d  w a s  on  par  w i th  T 4.

4.3 S T U D Y  O F  T H E  E F F E C T  O N  A  M A I N  C R O P  O F  C H I L L I

T h e  r e su l t s  o f  th e  p o t  c u l t u r e  e x p e r i m e n t  a r e  p r e s e n t e d  b e l o w .

4.3.1  C l i m a t e

T h e  a t m o s p h e r i c  t e m p e r a t u r e  d u r i n g  th e  c r o p p i n g  p e r io d  w as  
c o n d u c i v e  f o r  th e  g r o w t h  o f  i r r i g a t e d  chi l l i .  T h e  m a x i m u m  and m i n i m u m  
t e m p e r a t u r e  d id no t  sh o w  m u c h  f l u c t u a t i o n  b e t w e e n  th e  e x t r e m e  va l u e s .  
T h e  r e l a t i v e  h u m i d i t y  w a s  a ls o  m o r e  or  less  s t e a d y  t h r o u g h o u t  the 
c r o p p i n g  p e r io d  but th e  m o n t h l y  d i s t r i b u t i o n  o f  r a in f a l l  w a s  h i g h ly  
e r r a t i c .

4 .3 .2  E f f e c t  o f  T r e a t m e n t s  on G r o w t h  C h a r a c t e r i s t i c s

4.3.2.1 Plant Height
S ta t i s t i c a l  a n a l y s i s  o f  th e  d a t a  ( T a b l e  14) r e v e a l e d  th a t  t r e a t m e n t  

a p p l i c a t i o n  s ig n i f i c a n t l y  i n f l u e n c e d  p l an t  h e igh t .  I r r e s p e c t i v e  o f  the 
s o u r c e  or  c o m b i n a t i o n s ,  all th e  t r e a t m e n t s ,  w h i c h  r e c e iv e d  P 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  v a l u e s  th an  th e  t r e a t m e n t s  r e c e i v i n g  n o  P ( bo th  Tm 
an d T j i ) .  T h e  m a x i m u m  h e i g h t  o f  3 5 .1 3  cm  w a s  r e c o r d e d  by T 2 ( fu l l  I1 
as S S P)  a n d  it w a s  on  pa r  w i th  T s ('A LS + Vi R P )  a n d  T 3 ( fu l l  P as RP) .  
T h e  lo w e s t  h e i g h t  o f  19 .10  cm  w a s  r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T n )  
and it w a s  on  pa r  w i th  T 10 ( N o  P).

4.3.2.2 Branches per  Plant
C r i t i c a l  a p p r a i s a l  o f  th e  d a t a  ( T a b l e  14) r e v e a l e d  th a t  J 2 ( fu l l  P as  

S S P )  r e c o r d e d  m a x i m u m  n u m b e r  o f  b r a n c h e s  ( 4 4 . 6 7 )  a n d  it w a s  on  par  
wi th  Tg ( / :  LS + Vi RP.  T h e s e  tw o  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  s u p e r i o r



T r e a t m e n t s P l a n t
h e i g h t
( cm )

N u m b e r  
o f  le av es

L e a f  a r e a  
( c m 2)

B r a n c h e s
p l a n t " 1

D a y s  to 
f l o w e r i n g

T, 3 2 .0 0 191.33 15 10 .33 3 3 .0 0 3 1 .6 7

t 2 35 .1 3 2 1 5 .3 3 17 25 .0 0 4 4 . 6 7 3 3 .0 0

t 3 3 4 .1 7 181 .0 0 16 56 .3 3 3 3 .6 7 3 4 .0 0
t 4 3 2 .7 0 2 0 2 . 6 7 17 07 .33 2 9 .3 3 33 .6 7
t 5 3 4 .3 0 190.67 1 6 83 .6 7 3 4 . 6 7 3 2 .0 0
T ft 3 2 .1 0 159.00 1 2 5 0 .0 0 2 6 .6 7 3 1 . 6 7
t 7 2 9 .7 7 169.67 16 08 .0 0 3 4 .6 7 32 .3 3
t 8 33 .8 0 192.33 17 05 .33 4 3 .6 7 3 2 .6 7
t 9 31 .6 0 135.33 13 89 .6 7 2 9 . 6 7 3 2 .0 0
T,o 2 2 .6 7 124.67 1 1 6 5 .6 7 2 7 . 0 0 3 7 .6 7
T m 19.10 99 .3 3 9 3 2 . 0 0 2 1 . 0 0 38 .3 3

F (10,  22) 13 .64** 4 . 5 7 * * 3. 55* * 2 2 .0 2 ** 5 .0 9* *
C D  (0 .0 5 ) 4 . 07 49 .4 5 4 1 4 .6 5 4.41 3.03
** S i g n i f i c a n t  at  1 pe r  c e n t  level

T  i - Ful l  P as LS
T 2 - Ful l  P as SSP
t 5 - Ful l  P as RP
t 4 - V* P  as  LS + % P as S S P
Ts - V) P a s  LS + V% P as S S P
t 6 - % P as  LS + Va P as S S P
t 7 - % P as  LS + 3A  P as RP
T* - 'A P  as  LS + A  P as  RP
Ty - % P as  LS + W P as RP
T,o  - N o  P
T , ,  - A b s o l u t e  c on t r o l



to  al l  o t h e r  t r e a t m e n t s .  A b s o l u t e  co n t r o l  ( T u ) r e c o r d e d  th e  l o w e s t  v a l u e  
(2  1 .0 0 ) and  w a s  s i g n i f i c a n t l y  i n fe r io r  to all o t h e r  t r e a t m e n t s .

4.3.2.3 Number o f  Leaves and L eaf Area
T h e  n u m b e r  o f  l e av es  a n d  l e a f  a r e a  ( T a b l e  14) s h o w e d  th e  s a m e  

t r en d  as  th a t  o f  p l an t  h e igh t .  I r r e s p e c t i v e  o f  th e  P s o u r c e ,  i ts a p p l i c a t i o n  
s i g n i f i c a n t l y  i n f l u e n c e d  th e se  c h a r a c t e r s .

T h e  m a x i m u m  n u m b e r  o f  l e a v e s  ( 2 1 5 . 3 3 )  w a s  r e c o r d e d  by  T 2 ( fu l l  
P as S S P)  and it w a s  on pa r  w i th  Tg ('A LS +  14 RP)  a n d  T 3 ( fu l l  P as  RP) .  
T h e  m a x i m u m  l e a f  a r ea  o f  1 7 25 .0 0  c m 2 w a s  a lso  r e c o r d e d  by  T 2 and  it 
w a s  on  par  w i th  T K ( 1 7 0 5 . 3 3  c m 2) a n d  T 3 ( 1 6 5 6 .3 3  c m 2). A b s o l u t e  
c o n t r o l  r e c o r d e d  th e  l o w e s t  n u m b e r  o f  l e av es  ( 9 9 . 3 3 )  a n d  th e  m i n i m u m  
l e a f  a r e a  o f  9 3 2 . 0 0  c m 2.

4.3.2.4 Days to Flowering
T r e a t m e n t  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  th e  n u m b e r  o f  day s  

to f irs t  f l o w e r i n g  ( T a b le  14). T |  ( fu l l  P as  LS)  a n d  T (14 LS + 14 SS P)  
w e r e  th e  e a r l i e s t  to f l o w e r  ( 3 1 . 6 7 ) .  T h e y  w e r e  on  p a r  w i th  Ts  (14 LS + 14 
RP) ,  T 2 ( fu l l  P a s  S S P )  a n d  T 3 ( fu l l  P as RP) .  T h e  m a x i m u m  n u m b e r  o f  
d a y s  fo r  f i r s t  f l o w e r i n g  ( 3 8 . 3 3 )  w a s  t a k e n  by  a b s o l u t e  c o n t r o l  ( T u )  
f o l l o w e d  by T m  (no  P) and  th ey  w e r e  on  par .

4 .3 ,3  E f f e c t  o f  T r e a t m e n t s  on Y i e ld  a n d  Y i e ld  A t t r i b u t e s

4.3.3.1 Fruits per  Plant
F ro m  th e  s ta t i s t i c a l  a n a l y s i s  o f  d a t a  ( T a b l e  15), w h i c h  s h o w e d  

s i g n i f i c a n t  e f f e c t s  fo r  th e  t r e a t m e n t s ,  it w a s  se en  th a t  th e  m a x i m u m  
n u m b e r  o f  f ru i t s  per  p l an t  ( 5 3 . 3 3 )  w a s  p r o d u c e d  b y  T 7 (14 LS + s/4 RP)  
f o l l o w e d  on par  by  T s (14 LS +  14 RP),  l 2 ( fu l l  P a s  S S P )  a n d  T 3 ( fu l l  P 
as  RP).  T h e  l o w e s t  va lue  o f  20 .3 3  w a s  r e c o r d e d  by  a b s o l u t e  c o n t r o l .



T r e a t m e n t s Fru i t s
p l a n t ' 1

Frui t
len g th
( c m )

Frui t
g i r t h
( cm )

Frui t
w e i g h t

(g)

Y i e ld  per  
p l an t

(g p l a n t 1)
T, 44 .0 0 9.62 4.63 6.13 2 4 4 .6 3
t 2 50.33 10.29 4. 98 6. 90 2 7 8 .7 5
t 3 48 .3 3 9. 99 5.12 6.73 2 6 9 . 0 5
T 4 41 .3 3 8.57 4.81 5.23 2 2 3 . 9 0
t 5 32 .0 0 9. 68 5.09 6. 67 163.57
Tf, 4 4 .0 0 9.64 5.04 5.83 2 3 4 .3 3
t 7 53 .3 3 8.89 5.75 6 . 6 7 2 9 5 . 2 8
Ts 4 9 .6 7 9, 58 5.10 6, 90 2 7 4 . 3 7
Tg 2 9 .6 7 9.58 4. 68 5. 50 141.67

rf  10 26 .3 3 9.13 5.12 5.20 1 17.73
T , i 20 .33 9. 30 4.23 4.73 9 1 .5 0

F ( 1 0 , 2 2 ) 7 .48** 0 .6 8 ns 2 . 0 7 ns 5, 04* * I 1.06**
C D  (0 .0 5 ) 11.87 - - 1 . 0 2 6 2 .9 4

** S i g n i f i c a n t  at  1 pe r  cen t  lev e l ,  N S - N o n  s i g n i f i c a n t

T, - Ful l  P as LS
t 2 - Ful l  P a s  S S P
IT - Full  P a s  RP
t 4 - l/4 P as  LS + % P as SS P
T s - '/i P as LS + '/2 P as SS P
IV, - 3/4 P as LS + % P as S S P

t 7 - % P as LS + % P as RP
T 8 - Vi P as  LS + Vt P as RP
Tg - y4 P as  LS + % P as RP
Tut - N o  P
T „  - A b s o l u t e  c o n t r o l



4.3.3.2 Fruit Length
N o  s ig n i f i c a n t  d i f f e r e n c e  w a s  o b s e r v e d  in th e  len gt h  o f  f ru i t s  du e  

to  th e  a p p l i c a t i o n  o f  v a r i o u s  t r e a t m e n t s  ( T a b l e  15). H o w e v e r ,  the  
m a x i m u m  fru i t  len gt h  ( 1 0 . 2 9  c m )  w a s  r e c o r d e d  by T 2 ( fu l l  P as  S S P )  and 
m i n i m u m  o f  8 . 57  cm by T 4 (14 LS + % SSP) .

4.3.3.3 Fruit Girth
As in th e  ca se  o f  len gt h  o f  f ru i ts ,  the t r e a t m e n t s  f a i l e d  to  p r o d u c e  

a n y  s i g n i f i c a n t  e f f e c t  on g i r th  o f  p o d s  ( T a b l e  15). T h e  v a r i a t i o n  was  
f rom 4 . 23  cm  for  T |  i ( a b s o l u t e  c o n t r o l )  to 5.75 cm  for  T 7 (14 LS + 14 RP).

4.3.3.4 Fruit Weight
I n d i v id u a l  f ru i t  w e i g h t  ( T a b l e  15) w a s  s i g n i f i c a n t l y  i n f l u e n c e d  by 

the t r e a t m e n t s .  T h e  m a x i m u m  fru i t  w e i g h t  o f  6 .9 0  g w a s  r e c o r d e d  by 
bo th  Tg (14 LS + Vt RP)  and T 2 ( fu l l  P as  S S P )  f o l l o w e d  on pa r  by  T 3 ( fu l l  
P as RP).  T h e  lo w es t  f ru i t  w e i g h t  ( 4 .73  g)  w a s  r e c o r d e d  by a b s o l u t e  
c o n t r o l  ( T i i ) .

4 .3 .3 .5  Yield p e r  P la n t
'There w a s  s ig n i f i c a n t  e f f e c t  for  th e  t r e a t m e n t s  on  th e  f ru i t  y i e l d  

pe r  p l a n t  ( T a b l e  15). T h e  h i g h e s t  y i e ld  o f  2 9 5 .2 8  g w a s  r e c o r d e d  by T 7 

(14 LS + % R P )  f o l l o w e d  on  pa r  by  Tg (14 LS + 14 RP) ,  T 2 ( fu l l  P as SSP)  
an d T 3 ( fu l l  P as  RP) .  T h e  l o w e s t  y i e ld  ( 9 1 . 5 0  g) w a s  f ro m  a b s o l u t e  
c o n t r o l .

4 .3 .4  E f f e c t  o f  T r e a t m e n t s  on Q u a l i t y  C h a r a c t e r s  o f  F ru it

4.3 .4 .1 Capsaicin Content
S i g n i f i c a n c e  w a s  o b s e r v e d  fo r  t r e a t m e n t  e f f e c t s  on th e  c a p s a i c i n  

c o n t e n t  o f  ch i l l i  ( T a b l e  16). T h e  m a x i m u m  c o n t e n t  ( 0 .4 5 7  pe r  c e n t )  w as  
r e c o r d e d  by T |  ( ful l  P as LS)  f o l l o w e d  on p a r  by  T r  (14 LS + 14 RP).  T h e  
lo w es t  c o n t e n t  o f  0 .2 4 6  per  c e n t  w a s  r e c o r d e d  by a b s o l u t e  c o n t r o l  (Ti i).



T r e a t m e n t s
C a p s a i c i n

(%)

O l e o r e s i n

(% )

A s c o r b i c  
a c id  

( m g  1 0 0  g ' 1)

P ro t e in
c o n t e n t

(%)
T , 0 . 4 5 7 9.83 10 3 .1 7 10.97
T 2 0. 289 13.16 138.88 10.42
t 3 0. 288 1 1.33 18 6 .5 0 9.93
t 4 0 . 3 0 7 13.00 175.92 9. 70
t 5 0.441 12.33 2 0 3 . 7 0 10.72
t 6 0 . 4 1 4 11.67 163.75 12.40
t 7 0.351 12.50 166.66 10 .90
T s 0 . 4 3 0 12 .17 194.44 12.28
Ty 0, 365 12.33 14 8 ,1 4 9. 77
T  id 0 . 2 4 9 9.83 15 9 .9 9 9.40
T u 0. 246 9. 00 94.61 6.13

F (10 ,  22) 3 .6** 2. 93* 6. 27* * 19 .96**
C D  (0 .0 5 ) 0 . 1 2 1 2. 40 40 .8 2 0 . 5 1 8

* S i g n i f i c a n t  at  5 pe r  cen t  leve l ,  ** S i g n i f i c a n t  at  1 pe r  c e n t  level

T,  - Ful l  P as LS
t 2 - Ful l  P as SSP
T i - Ful l  P as RP
t 4 - % P as LS + 3A P as SS P
t 5 - '/i P as LS + '/i P as S S P
IT - 3/ 4 P as LS + % P as S S P

t 7 - Va P as  LS + % P as RP
T K - '/2 P as  LS +  ‘/2 P as RP
t 9 - P a s  LS +  Va P as RP
T | 0 - N o  P
T , ,  - A b s o l u t e  c o n t r o l



4.3.4.2 Oleoresin Content
T h e  s ta t i s t i c a l  a n a l y s i s  o f  d a t a  ( T a b l e  16) on  o l e o r e s i n  c o n t e n t ,  

w h i c h  t u r n e d  o u t  to be s i g n i f i c a n t  r e v e a l e d  tha t ,  th e  m a x i m u m  c o n t e n t  o f  
13,16 p e r  c e n t  w a s  r e c o r d e d  by T 2 ( fu l l  P as  S S P )  f o l l o w e d  on  pa r  wi th  
Ts (14 LS + 14 RP) and Tj  ( ful l  P as  RP).  T h e  lo west  va lue  o f  9 .00  pe r  cent  
w a s  r eco r ded  by a b so lu te  con t ro l  (Tn) and w a s  on par  wi th  T K) (No P).

4.3.4.3 Ascorbic Acid  Content
T h e  t r e a t m e n t s  w e r e  e f f e c t i v e  in p r o d u c i n g  s i g n i f i c a n t  v a r i a t i o n  in 

the a s c o r b i c  ac id  c o n t e n t  o f  f ru i t s  ( T a b l e  16). T h e  m a x i m u m  c o n t e n t  o f  
2 0 3 . 7 0  m g  100 g ' 1 f r u i t  w a s  r e c o r d e d  by  T s ('A LS + !4 S S P )  f o l l o w e d  on  
pa r  by  Tjj ('A LS + 14 RP) a n d  T 3 ( fu l l  P as RP). T h e y  w e r e  s i g n i f i c a n t l y  
su p e r i o r  to T i  ( fu l l  P as S S P )  a n d  T] ( fu l l  P as  LS ) ,  w h i c h  w e re  
s t a t i s t i c a l l y  on par .  T h e  l o w e s t  c o n t e n t  o f  94 .61  m g  100 g ' 1 f r u i t  w as  
r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T n ) .

4.3.4.4 Protein Content
T h e  f ru i t  p ro t e in  c o n t e n t  ( T a b l e  16) w a s  s i g n i f i c a n t l y  i n f l u e n c e d  

by the v a r i o u s  t r e a t m e n t s  a n d  th e  v a r i a t i o n  w a s  f ro m  6 . 13  pe r  c e n t  to 
I 2 , 4 0  p e r  ce n t .  T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  by  T 6 (% LS + % SS P)  
ve ry  c l o s e l y  on  p a r  w i th  T« ('A LS + 14 R P ) .  T h e s e  t w o  t r e a t m e n t s  w e r e  
s i g n i f i c a n t l y  s u p e r i o r  to alt  o t h e r  t r e a t m e n t s .  T h e  l o w e s t  c o n t e n t  w as  
r e c o r d e d  by a b s o l u t e  c o n t r o l  (Tn) a n d  it w a s  s i g n i f i c a n t l y  i n f e r io r  to all  
o t h e r  t r e a t m e n t s .

4 .3 .5  M o i s t u r e  C o n t e n t  o f  P l a n t

4 .3 .5 .1 Bhusa  M o is tu re  C onten t

N o s ig n i f i c a n t  e f f e c t  d u e  to th e  a p p l i c a t i o n  o f  v a r i o u s  t r e a t m e n t s  
w a s  o b s e r v e d  on  b h u s a  m o i s t u r e  c o n t e n t  ( T a b l e  17). H o w e v e r ,  the  
c o n t e n t  v a r ie d  f ro m  8 7 .2 0  p e r  c e n t  for  T 5 (!4 LS + 'A S S P)  to 8 4 .9 3  per  
c e n t  fo r  T 4 ('A LS + % SS P) .



T r e a t m e n t s
M o i s t u r e  (%) Dry m a t t e r  c o n t e n t  ( g  p l a n t ' 1)

B h u s a Frui t B h u s a Fru i t Tot a l
Ti 85 .6 3 8 3 .3 ! 36 .4 3 32 .5 8 69.01
Tz 85.83 87 .0 9 40.11 37 .1 2 7 7 .2 4
r 3 87.15 8 6 .1 4 3 9 .0 7 35 .8 3 7 4 .9 0
t 4 84 .9 3 86.65 37 .8 5 29 .8 2 6 7 . 6 7
T 5 87 .2 0 8 8 . 8 6 34.51 2 1 .7 8 5 6 .2 9
t 6 8 6 .2 6 86 .6 9 34.21 31.21 65 .4 2
t 7 85 .9 6 86 .7 9 4 1 . 8 9 39 .3 3 81 .2 2
Ts 86.63 87 .7 8 39 .6 4 3 6 .5 4 76 .1 8
t 5 85 .4 3 8 6 . 6 6 33.21 18.86 5 2 .0 7

Tio 85 .9 6 8 7 .1 8 3 1 .8 7 15.68 4 7 .5 5
T , , 8 6 .4 6 85 .9 8 2 1 .9 7 12.18 3 4 . 0 0

F ( 1 0 , 2 2 ) 0 . 6 7 8 NS 2 4 .7 6 * * 6. 19* * 11 .06** 9 . 3 3 * *
C D  (0 .0 5 ) - 0 . 80 6. 49 8.38 14.08

** S i g n i f i c a n t  a t  1% level ,  N S  -  N o n  s i g n i f i c a n t

T, - Ful l  P a s  LS
t 2 - Ful l  P as  S S P
t 3 - Ful l  P as RP
t 4 - % P as LS + % P as S S P
T;  - '/a P as LS +  ‘/a P as SS P
T& - Va P a s  LS +  l/4 P as SSP
T  7 - Va P as LS + Va P as RP
t 8 - ’/a P as  LS + '/a P as RP
T 9 - V a P as  LS + % P as RP
T,o  - N o  P
T i ,  - A b s o l u t e  c o n t r o l



T h e  m ax i m u m  frui t  moi s ture  con ten t  (Tab le  17) o f 8 8 . 8 6  p e r c e n t  was  
re co rde d by T 5 {'A LS +  14 SS P)  and  it was  s igni f icant ly h igh e r  than all o t he r  
t rea tments .  T, (full P as LS) recorded  the lowest  moi s ture  c o n te n t  o f  83.31 
per  c en t  and w a s  s igni f icant ly lower  than  ail o ther  t rea tments .

4 . 3 . 6  D r y  M a t t e r  C o n t e n t  o f  P la n t
4.3 .6 .1 Bhusa Dry Matter Content

Stat is tica l  ana lys is  revea led  the s igni f icant  inf luence  o f  d i fferent  
t r ea tmen ts  on bh usa  dry  m at t er  prod uct io n  (Tabic  17). T h e  t r ea tm en t  T?, 
w h ich  rece ived  'A P as LS and 14 P as R P  recorded  the h ighes t  dry ma t ter  
con tent  o f  41 .89  g p lant ' 1 fo l l owed on  par  by Tg (14 LS + 14 RP),  T 2 (full P as 
SSP)  and T j  (full P as RP).  T h e  lowest  va lue  o f  21 .97  g p l a n t ' 1 was  for  T n  
(absol u t e  cont ro l ) ,  w h ich  w a s  s igni f icant ly  infer ior  to all o ther  t rea tments .

4.3.6.2 Fruit Dry Matter Content
T h e  t r e a t m e n t s  w e r e  s t a t i s t i c a l l y  e f f e c t i v e  on th e  dr y  m a t t e r  

c o n t e n t  o f  f ru i t  ( T a b l e  17). T h e  h i g h e s t  dr y  m a t t e r  c o n t e n t  o f  39 .3 3  
g p l a n t ' 1 w a s  r e c o r d e d  by T? (14 LS + 14 RP)  f o l l o w e d  on par  by T s 
(14 LS +  14 RP) ,  T 2 ( fu l l  P as  S S P )  and T 3 ( fu l l  P as RP) .  T h e  l o w e s t  dry  
m a t t e r  c o n t e n t  o f  12.18 g p l a n t ' 1 w a s  r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T i !).

4.3.6 .3  Total Dry Matter
T h e  data on total  dry  m at t er  pr oduct ion  are  presented  in ( Table 1 7). I) 

(14 LS + 14 RP) recorded  the h ighes t  dry m at t er  pr od uct ion  o f  81 .22  g p l an t ' 1 

fo l l owed on par  by Tg (14 LS + 14 RP),  T 2 (ful l  P as  SSP)  and T 3 (ful l  P as 
RP).  Ab so lu te  contro l  ( T n )  re co rded the  lo west  va lue  o f  34 .00  g plant"1.

4 .3 .7  N u t r i e n t  C o n c e n t r a t i o n  in P l a n t
T h e  t i s s u e  c o n c e n t r a t i o n  o f  N,  P, K a n d  Ca  v a r i e d  s i g n i f i c a n t l y  

u n d e r  th e  i n f l u e n c e  o f  d i f f e r e n t  t r e a t m e n t s .  Bu t  th e  v a r i a t i o n  in M g  
c o n t e n t  w a s  no t  s ig n i f i c a n t .



4.3. 7. / .  I N itro g en

T h e  N c o n t e n t  ( T a b l e  18) r a n g e d  f rom  0 . 9 8 7  to 2 . 2 6 2  p e r  cent .  
T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  by  Tf, (14 LS + 14 S S P )  f o l l o w e d  by  12 

( fu l l  P as  S S P) ,  w h i c h  w a s  on  pa r  w i th  Tg (14 LS +  14 R P )  a n d  T 3 ( fu l l  P 
a s  RP) .  T h e  lo w es t  v a l u e  w a s  r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T n ). Al l  
the  t r e a t m e n t s  s h o w e d  s i g n i f i c a n t l y  h i g h e r  v a l u e s  c o m p a r e d  to  T n .

4.3. 7.1.2 Phosphorus
T h e  h i g h e s t  P c o n t e n t  ( ' f a b l e  18) o f  0 .2 8 8  p e r  c e n t  w a s  r e c o r d e d  

by T ;  ( fu l l  P as  SS P)  a n d  it w a s  on  p a r  w i th  T 3 ( fu l l  P as  RP) .  w h i c h  in 
tu rn  w a s  on  pa r  w i th  Tg ('4 LS +  '4 RP 14 LS) .  A b s o l u t e  c o n t r o l  (Tn) 

r e c o r d e d  th e  l o w e s t  c o n t e n t  o f  0 .113 pe r  c en t  and  it w a s  on  p a r  w i th  Tin 
( N o  P). Al l  o t h e r  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  s u p e r i o r  to Tio a n d  T n -

4.3. 7.1.3 Potassium
The b h u s a  K c o n t e n t  ( T a b l e  18) v a r ie d  f ro m  2 . 13  p e r  c e n t  to 3 .76  

pe r  ce n t .  T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  by  T4 (14 LS +  14 SSP) 

f o l l o w e d  on pa r  by  Tg ('4 LS + 14 RP) a n d  T7 ('A LS + 14 RP). A b s o l u t e  
c o n t r o l  (Tn) w a s  s i g n i f i c a n t l y  i n fe r io r  to  al l  o t h e r  t r e a t m e n t s  a nd  
r e c o r d e d  th e  lo w es t  va lue .

4.3. 7.1.4 Calcium
T h e  da t a  on  b h u s a  c a l c i u m  c o n t e n t  a re p r e s e n t e d  in ( f a b l e  18). T 4 

(14 LS +  'A RP)  r e c o r d e d  th e  h i g h e s t  C a  c o n t e n t  o f  1 .673 p e r  cent  
f o l l o w e d  on  pa r  by Tg ( 4  LS + '4 RP).  T h e  lo w e s t  c o n t e n t  o f  0 .913 per  
c e n t  w a s  r e c o r d e d  by T n  ( a b s o l u t e  c o n t r o l ) .

4.3. 7.1.5 Magnesium
T h e r e  w a s  no  s ig n i f i c a n t  e f f e c t  for  th e  t r e a t m e n t s  on  b h u s a  M g  

c o n t e n t  ( T a b l e  18). H o w e v e r ,  th e  h i g h e s t  M g  c o n t e n t  o f  0 . 4 4 8  pe r  cent



T r e a t m e n t s
N

( % )
P

(%)
K

(%)
C a
(%)

M g
(%)

T, 1.731 0 . 2 8 2 3. 320 1.417 0.381
t 2 1.993 0. 288 3 , 3 0 0 1.440 0.441
t 3 1.561 0. 282 3 . 3 0 0 1.333 0 . 4 0 0
t 4 1.943 0 . 2 5 9 3. 760 1.387 0.401
t 5 1.699 0 . 2 4 7 3.463 1.443 0 . 4 1 6
T & 2.2 6 2 0. 282 3 . 4 4 0 1.413 0 .3 9 0
t 7 1.754 0 . 2 0 2 3 . 7 1 0 1.260 0. 304
t 8 1.709 0 . 2 0 7 3 . 6 5 0 1.503 0, 448
Ty 1.895 0 . 2 1 4 3. 660 1.673 0 . 4 4 8

T,n 1.539 0 . 1 2 6 3.413 1.073 0 . 2 9 9
Tl , 0 . 9 8 7 0 .1 1 3 2.13 3 0 .9 1 3 0 .2 2 4

F ( 1 0 , 2 2 ) 4 .4 8 *  * 5 . 6 1 * * 8. 36* * 2. 39* 2 . 1  8 N"
C D  (0 .0 5) 0 . 4 4 7 0 . 0 7 7 0. 452 0. 393 -

* Sig ni f icant  at  5%  level,  ** Sign i f icant  at 1 %  level,  N S  -  N o n  s igni f icant

T,  - Ful l  P as LS
T 2 - Ful l  P as SS P
t 3 - Ful l  P as  RP
t 4 - 'A P as  LS + % P as  S S P
t 5 - lA  P as  LS + 14 P as  SS P
T & - % P as  LS + 14 P as  SS P
T 7 - W P as  LS + % P as  RP
Ts - 14 P a s  LS +  14 P a s  RP
t 9 - Vi P as  LS +  % P as  R P
T [o - N o  P
T u  - A b s o l u t e  c o n t r o l



w a s  r e c o r d e d  by Tg ( 4  LS + 4  R P )  a n d  Tg (3 /4  LS + % R P ) .  A b s o l u t e  
c o n t r o l  ( T n )  r e c o r d e d  th e  io w es t  va lue  o f  0 . 2 2 4  pe r  cent .

4.3.7.2 Fruit Nutrient Content
T h e r e  w a s  s i g n i f i c a n t  e f f e c t  for  the t r e a t m e n t s  on  N,  P a n d  K 

c o n t e n t s  o f  f ru i t  bu t  no t  on C a  a n d  Mg.

4.3. 7.2.1 Nitrogen
T h e  N c o n t e n t  ( T a b l e  19) in f ru i t s  v a r ie d  f ro m  0 .9 8  p e r  c e n t  to 

1.98 pe r  c e n t .  T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  by  T^ (3A  LS + 4  S S P)  
f o l l o w e d  by Tg ( 4  LS + 4  RP)  a n d  th ey  w e r e  on  pa r  w i th  e a c h  o t h e r  a nd  
s i g n i f i c a n t l y  h i g h e r  th an  all  o t h e r  t r e a t m e n t s .  T h e  l o w e s t  N  c o n t e n t  w as  
r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T M) a n d  it w a s  s i g n i f i c a n t l y  i n f e r io r  to all  
o t h e r  t r e a tm e n t s .

4.3.7.2.2 Phosphorus
With r ega rd  to P c o n t e n t  in f ru i t  ( T a b l e  19), al l  th e  t r e a t m e n t s  

w h i c h  r e c e i v e d  P f rom  any s o u rc e ,  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  v a l u e s  
th an  th e  t r e a t m e n t s  w h i c h  r e c e i v e d  no  P ( bo th  Tio  a n d  T n). T h e  h i g h e s t  
P c o n t e n t  o f  0 . 4 3 7  p e r  c e n t  w a s  r e c o r d e d  by  Tg (3A  LS +  % RP)  f o l l o w e d  
on par  by Tg ( 4  LS + 4  RP) ,  T 4 ( 4  LS + V* SS P)  a n d  T 3 ( fu l l  P as RP) .  
T h e  l o w e s t  c o n t e n t  o f  0 . 2 0 2  per  c e n t  w a s  r e c o r d e d  by T n  ( a b s o l u t e  
c o n t r o l ) ,  w h i c h  w a s  on  par  w i th  T m  ( N o  P).

4.3. 7.2.3 Potassium
T h e  f ru i t  K c o n t e n t  ( T a b l e  19) v a r ie d  f rom  1.273 pe r  c e n t  to 3 . 290  

p er  ce n t .  T h e  h i g h e s t  K c o n t e n t  w a s  r e c o r d e d  by Tg ( 4  LS + 'A RP) ,  
w h ic h  w a s  on  p a r  w i th  T 3 ( 4  LS + 4  SS P) ,  w h ic h  in tu rn  w a s  on  p a r  wi th  
Tg ( 4  LS + 4  RP). T h e  lo w e s t  c o n t e n t  w a s  r e c o r d e d  by a b s o l u t e  c o n t r o l  
( T n ) ,  w h i c h  w a s  s i g n i f i c a n t l y  i n fe r io r  to all o t h e r  t r e a t m e n t s .



T r e a t m e n t s
N

(%)
P

( % )
K

(% )
C a
(%)

M g
(%)

T, 1.755 0 . 3 8 4 2. 273 0. 213 0 . 1  1 2

t 2 1.667 0 . 3 8 ! 2 . 4 0 0 0 . 2 4 0 0 . 0 9 6
t 3 1.589 0.391 2 . 2 4 7 0 . 2 6 7 0 . 1  1 2

t 4 1.553 0 ,4 3 2 2 . 4 2 7 0 . 2 6 7 0 . 1 2 8
t 5 1.715 0 . 3 8 4 2 . 9 2 7 0 . 2 9 3 0 . 1  1 2

t 6 1.983 0. 375 2.453 0 . 2 4 0 0 . 1 2 8
t 7 1.744 0 . 3 7 9 2 . 4 2 7 0 .213 0 . 1  1 2

T s 1.964 0 . 4 0 7 2 .553 0 . 2 4 0 0. 128
Ts 1.563 0. 437 3. 290 0 . 2 4 0 0. 128

Tio 1.503 0. 203 2 . 6 6 7 0 . 1 8 7 0. 092
T n 0 .9 8 0 0 . 2 0 2 1.273 0. 133 0 . 0 8 8

F ( 1 0 , 2 2 ) 8 .84* * 1 1.09** 8 . 5 4 * * 1.91 NS 1,91
C D  (0 .0 5 ) 0 . 8 3 7 0. 072 0 . 4 9 7 -
** S i g n i f i c a n t  at  1 pe r  c e n t  leve l ,  N S - N o n  s ig n i f i c a n t

T,  - Ful l  P as  LS
t 2 - Ful l  P a s  S S P
t 3 - Ful l  P a s  R P
t 4 - V4 P as LS + % P as S S P
t 5 - 'A P as LS + 14 P a s  S S P
T fi - y4 P a s  LS + '/4 P as S S P
t 7 - % P as  LS + V* P as RP
T« - P as  LS + 'A P as RP
t 9 - % P as  LS + Va P as RP
Tin  - No P
T,  i - A b s o l u t e  c on t r o l



T h e  v a r i a t i o n  in C a  c o n t e n t  o f  f ru i t  ( T a b l e  19), t h o u g h  no t  
s i g n i f i c a n t  w a s  f ro m  0 .1 3 3  pe r  c e n t  r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T M) to 
0 .2 9 3  pe r  c e n t  r e c o r d e d  by  T 3 ( 4  LS + 4  SSP) .

4.3. 7.2.5 Magnesium
S i m i l a r  to  Ca ,  no  s i g n i f i c a n c e  c o u ld  be  n o t i c e d  for  th e  t r e a t m e n t s  

on t h e  M g  c o n t e n t  o f  f ru i t s  ( T a b l e  19). H o w e v e r ,  th e  c o n t e n t  v a r i e d  
f rom 0 . 0 8 8  per  cen t  fo r  T n  ( a b s o l u t e  c o n t r o l )  to 0 . 1 2 8  p e r  c e n t  for  Tg ( 4  
LS + 4  RP) .

4 .3 .8  U p t a k e  o f  N u t r i e n t s
4.3.8.1 Nitrogen Uptake

T ota l  as  we l l  as i n d i v id u a l  b h u s a  a n d  f ru i t  u p t a k e  w ere  
s i g n i f i c a n t l y  i n f l u e n c e d  by  th e  t r e a t m e n t s .

Bhusa
T h e  N u p t a k e  v a l u e s  o f  b h u s a  ( T a b l e  20 )  v a r i e d  f rom  0 . 2 1 7  to 

0 .8 0 2  g p l a n t ' 1. T h e  h i g h e s t  u p t a k e  w a s  r e c o r d e d  by  T 2 ( fu l l  P a s  SSP)  
an d it w a s  on  par  w i th  Tg ( 4  LS + 4  RP)  a n d  T 3 ( fu l l  P as  RP) .  A b s o l u t e  
c o n t r o l  ( Tm )  r e c o r d e d  th e  l o w e s t  u p t a k e  a n d  w a s  s i g n i f i c a n t l y  i n f e r io r  to 
al l  o t h e r  t r e a t m e n t s .

Fruit
T h e  da t a  on  f ru i t  N u p t a k e  a re  p r e s e n t e d  in ( T a b l e  20 ) .  Tg ( 4  LS + 

4  RP )  r e c o r d e d  th e  h i g h e s t  u p t a k e  o f  0 . 7 1 7  g p l a n t " 1 a n d  it w a s  on  pa r  
w i th  T 2 ( f u l l  P as  S S P)  and T 3 ( fu l l  P a s  RP). T h e  lo w e s t  u p t a k e  o f  0.1 18 
g p l a n t ' 1 w a s  r e c o r d e d  by a b s o l u t e  c o n t r o l  ( T 1 1 ).

Total uptake
T h e  h i g h e s t  to ta l  u p t a k e  ( T a b l e  20)  o f  N (1,421 g  p l a n t ' 1) w as  

r e c o r d e d  by T 7 ( 4  LS + % R P )  f o l l o w e d  on  p a r  by  Tg ( 4  LS + 4  R P )  a nd



T r e a t m e n t s N u p t a k e  (g p l a n t " 1)
B h u s a F ru i t T o t a l

T i 0 . 633 0 . 5 7 2 1 . 205
T 2 0. 802 0. 618 1.420
t 3 0 . 7 2 8 0 . 5 8 0 1.308
T a 0. 734 0 . 4 6 2 1.196
T 5 0 . 5 8 9 0. 374 0 . 9 6 2
To 0 . 7 6 8 0. 169 1.387
T , 0 . 7 3 6 0.685 1.421
t 8 0. 674 0 .7 1 7 1.391
t 9 0 . 6 3 0 0. 294 0 . 9 2 4
T 10 0.491 0. 235 0 . 7 2 6
T , , 0 . 217 0 . 1 1 8 0 . 3 3 5

F ( 1 0 , 2 2 ) 6 .9 2 8 *  * 17 .71** 13 .85**
C D  (0 .0 5 ) 0 .184 0 . 1 3 8 0 . 2 7 4

** S i g n i f i c a n t  at pe r  c e n t  level

T i - Ful l  P as LS
T 2 - Ful l  P as  SSP
T j  - Ful l  P as  R P
t 4 - % P as  LS + Va P as  SS P
t 5 - '/a P as  LS + Vi P a s  S S P
t 6 - % P as LS + % P as  S S P
t 7 - M P as LS + % P as R P
T 8 - '/i P as  LS + lA  P as RP
T, - %  P as  LS + % P as RP
T  io - N o  P
I n  - A b s o l u t e  c o n t r o l



T :  ( ful l  P as SS P) .  T h e  a b s o l u t e  c o n t r o l  ( T L L) r e c o r d e d  th e  l o w e s t  u p t a k e  
o f  0 .3 3 5  g  p l a n t " 1 a n d  w a s  s i g n i f i c a n t l y  i n f e r io r  to all o t h e r  t r e a t m e n t s .

4.5.8.2 Phosphorus Uptake
T h e  b h u sa ,  f ru i t  a n d  to ta l  P u p t a k e  w e r e  s i g n i f i c a n t l y  i n f l u e n c e d  

by the t r e a t m e n t s .

Bhusa
T h e  d a t a  on  P u p t a k e  by  b h u s a  ( T a b l e  21 )  i n d i c a t e d  a m a x i m u m  

v a l u e  o f  0.11 6 g p l a n t ' 1 by  T 2 ( fu l l  P as  S S P )  f o l l o w e d  by  T 3 ( fu l l  P as 
RP)  and t h e y  w e r e  on par  w i th  Ts (1 /2  LS + Vi RP) .  T h e  l o w e s t  u p t a k e  o f  
0 . 02 5 g p l a n t ' 1 w a s  by a b s o l u t e  c o n t r o l  ( T u )  a n d  it w a s  on  pa r  w i th  Tm 
(no  P). T h e s e  tw o  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  i n f e r i o r  to  all o t h e r  
t r e a tm e n t s .
F ruit

The f rui t  P u p t a k e  ( T a b l e  21 )  v a l u e s  r a n g e d  f rom  0 . 0 2 4  g p l a n t ' 1 

to 0 .1 4 8  g p l a n t ' 1. T h e  h i g h e s t  va lue  w a s  r e c o r d e d  by  T# (Vi LS + 'A RP)  
a n d  T 7 ( ‘A LS +  V* RP)  f o l l o w e d  on  pa r  by  T 2 ( fu l l  P a s  S S P)  a n d  l 3 ( fu l l  
P as RP) .  A b s o l u t e  co n t r o l  ( T n ) r e c o r d e d  the l o w e s t  u p t a k e  a n d  w a s  on  
p a r  w i th  T;o  (no  P).
Total Uptake

T h e  da t a  on to ta l  P u p t a k e  a re  p r e s e n t e d  in ( T a b l e  21 ) .  T 2 ( fu l l  P 
as  S S P)  r e c o r d e d  th e  h i g h e s t  u p t a k e  o f  0 .2 5 7  g p l a n t ' 1 f o l l o w e d  by  T 3 

( fu l l  P as RP)  a n d  th ey  w e r e  on  p a r  w i th  e a c h  o t h e r  a n d  a ls o  w i th  T s ('A 
LS + Vi RP) .  T h e  l o w e s t  u p t a k e  o f  0 . 0 4 9  g  p l a n t ' 1 w a s  r e g i s t e r e d  by T u  
( a b s o l u t e  c o n t r o l ) ,  w h i c h  w a s  on  pa r  w i th  Tio  (no  P). Tio and Ti  i w e re  
s i g n i f i c a n t l y  i n f e r io r  to al l  o t h e r  t r e a tm e n t s .
4.3.8.3 Potassium Uptake

T h e  K u p t a k e  by b h u s a  an d f ru i t  as  we l l  as its to ta l  u p t a k e  w e re  
s i g n i f i c a n t l y  i n f l u e n c e d  by th e  t r e a t m e n t s .



T r e a t m e n t s P u p t a k e  (g  p l a n t ' 1)
B h u s a F ru i t T o t a l

T i 0 . 1 0 4 0. 125 0 . 2 2 9
t 2 0 . 1 1 6 0. 140 0 , 2 5 7
t 3 0 . 1 1 1 0. 139 0 . 2 5 0
t 4 0 . 0 9 8 0.131 0 , 2 3 0
T s 0 . 0 8 4 0. 083 0 . 1 6 8
t 6 0 . 0 9 6 0. 116 0 . 2 1 2

t 7 0 . 0 8 4 0. 148 0 . 2 3 2
t 8 0. 082 0. 148 0 . 2 3 0
t 9 0.081 0 . 0 8 2 0. 163

T,o 0. 039 0 . 0 3 2 0.071
T i , 0 .025 0 . 0 2 4 0 . 0 4 9

F ( 1 0 , 2 2 ) 6 .27* * 11.16** 1 0 .2 2 **
C D  (0 .0 5 ) 0 .033 0 . 0 3 9 0. 065

** S i g n i f i c a n t  at p er  c e n t  level

T  i - Ful l  P as LS
r 2 - Ful l  P as SS P
t 3 - Ful l  P as RP
t 4 - ' A  P as L S  + Vi P as S S P
t 5 - '/a P as LS + '/a P as S S P
t 6 - y* P as LS + Vi P as SS P
t 7 - % P as  LS +  Vi P as RP
Ts - '/a P as  LS + l/a P as RP
t 9 - Vi P as  LS + % P as RP
T , o - No P
T n - A b s o l u t e  con t r o l



T a b l e  22  s h o w  th a t  th e  m a x i m u m  b h u s a  K u p t a k e  ( 1 .550 g  p l a n t ' 1) 
w a s  r e c o r d e d  by T 7 ('A LS + % RP)  f o l l o w e d  on p a r  by  T s ('A LS + Vi 
RP),  w h i c h  in t u rn  w a s  on  pa r  w i th  T 2 ( ful l  P as S S P)  a n d  T 3 ( fu l l  P as 
RP).  Al l  th e  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  s u p e r i o r  to a b s o l u t e  c o n t r o l  
(T 1 1 ), w h i c h  r e c o r d e d  the l o w e s t  v a l u e  o f  0 .463 g p l a n t " 1.

Fruit
T h e  d a t a  on  f ru i t  K u p t a k e  a r e  p r e s e n t e d  in T a b l e  22 .  T 7 (% LS -r 

Vt RP)  r e g i s t e r e d  th e  h i g h e s t  K u p t a k e  o f  0 .9 5 5  g p l a n t " 1 f o l l o w e d  on p a r  
by T s ('A LS + 'A RP),  T 2 ( fu l l  P as S S P )  a n d  T 3 ( fu l l  P as  RP) .  Al l  the 
t r e a t m e n t s  r e g i s t e re d  v a l u e s  s ig n i f i c a n t l y  h i g h e r  t h a n  th e  a b s o l u t e  
c o n t r o l  (T |  i). w h i c h  r e c o r d e d  th e  l o w e s t  u p t a k e  o f  0 .1 5 5  g p l a n t " 1.

Total Uptake
T h e  to ta l  K u p t a k e  ( T a b le  22 )  v a l u e s  r a n g e d  f ro m  0 . 6 1 8  g p l a n t ' 1 

to 2 ,5 0 5  g p l a n t ' 1. T h e  h i g h e s t  u p t a k e  w a s  r e g i s t e r e d  by  T 7 ('A LS + % 
RP) and w a s  on  par  w i th  Tg (Vi LS + IA R P )  w h i c h  in turn  w a s  on  par  
w i th  T 3 ( fu l l  P as RP).  T h e  l o w e s t  u p t a k e  o f  0 .6 1 8  g p l a n t ' 1 w as  
r e c o r d e d  by  T 11 ( a b s o l u t e  c o n t r o l ) ,  w h i c h  w a s  s i g n i f i c a n t l y  i n f e r i o r  to all  
o t h e r  t r e a t m e n t s .

4 3 . 8 .4  C alc ium  Uptake

T h e  t r e a t m e n t s  s i g n i f i c a n t l y  i n f l u e n c e d  th e  b h u s a ,  f ru i t  a n d  to ta l  
u p t a k e  o f  Ca .

Bhusa
T h e  d a t a  g iven  in ta b le  23  in d i c a t e  t h a t  T s (Vi LS + 'A RP)  

r e c o r d e d  the h i g h e s t  C a  u p t a k e  o f  0.601 g p l a n t ' 1 f o l l o w e d  on  pa r  by  T 2 

( ful l  P as S S P )  a n d  T 3 ( fu l l  P as RP) .  T h e  a b s o l u t e  c o n t r o l  ( T u ) 
r e c o r d e d  th e  l o w e s t  u p t a k e  o f  0 . 2 0 1  g p l a n t ' 1.



T r e a t m e n t s K u p t a k e  (g p l a n t " 1)
B h u s a Fru i t T ot a l

T[ 1 .207 0 . 7 3 7 1.943
t 2 1.317 0. 893 2 . 2 0 9
t 3 1.290 0. 802 2 .0 9 3
t 4 1.407 0.713 2 . 1 2 0
t 5 1.190 0. 634 1.824
t 6 1.173 0. 763 1.936
t 7 1.550 0. 955 2 . 5 0 5
T s 1.440 0 . 9 3 0 2 . 3 7 0
Tg 1.217 0 . 6 1 7 1.834

Tio 1.080 0 . 4 1 7 1.497
T , , 0 .463 0.155 0 . 6 1 8  ;

F (10 ,  22) 16 .93** 11.75** 17 .87**
C D  (0 .0 5 ) 0 . 202 0. 202 0, 353

** S i g n i f i c a n t  at p e r  c e n t  level

T, - Ful l  P as  LS
t 2 - Ful l  P as  S S P
t 3 - Ful l  P a s  RP
t 4 - % P as LS + % P as S S P
Ts - Vi P as LS + Vi P as S S P
1 * _ V* P as LS + % P as S S P

t 7 - V* P as LS + % P as  RP
Ts - Vi P as LS + Vi P as RP
Tg - % P as LS + % P as RP
T i o - N o  P
T m - A b s o l u t e  c o n t r o l



T r e a t m e n t s C a  u p t a k e  (g p l a n t ' 1 )
B h u s a Fru i t T o t a l

T, 0 . 5 2 0 0 .068 0 . 5 8 8
t 2 0 .565 0 . 0 8 7 0 . 6 5 2
t 3 0. 527 0 . 0 9 7 0 . 6 2 4
T 4 0. 528 0 . 0 7 7 0 . 6 0 5
T 5 0.495 0 . 0 6 4 0 . 5 5 9
t 6 0 . 4 3 7 0.075 0 . 5 1 2
t 7 0. 532 0.083 0 . 6 1 5
t 8 0.601 0 .0 8 7 0 . 6 8 8

t 9 0 . 5 5 8 0.045 0 . 6 0 3
T io 0 . 3 4 2 0. 029 0.371
T , , 0 . 2 0 1 0 .0 1 6 0 . 2 1 7

F (10,  22) 3 . 67* * 5. 38* * 4 . 6 6 * *
C D  (0 .0 5 ) 0 . 1 7 8 0. 033 0 . 1 8 8

** S i g n i f i c a n t  at pe r  c e n t  level

n  - Ful l  P a s  LS
T ;  - Full  P a s  S S P
t 3 - Full  P as  RP
t 4 - V* P a s  LS + J/4 P a s  SSP
T ,  - 14 P a s  LS + 14 P a s  S S P
T fi - 3/ i  P as  LS +  % P as  S S P
r 7 - % P as  LS +  % P as  R P

t 8 - !4 P as  LS +  14 P as  RP
t 9 - J/4 P as  LS + % P as  RP
Tio - N o  P
T n  - A b s o l u t e  c on t r o l



Fruit
T h e  f ru i t  C a  u p t a k e  ( T a b l e  23 )  v a l u e s  r a n g e d  f ro m  0 . 0 1 6  to 0 . 0 9 7  

g p l a n t ' 1. T h e  h i g h e s t  u p t a k e  w a s  r e c o r d e d  by  T 3 ( fu l l  P as RP)  f o l l o w e d  
on  p a r  by  T 8 (14 LS + 14 R P )  a nd  T 2 ( fu l l  P a s  S S P ) .  A b s o l u t e  c o n t r o l  
(T j ]) r e c o r d e d  the l o w e s t  u p t a k e .

Total  Uptake
T h e  h i g h e s t  to ta l  u p t a k e  ( T a b le  23 )  o f  C a  o f  0 . 6 8 8  g p l a n t ' 1 w as  

r e c o r d e d  by  T* (14 LS + Vi R P )  f o l l o w e d  on  p a r  by T 2 ( fu l l  P as  S S P )  a nd  
T? {% LS + Vt RP) .  T h e  l o w e s t  u p t a k e  o f  0.21 7 g p l a n t ' 1 w a s  r e c o r d e d  by  
a b s o l u t e  c o n t r o l  ( T M).

4.3.8.5 Magnesium Uptake
T h e  t r e a t m e n t s  s i g n i f i c a n t l y  i n f l u e n c e d  th e  M g  u p t a k e  by  b h u s a  

a n d  a l s o  its to ta l  u p t a k e  in g e n e r a l  in sp i t e  o f  th e  i n s i g n i f i c a n t  e f f e c t  on 
frui t .

Bhusa
T« (14 LS +  14 RP )  r e c o r d e d  the h i g h e s t  M g  u p t a k e  ( T a b l e  24 )  o f  

0 .1 7 6  g p l a n t " 1 f o l l o w e d  on pa r  by  T 2 ( f u l l  P as  S S P)  a n d  T 3 ( fu l l  P as
RP).  A b s o l u t e  co n t r o l  (Tn)  r e c o r d e d  th e  l o w e s t  u p t a k e  o f  0 . 049
g p l a n t ' 1.

Fruit

N o  s i g n i f i c a n t  e f f e c t  d u e  to th e  a p p l i c a t i o n  o f  v a r i o u s  t r e a t m e n t s  
w a s  o b s e r v e d  on  f ru i t  u p t a k e  o f  M g  ( T a b le  24),  H o w e v e r ,  th e  h i g h e s t  
up t a k e  o f  0 . 0 4 7  g p l a n t ' 1 w a s  r e c o r d e d  by T s ('A LS + 14 RP)  a n d  lo w e s t  
o f  0 . 0 1 4  g p l a n t ' 1 by  Tio  (no  P).

Total Uptake
T a b l e  24 d e p i c t s  to ta l  M g  u p t a k e  v a l u e s . T 8 (14 LS + 14 RP)

r e c o r d e d  the  h i g h e s t  u p t a k e  o f  0 . 2 2 2  g p l a n t ' 1 f o l l o w e d  on  par  by  T 2 ( fu l l



T r e a t m e n t s
M g  u p t a k e  (g p l a n t ' 1)

B h u s a Frui t T o t a l
T[ 0 . 1 3 7 0 . 0 3 6 0 .172
T 2 0 . 1 7 4 0. 035 0 . 2 0 9
T 3 0 . 1 6 0 0 . 0 3 8 0 . 1 9 8
t 4 0 . 1 5 0 0. 036 0 . 1 8 7
t 5 0. 142 0. 024 0 . 1 6 6
T fi 0 . 135 0. 040 0 . 1 7 4
t 7 0 . 1 2 9 0.043 0 . 1 7 2
Ts 0 . 1 7 6 0. 047 0 . 2 2 2

t 9 0 . 1 5 0 0. 024 0 . 1 7 4
T , 0 0. 095 0. 014 0 . 1 0 9
T , i 0 . 0 4 9 0 . 0 3 9 0 . 0 8 8

F ( 1 0 , 2 2 ) 3 .71* * 1.09 3 . 6 3 * *
C D  (0 .0 5 ) 0 . 0 5 6 - 0.061

** S i g n i f i c a n t  at  I p e r  c e n t  leve l ,  N S  -  N o n  s i g n i f i c a n t

T, - Ful l  P a s  LS
t 2 - Ful l  P a s  S S P
t 3 - Ful l  P a s  RP
t 4 - % P as  LS + %  P as  SS P
T ,  - Vi P as  LS +  Vi P as  SS P
T & - 3/4 P as  LS + Va P as  SS P
t 7 - Va P as  LS + % P as  RP
Ts - Vi P as  LS + Vi P as  RP
Tg - Va P as  LS + 'A P as  RP
T , 0 - N o  P
T  i , - A b s o l u t e  c o n t r o l



P as  SS P)  a n d  T 3 ( fu l l  P as  RP) .  T h e  l o w e s t  M g  u p t a k e  o f  0 .0 8 8  g p l a n t ' 1 

w a s  r e c o r d e d  by  a b s o l u t e  co n t r o l  ( T n ) ,  w h i c h  w a s  s i g n i f i c a n t l y  in fe r io r  
to al l  o t h e r  t r e a t m e n t s .

4 .3 .9  E c o n o m i c  A n a l y s i s

S i g n i f i c a n t  v a r i a t i o n s  in b e n e f i t - c o s t  ra t i o s  ( T a b l e  25 )  r e su l t e d ,  
c o n s e q u e n t  to  t r e a t m e n t  a p p l i c a t i o n .  T h e  v a l u e s  r a n g e d  f ro m  0 . 9 1 4  to 
2 .880 ,  the m i n i m u m  be ing  r eco r ded  by abso lu te  con t ro l  (Ti i) and the 
m a x i m u m  by T 7 (% LS + 3A RP)  w h ich  was  on pa r  wi th  Tg (14 LS + 14 RP).

4 . 3 .1 0  E f f e c t  o f  T r e a t m e n t s  on Soi l  P a r a m e t e r s

4.3.10.1 Soil pH
T h e  t r e a t m e n t s  f a i l ed  to p r o d u c e  a n y  s i g n i f i c a n t  e f f e c t  on  soi l  p(I 

( T a b l e  26 ) .  H o w e v e r ,  th e  v a l u e s  r a n g e d  f ro m  5 . 35  to 5 . 91 ,  T h e  m o s t  
neu t r a l  v a l u e  w a s  r e c o r d e d  by T |  ( fu l l  P as LS).

4.3.10.2 Electrical Conductivity
S i g n i f i c a n t  in f l u e n c e  w a s  e x e r t e d  by th e  t r e a t m e n t s  on EC v a l u e s  

o f  the soi l .  T h e  m a x i m u m  EC ( T a b le  26)  v a l u e  ( 1 5 4 . 7 0  gS m ' 1) w as  
r e g i s t e r e d  by  Tg (14 LS + 14 R P )  f o l l o w e d  by  T] ( fu l l  P a s  LS)  a nd  th ey  
w e r e  s t a t i s t i c a l l y  on  par .  T h e  s i g n i f i c a n t l y  l o w e s t  v a l u e  o f  8 1.97 pS m ' 1 

w a s  r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T n ) .

4.3.10.3 Organic  Carbon
T h e  t r e a t m e n t  a p p l i c a t i o n  s ig n i f i c a n t l y  i n f l u e n c e d  soi l  o r g a n i c  C 

c o n t e n t  ( T a b l e  26).  T t ( fu l l  P as  LS)  r e c o r d e d  s i g n i f i c a n t l y  s u p e r i o r  
va lue  o f  1.023 p e r c e n t .  T n  ( a b s o l u t e  c o n t r o l )  r e c o r d e d  th e  l o w e s t  v a l u e  
o f  0 . 7 3 2  p e r  c e n t  and  w a s  s i g n i f i c a n t l y  i n fe r io r  to all  o t h e r  t r e a t m e n t s .

4.3.10.4 Available Nitrogen
T h e  a v a i l a b l e  N c o n t e n t  ( T a b le  27 )  o f  soi l  v a r i e d  s i g n i f i c a n t l y  

u n d e r  the i n f l u e n c e  o f  t r e a t m e n t s  f ro m  2 0 3 . 5 0  kg h a ' 1 to 2 7 3 . 2 4  kg  h a ' 1.



T r e a t m e n t s B :C  ra t io
Ti 2 . 3 8 7
t 2 2 . 7 1 7
t 3 2 . 6 2 0
t 4 2 . 1 8 2
t 5 1.595
Tf, 2 . 203
t 7 2 . 8 8 0
T s 2. 673
t 9 1.383

T io 1.143
T , , 0 . 914

F (10,  22) 10 .94**
C D  (0 .0 5) 0 . 6 1 4

** S i g n i f i c a n t  at  1 pe r  c e n t  leve l

T,  - Full  P a s  LS
1 2 ~ Ful l  P a s  S S P

T , - Full  P a s  RP
t 4 - % P as  LS + % P as SS P
t 5 - 'A P as  LS + 'A P as SS P
t 6 - Ts P as LS + 'A P as S S P
t 7 - % P as LS + % P as RP
T s - Vi P as LS + V, P as  RP
T y - % P as LS + % P as  RP
T io - N o  P
T u  - A b s o l u t e  c on t r o l



ca rbon contents

T r e a t m e n t s Soi l  pH
E le c t r i c a l  

c o n d u c t i v i t y  
( j iS  m ' 1)

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

(% )
T, 5.91 144.73 1.023
t 2 5 .59 126.57 0 . 8 7 7
t 3 5.48 113.23 0 . 9 2 0
t 4 5. 59 115 .7 7 0 . 8 5 0
T 5 5.59 12 6 .8 7 0 . 8 5 7
To 5.35 1 18 .30 0 . 9 4 7
t 7 5 .59 11 6 .9 7 0 . 8 3 7
t 8 5.38 154.70 0. 903
To 5.63 134.50 0. 923

Tio 5.53 103.63 0 . 7 8 7
T „ 5.59 8 1 .9 7 0 . 7 3 2

F ( 1 0 , 2 2 ) 0 . 6 4 ^ 15.72** 2 5 .8 6 * *
C D  ( 0 .0 5 ) - 14 .57 0 . 0 4 6

** S i g n i f i c a n t  at pe r  c en t  leve l ,  N S : N o n  s i g n i f i c a n t

Ti - Ful l  P as  LS
T 2 - Ful l  P as  S S P
t 3 - Ful l  P as  RP
t 4 - % P as LS +  3A P as  S S P
T; _ A P as  LS +  A P as  S S P
t 6 - 3A P as LS +  % P as  S S P
T 7 - Va P as LS +  3A P as  RP
T 8 - A P as  LS +  A P as  RP
t 9 - 3/4 P as  LS + Va P as  RP
Tio - N o  P
T n  - A b s o l u t e  c o n t r o l



T r e a t m e n t s
A v a i l a b l e  N 

(kg  ha"1)
A v a i l a b l e  P 

(kg  h a ’1)
A v a i l a b l e  K 

( kg  h a ’1)
T i 2 3 3 . 7 0 105.05 70 .3 3
t 2 2 2 2 . 0 2 97 .3 2 55.81
Ts 2 6 9 .9 2 10 0.36 72 .5 8
t 4 270.31 104.23 72 .8 9
t 5 2 5 1 .6 2 98.01 4 6 . 9 6
T(, 25 8 .3 5 107.60 5 8 .7 0
T 7 2 6 4 . 0 0 106.42 67 .9 5
Ts 2 7 3 . 2 4 111.18 6 2 .5 7
T» 26 7 .6 3 101.42 4 7 . 6 8
T io 2 4 5 . 7 8 79.33 6 3 .3 9
T n 2 0 3 . 5 0 77.33 3 8 . 6 9

F ( 1 0 , 2 2 ) 2 .8 6 * 4  3 ** 3. 63* *
C D  (0 .0 5 ) 39 .3 3 22.71 17.58

■“S i g n i f i c a n t  at  5 pe r  cen t  leve l ,  ** S i g n i f i c a n t  a t  1 p e r  c e n t  level

T,  - Ful l  P as LS
t 2 - Ful l  P as SSP
t 3 - Ful l  P as RP
t 4 - % P as  LS + 3/4 P as SS P
T j  - Vi P a s  LS + '/2 P as  S SP
t 6 - % P as  LS + V* P as SSP
T 7 - % P as  LS + % P as RP
T s - Vi P a s  LS  + Vi P as  R P
T 9 - % P as  LS + 'A P as  RP
Tio - N o  P
T , ,  - A b s o l u t e  c on t r o l



T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  by  T s ( A  LS + A RP)  f o l l o w e d  on par  
by T 4 ( A  LS + Va S S P )  and T 3 ( fu l l  P as RP) .  T h e  a b s o l u t e  c o n t r o l  ( T u )  
r e c o r d e d  th e  l o w e s t  va lue .

4.3.10.5 Available Phosphorus
T h e  t r e a t m e n t s  s i g n i f i c a n t l y  i n f l u e n c e d  t h e  a v a i l a b l e  P c o n t e n t  

( f a b l e  27)  o f  th e  soi l .  T s ( A  LS + A RP)  r e c o r d e d  th e  h i g h e s t  c o n t e n t  o f  
I I 1.18 kg  h a ' 1 a n d  it w a s  f o l l o w e d  on  par  by  T$ {Va LS + A S S P ) .  T 7 (A  
LS + Va RP) ,  T 2 ( f u l l  P as  S S P )  a n d  T 3 ( ful l  P as  RP) .  T h e  l o w e s t  c o n t e n t  
o f  77 .33  kg  h a ' 1 w a s  r e c o r d e d  by  T u  ( a b s o l u t e  c o n t r o l ) ,  w h i c h  w'as on 
par  w i th  T m  (no  P).

4.3.10.6 Available Potassium
T h e  a v a i l a b l e  K. c o n t e n t  ( T a b l e  2 7 )  o f  soi l  v a r i e d  s i g n i f i c a n t l y  du e  

to the a p p l i c a t i o n  o f  t r e a t m e n t s .  T 4 ( A  LS + % S S P )  r e c o r d e d  th e  h i g h e s t  
v a l u e  ( 7 2 , 8 9  kg  h a 1) f o l l o w e d  on  pa r  by T 8 (A LS +  A RP) ,  T 7 ( A  LS + 
Va RP)  and T 2 ( fu l l  P a s  SS P) .  A b s o l u t e  c o n t r o l  ( T u )  r e c o r d e d  th e  l o w e s t  
v a l u e  o f  3 8 .6 9  kg  h a ' 1.

4 .3 .10. 7 Exchangeable Calcium
S i g n i f i c a n c e  w a s  n o t i c e d  as a  r e su l t  o f  t r e a t m e n t  a p p l i c a t i o n  on  

e x c h a n g e a b l e  Ca  c o n t e n t  ( T a b l e  2 8 )  o f  soi l .  T h e  v a l u e s  r a n g e d  f rom 
0 .6 3 0  c m o l  k g ' 1 to 0 .75 5 c m o l  k g ' 1. T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  
by T 4 (A LS + Va S S P )  f o l l o w e d  on  p a r  by Ts  ( A  LS + A R P ) ,  T 7 ( A  LS + 
A RP)  a n d  T 2 ( fu l l  P as SS P) .  T h e  l o w e s t  va lue  w a s  r e g i s t e r e d  by 
a b s o l u t e  co n t r o l .

4.3.10.8 Exchangeable Magnesium
E x c h a n g e a b l e  M g  o f  soi l  ( T a b l e  28)  w a s  s i g n i f i c a n t l y  i n f l u e n c e d  

by t r e a t m e n t s .  T, ( ful l  P as  LS)  r e c o r d e d  th e  h i g h e s t  c o n t e n t  o f  1.3 
c m o l  k g ' 1 f o l l o w e d  on  pa r  by  T s (A LS +  A RP)  a n d  T 7 (A LS + % RP) .  
T h e  l o w e s t  v a l u e  o f  0.5 cm o l  k g " 1 w a s  r e c o r d e d  by a b s o l u t e  c o n t r o l  (T |  ]),



T r e a t m e n t s E x c h a n g e a b l e  C a  
( c m o l  k g ' 1)

E x c h a n g e a b l e  M g  
( c m o l  k g ' 1)

T, 0 .704 1.300
0 .743 0 . 9 0 0

t 3 0 .680 1.033
t 4 0 .755 1 . 2 0 0

IT 0 .705 1.133
t 6 0 . 7 2 4 1 . 1 0 0

t 7 0 . 7 4 4 1.067
t 8 0.701 1.233
t 9 0 . 6 6 7 0 . 8 6 7
T io 0 .648 0 . 6 0 0
T n 0 . 6 3 0 0 . 5 0 0

F ( 1 0 , 2 2 ) 3 . 9 3 * * 1 1 .58**
C D  (0 .0 5) 0 . 0 6 0 0 . 2 2 1

** S i g n i f i c a n t  at  1 pe r  c e n t  level

T  i - Ful l  P as LS
t 2 - Ful l  P as S S P
t 3 - Ful l  P as RP
T„ - V* P as LS + % P as S S P
T s - ’A P as  LS + l/ 2 P as  S S P
Ts - % P as  LS +  V* P as  S S P
t 7 - % P as  LS +  3/4 P as  RP
T* - ■/i P as  LS + !4 P as  RP
Tg - 3A P as  LS + 'A P as R P
T , n ~ N o  P
T n - A b s o l u t e  c o n t r o l



w h i c h  w a s  on  pa r  w i th  I 'm  (no  P) a n d  t h e y  w e r e  s i g n i f i c a n t l y  i n fe r io r  to 
all o t h e r  t r e a t m e n t s .

4 .4  S T U D Y  O F  T H E  R E S I D U A L  E F F E C T  ON A S U B S E Q U E N T  C R O P  
O F  C H I L L I

R e s u l t s  o f  th e  i n v e s t i g a t i o n  o n  the r e s i d u a l  e f f e c t  o f  a p p l i e d  
f e r t i l i z e r s  on  a s u b s e q u e n t  c r o p  o f  c h i l l i  g r o w n  on th e  s a m e  soi l  a re  
p r e s e n t e d  be low .

4.4 .1  Y i e ld  p e r  P la n t

T h e r e  w a s  s i g n i f i c a n t  d i f f e r e n c e  in th e  f ru i t  y i e ld  ( T a b l e  29 )  o f  
r e s i d u e  c r o p  du e  to t r e a t m e n t  a p p l i c a t i o n .  T h e  v a r i a t i o n  w a s  f ro m  2 5 .8 6  
g p l a n t " 1 to 10 4.37  g p la nt " ’ . T 8 ( A  LS + A RP)  r e c o r d e d  th e  m a x i m u m  
v a l u e  f o l l o w e d  on par  by T 5 (1 /2  LS + A SS P) ,  T 4 ( A  LS + 3A S S P) ,  T 3 

( fu l l  P as RP)  and T 7 (A LS + A  RP) .  T h e  l o w e s t  y i e l d  w a s  r e c o r d e d  by 
T |  i ( a b s o l u t e  c o n t r o l ) ,  w h i c h  w a s  s i g n i f i c a n t l y  l o w e r  th an  all  o t h e r  
t r e a t m e n t s  e v e n  Tio (no  P).

4 .4 .2  P l a n t  D ry  M a t t e r  C o n t e n t

T h e  t r e a t m e n t s  w e r e  e f f e c t i v e  in c r e a t i n g  v a r i a t i o n  in to ta l  dry  
m a t t e r  c o n t e n t  as  we l l  as b h u s a  a n d  f ru i t  dr y  m a t t e r  o f  th e  r e s i d u e  c r o p .

4.4.2.1 Bhusa

T h e  d a t a  on b h u s a  dry m a t t e r  a r e  p r e s e n t e d  in t a b l e  2 9 . T« ( A  LS ■+ 
A RP)  r e c o r d e d  th e  h i g h e s t  dr y  m a t t e r  c o n t e n t  o f  2 4 . 1 7  g p l a n t *1 

f o l l o w e d  on  par  by  T,  ( fu l l  P as  LS)  and T 3 ( fu l l  P a s  RP) .  T h e  lo w e s t  
dry  m a t t e r  c o n t e n t  o f  10 .50  g p l a n t *1 w a s  r e c o r d e d  by a b s o l u t e  c o n t r o l  
(Ti i ) to w h i c h  all  t r e a t m e n t s  w e r e  s u p e r i o r .

4.4.2.2 Fruit
S ta t i s t i c a l  a n a l y s i s  o f  th e  f ru i t  dr y  m a t t e r  c o n t e n t  ( T a b l e  29) ,  

w h i c h  s h o w e d  s i g n i f i c a n c e  r e v e a l e d  t h a t  th e  m a x i m u m  o f  13.89 g  p l a n t " 1



T r e a t m e n t s
Fru i t  y i e ld  
( g  p l a n t 1)

D r y  m a t t e r  c o n t e n t  ( g  p l a n t " 1)
B h u s a Fru i t T o t a l

T, 95 .4 7 2 4 .0 0 12.71 36.71
T ; 93.93 20 .8 3 12.51 3 3 .3 4
t 3 102.13 22 .0 3 13.60 35 .6 3
1 4 102.50 20.73 13.65 3 4 .3 8

T s 103.17 23 .9 0 13.74 3 7 .6 4
t 6 95 .1 3 2 2 .3 0 12.67 3 4 .9 7
f  7 102.90 19.43 13.70 33 .1 3

Ts 104.37 2 4 .1 7 13.89 38 .0 6
T , 9 5 .2 7 2 2 .6 0 12.69 3 5 .2 9
T  ,n 6 1 .6 7 16.20 8 . 2 1 24,41
T , , 2 5 .8 6 10.50 3. 44 13.94

18 .3 8 **F ( 1 0 , 2 2 ) 12 .42** 7 7 7 ** 12 .43**
C D  ( 0 .0 5 ) 20 .1 4 4 . 2 9 2 . 6 8 4 . 9 0

** S i g n i f i c a n t  at  1 pe r  c e n t  level

T, - Ful l  P as LS
T 2 - Ful l  P as SSP
t 3 - Ful l  P as  RP
t 4 - % P as LS + 3/4 P as S S P
t 5 - '/a P as LS + '/a P as S S P
T  6 - J/4 P as  LS +  Va P as SSP
t 7 - V a  P as  LS +  J/4 P as RP
T« - '/a P as LS + '/j P as RP
t 9 - % P as LS + % P as RP
Tio - N o  P
T , ,  - A b s o l u t e  c o n t r o l



w a s  r e c o r d e d  by  Ts ( A  LS + A RP)  f o l l o w e d  on  pa r  by  T ;  ( A  LS + A 
S S P )  and T 3 ( fu l l  P as RP) .  T n ( a b s o l u t e  c o n t r o l )  r e c o r d e d  th e  m i n i m u m  
c o n t e n t  o f  3 . 4 4  g p l a n t " 1 and  it w a s  s i g n i f i c a n t l y  i n f e r i o r  to al l  o t h e r  
t r e a t m e n t s .

4.4.2.3 Total Dry Matter
T o t a l  dr y  m a t t e r  c o n t e n t  ( T a b l e  29 )  w a s  a l s o  s i g n i f i c a n t  u n d e r  

t r e a t m e n t  a p p l i c a t i o n .  T h e  v a r i a t i o n  w a s  f rom  13.94  g p l a n t ' 1 r e c o r d e d  
by T u  ( a b s o l u t e  c o n t r o l ) ,  w h i c h  w a s  s i g n i f i c a n t l y  th e  l o w e s t  to 38 .0 6  
g p l a n t ' 1 r e g i s t e r e d  by T 8 ( A  LS + A RP) ,  w h i c h  w a s  o n  p a r  w i th  T 5 (A  
LS + A S S P )  a n d  T 3 ( fu l l  P as RP) .

4 .4 .3  N u t r i e n t  C o n c e n t r a t i o n  in P l a n t  P a r t s

4.4.3.1 Bhusa
T h e  b h u s a  n u t r i e n t  c o m p o s i t i o n  v iz .. N ,  P, K, C a  and M g  va r ie d  

s i g n i f i c a n t l y  as a re su l t  o f  t r e a t m e n t  a p p l i c a t i o n .

4.4.3.1.1 Nitrogen
T h e  d a t a  on  b h u s a  N c o n t e n t  ( T a b l e  30 )  s h o w e d  th a t  t h e re  e x i s t e d  

a r a n g e  f ro m  0 . 6 1 7  pe r  c e n t  for  T M ( a b s o l u t e  c o n t r o l )  to 2 .5 0 3  per  c e n t  
for T 4 ( A  LS + J/4 SS P) ,  T 4 w a s  on p a r  w i th  T 8 ( A  LS +  A RP) ,  T 3 ( fu l l  P 
as RP)  and  T& (A LS + A SS P) .  T n  w a s  s i g n i f i c a n t l y  i n fe r io r  to all o t h e r  
t r e a t m e n t s .

4.4 .3 .1 .2  Phosp horu s

T a b l e  30  d e p i c t s  the da t a  on  b h u s a  P c o n t e n t .  T 8 ( A  LS + 'A RP)  
r e c o r d e d  th e  h i g h e s t  P c o n t e n t  o f  0 .2 9 3  pe r  c en t  f o l l o w e d  on  pa r  by  T 3 

( ful l  P as RP),  T ,  ( A  LS + A RP)  a n d  T 6 (3A LS + A S S P ) .  A b s o l u t e  
c o n t r o l  ( T i i )  r e c o r d e d  th e  l o w e s t  ( 0 .1 0 3  p e r  cen t ) ,  w h i c h  w a s  on pa r  wi th  
T |  o (no  P). Tio  a n d  T \ \ w e r e  s i g n i f i c a n t l y  i n f e r io r  to al l  o t h e r  t r e a tm e n t s .



T r e a t m e n t s
N

(% )
P

(% )
K

(%)
C a
(%)

Mg
(% )

T, 1.853 0 . 2 0 2 3. 587 1.133 0 . 6 2 4
1 2 1.937 0 . 1 9 9 3. 920 1.040 0. 592

t 3 1.973 0 . 2 2 1 3.693 1.133 0 . 5 7 6
t 4 2 .5 0 3 0 , 1 9 7 3.933 1.013 0 . 4 8 0
t 5 1.789 0 . 1 8 0 3 .373 1.027 0 . 5 2 8
Ts 2 . 1 1 2 0 . 2 3 9 4 . 1 2 7 1.040 0 . 4 4 8
t 7 1.710 0 . 2 1 4 3. 800 1.007 0 . 5 4 4
Ts 1.949 0. 293 3.793 1.040 0 . 6 0 8
t 4 1.637 0 .2 4 2 3.753 0 .9 7 3 0 . 5 7 6

T  hi 1.699 0. 105 3. 690 0 . 7 0 3 0. 243
T u 0 . 6 1 7 0. 103 1,687 0 . 4 8 0 0. 203

F (10,  22) 5 . 71* * 3. 45* * 3. 94* * 7.88* * 9. 1**
C D  (0 .0 5) 0 . 5 6 4 0 . 0 8 8 0 . 9 6 9 0. 205 0 . 1 3 9

** S i g n i f i c a n t  at  1 per  c e n t  level

T  i - Ful l  P as LS
t 2 - Ful l  P as SS P
t 3 - Ful l  P as RP
t 4 - % P as  LS + % P as  S S P
T 5 - Zi P a s  LS + P a s  S S P
T t ~ % P as  LS + 'A P as  SS P
t 7 - % P as  LS + % P as  RP
T K - Z2 P as  LS + Z2 P as  RP
Ty - % P as  LS + V a P as  R P
T 10 - N o  P
T n  - A b s o l u t e  con t r o l



4 .4 .3 .1.3 Potassium
T h e  K. c o n t e n t  o f  b h u s a  ( T a b l e  30)  v a r ie d  f ro m  1 .687 pe r  c e n t  to 

4 . 1 2 7  per  ce n t .  T h e  m a x i m u m  c o n t e n t  w a s  r e g i s t e r e d  by T 6 (V* LS + 'A 
S S P )  to w h i c h  all  o t h e r  t r e a t m e n t s  e x c e p t  T n  ( a b s o l u t e  c o n t r o l )  w e r e  on 
par.

4.4.3.1.4 Calcium
W i th  r ega rd  to b h u s a  C a  c o n t e n t  ( T a b le  30),  al l  th e  t r e a t m e n t s  

e x c e p t  T 1() (no  P) a n d  T u  ( a b s o l u t e  c o n t r o l )  w e r e  on pa r  to o n e  a n o th e r .  
T h e  h i g h e s t  c o n t e n t  o f  1.13 pe r  c e n t  w a s  r e c o r d e d  by  T 3 ( fu l l  P a s  RP) 
f o l l o w e d  on  pa r  by Ti ( fu l l  P a s  LS)  a n d  T g {'A LS + 'A RP) .  T h e  lo w e s t  
c o n t e n t  o f  0 .4 8  pe r  c e n t  w a s  r e g i s t e r e d  by T 11 a n d  it w a s  s i g n i f i c a n t l y  
i n fe r io r  to Tm.

4,4 .3 .1 .3  M agn es iu m
T h e  h i g h e s t  M g  c o n t e n t  ( T a b l e  30 )  o f  0 . 6 2 4  p e r  c e n t  w as  

r e g i s t e r e d  by T |  ( fu l l  P as  LS)  f o l l o w e d  on pa r  by Tg ( ’A  LS + 'A RP) .  T h e  
l o w e s t  c o n t e n t  o f  0 .2 0 3  p e r  c e n t  w a s  r e c o r d e d  by  a b s o l u t e  c o n t r o l  ( T u )  
and it w a s  on  par  w i th  Tiq  (no  P). T h e s e  t w o  t r e a t m e n t s  w e r e  
s i g n i f i c a n t l y  i n fe r io r  to al l  o t h e r  t r e a t m e n t s .

4.4.3.2 Fruit
S ta t i s t i c a l  s c r u t i n y  o f  th e  da t a  on  f ru i t  n u t r i e n t  c o m p o s i t i o n  o f  

r e s i d u e  c r o p  s h o w e d  s ig n i f i c a n t  r e s p o n s e  fo r  N,  P a n d  K, bu t  C a  and Mg 
c o n t e n t s  w e r e  u n a f f e c t e d .

4.4.3.2.1 Nitrogen
T h e  r a n g e  o f  f ru i t  N c o n t e n t  ( T a b l e  31)  w a s  f ro m  0 . 6 7 4  pe r  cent  

r e c o r d e d  by a b s o l u t e  co n t r o l  ( T i l ) ,  w h i c h  w a s  s i g n i f i c a n t l y  th e  l o w e s t  to 
2 . 13 3 per  c e n t  r e c o r d e d  by T^ ( fu l l  P as  S S P)  f o l l o w e d  on  p a r  by T 8 ( {A 
LS + >/a RP) ,  T s CA LS + Vi S S P)  and T b CA LS + % SS P) .



T r e a t m e n t s
N

(%)
P

( %)
K

(%)
C a
(%)

Mg
(%)

T[ 1.799 0 . 3 5 4 3. 703 0 . 3 2 0 0 . 0 8 0
t 2 2.133 0. 388 3 . 8 0 0 0 .373 0 . 0 9 6
t 3 1.800 0.365 3 . 7 8 7 0 . 4 0 0 0 . 0 6 4
t 4 1.695 0 . 3 2 9 3 . 7 1 7 0 . 3 4 7 0 . 0 7 2
t 5 1,935 0 . 4 0 2 3. 793 0. 293 0 . 0 8 8
[ f. 1.913 0 . 3 6 9 3 . 9 4 7 0 .373 0 . 0 9 6

t 7 1.833 0 . 3 7 7 3. 847 0. 373 0 . 0 5 6
T r 2.1 13 0 . 3 1 7 3. 690 0 . 3 2 0 0 . 1  1 2

T , 1.731 0 . 3 3 4 3. 750 0 , 3 4 7 0 . 0 6 4
T , o 1.710 0. 165 3. 560 0 . 1 6 0 0 . 0 2 9
T n 0 . 6 7 4 0 . 1 2 6 1.420 0 . 1 4 0 0 . 0 1 8

F ( 1 0 , 2 2 ) 4 .0** 5. 98* * 6. 58* * 1 . 9 1 NS 2 . 2  T 1’
C D  (0 .0 5 ) 0 ,570 0. 108 0 . 8 1 4 - -

** S i g n i f i c a n t  a t  1 pe r  c e n t  lev e l ,  N S  -  N o n  s i g n i f i c a n t
T t - Ful l  P as  LS
T 2 - Ful l  P as  S S P
t 3 - Ful l  P as  RP
t 4 - % P as  LS + % P as  SSP
T s - !4 P as  LS + Vi P a s  SSP
t 6 - % P as  LS + !4 P as SSP
t 7 - % P as LS + y4 p  as RP
Ts - Vi P as LS + 'A P as RP
T 9 ~ 3/4 P as LS + % P as  RP
T io - N o  P
T n  - A b s o l u t e  con t r o l



4.4.3 .2 .2  P hosp horus
T h e  P c o n t e n t  o f  f ru i t  ( T a b l e  31 )  r a n g e d  f rom  0 . 1 2 6  per  cen t  to  

0 .4 0 2  p e r  cen t .  T 5 (Vi LS +  Vi S S P )  r e g i s t e r e d  th e  h i g h e s t  c o n t e n t  
fo l l o w e d  on  pa r  by Tg (Vi LS + Vi RP) ,  T 2 ( fu l l  P as S S P)  a n d  T 3 ( fu l l  P 
as RP) .  T h e  l o w e s t  c o n t e n t  w a s  r e g i s t e r e d  by  T n  ( a b s o l u t e  c o n t r o l ) ,  
w h i c h  w a s  on pa r  w i th  T 10 ( no  P), T h e y  t w o  w e r e  s i g n i f i c a n t l y  in f e r io r  
to all  o t h e r  t r e a tm e n t s .

4.4.3 .2 .3  Po tass ium
T a b l e  31 d e p i c t s  f ru i t  K c o n t e n t .  T h e  t r e a t m e n t ,  Vi P as  LS a n d  % 

P as S S P  (Ts)  r e c o r d e d  th e  h i g h e s t  K c o n t e n t  o f  3 . 9 4 7  p e r  c e n t  f o l l o w e d  
on p a r  by  Tg (Vi LS + Vi RP)  a n d  T 7 (% LS + 3A  RP) .  A b s o l u t e  c o n t r o l  
(T |  1) r e c o r d e d  the lo w es t  c o n t e n t  o f  1 .420 per  cent .

4 .4 .3 .2 .4  Calc ium
N o  s i g n i f i c a n t  e f f e c t  du e  to th e  a p p l i c a t i o n  o f  v a r i o u s  t r e a t m e n t s  

w a s  o b s e r v e d  on f ru i t  C a  c o n t e n t  ( T a b l e  31).  H o w e v e r ,  th e  h i g h e s t  Ca  
c o n t e n t  o f  0 .4 0  pe r  c en t  w a s  r e c o r d e d  by  T 3 ( fu l l  P as R P )  a n d  lo wes t  
va lue  o f  0 .1 4  pe r  c e n t  by T u  ( a b s o l u t e  c on t r o l ) .

4.4.3.2.5 Magnesium
S i m i l a r  to f ru i t  C a  c o n t e n t ,  the v a r io u s  t r e a t m e n t s  had  no  

s i g n i f i c a n t  e f f e c t  on M g c o n t e n t  ( T a b l e  31 )  a l so .  H o w e v e r ,  Tg ('A LS + 
Vi RP)  r e c o r d e d  th e  h i g h e s t  c o n t e n t  o f  0 ,1 1 2  p e r  c en t  w h i l e  th e  lo w e s t  
va lue  o f  0 . 0 1  8 pe r  c en t  w a s  fo r  T 11 ( a b s o l u t e  c o n t r o l ) .

4 .4 .4  U p t a k e  o f  N u t r i e n t s

4.4.4.1 Nitrogen Uptake
T h e  to ta l  N u p t a k e  by  the r e s i d u e  c r o p  a s  wel l  as  th e  in d iv id u a l  

b h u s a  a n d  f ru i t  u p t a k e  w a s  s i g n i f i c a n t l y  i n f l u e n c e d  by th e  t r e a t m e n t s .



■ I r h

Bhusa
T h e  d a t a  on  b h u s a  N u p t a k e  {Tabl e  32 )  s h o w e d  a  r a n g e  o f  0 . 0 6 4  to 

0 . 50 5 g p l a n t ' 1. T h e  m a x i m u m  u p t a k e  w a s  r e c o r d e d  by T 4 (% LS + %
S S P)  f o l l o w e d  on  pa r  by Ts (Vi LS +  'A RP) ,  T 6 (3A LS + % S S P )  a n d  T 3 

( fu l l  P as  RP) .  A b s o l u t e  c o n t r o l  ( T n ) r e g i s t e r e d  th e  l o w e s t  u p t a k e  a n d  it 
w a s  s i g n i f i c a n t l y  i n fe r io r  to all  o t h e r  t r e a tm e n t s .

Fruit
T h e  f ru i t  u p t a k e  o f  N ( T a b l e  32) v a r i e d  f ro m  0 .0 2 3  to 0 . 2 9 7  

g p l an t "1. T s ( ’A  LS + 'A R P )  r e g i s t e r e d  th e  h i g h e s t  u p t a k e  f o l l o w e d  on 
par  by T 5 ('A LS + 'A SS P)  a n d  T 3 ( ful l  P as  RP) .  T h e  l o w e s t  u p t a k e  w as  
r e c o r d e d  by a b s o l u t e  c o n t r o l  ( T n ) ,  w h i c h  w a s  s i g n i f i c a n t l y  th e  lo wes t .

Total Uptake
T a b l e  32  d e p i c t s  to ta l  N u p t a k e  o f  th e  r e s i d u e  c r o p .  T s ('A LS + 'A 

RP) r e c o r d e d  th e  h i g h e s t  u p t a k e  o f  0 .7 6 5  g p l a n t " 1 f o l l o w e d  on  par  by T 4 

('A LS + SS P) ,  T 6 (V a LS + % S S P )  a n d  T 3 ( fu l l  P as R P ) . A b s o l u t c  
c o n t r o l  ( T 1 1 ) r e g i s t e r e d  th e  l o w e s t  u p t a k e  o f  0 . 0 8 7  g  p l a n t ' 1. Al l  the  
t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  s u p e r i o r  to  it.

4.4.4.2 Phosphorus Uptake
T h e  t r e a t m e n t  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  b h u s a ,  f ru i t  and  

to t a l  P u p t a k e  o f  the r e s i d u e  cr o p .

Bhusa
W i th  r e ga rd  to  b h u s a  P u p t a k e  ( T a b le  33),  Ts  (!'A LS + 'A RP)  

r e c o r d e d  th e  m a x i m u m  P u p t a k e  o f  0 . 0 7 0  g p l a n t ' 1 f o l l o w e d  on  par  by  T (1 

(Va LS + Va S S P) ,  T 3 ( ful l  P as RP)  and T 9 (Va LS + 'A RP) .  A b s o l u t e  
c o n t r o l  ( T m) r e g i s t e r e d  th e  l o w e s t  P u p t a k e  o f  0 .0 1 0  g p l a n t ' 1 a n d  w a s  on 
pa r  w i th  T [0 ( no  P). T h e y  w e r e  s i g n i f i c a n t l y  i n fe r io r  to  all o t h e r  
t r e a t m e n t s .



T r e a t m e n t s
N u p t a k e  (g p l a n t " 1)

B h u s a Frui t T ot a l
T, 0 . 4 4 6 0.231 0. 67 7
I 2 0.401 0 .262 0 .662
t 3 0 . 4 3 7 0 .2 4 8 0. 685
t 4 0. 505 0.235 0 . 7 4 0
t 5 0 . 4 3 2 0 .2 6 8 0 . 7 0 0
T& 0 . 4 6 4 0 . 2 4 0 0 . 7 0 4
t 7 0. 333 0 . 2 5 2 0 . 5 8 5
Ts 0. 468 0 . 2 9 7 0. 765
'U 0. 368 0. 219 0 . 5 8 7

Tio 0. 278 0.143 0.421
T n 0 . 0 6 4 0. 023 0 . 0 8 7

F ( 1 0 , 2 2 ) 8 .0 8 * * 4 . 8 9 * * 12 .17**
C D  (0 .0 5 ) 0 . 1 2 8 0 . 1 0 0 0 . 1 6 4

* * S i g n i f i c a n t  at  1 pe r  c en t  level

T, - Ful l  P as LS
T 2 - Ful l  P as S S P
T i - Ful l  P as  RP
t 4 - % P as  LS + % P as  SSP
Ts - Vi P as  LS + Vi P as  SSP
t 6 - 3/4 P as  LS + V* P as  S S P
t 7 - Va P as  LS + V a  P as  RP
T s - Vi P as  LS + Vi P as  RP
T , - % P as  LS + % P as  R P
T  i o - N o  P
T n - A b s o l u t e  con t r o l



T r e a t m e n t s
P u p t a k e  (g p l a n t ' 1)

B h u s a Fru i t T o t a l
T, 0 . 0 4 2 0 . 0 4 4 0 .093
t 2 0. 040 0 .048 0 . 0 8 8
t 3 0. 049 0 . 0 4 9 0 . 0 9 7
t 4 0 . 0 4 0 0 .0 4 4 0 . 0 8 4
t 5 0 . 0 4 2 0.055 0 . 0 9 8
Tf, 0 . 0 5 4 0. 045 0 . 0 9 9
t 7 0.041 0.051 0 . 0 9 2
t 8 0 . 0 7 0 0 . 0 4 4 0.1 14
t 9 0. 053 0. 042 0 . 0 9 5
T io 0. 023 0. 014 0 . 0 3 7
T , , 0 . 0 1 0 0. 004 0 . 0 1 4

F ( 1 0 , 2 2 ) 4 . 5 7 * * 13.3** 10 .7 2 **
C D  (0 .0 5 ) 0 . 0 2 2 0.013 0 . 0 2 7

** S i g n i f i c a n t  at pe r  c e n t  level

T, - Ful l  P a s  LS
t 2 - Ful l  P a s  S S P
14 - Ful l  P a s  RP

t4 - V a  P as LS + % P as  S S P
Ts - Vi P as LS + Vi P as S S P
T„ - P as LS + V a  P as S S P
t 7 - V a  P as LS + Va P as RP
T* - Vi P as LS + V% P as RP
T ,  - P as  LS + Va P as R P
T m  - N o  P
T n  - A b s o l u t e  c o n t r o l



Fruit
in the  c a s e  o f  P, th e  h i g h e s t  f ru i t  u p t a k e  ( T a b l e  33 )  o f  0 . 055  

g p l a n t " 1 w a s  r e g i s t e r e d  by T 5 (A  LS + A  S S P)  f o l l o w e d  on  pa r  by  I $ (V2 

LS + 'A RP) ,  T 7 (Va LS +  Va R P )  a n d  T 3 ( fu l l  P as  RP) .  A b s o l u t e  c o n t r o l  
( T 1 1 ) r e g i s t e r e d  th e  l o w e s t  u p t a k e  o f  0 . 0 0 4  g p l a n t ' 1. Tio  (no  P) a n d  T n  
w e r e  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  e a c h  o t h e r  a n d  s i g n i f i c a n t l y  i n f e r io r  to 
all  o t h e r  t r e a t m e n t s .

Total Uptake
T h e  to t a l  P u p t a k e  ( T a b l e  33 )  r a n g e d  f rom  0 .0 1 4  to 0 . 1 1 4  

g p l a n t "1. T h e  t r e a t m e n t  r e c e i v i n g  P as  '/: LS a n d  A  R P  (Tg) r e g i s t e r e d  
the  h i g h e s t  u p t a k e  f o l l o w e d  on  pa r  by  T 6 ( V a  LS + % S S P) ,  T_i ( fu l l  P as  
RP)  a n d  T 5 ('A LS + 'A SS P) .  T h e  l o w e s t  u p t a k e  w a s  r e c o r d e d  by  T n  
( a b s o l u t e  c o n t r o l )  a n d  it w a s  on  p a r  w i th  T |0 ( no  P). Tio a n d  T n  w ere  
s i g n i f i c a n t l y  in f e r io r  to all  o t h e r  t r e a t m e n t s .

4.4.4 .3  Po tassium Uptake
T h e  K. u p t a k e  ( b h u s a ,  f ru i t  a n d  to ta l )  by  the r e s i d u e  c r o p  w a s  

s i g n i f i c a n t l y  i n f l u e n c e d  by th e  t r e a t m e n t s .

Bhusa
T h e  h i g h e s t  b h u s a  K u p t a k e  ( T a b le  34)  o f  0 . 9 2 9  g  p l a n t " 1 w a s  

r e g i s t e r e d  by T<, (V a LS + % S S P )  f o l l o w e d  on  p a r  by T s (A  LS + A  RP)  
a n d  T t ( fu l l  P as LS ) .  A b s o l u t e  co n t r o l  ( T n )  r e c o r d e d  th e  l o w e s t  u p t a k e  
o f  0.1 76 g p l a n t _1 a n d  w a s  s i g n i f i c a n t l y  in fe r io r  to all  o t h e r  t r e a t m e n t s .

Fruit
T h e  f ru i t  K u p t a k e  ( T a b le  34 )  v a l u e s  r a n g e d  f ro m  0 . 0 4 9  to 0 . 5 2 6  

g  p l a n t " 1. T h e  m a x i m u m  u p ta k e  w a s  r e c o r d e d  by  T 7 (% LS + V> RP)  
f o l l o w e d  on par  by  T K (A  LS + A  RP) ,  T 5 (A  LS + 'A S S P)  a n d  T 3 ( fu l l  P 
a s  RP) .  A b s o l u t e  c o n t r o l  ( T n )  r e c o r d e d  th e  m i n i m u m  v a lu e .



T r e a t m e n t s
K u p t a k e  (g p l a n t ' 1)

B h u s a Frui t T o t a l
T, 0 . 8 6 8 0.473 1.341
t 2 0 . 8 1 6 0 . 4 7 2 1.288
t 3 0. 815 0. 504 1.319
t 4 0.801 0. 502 1.303
t 5 0 . 8 0 9 0 . 5 2 2 1.331
T 6 0 . 9 2 9 0 . 4 9 7 1.426
t 7 0.731 0. 526 1.258
t 8 0.91 1 0 . 514 1.425
44 0.851 0 . 4 7 7 1.328

T,o 0 . 6 0 2 0 . 2 9 4 0 . 8 9 6
T M 0 . 1 7 6 0 . 0 4 9 0 .225

F ( 1 0 , 2 2 ) 5 .2 7* * 1 1 .6 8 ** 13 ,47**
C D  ( 0 .0 5 ) 0.271 0. 124 0.281

** S i g n i f i c a n t  at pe r  c e n t  level

T i - Ful l  P as  LS
t 2 - Ful l  P as SS P
t 3 - Ful l  P as RP
t 4 - Va P as LS + 3A  P  as  S S P
Ts - Vi P a s  LS + Vi P as S S P
Tt, - % P as LS + % P as SSP
T? - % P as LS +  % P as RP
t 8 - 'A P as  LS +  'A P as  RP
T ,  - J/4 P a s  LS +  Va P as  R P
T | „  - N o  P
T 11 - A b s o l u t e  con t r o l



Total Uptake
T h e  t r e a t m e n t  r e c e i v i n g  P as  % LS and Va S S P  (Tf,) r e c o r d e d  the  

h i g h e s t  to ta l  K. u p t a k e  ( T a b l e  34 )  o f  1 .426 g p l a n t ' 1 f o l l o w e d  on  pa r  by 
T s (Vs LS + 'A RP)  and T] ( ful l  P as LS).  T h e  l o w e s t  u p t a k e  o f  0 . 225  
g p l a n t ' 1 w a s  r e g i s t e r e d  by  T n  ( a b s o l u t e  c o n t r o l )  a n d  w a s  s i g n i f i c a n t l y  
in f e r io r  to  all o t h e r  t r e a t m e n t s .

4.4.4.4 Calcium Uptake
T h e  b h u s a ,  f ru i t  and  to ta l  C a  u p t a k e  w e r e  s i g n i f i c a n t l y  i n f l u e n c e d  

by th e  t r e a t m e n t s .

Bhusa
T h e  b h u s a  C a  u p ta k e  ( T a b le  35)  r a n g e d  f ro m  0 . 0 5 0  g p l a n t ' 1 to 

0 .2 7 5  g p l a n t " 1. T h e  m a x i m u m  u p ta k e  w a s  r e c o r d e d  by  Ti  ( fu l l  P as  LS) 
f o l l o w e d  on  pa r  by T s ('A LS +  'A RP)  a n d  T 3 ( ful l  P as  RP) .  T h e  l o w e s t  
u p t a k e  w a s  r e c o r d e d  by a b s o l u t e  c o n t r o l  ( T n )  a n d  it w a s  on  p a r  w i th  T |0 

(no  P) and  th ey  w e r e  s i g n i f i c a n t l y  i n f e r io r  to  al l  o t h e r  t r e a t m e n t s .

Fruit
T 3 ( fu l l  P as RP)  r e c o r d e d  th e  h i g h e s t  f ru i t  C a  u p t a k e  ( T a b le  35)  

o f  0 . 0 5 2  g p l a n t " 1 f o l l o w e d  on  pa r  by  Ts ('A LS + 'A RP) ,  T 7 (Va LS  ̂ 3A 
RP) and T (, (Va LS -l- 'A SS P) .  T h e  l o w e s t  u p t a k e  o f  0 .0 0 5  g p l a n t ' 1 w as  
r e g i s t e r e d  by  T n  ( a b s o l u t e  c o n t r o l )  a n d  w a s  on  p a r  w i th  T m  (no  P). Al l  
the t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  s u p e r i o r  to Tio  a n d  T i n

Total Uptake
W i th  r ega rd  to C a  ( T a b l e  35),  th e  m a x i m u m  u p t a k e  o f  0 . 3 1 6  

g p l a n t ' 1 w as  r e g i s t e r e d  by T |  ( fu l l  P as  LS )  f o l l o w e d  on  p a r  by  T 3 ( fu l l  P 
as RP)  a n d  Ts (Vi LS + Vi RP) .  A b s o l u t e  co n t r o l  ( T u )  r e c o r d e d  the 
m i n i m u m  va lue  o f  0 .0 5 5  g  p l a n t " 1 and  al l  th e  t r e a t m e n t s  w e r e  
s i g n i f i c a n t l y  s u p e r i o r  to  it.



T r e a t m e n t s
C a  u p t a k e  (g p l a n t "1)

B h u s a Fru i t T o ta l
T[ 0 . 275 0,041 0 . 3 1 6
t 2 0. 215 0 .0 4 7 0 . 2 6 2
t 3 0 . 2 5 0 0. 052 0. 302
t 4 0 . 2 1 2 0. 044 0 . 2 5 6
t 5 0 . 2 4 6 0. 040 0 . 2 8 6
t 6 0. 230 0 . 0 4 7 0 . 2 7 8
t 7 0. 196 0 . 0 5 0 0 . 2 4 7
t 8 0 . 2 5 0 0 . 0 4 4 0 . 2 9 4
Ts 0 . 2 2 1 0.043 0 . 2 6 4

T 1(. 0.1 13 0.013 0 . 1 2 6
T , , 0 . 0 5 0 0 .0 0 5 0 .0 5 5

F ( 1 0 , 2 2 ) 7 . 51* * 4.2 * * 1 1 .65**
C D  (0 .0 5 ) 0.071 0 . 0 2 2 0 . 0 6 9

* S i g n i f i c a n t  at  1 per  c e n t  level
T, - Ful l  P as  LS
T 2 - Ful l  P as  S S P
t 3 - Ful l  P as  RP
t 4 - % P as  LS + J/4 P as  SSP
T s - 14 P as  LS +  '/: P a s  SSP
Tf, - % P as  LS +  % P as  SSP
h  - % P as LS +  P as  RP
Is - Vi P as LS + Vi P as  RP

T 9 - Vi P as  LS  + V* P a s  R P
T,n - N o  P
T n  - A b s o l u t e  c o n t r o l
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4.4.4.5 Magnesium Uptake
T h e  to ta l  M g  u p t a k e  as  we l l  as  t h a t  by i n d i v id u a l  b h u s a  and f ru i t  

w a s  s i g n i f i c a n t l y  i n f l u e n c e d  by  th e  t r e a tm e n t s .

Bhusa
T h e  b h u s a  up ta k e  o f  M g  ( T a b l e  36)  r a n g e d  f ro m  0.021 to 0 . 152  

g p l a n t " 1. T h e  m a x i m u m  u p ta k e  w a s  r e g i s t e r e d  by T |  ( fu l l  P as LS)  
f o l l o w e d  on  pa r  by T s (Vi LS + Vi RP) ,  1' 9 (% LS +  % RP)  a n d  T 3 ( fu l l  P 
a s  RP) .  A b s o l u t e  con t r o l  ( T n )  r e g i s t e r e d  th e  m i n i m u m  v a l u e  a n d  w a s  on  
pa r  w i th  Tio (no  P)- Al l  the  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  s u p e r i o r  to 
t h e se .

Fruit
T h e  d a t a  on  f ru i t  u p t a k e  o f  M g  ( T a b l e  36 )  r e v e a l e d  th a t  it va r ie d  

f rom  0 .001 to 0 .0 1 4  g p l a n t 1. Tg (Vi LS + Vi R P )  r e c o r d e d  the h i g h e s t  
u p t a k e  f o l l o w e d  on par  by T 3 (Vi LS + Vi S S P)  a n d  T 3 ( ful l  P as RP).  T h e  
l o w e s t  v a l u e  w a s  r e c o r d e d  by  T n  ( a b s o l u t e  c o n t r o l )  a n d  it w as  
s i g n i f i c a n t l y  i n f e r io r  to al l  o t h e r  t r e a t m e n t s .

Total Uptake
T h e  to ta l  u p t a k e  o f  M g ( T a b l e  36)  v a r i e d  f ro m  0 . 0 2 2  to  0 , 162  

g p l a n t " 1. T h e  m a x i m u m  v a l u e  w a s  r e c o r d e d  by  T] ( fu l l  P as  LS)  
fol low'ed on  pa r  by  Tg (Vi LS + 'A RP)  a n d  T 3 ( fu l l  P as  R P ) .  A b s o l u t e  
c o n t r o l  ( T n )  r e c o r d e d  th e  l o w e s t  va lue  a n d  it w a s  on  p a r  w i th  Tio (no  P). 
T h e s e  t w o  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  i n f e r io r  to al l  o t h e r  t r e a t m e n t s .

4 . 4 .5  E c o n o m i c  A n a l y s i s

T h e  e c o n o m i c  a n a l y s i s  ( T a b l e  37)  o f  in p u t  a n d  o u t  p u t  c o s t s  o f  
r e s i d u e  c r o p  s h o w e d  th a t  the h i g h e s t  b e n e f i t - c o s t  r a t io  o f  1.993 for  Tg (Vi 
LS + Vi RP)  a n d  the l o w e s t  o f  0 .4 9 3  for  Ti  i ( a b s o l u t e  c o n t r o l ) ,  w h i c h  w a s  
s i g n i f i c a n t l y  in fe r io r  to all  o t h e r  t r e a tm e n t s .



T r e a t m e n t s
M g  u p t a k e  (g p l a n t ' 1)

B h u s a F ru i t T o t a l
T i 0 . 152 0. 010 0 . 1 6 2
t 2 0. 123 0. 012 0. 135
t 3 0 . 1 2 7 0 . 0 0 9 0 . 1 3 5
t 4 0 . 1 0 0 0 . 0 1 0 0 . 1 0 9
t 5 0.125 0. 012 0 . 1 3 7
T 6 0 . 0 9 9 0.011 0 . 1 0 7
t 7 0 . 1 0 4 0. 008 0.111
T k 0 . 1 4 4 0 . 0 1 4 0 . 1 5 8
'W 0 . 1 3 0 0 . 0 0 8 0 . 1 3 8
Tin 0 . 0 3 9 0 . 0 0 2 0.041
T , , 0.021 0.001 0 .0 2 2

F (10 ,  22) 1 1 .91** 2.55* 13 ,64**
C D  (0 .0 5 ) 0 .0 3 5 0 . 0 0 7 0 . 0 3 6

* S i g n i f i c a n t  at  5 pe r  cen t  leve l ,  * * S i g n i f i c a n t  a t  1 p e r  c e n t  leve l

Ti - Ful l  P a s  LS
t 2 - Ful l  P a s  S S P
T 3 ~ Ful l  P as  RP
l 4 - V* P as LS + % P as S S P

Ts - 14 P as LS + 14 P as S S P
t 6 - Vi P as LS + % P as S S P
t 7 - % P as LS + 3/4 P as RP
T* - !4 P as  LS + 'A P as RP
T y - P a s  LS + Va P as RP
T  io - N o  P
T , ,  - A b s o l u t e  c on t r o l



T r e a t m e n t s B :C  ra t io
T, 1 .827
t 2 1.793
t 3 1.950
t 4 1.957
t 3 1.967
T& 1.817
t 7 1.963
T* 1.993
t 9 1.817

T io 1.176
T,  i 0 . 493

F ( 1 0 , 2 2 ) 12 .41**
C D  (0 .0 5 ) 0 . 385

** S i g n i f i c a n t  at  1 p e r  c e n t  level

T i - Ful l  P a s  LS
h  - Ful l  P as  S S P
Ti  - Full  P a s  RP
1 a ~ Va P a s  LS +  % P as  S SP
t 5 - '/a P as  LS + V2 P a s  SSP
t 6 - % P as LS +  Va P a s  SSP
t 7 - Va P as LS +  3A  P as  RP
Ts - '/2 P as  LS + '/a P as  RP
To - 3/4 P a.s LS + % P as  RP
Tu, - N o  P
T t i  - A b s o l u t e  c o n t r o l



DISCUSSION



T h e  s a l i e n t  r e su l t s  o f  th e  i n v e s t i g a t i o n s  c a r r i e d  ou t  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 l u a t e  la t e x  s lu d g e  a s  a s o u r c e  o f  P in c r o p  
p r o d u c t i o n  a re  d i s c u s s e d  here .  T h i s  i n v e s t i g a t i o n  w a s  c a r r i e d  ou t  in f o u r  
s teps .

5.1 S tu d y  o f  th e  ba s i c  p r o p e r t i e s  o f  la tex s lu d g e .
5.2 I n c u b a t i o n  s tu d y  on  i ts n u t r i e n t  m i n e r a l i z a t i o n .
5.3 S tu d y  o f  the e f f e c t  on  a m a in  c rop  o f  ch i l l i
5 .4  S tu d y  o f  the r e s i d u a l  e f f e c t  on  a s u b s e q u e n t  c r o p  o f  ch i l l i

5 . 1. B A S I C  P R O P E R T I E S  O F  L A T E X  S L U D G E

P r e l i m i n a r y  s tu d i e s  h a v e  s h o w n ,  la tex  s lu d g e ,  a w a s t e  p r o d u c t  o f  
c o n c e n t r a t e  la t ex  i ndu s t r y ,  to  be a ve ry  r ich  s o u r c e  o f  p l an t  n u t r i e n t s  
e s p e c i a l l y  P ( L o w e ,  1968 a n d  W a h a b  et a l., 1979) .  Its s u i t a b i l i t y  u n d e r  
Indi an  c o n d i t i o n s  w a s  s h o w n  by G e o r g e  et al., t h r o u g h  t h e i r  t r ial s in 
co v er  c rops  in 1991 and in immatu re  rubber  in 1994 (G eo rge  et a!., 1 991 and 
G e o r g e  e t a l., I 994) .

T h e  m a te r i a l  w a s  n e a r  ne u t r a l  ( p H  6 . 4 9 )  in r e a c t i o n  
( f a b l e  4a  a n d  4b ) .  Low e (1 9 6 8 )  o b s e r v e d  th a t  th e  pH b u f f e r i n g  e f f e c t  o f  
LS im p a r t e d  by its m a g n e s i u m  p h o s p h a t e  c o n t e n t  e l i m i n a t e d  th e  n e e d  for  
f u r t h e r  l i m i n g  a  soi l .  G e o r g e  et al. ( 1 9 9 4 )  o b s e r v e d  no  s i g n i f i c a n t  
d i f f e r e n c e  in soi l  pH by th e  a p p l i c a t i o n  o f  LS c o n t i n u o u s l y  for  t h re e  
y e a r s .  T h e s e  r e su l t s  s u b s t a n t i a t e  th e  n e u t r a l i t y  o f  t h e  m a te r i a l .  A 
f e r t i l i z e r  m a te r i a l  tha t  d o e s  no t  c h a n g e  so i l  pH is h i g h l y  b e n e f i c i a l ,  
e s p e c i a l l y  u n d e r  K e r a l a  c o n d i t i o n s  w h e r e  m a jo r i t y  o f  so i l s  a r e  a c id i c .

T h e  m a te r i a l  be ing  m a g n e s i u m  a m m o n i u m  p h o s p h a t e ,  it c o n t a i n s  
Mg, N a n d  P. In a d d i t i o n ,  it c o n t a i n s  o r g a n i c  C,  C a  a n d  K. T h e  to ta l  P 
c o n t e n t  w a s  3 5 .9 8  pe r  ce n t .  C l o s e l y  a g r e e i n g  v a l u e s  o f  37 .4 3  p e r  c e n t  
an d  3 2 .7 0  pe r  cen t  P 2O 5 in LS w a s  r e p o r t e d  by W a h a b  et al. ( 1 9 7 9 )  a nd  
G e o r g e  e t al. ( 1 9 9 4 )  r e s p e c t i v e l y .  T h e  n u t r i e n t  va lue  is h i g h e r  th an  th a t



o f  c o m m o n l y  u s e d  r oc k  p h o s p h a t e s  l ike  M u s s o o r i e p h o s  a nd  R a j p h o s .  O f  
th e  to ta l  P, th e  w a t e r  s o l u b l e  f r a c t i o n  w a s  13 .18  p e r  cen t .  A s i m i l a r  v a l u e  
o f  13 .16  pe r  c e n t  w a s  r e p o r t e d  by W a h a b  et al. ( 1 9 7 9 ) .  T h e  c i t r a t e  
so lub le  P f rac t ion  in th e  pr es ent  s tu dy  w a s  35 .66  pe r  cen t  w h ic h  w a s  m u c h  
h i g h e r  than  tha t  o f  c o m m o n l y  used  r oc k  p h o sp h a t e  - M u s s o o r i e p h o s ,  w h i c h  
is 7.5 pe r  c e n t  a c c o r d i n g  to A w a s t h i  ( 1 9 9 0 ) ,  T h e  a v a i l a b l e  P c o n t e n t ,  
w h i c h  is th e  su m  o f  w a t e r  an d  c i t r a t e  s o l u b l e  f r a c t i o n s ,  is 4 8 .8 4  p e r  cent .  
T h e  p r e s e n c e  o f  bo th  f r a c t i o n s  is an  a d d e d  a d v a n t a g e  for  LS in 
c o m p a r i s o n  to R P  an d SS P ,  as  t h i s  p r o v i d e s  b o th  r e a d i l y  a v a i l a b l e  and  
s lo w ly  a v a i l a b l e  f o r m s  o f  P, m a k i n g  it s u i t a b l e  fo r  a  w i d e  r a n g e  o f  c r o p s  
a n d  so i l s .  In RP,  the P f ra c t i on  is o n ly  s l o w ly  a v a i l a b l e  w h i l e  in S S P  the  
e n t i r e  f r a c t i o n  is w a t e r  s o l u b l e  p o s i n g  p r o b l e m s  o f  f i x a t i o n  in a c i d i c  soi l  
( T i s d a l e  e t a l., 1997).

But in s l ight  co n t r as t  to the a b o v e  f ind ings ,  Low e  (196 8)  r ep or te d  25 
per  c en t  P20 5 in the  s a m p le  o f  LS. T h i s  va r i a t ion  in P2Os con ten t  m ay  be 
due to the he t e ro g en e i t y  o f  the c h e m i c a l  co m p o s i t i o n  o f  latex ar i s in g  du e  to 
d i f f e re n c e s  in gen et ic  and  e n v i r o n m e n ta l  factors.  A w i d e  va r i a t i on  in the 
nu t r ien t  co n te n t  o f  LS es pe ci a l ly  tha t  o f  c i t ra te  so lu b le  P a n d  M g eve n on a 
da i ly  basis ,  was  o b s e rv e d  by W a h a b  el al. (1979) .

W a h a b  (1 9 7 6 )  a n d  G e o r g e  el al. ( 1 9 9 1 )  o p i n e d  t h a t ,  the  p r e s e n c e  
o f  sm a l l  a m o u n t s  o f  r u b b e r  r e s i d u e s  e n a b l e d  th e  s l u d g e  to b e h a v e  as an 
' e n c a p s u l a t e d ’ f e r t i l i z e r  s lo w ly  r e l e a s i n g  th e  n u t r i e n t s  in a c c o r d a n c e  
w ith c r o p  g r o w t h  a n d  n e e d .  F u r th e r ,  the l e a c h i n g  loss  o f  n u t r i e n t s  u n d e r  
h e a v y  ra in fa l l  c o n d i t i o n s  o f  K e r a l a  c an  be m i n i m i z e d .

T h e  p r e s e n c e  o f  a b o u t  f ive  p e r  c e n t  o r g a n i c  C is a n o t h e r  f a c to r  
c o n t r i b u t i n g  to th e  s u i t a b i l i t y  o f  LS as an  o r g a n i c  P s o u r c e .  In g e n e r a l ,  
o r g a n i c  C ca n  im p r o v e  th e  p o r o s i t y  o f  th e  m a te r i a l  a n d  e n l a r g e  its 
in te rna l  s u r f a c e  a r ea  for  b e t t e r  d i s s o l u t i o n  in so i l s .  M o r e o v e r ,  th e  C 0 2 

e v o l v e d  d u r i n g  its d i s i n t e g r a t i o n  p r o d u c e s  w e a k  c a r b o n i c  ac id ,  w h i c h  
d i s s o l v e s  th e  p h o s p h a t e .



T h e  N c o n t e n t  o f  th e  m a te r i a l  w a s  6 . 05  pe r  c e n t  a n d  M g c o n t e n t  
6 . 8 6  per  ce n t ,  w h i l e  K and C a  c o n t e n t s  w e r e  less t h a n  o n e  p e r  cent .  
G e o r g e  ( 2 0 0 3 )  r e c o r d e d  5 . 00  p e r c e n t  N,  0 . 8 0  p e r  c e n t  K,  1,00 per  c e n t  
C a O  a n d  1 4 .0 0  pe r  c en t  M g O  in LS.  G e o r g e  et al. ( 1 9 9 1 )  s u g g e s t e d  tha t  
N in s l u d g e  b e i n g  p r e s e n t  a s  a m m o n i u m  p h o s p h a t e  w a s  r e a d i l y  p l a n t  
a v a i l a b l e .  T h e  p r e s e n c e  o f  M g  in LS is h i g h l y  b e n e f i c i a l  as  it is n e e d e d  
by m a n y  p l a n t s  in a b o u t  th e  s a m e  q u a n t i t i e s  a s  P ( T i s d a l e  el a l 1997),  
b e i n g  a  p r i m a r y  c o n s t i t u e n t  o f  c h l o r o p h y l l  m o l e c u l e ,  s t r u c t u r a l  
c o m p o n e n t  o f  r i b o s o m e s  and i n v o lv e d  in t h e  p h o s p h a t e  t r a n s f e r  f rom 
A T P  ( D e v l i n  and W i t h a m ,  1983) .  T h e  M g  c o n t e n t  o b t a i n e d  in th e  p r e s e n t  
s t u d y  is c o m p a r a b l e  to tha t  r e p o r t e d  by L o w e  ( 1 9 6 8 )  a n d  Jo h n  e t al. 
( 19 7 7 ) .

5.2 I N C U B A T I O N  S T U D Y

5.2.1  So i l  p H
T h e  v a r io u s  p h o s p h a t i c  s o u r c e s  c o u ld  not  b r in g  a b o u t  a s i g n i f i c a n t  

c h a n g e  in soi l  pH ( T a b l e  6 ) at  a n y  s ta g e  o f  i n c u b a t i o n .  T h e  ne u t r a l  n a t u r e  
o f  LS (pH  6 , 4 9 )  m a y  be the  p o s s i b l e  r e a s o n  fo r  it no t  b r i n g i n g  a b o u t  a ny  
c h a n g e  in so i l  pH.  M o r e o v e r ,  t h e  m a g n e s i u m  p h o s p h a t e  in the s l u d g e  has  
a pH b u f f e r i n g  e f f e c t  as  i n d i c a t e d  by  L o w e  ( 1 9 6 8 ) .  G e o r g e  et al. ( 1 9 9 1 )  
in an i n c u b a t i o n  s tu dy  fo r  a p e r io d  o f  90  d a y s  to u n d e r s t a n d  th e  P r e l e a s e  
p a t t e r n  f ro m  LS in c o m p a r i s o n  wi th  S SP  a n d  R P  n o t i c e d  no  s i g n i f i c a n t  
d i f f e r e n c e  in soi l  pH by the  a p p l i c a t i o n  o f  t h e s e  d i f f e r e n t  s o u r c e s  at 
d i f f e r e n t  i n c u b a t i o n  p e r io ds .  T h e  in s ig n i f i c a n t  e f f e c t  o f  S S P  and R P  to 
c h a n g e  soi l  pH w a s  n o t i c e d  by  S h a r m a  and S in h a  ( 1 9 8 9 )  a n d  D a t t a  and  
S h a r m a  ( 2 0 0 1 ) .  So  in th is  r e sp e c t ,  LS is c o m p a r a b l e  to th e  c o n v e n t i o n a l  
P s o u r c e s  -  S SP  a n d  RP.

5. 2 .2  E l e c t r i c a l  C o n d u c t i v i t y

A p e r u s a l  o f  the  d a t a  ( T a b l e  7)  r e v e a l e d  th a t  so i l  EC w a s  
s i g n i f i c a n t l y  i n f l u e n c e d  by t h e  t r e a t m e n t s .  E x c e p t  on  9 0 lh a n d  10 5 th day .



t h e  e f f e c t s  o f  v a r io u s  P so u r c e s  o n  soi l  EC w e r e  s t a t i s t i c a l l y  c o m p a r a b l e .  
A b s o l u t e  c o n t r o l  r e c o r d e d  th e  l o w e s t  v a l u e  t h r o u g h o u t  th e  i n c u b a t io n  
p e r io d .  I r r e s p e c t i v e  o f  th e  s o u r c e  o f  P, th e  h i g h e s t  EC  v a l u e s  w e re  
r e g i s t e r e d  on  the 4 5 lh d a y  o f  in c u b a t io n .  T h e  e n r i c h m e n t  o f  th e  soi l  
s o l u t i o n  by e x c h a n g e a b l e  ions  l ike  C a 2+a n d  M g 2+ w h i c h  r e c o r d e d  h i g h e r  
v a l u e s  d u r i n g  t h i s  p e r io d ,  t o g e t h e r  w i th  th e  p h o s p h a t e s  m i g h t  h av e  
c o n t r i b u t e d  to  th is  p h e n o m e n o n ,  A s im i l a r  s i g n i f i c a n t  e f f e c t  o f  a p p l i e d  P 
on the E C  o f  th e  m e d i u m  w a s  e a r l i e r  r e p o r t e d  b y  B a e v r e  a n d  G i s l e r o d
(19 9 0 ) .

5 .2 .3  O r g a n i c  C a r b o n

T h e  s u p e r i o r i t y  o f  LS o v e r  o t h e r  P s o u r c e s  in i n c r e a s i n g  th e  soi l  
o r g a n i c  C c o n t e n t  w a s  e v i d e n t  f ro m  the i n c u b a t i o n  s tu d y  s i n c e  it 
c o n t a i n s 5 . 0 9  pe r  c e n t  o r g a n i c  c a r b o n  ( T a b le  8 and  F i g . 3).

T h e  t r e a t m e n t  e f f e c t s  b e c a m e  s i g n i f i c a n t  f rom  th e  3 0 lh day  a nd  
c o n t i n u e d  the s a m e  t r en d  till  th e  end o f  in c u b a t io n .  L a t e x  s l u d g e  w as  
s i g n i f i c a n t l y  s u p e r i o r  to R P  a n d  SS P  in i n c r e a s i n g  o r g a n i c  C c o n t e n t .  
A b s o l u t e  c o n t r o l  r e c o r d e d  th e  l o w e s t  c o n t e n t  t h r o u g h o u t  th e  i n c u b a t io n  
p e r io d  a n d  it w a s  s i g n i f i c a n t l y  i n f e r i o r  to all  o t h e r  t r e a t m e n t s .

In t h e  ca se  o f  LS,  th e  v a l u e s  g r a d u a l l y  in c r e a s e d  to a m a x i m u m  on
7 5 ltl day  f o l l o w e d  by a  s l o w  d e c l i n e .  B u t  fo r  S S P  a n d  R P  suc h a  d e f in i t e
p a t t e r n  w a s  not o b s e r v e d .  S u b e h i a  (1 9 9 8 )  i n d i c a t e d  th e  s u p e r i o r i t y  o f  
S S P  o v e r  R P  in i n c r e a s i n g  o r g a n i c  C c o n t e n t ,  w h i l e  a r e v e r s e  r e su l t  w as  
g i v e n  by De et ah  ( 19 8 4 ) .

T h e  r e q u i r e m e n t  o f  30  d a y s  for  LS to p r o d u c e  a  s i g n i f i c a n t l y
s u p e r i o r  e f f e c t  on  o r g a n i c  C c o n t e n t ,  c o m p a r e d  to o t h e r  P s o u r c e s ,  m ig h t
be d u e  to  th e  s lo w  a c t i v i t y  o f  m i c r o o r g a n i s m s  in d i s i n t e g r a t i n g  the  
i s o p r e n e  un i t s  o f  r u b b e r  r e s i d u e s ,  w h i c h  a r e  p r e s e n t  in low c o n c e n t r a t i o n  
in th e  s lu d g e .



M u c h  r e s e a r c h  ha s  no t  b e e n  u n d e r t a k e n  on  th e  e f f e c t  o f  LS on  the  
o r g a n i c  C c o n t e n t  o f  th e  soi l .  B u t  D o l m a t  et al. ( 1 9 7 9 )  a n d  B a c h i k  et al. 
( 1 9 8 7 )  s h o w e d  th a t  a p p l i c a t i o n  o f  r u b b e r  e f f l u e n t  to r u b b e r  t r e e s  
i n c r e a s e d  soi l  o r g a n i c  C co n t e n t .

5.2 .4  A v a i l a b l e  N i t r o g e n

T h e  t r e a t m e n t  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  so i l  a v a i l a b l e  N 
at  all s t a g e s  e x c e p t  th e  12 0 th DO I  ( T a b le  9 a n d  F ig .4) .

Al l  th e  P s o u r c e s  s h o w e d  a g r a d u a l  i n c r e a s e  in a v a i l a b l e  N c o n t e n t  
up  to 6 0 th d a y  f o l l o w e d  by  a  d e c l i n e .  L a t e x  s l u d g e  r e c o r d e d  th e  h i g h e s t  
v a l u e  t h r o u g h o u t  th e  i n c u b a t io n  p e r io d  e x c e p t  on  10 5 th day .  E x c e p t  on  
1 5 th a n d  las t  tw o  s a m p l i n g  da ys ,  LS w a s  s i g n i f i c a n t l y  s u p e r i o r  to b o th  RP  
an d S SP  as  fa r  as a v a i l a b l e  N c o n t e n t  w a s  c o n c e r n e d .

T h e  a d d i t i o n a l  p r e s e n c e  o f  N in c o n s i d e r a b l e  q u a n t i t y  ( a b o u t  6 . 00  
per  c en t )  m a k e s  LS s u p e r i o r  to th e  c o n v e n t i o n a l  P s o u rc e s .  G e o r g e  et al. 
( 1 9 9 1 )  s u g g e s t e d  tha t  N is p r e s e n t  in th e  s l u d g e  as  a m m o n i u m  p h o s p h a t e .  
T h e  e n h a n c e m e n t  o f  soi l  a v a i l a b l e  N on i ts a p p l i c a t i o n ,  c l e a r l y  in d i c a t e s  
tha t  t h i s  a m m o n i a c a l  N is in th e  r e a d i l y  a v a i l a b l e  f o rm .  T h e  o v e ra l l  
e f f e c t  o f  P a p p l i c a t i o n  a c c o r d i n g  to S i n g a r a m  a n d  K o t h a n d a r a m a n  ( 1 9 9 2 )  
w a s  to  e n c o u r a g e  th e  bu i ld  up  o f  a v a i l a b l e  N,  a t t r i b u t a b l e  to e n h a n c e d  
m i c r o b i a l  a c t i v i t y .

W a h a b  (1 9 7 6 )  a n d  G e o r g e  e t al. ( 1 9 9 1 )  i n d i c a t e d  tha t  the 
s u b s t a n t i a l  a m o u n t  o f  r u b b e r  r e s i d u e s  r e m a i n i n g  in th e  s l u d g e  e n a b l e d  it 
to a c t  as an  e n c a p s u l a t e d  fe r t i l iz er .  T h i s  m i g h t  be  th e  r e a s o n  fo r  th e  s low 
but s t e a d y  i n c r e a s e  in soi l  a v a i l a b l e  N up to 6 0 th day  w i th  LS a p p l i c a t i o n .

5 .2 .5  A v a i l a b l e  P h o s p h o r u s

T h e  soi l  a v a i l a b l e  P w a s  s i g n i f i c a n t l y  i n f l u e n c e d  by  th e  v a r i o u s  
s o u r c e s  -  LS,  S SP  and R P  ( T a b l e  10 and F i g . 5).  T h e r e  w a s  a  g r a d u a l  
i n c r e a s e  in P c o n t e n t  to a m a x i m u m  v a l u e  f o l l o w e d  by  a  d e c l i n e  in the
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c a se  o f  all  t r e a t m e n t s .  T h e  a b s o l u t e  c o n t r o l  r e c o r d e d  th e  l o w e s t  v a l u e  
t h r o u g h o u t  th e  i n c u b a t io n  p e r io d .

O n  the  15th da y ,  all  th e  t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  
f ro m  e a c h  o t h e r  in t h e i r  P c o n t e n t s  a nd  the  h i g h e s t  v a l u e  w a s  r e c o r d e d  by 
S SP .  T h i s  m ig h t  be  e x p e c t e d  a s  th e  e n t i r e  f r ac t i o n  o f  P in S S P  is w a t e r  
s o l u b l e .  L a te x  s lu d g e  r e c o r d e d  t h e  ne x t  h i g h e s t  v a l u e  a nd  w a s  
s i g n i f i c a n t l y  s u p e r i o r  to RP.  T h i s  m i g h t  be  d u e  to  the  w a t e r  s o l u b l e  
p h o s p h a t e s  p r e s e n t  in LS as  e v i d e n c e d  by  the  e a r l i e r  a n a l y t i c a l  
p r o c e d u r e s .

S S P  m a i n t a i n e d  h i g h e r  v a l u e  on  3 0 th d ay  a l s o  bu t  w a s  on  p a r  w i th  
LS. So  it c a n  be  in fe r re d  tha t ,  by  30° '  d a y  th e  P r e l e a s e  f ro m  th e s e  t w o  
s o u r c e s  b e c a m e  c o m p a r a b l e .  F u r th e r ,  t h e s e  t w o  s o u r c e s  w e r e  
s i g n i f i c a n t l y  s u p e r i o r  to RP. T h e  u n i f o r m  r e l e a s e  p a t te rn  o f  bo th  la tex  
s l u d g e  a n d  S S P  c o n t i n u e d  till the  9 0 Ih d a y  a nd  t h e r e a f t e r  t h e  t h re e  
s o u r c e s  b e c a m e  on pa r  in t h e i r  P r e l e a s e  c a p a c i t i e s .  S i m i l a r  pa t t e r n  o f  P 
r e l e a s e  on  an i n c u b a t io n  s t u d y  w i th  LS,  S S P  a nd  R P  w a s  r e p o r t e d  by 
G e o r g e  et al. ( 19 9 1 ) .

T h e  th ree  P s o u r c e s  r e g i s t e r e d  th e  h i g h e s t  P c o n t e n t  on  7 5 th da y  
f o l l o w e d  by  a d e c l i n e .  Such  b e h a v i o u r  m a y  be  e x p e c t e d  as  th e  m a x i m u m  
a v a i l a b i l i t y  l imi t  m ig h t  p e r h a p s  h a v e  r e a c h e d .  In v i e w  o f  t h e  a b s e n c e  o f  
u p t a k e  by  p l a n t s  u n d e r  i n c u b a t i o n  c o n d i t i o n s ,  th e  p r o c e s s  o f  P f ix a t io n  
m ig h t  h a v e  b een  p r e p o n d e r a n t  o v e r  s o l u b i l i z i n g  o n e s  a t  the  m a x i m u m  
a v a i l a b i l i t y  l im i t  ( S i n g h  et a l., 1976) .

W h e n  c o m p a r e d  to RP,  LS m a i n t a i n e d  th e  h i g h e s t  P c o n t e n t  
t h r o u g h o u t  th e  p e r io d  o f  i n c u b a t i o n .  E x c e p t  on  th e  las t  t w o  s t a g e s  o f  
s a m p l i n g  w h e n  al l  the  th r e e  s o u r c e s  w e r e  on  par ,  LS w a s  s i g n i f i c a n t l y  
s u p e r i o r  to  RP in t h e i r  P c o n t e n t .  So,  it is to  be in f e r r e d  th a t  LS is a 
b e t t e r  o p t i o n  th an  RP,  c o n s i d e r i n g  bo th  t h e  cos t  a nd  P a v a i l a b i l i t y .
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5 .2 .6  A v a i l a b l e  P o t a s s i u m
T h e  so i l  a v a i l a b l e  K w a s  no t  s i g n i f i c a n t l y  i n f l u e n c e d  by  th e  

a p p l i c a t i o n  o f  a ny  P s o u r c e  ( T a b l e  11).

T h e  m a te r i a l  u se d  in the  p r e s e n t  s t u d y  had  a K 2O  c o n t e n t  o f  0 .86  
pe r  cen t .  V e r y  c l o s e l y  a g r e e i n g  va l u e  w a s  e a r l i e r  r e p o r t e d  by G e o r g e  
( 2 0 0 3 ) .  L o w e  ( 1 9 6 8 )  r e c o r d e d  5 . 90  p e r  c e n t  K in LS w h i l e  W a h a b  e t al. 
( 1 9 7 9 )  r e c o r d e d  2 .4 9  pe r  c e n t  K 20 .

T h e  i n h e r e n t  ve ry  lo w  K c o n t e n t  o f  LS ( le s s  t h a n  o n e  p e r  c e n t )  and  
th a t  t o o  a d d e d  in ve r y  sm a l l  q u a n t i t y  m i g h t  be  th e  r e a s o n  in th e  p r e s e n t  
i n c u b a t i o n  s tu d y ,  for  th e  m a te r i a l  h a v i n g  o n ly  i n s i g n i f i c a n t  i n f l u e n c e  on 
soi l  a v a i l a b l e  K. M o r e o v e r ,  th e  soi l  u sed  for  s tu d y  r a te d  lo w  in K s ta tu s  
as  i n d i c a t e d  by in i t ia l  an a l y s i s .

S i n g a r a m  and K o t h a n d a r a m a n  ( 1 9 9 2 )  f o un d  th a t  R P  a nd  S SP  
a p p l i c a t i o n  in a c la y  lo am  soi l  d id  no t  s i g n i f i c a n t l y  a l t e r  th e  soi l  
a v a i l a b l e  K.

5 .2 .7  E x c h a n g e a b l e  C a l c i u m
P e r u s a l  o f  the  d a t a  on  e x c h a n g e a b l e  Ca  ( T a b l e  12) s h o w e d  

s i g n i f i c a n t  e f f e c t  for  v a r io u s  t r e a t m e n t s  f ro m  4 5 th to  10 5 th d a y  o f  
i n c u b a t i o n .  T h e  h i g h e s t  e x c h a n g e a b l e  C a  c o n t e n t  w a s  r e c o r d e d  by 
v a r i o u s  P s o u r c e s  on  the  4 5 th d a y  f o l l o w e d  by a d e c l i n e .  S u c h  b e h a v i o u r  
m a y  be  e x p e c t e d  as the  m a x i m u m  a v a i l a b i l i t y  l im i t  m i g h t  p e r h a p s  h a v e  
r e a c h e d .  O n  all  the  d a y s  w h e n  t r e a t m e n t  e f f e c t s  w e r e  s i g n i f i c a n t ,  e x c e p t  
7 5 th da y ,  LS w a s  on  p a r  w i th  R P  in i n c r e a s i n g  soi l  e x c h a n g e a b l e  Ca .

T h e  i n h e r e n t  ve ry  low C a  c o n t e n t  ( l e s s  th an  on e  p e r  c e n t )  a l o n g  
w i th  its e n c a p s u l a t e d  n a t u r e  m i g h t  be th e  r e a s o n  for  LS n o t  p r o d u c i n g  
a n y  s i g n i f i c a n t  in f l u e n c e  on  so i l  e x c h a n g e a b l e  c o n t e n t  o f  C a  d u r i n g  the  
ini t ial  p e r i o d s  o f  i n c u b a t i o n .  S i m i l a r  low C a  c o n t e n t  in LS w a s  e a r l i e r  
r e p o r t e d  by  J o h n  et al. ( 1 9 7 7 )  a nd  W a h a b  et al. ( 1 9 7 9 ) .
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5 .2 .8  E x c h a n g e a b l e  M a g n e s i u m

T h e  v a r i o u s  P s o u r c e s  p r o d u c e d  s i g n i f i c a n t  e f f e c t  on  e x c h a n g e a b l e  
M g  c o n t e n t  o f  so i l  ( T a b l e  13 a n d  F i g . 6 ) o n ly  f ro m  4 5 th to  7 5 lh d a y  o f  
i n c u b a t i o n .  W h e n  c o m p a r e d  b e t w e e n  s o u r c e s  a nd  s t a g e s  o f  s a m p l i n g ,  the  
r e l e a s e  pa t t e r n  s h o w e d  h i gh  i n c o n s i s t e n c y .  H o w e v e r ,  LS r e c o r d e d  the  
h i g h e s t  e x c h a n g e a b l e  M g  c o n t e n t  on  4 5 th d a y  f o l l o w e d  by  a d e c l i n e .  S uch  
b e h a v i o u r  m a y  be e x p e c t e d  a s  th e  m a x i m u m  a v a i l a b i l i t y  l imi t  m ig h t  
p e r h a p s  h a v e  r e a c h e d .  In v i e w  o f  the  a b s e n c e  o f  u p t a k e  by  p l a n t s  u n d e r  
i n c u b a t i o n  c o n d i t i o n s ,  it m ig h t  h a v e  b e c o m e  f i xed  in th e  c l a y  la t t i ce  due  
to c o p r e c i p i t a t i o n  wi th  A1 ( O H )3 ( T i s d a l e  e l a l., 1997).

5.3 M A I N  C R O P  O F  C H I L L I

T h e  s u i t a b i l i t y  o f  LS as  P f e r t i l i z e r  for  c e r e a l s  l ike  r ic e  a nd  m a i z e  
w a s  p o s t u l a t e d  by  L o w e  ( 1 9 6 8 ) ,  w h i l e  G e o r g e  ( 2 0 0 3 )  r e c o m m e n d e d  the  
s a m e  for  bo th  m a tu r e  and i m m a t u r e  r ubb e r .

As  f u r t h e r  e l u c i d a t i o n  o f  th e  r e su l t s  o f  t h e  i n c u b a t i o n  s t u d i e s ,  a  po t  
c u l t u r e  e x p e r i m e n t  w a s  u n d e r t a k e n  w i th  ch i l l i  (var .  J w a l a m u k h i )  a s  the  
t e s t  c r o p  u n d e r  f ie ld  c o n d i t i o n s .  T h e  f e a s ib i l i t y  o f  LS as  a P s o u r c e  w a s  
c o m p a r e d  a g a i n s t  tw o  c o n v e n t i o n a l  P s o u r c e s  viz., S S P  a n d  RP.

5.3.1 G r o w t h  C h a r a c t e r s  o f  C h i l l i

All g r o w t h  c h a r a c t e r s  s t u d i e d  viz., p l an t  h e i g h t ,  n u m b e r  o f  
b r a n c h e s  per  p l an t ,  n u m b e r  o f  l e av es  a nd  l e a f  a r e a  w e r e  s i g n i f i c a n t l y  
i n f l u e n c e d  by  t r e a t m e n t  a p p l i c a t i o n  ( T a b l e  14 a nd  P la t e  3, 4) .

W i th  r e ga rd  to  the  e f f e c t  o f  v a r i o u s  s o u r c e s  o f  P on  t h e s e  g r o w t h  
c h a r a c t e r s ,  the  m a x i m u m  v a l u e s  in all  the  c a s e s  w e r e  r e c o r d e d  w h e n  ful l  
P w a s  g i v e n  as  S S P  ( T 2 ). A n d  in all  th e  f o u r  c a s e s ,  t h e y  w e r e  on  p a r  w i th  
the  c o m b i n a t i o n  t r e a t m e n t  Tg (14 LS + 14 RP) .

T h e  i m m e d i a t e l y  a v a i l a b l e  w a t e r  s o l u b l e  P in S S P  m i g h t  h a v e  
g i v e n  th e  p l an t  an in i t ia l  g r o w t h  a d v a n t a g e ,  t h e r e b y  r e c o r d i n g  h i g h e r  
v a l u e s  f o r  all  t h e s e  g r o w t h  c h a r a c t e r s .  Bu t  the e f f e c t  w a s  on  p a r  w i th  the







c o m b i n a t i o n  t r e a t m e n t  c o n t a i n i n g  P h a l f  as  LS and h a l f  as  RP.  T h i s  
m i g h t  be  d u e  to  the  c u m u l a t i v e  e f f e c t  o f  w a t e r  s o l u b l e  P in LS as 
a m m o n i u m  p h o s p h a t e  a nd  its M g  c o n t e n t .  M o r e o v e r ,  w h e n  LS w a s  used  
in c o n j u n c t i o n  wi th  RP, o n e  th i r d  o f  to ta l  P b e c o m e s  w a t e r  s o l u b l e  as 
i n d i c a t e d  by  G e o r g e  ( 2 0 0 3 ) .  So ,  th e  a d e q u a t e  s u p p l y  o f  P a l o n g  w i th  
o t h e r  n u t r i e n t s  e s p e c i a l l y  N,  M g  a nd  K m ig h t  h a v e  p r o m o t e d  c h l o r o p h y l l  
s y n t h e s i s ,  w h i c h  in tu rn  r e su l t e d  in h i g h e r  r a te  o f  p h o t o s y n t h e s i s  and  
e n h a n c e d  m e t a b o l i s m  f in a l l y  r e s u l t i n g  in g o o d  v e g e t a t i v e  g r o w t h  o f  the 
p l ant .

T h e  f a v o u r a b l e  e f f e c t  o f  P on  th e  g r o w t h  c h a r a c t e r s  o f  ch i l l i  w a s  
e a r l i e r  r e p o r t e d  by  Jo h n  ( 1 9 8 9 ) .

5. 3 .2  Y i e ld  an d  Y ie ld  A t t r i b u t e s  o f  C h i l l i
T h e  t r e a t m e n t  a p p l i c a t i o n  s i g n i f i c a n t l y  e n h a n c e d  th e  in d i v id u a l  

y i e ld  a nd  y i e ld  a t t r i b u t i n g  c h a r a c t e r s  o f  t h e  p l a n t  l ike n u m b e r  o f  d a y s  to 
r each  f i r s t  f l o w e r i n g ,  n u m b e r  o f  f ru i t s  p e r  p l a n t  a nd  m e a n  w e i g h t  o f  f ru i t  
( T a b l e  15 a nd  F ig .7 a ,7 b ) .  A g r e e i n g  r e su l t s  w e r e  e a r l i e r  r e p o r t e d  by  Joh n  
( 1 9 8 9 ) .

Ful l  P a s  LS ( T | )  a nd  th e  c o m b i n a t i o n  t r e a t m e n t  3A  LS a nd  'A S S P  
( T 6) w e r e  t h e  e a r l i e s t  to  f l o w e r  a nd  w a s  on  p a r  w i th  Tg ('A LS +  ‘/ 2 RP).  
N u m b e r  o f  f ru i t s  pe r  p l an t  w a s  th e  h i g h e s t  in th e  c o m b i n a t i o n  lA LS an d 
3A RP  (T7) f o l l o w e d  on p a r  by Tg a nd  h e n c e  the  s a m e  t r e a t m e n t s  r e c o r d e d  
m a x i m u m  fru i t  y i e ld  p e r  p l an t .  T h e  h i g h e s t  m e a n  f ru i t  w e i g h t  w a s  
r e c o r d e d  by  Tg a nd  T 2 ( fu l l  P as  SSP) .

So in g e n e r a l ,  y i e ld  a n d  y i e ld  a t t r i b u t i n g  c h a r a c t e r s  w e r e  
f a v o u r a b l y  i n f l u e n c e d  by  LS w h e n  a p p l i e d  e i t h e r  a l o n e  o r  in 
c o m b i n a t i o n .

In chi l l i ,  the  g r e a t e s t  P r e q u i r e m e n t  is f ro m  ten  d a y s  a f te r  
f l o w e r i n g  to  j u s t  b e f o r e  the  f ru i t s  be g in  to  r i pen  ( H e g d e ,  1997)  a nd  th is  
p e r io d  c o i n c i d e s  w i th  45  to  150 d a y s  a f t e r  p l a n t i n g  ( K a m i n w a r  and
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R a j a g o p a l ,  1993) .  F ro m  the  i n c u b a t i o n  s tu dy ,  it is e v i d e n t  t h a t  LS 
m a i n t a i n e d  h i gh  soi l  a v a i l a b l e  P d u r i n g  th is  p e r io d  o f  f l o w e r i n g  a nd  
f ru i t i n g .  So the  a d e q u a t e  P s u p p l y  m ig h t  h a v e  e n h a n c e d  m e t a b o l i s m  and 
u p t a k e  o f  n u t r i e n t s  in g e n e r a l ,  r e s u l t i n g  in e a r ly  f l o w e r i n g ,  b e t t e r  
p a r t i t i o n i n g  o f  p h o t o s y n t h a t e s ,  h i g h e r  s e t t i n g  p e r c e n t a g e ,  m e a n  f ru i t  
w e i g h t ,  m a x i m u m  n u m b e r  o f  f ru i t s  p e r  p l an t  a n d  t h e r e b y  to ta l  y i e ld  pe r  
p l an t .  M o r e o v e r ,  the  p r e s e n c e  o f  Mg ,  w h i c h  is r e q u i r e d  fo r  m a x i m a l  
a c t i v i t y  o f  a l m o s t  e v e r y  p h o s p h o r y l a t i n g  e n z y m e  in c a r b o h y d r a t e  
m e t a b o l i s m  ( T i s d a l e  et a l ., 1997) ,  m i g h t  h a v e  a ls o  p l a y e d  a p i v o t a l  ro le .

T h e  f a v o u r a b l e  e f f e c t  o f  P on  th e  y i e ld  a nd  y i e ld  a t t r i b u t i n g  
c h a r a c t e r s  o f  ch i l l i  w a s  e a r l i e r  r e p o r t e d  by  J o h n  (19 8 9 ) .

5. 3 .3  Q u a l i t y  C h a r a c t e r s  o f  C h i l l i

S i g n i f i c a n c e  c o u ld  be  o b s e r v e d  for  t r e a t m e n t  a p p l i c a t i o n  on  
q u a l i t y  c h a r a c t e r s  o f  f ru i t  l ike a s c o r b i c  ac id ,  c a p s a i c i n ,  o l e o r e s i n  and 
p r o t e in .

A sc o rb ic  a c id
T h e  m a x i m u m  a s c o r b i c  a c id  c o n t e n t  ( T a b l e  16 a n d  F i g . 9)  w a s  

r e c o r d e d  by  T s {Vi LS +  V% S S P )  f o l l o w e d  on  pa r  by  T g (A  LS +  ‘/2 RP) .  
A c c o r d i n g  to S m i r n o f f  ( 1 9 9 6 ) ,  a s c o r b i c  a c id  b i o s y n t h e s i s  r e q u i r e s  h igh  
e n e r g y  P c o n t a i n i n g  c o m p o u n d s  l ike A T P  a nd  N A D P  for  th e  a c t i v i t y  o f  
e s s e n t i a l  e n z y m e s  l ike a s c o r b a t e  o x i d a s e ,  m o n o d e h y d r o  a s c o r b a t e  
r e d u c t a s e  a n d  s o r b o s o n e  d e h y d r o g e n a s e .  M o r e o v e r ,  s o m e  o f  th e  
i n t e r m e d i a r i e s  a r e  s u g a r  p h o s p h a t e s .  High  a s c o r b i c  a c id  c o n t e n t  for  LS 
c o n t a i n i n g  c o m b i n a t i o n  t r e a t m e n t s  i n d i c a t e s  th a t  it m i g h t  h a v e  e n s u r e d  
e n o u g h  a v a i l a b i l i t y  o f  P for  th e  s y n t h e s i s  o f  th e  v a r i o u s  i n t e r m e d i a r y  
s u g a r  p h o s p h a t e s  a n d  th e  h i gh  e n e r g y  c o m p o u n d s  r e s u l t i n g  in e n h a n c e d  
a s c o r b i c  a c id  s y n th e s i s .  T h e  e n h a n c e d  m e t a b o l i s m  a nd  p h o t o s y n t h e t i c  
a c t i v i t y  in th e  p l an t  r e s u l t i n g  f ro m  a d e q u a t e  s u p p l y  o f  P a n d  M g  f ro m  LS 
m i g h t  a l s o  h a v e  p l a y e d  a ro l e  as  a s c o r b i c  a c id  s y n t h e s i s  is c o r r e l a t e d



wi th  p h o t o s y n t h e t i c  c a p a c i t y  a n d  wi th  th e  s u p p l y  o f  s o l u b l e  
c a r b o h y d r a t e s  ( S m i r n o f f  a nd  P a l l a n c a ,  1996 ) .  S i g n i f i c a n t  e f f e c t  o f  P on 
i n c r e a s i n g  th e  a s c o r b i c  ac id  c o n t e n t  in ch i l l i  w a s  f o u n d  by  U d d in  and 
B e g u m  (1 990) .

C ap sa ic in
C a p s a i c i n ,  ( T a b l e  16 a n d  Fig .  10) the  m o s t  i m p o r t a n t  q u a l i t y  t r a i t  

in ch i l l i  is the  c o n d e n s a t i o n  p r o d u c t  o f  3 -  h y d r o x y ,  4 -  m e t h o x y  
b e n z y l a m i n e  a n d  d e c y l e n i c  ac id .  Ful l  P as  LS ( T | )  r e c o r d e d  th e  h i g h e s t  
c a p s a i c i n  c o n t e n t  w h ic h  w a s  on  p a r  w i th  Tg ('A LS +  A  RP) .  R e p o r t s  by  
B e n n e t t  a n d  K i rb y  ( 1 9 6 8 )  i n d i c a t e d  th a t  c a p s a i c i n  b i o s y n t h e s i s  b e g in s  
f ro m  a m i n o  a c i d s  - p h e n y l  a l a n i n e  a nd  v a l i n e  a nd  th a t  h i gh  e n e r g y  
c o m p o u n d s  l ike A T P  a nd  N A D P  a re  i n v o lv e d  in th e  a c t i v a t i o n  o f  m a n y  
c o n c e r n e d  e n z y m e s  in th e  b i o c h e m i c a l  p a t h w a y  l ike  3 m e t h y l - 2 -  
o x o b u t a n o a t e  d e h y d r o g e n a s e ,  c a p s a i c i n o i d  s y n t h a s e  a n d  acyl  A C P  
t h i o e s t e r a s e .  T h e  f a v o u r a b l e  e f f e c t  o f  a p p l i c a t i o n  o f  LS e i t h e r  a l o n e  or  
in c o m b i n a t i o n  in i n c r e a s i n g  c a p s a i c i n  c o n t e n t  m i g h t  be  d u e  to its 
b e n e f i c i a l  ro le  in i n c r e a s i n g  a m i n o  a c id  s y n t h e s i s  a n d  t h e r e b y  p r o t e in  
s y n t h e s i s ,  f a v o u r e d  by  th e  i n c r e a s e d  u p t a k e  o f  P a n d  N.  M o r e o v e r ,  
a d e q u a t e  a v a i l a b i l i t y  o f  h igh  e n e r g y  c o m p o u n d s  in t h e  p l a n t  s y s t e m  
u n d e r  a s s u r e d  P n u t r i t i o n  m i g h t  h a v e  e n h a n c e d  th e  a c t i v i t y  o f  e n z y m e s  
i n v o l v e d  in c a p s a i c i n  s y n t h e s i s .  S i m i l a r  c o n f i r m a t o r y  r e p o r t s  h a v e  been  
pu t  f o r w a r d  by  N i r a n j a n a  a nd  D ev i  ( 199 0 ) .

Oleoresin
C o m b i n a t i o n  t r e a t m e n t  Tg ('A LS + A  RP)  w a s  on  p a r  w i th  T 2 ( fu l l  

P as  S S P )  in th e  p r o d u c t i o n  o f  o l e o r e s i n  ( T a b l e  16 a nd  F i g . 8 ). A c c o r d i n g  
to L i c h t e n t h a l e r  el al. ( 1 9 9 7 ) ,  i s o p e n t e n y l  d i p h o s p h a t e  is the  p r e c u r s o r  o f  
o l e o r e s i n  in p l an t s .  So  th e  a d e q u a t e  P s u p p l y  f ro m  th e  c o m b i n a t i o n  
t r e a t m e n t  c o n t a i n i n g  LS m i g h t  h a v e  e n h a n c e d  the  b i o s y n t h e s i s  o f  th is  
p r e c u r s o r .  Y o d p e t c h  ( 2 0 0 0 )  o b s e r v e d  th a t  P a p p l i c a t i o n  p o s i t i v e l y  
e n h a n c e d  o l e o r e s i n  c o n t e n t  in c a y e n n e  p e p p e r  (C apsicum  annuum  L.) .
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Fig. 8 Fruit oleoresin and protein content- main crop
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P ro te in s
T h e  h i g h e s t  f ru i t  p r o t e in  c o n t e n t  ( T a b l e  16 a n d  F i g . 8 ) w a s  

r e g i s t e r e d  by  T 6 (54 LS + 14 S S P )  a nd  w a s  on  p a r  w i th  T# (54 LS + 14 RP) .  
T h e  s u p e r i o r  e f f e c t  o f  LS c o n t a i n i n g  c o m b i n a t i o n  t r e a t m e n t s  on  
i n c r e a s i n g  f ru i t  p r o t e in  c o n t e n t  m i g h t  be du e  to th e  e a s y  a n d  e n h a n c e d  
a v a i l a b i l i t y  o f  N a nd  P f ro m  th e  s l u d g e  as  a m m o n i u m  p h o s p h a t e .  T h i s  
m i g h t  h a v e  r e su l t e d  in h i g h e r  p l a n t  N c o n t e n t ,  i n d u c i n g  e n h a n c e d  a m i n o  
a c id  s y n t h e s i s  all  t h e s e  l e a d i n g  to  i n c r e a s e d  p r o t e in  s y n t h e s i s .  T h e  fact  
th a t  P is e s s e n t i a l  in th e  f o r m a t i o n  o f  e f f e c t i v e  p o l y r i b o s o m e  c o m p l e x  
th a t  p r e c e d e s  a c t i v e  i n c o r p o r a t i o n  o f  a m i n o  a c i d s  in to  p r o t e i n  ( L u b i n  a nd  
E n n i s ,  1964)  m i g h t  h a v e  a ls o  p l a y e d  a p ivo ta l  role.

5 .3 .4  T o t a l  D r y  M a t t e r  P r o d u c t i o n

T o t a l  dr y  m a t t e r  p r o d u c t i o n  ( T a b l e  17) w a s  s i g n i f i c a n t l y  
i n f l u e n c e d  by  t r e a t m e n t  a p p l i c a t i o n .  W h e n  dr y  m a t t e r  p r o d u c t i o n  and 
y i e l d s  w e r e  c r i t i c a l l y  o b s e r v e d ,  a c l o s e  r e l a t i o n s h i p  w a s  f o u n d  to  e x i s t  
b e t w e e n  t h e s e  tw o .  T h e  t r e a t m e n t  T 7 (54 LS + 54 RP)  w h i c h  g a v e  the  
h i g h e s t  f ru i t  y i e ld  r e c o r d e d  the  h i g h e s t  d r y  m a t t e r  p r o d u c t i o n  to o  and 
w a s  on  p a r  wi th  Tg (14 LS + 14 RP) .  S u c h  an a s s o c i a t i o n  b e t w e e n  dr y  
m a t t e r  a n d  y i e ld  had  b een  e a r l i e r  r e p o r t e d  by  D a t t a  et cil. ( 1 9 7 2 ) .

K a m i n w a r  a nd  R a j a g o p a l  ( 1 9 9 3 )  o b s e r v e d  th a t  d r y  m a t t e r  
p r o d u c t i o n  in ch i l l i  w a s  s i g n i f i c a n t l y  i n f l u e n c e d  by  P a nd  t h a t  it 
i n c r e a s e d  c o n t i n u o u s l y  f rom 45 to  150 d a y s  a f t e r  p l a n t i n g .  T h e  
f a v o u r a b l e  e f f e c t  o f  the  t r e a t m e n t  c o m b i n a t i o n s  c o n t a i n i n g  bo th  LS and  
RP  m i g h t  be  d u e  to  the  s t e a d y  a nd  c o n t i n u o u s  P s u p p l y  by  v i r t u e  o f  the  
e n c a p s u l a t e d  n a t u r e  o f  LS t o g e t h e r  w i th  s l o w l y  a v a i l a b l e  P f ro m  RP,  th us  
e n s u r i n g  a d e q u a t e  P s u p p l y  d u r i n g  th e  f l o w e r i n g  a n d  f ru i t i n g  p e r i o d s  o f  
the  c r o p  w h e n  P r e q u i r e m e n t s  a r e  th e  m o s t  h igh .  M o r e o v e r ,  o n e  th i rd  o f  
to t a l  P b e c o m e s  w a t e r  s o l u b l e  w h e n  R P  and LS ar e  u sed  in c o n j u n c t i o n  
( G e o r g e ,  2 0 0 3 ) .  Al l  t h e s e  m ig h t  h av e  e n h a n c e d  P u p t a k e  a l o n g  w i th  tha t  
o f  o t h e r  n u t r i e n t s  r e s u l t i n g  in h i g h e r  ra t e  o f  g r o w t h  a n d  be t t e r



a c c u m u l a t i o n  o f  p h o t o s y n t h a t e s ,  f in a l ly  r e s u l t i n g  in i n c r e a s e d  dr y  m a t t e r  
p r o d u c t i o n  ( D a v e  e t a l., 1990) .

5 .3 .5  P la n t  N u t r i e n t  C o n t e n t  a n d  U p t a k e

P h o sp h o ru s
W ith  r ega rd  to  P c o n t e n t  ( T a b l e  18, 19 a nd  Fig .  11a,  12) in bo th  

b h u s a  a n d  f ru i t ,  a l l  th e  t r e a t m e n t s  w h i c h  r e c e i v e d  P f ro m  a n y  s o u rc e ,  
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  v a l u e s  th an  the  t r e a t m e n t s  w h i c h  r e c e i v e d  
no  P ( T | 0 a nd  T n ) .  T h e  h i g h e s t  P c o n t e n t  in b h u s a  w a s  r e c o r d e d  by  T 2 

( fu l l  P as  S S P)  a nd  t h a t  in f ru i t  by  T 9 (% LS + V* R P )  a n d  in b o th  c a s e s  
th e y  w e r e  on  p a r  w i th  Tg ('A LS +  lA  RP) .  M u r u g a n  et a l. ( 2 0 0 2 )  no t e d  
th a t  s o u r c e  o f  P ( S S P  or  RP)  d id  no t  h a v e  a n y  a p p r e c i a b l e  e f f e c t  on  th e  P 
c o n t e n t  o f  ch i l l i  bu t  the  h i g h e s t  c o n t e n t  w a s  r e g i s t e r e d  by  S SP .  I n c r e a se  
in P c o n t e n t  in c e r e a l s  l ike  r ic e  a nd  m a iz e  w i th  LS a p p l i c a t i o n  w a s  
r e p o r t e d  by L o w e  ( 1 9 6 8 )  w h i l e  th a t  in c o v e r  c r o p  P eu ra ria  w a s  i n d i c a t e d  
by G e o r g e  e t al. ( 1 9 9 4 ) .  T h e  e f f e c t  o f  r u b b e r  e f f l u e n t  in i n c r e a s i n g  P 
c o n t e n t  in oi l  pa lm  w a s  s h o w n  by B a c h i k  et a l. ( 1 9 8 7 )  a nd  th a t  in g r a s s e s  
by T a n  et al. ( 19 7 5 ) .

Ful l  P g i v e n  as S S P  ( T 2) r e c o r d e d  th e  h i g h e s t  t o ta l  P u p t a k e  
( T a b l e  21 a nd  Fig .  14) a n d  w a s  on  par  w i th  Tg (A  LS + A  R P ) .  T h i s  
i n d i c a t e s  th a t  the  e f f e c t  o f  LS a n d  R P  w h e n  p r e s e n t  in e q u a l  a m o u n t s  in 
i n c r e a s i n g  P u p t a k e  is c o m p a r a b l e  to  th a t  w h e n  S S P  is u s e d  a lo n e .  T h i s  
m ig h t  be  d u e  to the c u m u l a t i v e  e f f e c t  a r i s i n g  f rom  th e  p r e s e n c e  o f  P in 
LS in bo th  r e a d i l y  a v a i l a b l e  a nd  s l o w l y  a v a i l a b l e  f o r m s  w h i c h  e n s u r e  
a d e q u a t e  P s u p p l y  t h r o u g h o u t  th e  c r o p  p e r io d  r e s u l t i n g  in h i gh  d r y  m a t t e r  
p r o d u c t i o n  in t h e s e  t r e a t m e n t s .  M o r e o v e r ,  w h e n  LS is u s e d  in 
c o n j u n c t i o n  w i th  RP,  o n e  th i rd  o f  to ta l  P b e c o m e s  w a t e r  s o l u b l e  ( G e o r g e ,  
2 0 0 3 ) .  T h i s  w a t e r  s o l u b le  P m i g h t  h a v e  f a v o u r e d  b e t t e r  r o o t  f o r m a t i o n  
and in i t ia l  e s t a b l i s h m e n t  o f  th e  c r o p .  T h e  s l o w l y  a v a i l a b l e  a c id  s o l u b l e  P, 
f ro m  bo th  LS and  R P  m i g h t  h a v e  e n s u r e d  a d e q u a t e  P s u p p l y  a nd  u p t a k e  
d u r i n g  th e  f l o w e r i n g  a n d  f r u i t i n g  s t a g e s  o f  the  c r o p  w h e n  th e  P



r e q u i r e m e n t  is ve r y  h i gh  ( S a n t i a g o  a n d  G o y a l ,  1985) .  M o r e o v e r ,  t h e  ac id  
s o l u b l e  P f rom  LS d u e  to i ts g r a d u a l  a n d  s t e a d y  r e l e a s e  m i g h t  h a v e  
e s c a p e d  la rge  s c a l e  f i x a t i o n  r e a c t i o n s  in th e  a c i d i c  r ed  lo am  soi l  o f  
V e l l a y a n i  u sed  for  the s t u dy .  T h e  l i m i n g  e f f e c t  o f  LS a t t r i b u t a b l e  to  its 
m a g n e s i u m  p h o s p h a t e  c o n t e n t  a l s o  m ig h t  hav e  p l a y e d  a c o m p l e m e n t a r y  
ro l e  in r e d u c i n g  P f ixa t io n .  S u p p o r t i n g  e v i d e n c e s  c o u l d  be d e r i v e d  f rom 
the  r e su l t s  o f  t h e  p r e s e n t  i n c u b a t i o n  s t u d y  a l so ,  in w h i c h  b o th  LS a nd  R P  
m a i n t a i n e d  h igh  soi l  a v a i l a b l e  P up  to  9 0 th day .

A l iy u  ( 2 0 0 3 )  i n d i c a t e d  an i n c re a s e  in P u p t a k e  wi th  t h e  a d d i t i o n  o f  
P in c h i l l i .  I n c r e a se d  P u p t a k e  w i th  LS a p p l i c a t i o n  w a s  r e p o r t e d  in 
P euraria  by W a h a b  el al. ( 1979) ,  in bu d d e d  rubb e r  s t u m p s  by  G e o r g e  et al.
( 1 9 9 1 )  a nd  in i m m a t u r e  r u b b e r  by  G e o r g e  ( 2 0 0 3 ) .

O th er N u tr ie n ts
T h e  p l a n t  N c o n t e n t  ( T a b l e  18, 19 a n d  Fig .  1 l a ,  12) a nd  its u p t a k e  

( T a b l e  20  a nd  Fig.  13) w e r e  s i g n i f i c a n t l y  i n f l u e n c e d  by  t r e a t m e n t  
a p p l i c a t i o n .  T h e  h i g h e s t  N c o n t e n t s  in b o th  b h u s a  a n d  f ru i t  w e r e  
r e c o r d e d  by  T 6 (54 LS + '/< S S P )  a n d  w a s  on  p a r  w i th  Tg (14 LS + 14 RP) .  
T h e  h i g h e s t  to ta l  N u p t a k e  w a s  fo r  T 7 (14 LS + 54 RP)  f o l l o w e d  on  p a r  by 
T 8. A f a v o u r a b l e  e f f e c t  in i n c r e a s i n g  N c o n t e n t  a n d  u p t a k e  w a s  n o t i c e d  
for  t r e a t m e n t  c o m b i n a t i o n s  c o n t a i n i n g  LS.  T h i s  m ig h t  be  d u e  to  the 
p r e s e n c e  o f  N in the  s l u d g e  as  a m m o n i u m  p h o s p h a t e  a n d  i ts s l o w  r e l e a s e  
p r o p e r t y  b e s t o w e d  by th e  e n c a p s u l a t i o n  o f  the  s a m e  by  th e  r u b b e r  
r e s i d u e s .  T h e  i n c u b a t io n  s tu d y  a l s o  s h o w e d  a s t e a d y  i n c r e a s e  in soi l  
a v a i l a b l e  N up to  6 0 th d a y  w h e n  LS w a s  a p p l i e d .  M o r e o v e r ,  t h e  h i g h e s t  
d r y  m a t t e r  p r o d u c t i o n  w a s  a l s o  by  t h e  s a m e  t r e a t m e n t s .  A n  i n c r e a s e  in N 
c o n t e n t  o f  bo th  s h o o t  a nd  f ru i t  o f  ch i l l i  w i th  P a p p l i c a t i o n  w a s  n o t e d  by  
A l iy u  ( 2 0 0 3 ) .  S in g h  and S r i v a s t a v a  ( 1 9 8 8 )  o b s e r v e d  t h a t  N u p t a k e  in 
c h i l l i  w a s  p o s i t i v e l y  i n c r e a s e d  by  P a p p l i c a t i o n .  A n  in c r e a s e  in N 
c o n t e n t  o f  p a s t u r e  g r a s s  w i th  LS a p p l i c a t i o n  w a s  s h o w n  by  L o w e  ( 1 9 6 8 ) .  
I n c r e a s e d  N u p t a k e  wi th  LS a p p l i c a t i o n  in v e t i v e r  w a s  i n d i c a t e d  by
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K ar im  et al. ( 1 9 9 7 ) ,  in b u d d e d  r u b b e r  s t u m p s  by  G e o r g e  el al.  ( 1 9 9 1 )  a nd  
in i m m a t u r e  r u b b e r  by  G e o r g e  ( 200 3) .

T h e  c o m b i n a t i o n  t r e a t m e n t s  i n v o l v i n g  LS r e c o r d e d  h i g h e r  v a l u e s  
for  b o th  b h u s a  a nd  f ru i t  K c o n t e n t  ( T a b l e  18 ,19  a nd  Fig.  l i b ,  12) th an  
w h e n  S S P  or  RP  w e r e  u sed  a lo n e .  T 4 ('A LS + 3A  S S P )  r e c o r d e d  the  
m a x i m u m  K c o n t e n t  in b h u s a  w h i l e  T 9 ( 3 /4  LS + 'A RP)  t h a t  in f ru i t .  In 
both  c a s e s ,  t h e y  w e r e  on  pa r  w i th  Tg (1 /2  LS + V i RP ) .  T h e  h i g h e s t  to ta l  
K u p t a k e  ( T a b l e  22  and Fig.  15) w a s  r e c o r d e d  by  T 7 ('A LS +  V* RP)  
f o l l o w e d  on  par  by  Tg. A d e q u a t e  P s u p p l y  in t h e s e  LS c o n t a i n i n g  
c o m b i n a t i o n  t r e a t m e n t s  m i g h t  h a v e  i n c re a s e d  K c o n t e n t  a n d  its u p ta k e .  
M o r e o v e r ,  t h e  h i gh  dr y  m a t t e r  p r o d u c t i o n  in t h e s e  t r e a t m e n t s  m i g h t  a l s o  
h a v e  p l a y e d  t h e i r  o w n  ro le s .  I n c r e a se  in K u p t a k e  w i th  P a p p l i c a t i o n  in 
ch i l l i  w a s  i n d i c a t e d  by M u r u g a n  et al.  ( 2 0 0 2 ) .  T h e  f a v o u r a b l e  e f f e c t  o f  
LS in i n c r e a s i n g  K u p t a k e  in b u d d e d  r u b b e r  s t u m p s  w a s  r e p o r t e d  by 
G e o r g e  et al.  ( 1 9 9 1 )  and th a t  in i m m a t u r e  r u b b e r  by  G e o r g e  ( 2 0 0 3 ) .

T h e  C a  c o n t e n t  ( T a b l e  18, 19 a nd  F i g . l i b ,  12) o f  b h u s a  w a s  
s i g n i f i c a n t l y  i n f l u e n c e d  by  the  t r e a t m e n t s  a nd  t h e  h i g h e s t  c o n t e n t  w a s  
r e c o r d e d  by  T 9 ( 3 /4  LS + '/4 RP)  f o l l o w e d  on pa r  by Tg ( V i LS + '/ 2 RP) .  
But ,  th e  t r e a t m e n t s  f a i l ed  to  p r o d u c e  a n y  s i g n i f i c a n t  e f f e c t  on  f ru i t  C a  
c o n t e n t  w h i c h  m ig h t  be  du e  to  t h e  r e s t r i c t i o n s  in C a  m o v e m e n t  to  f ru i t  
even  w h en  there  are suf f ic ien t  con cent ra t io ns  wi th in  the  p l ant  (T is da le  et al., 
1997) .  T h e  h i g h e s t  to ta l  C a  u p t a k e  ( T a b l e  23 a n d  Fig.  16) w a s  r e c o r d e d  
by  Tg ( V i LS +  V i RP )  w h i c h  w a s  on pa r  w i th  T 7 ( ‘A  LS +  3A  RP ) .  A 
s u p e r i o r  e f f e c t  w a s  n o t i c e d  for  t h e s e  c o m b i n a t i o n  t r e a t m e n t s  a s  C a  
s u p p l y  f ro m  LS s u p p l e m e n t e d  th a t  f ro m  RP.  A c c o r d i n g  to  M a t h u r  a nd  
Lai ( 1 9 8 9 ) ,  RP  is s u p e r i o r  to  S S P  in s u p p l y i n g  C a  to  p l a n t s .  T h e  
e n h a n c e d  a v a i l a b i l i t y  w h ic h  i n c r e a s e d  the  t i s su e  C a  c o n t e n t  a n d  a ls o  
b e t t e r  dr y  m a t t e r  p r o d u c t i o n  in t h e s e  t r e a t m e n t s  n a t u r a l l y  i n c r e a s e d  
u p t a k e  a l s o .  M u r u g a n  et al. ( 2 0 0 2 )  no te d  t h a t  in ch i l l i  P a p p l i c a t i o n  
i n c r e a s e d  C a  up ta k e .
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T h e  t r e a t m e n t  a p p l i c a t i o n  f a i le d  to  p r o d u c e  a n y  s i g n i f i c a n t  e f f e c t  
on p l a n t  M g  c o n t e n t  ( T a b l e  18, 19 ), b u t  t h e i r  e f f e c t s  w e r e  s i g n i f i c a n t  on  
t o ta l  M g  u p t a k e  ( T a b l e  24  a nd  Fig .  17). T h e  m a x i m u m  v a l u e  for  to ta l  
u p t a k e  w a s  r e c o r d e d  by  Tg ('A LS  +  A  RP)  f o l l o w e d  by  T 2 ( f u l l  P as  
SS P) .  L a t e x  s l u d g e  b e i n g  a r ich  s o u r c e  o f  M g  r e su l t e d  in t h e  h i g h e s t  M g  
a v a i l a b i l i t y  as  e v i d e n c e d  f ro m  th e  p r e s e n t  i n c u b a t i o n  s t u d i e s .  T h i s  m i g h t  
h a v e  n a t u r a l l y  i n c re a s e d  M g  c o n t e n t  in p l an t  a nd  th is  c o u p l e d  wi th  h igh  
dr y  m a t t e r  p r o d u c t i o n  a ls o  by  t h e s e  t r e a t m e n t s  m ig h t  h a v e  r e s u l t e d  in the 
h i g h e s t  u p t a k e  o f  the  s a m e .  M u r u g a n  et al. ( 2 0 0 2 )  o b s e r v e d  i n c r e a s e d  
M g  u p t a k e  in ch i l l i  w i th  P a p p l i c a t i o n .  T h e  f a v o u r a b l e  e f f e c t  o f  LS in 
i n c r e a s i n g  M g  u p t a k e  in m a iz e ,  m u n g  b ean  a n d  g r o u n d n u t  w e r e  r e p o r t e d  
by W a h a b  e t  al. ( 1 9 7 9 ) ,  w h i l e  t h a t  in b u d d e d  r u b b e r  s t u m p s  by  G e o r g e  et 
al. ( 1 9 9 1 ) ,  in v e t i v e r  by  K a r im  et al. ( 1 9 9 7 )  a nd  in i m m a t u r e  r u b b e r  by 
G e o r g e  ( 2 0 0 3 ) .

5 .3 .6  S o il P r o p e r t ie s

5.3.6.1 Soil pH
T h e  v a r i o u s  p h o s p h a t i c  s o u r c e s  e i t h e r  a lo n e  o r  in c o m b i n a t i o n s  

f a i l ed  to  b r in g  a b o u t  a s i g n i f i c a n t  c h a n g e  in pH  ( T a b l e  26 ) .  T h e  re su l t  
f ro m  the  p r e s e n t  i n c u b a t io n  s tu d y  s u b s t a n t i a t e s  th is .  T h i s  m i g h t  be  d u e  to  
th e  pH  b u f f e r i n g  e f f e c t  o f  M g  p h o s p h a t e  p r e s e n t  in the  s l u d g e  ( L o w e ,  
1968) .  G e o r g e  et al.  ( 1 9 9 4 )  o b s e r v e d  no  s ig n i f i c a n t  d i f f e r e n c e  in so i l  pH  
by th e  a p p l i c a t i o n  o f  LS c o n t i n u o u s l y  fo r  th ree  y e a r s .  T h e  i n s i g n i f i c a n t  
e f f e c t  o f  S S P  and R P  to  c h a n g e  so i l  pH w a s  i n d i c a t e d  by  S h a r m a  and 
S i n h a  ( 1 9 8 9 )  a nd  D a t t a  a n d  S h a r m a  ( 2 0 0 1 ) .

5.3.6.2 Electrical Conductivity
Soi l  EC ( T a b l e  26 )  w a s  s i g n i f i c a n t l y  i n f l u e n c e d  by  t r e a t m e n t  

a p p l i c a t i o n .  T h e  m a x i m u m  v a l u e  w a s  r e g i s t e r e d  by  Tg ('A LS +  A  RP)  
f o l l o w e d  by  T |  ( fu l l  P as  LS) .  T h e  h i g h e s t  v a l u e s  in t h o s e  t r e a t m e n t  
c o m b i n a t i o n s  c o n t a i n i n g  LS m i g h t  be  d u e  to  h ig h  a v a i l a b i l i t y  o f  P and



M g  fro m  the  m a te r i a l  as  e v i d e n c e d  f ro m  the  a n a l y s i s  o f  soi l  u p o n  c r o p  
h a r ves t .

5.3.6.3 Available Nutrients
5.3.6.3.1 Available Phosphorus

S i g n i f i c a n t  i n c r e a s e  in so i l  a v a i l a b l e  P ( T a b l e  27  a n d  Fig.  18) w a s  
n o t i c e d  w i th  t r e a t m e n t  a p p l i c a t i o n .  T h e  h i g h e s t  v a l u e  w a s  r e c o r d e d  by  
Tg (14 LS + 54 RP)  f o l l o w e d  on  p a r  by  T 7 (!4 LS + Vi RP ) .  A p p l i c a t i o n  o f  
LS a l o n g  w i th  RP e n s u r e s  s l o w  a nd  s t e a d y  P d i s s o l u t i o n  b e s t o w e d  by  the  
e n c a p s u l a t e d  n a t u r e  in the  c a se  o f  LS a n d  a c id i c  c o n d i t i o n s  o f  th e  soi l  
us ed  for  th e  e x p e r i m e n t  in th e  c a s e  o f  RP. F u r th e r ,  l i m i n g  e f f e c t  on  soi l  
b r o u g h t  a b o u t  th e  s u p p l y  o f  m a g n e s i u m  p h o s p h a t e  in t h e  c a s e  o f  LS and 
C a  in the  c a s e  o f  R P  r e d u c e s  Fe  a nd  Al  a c t i v i t y  a nd  t h e r e f o r e  P f ixa t io n .  
So,  t h e s e  t w o  e f f e c t s  c u m u l a t i v e l y  m i g h t  hav e  h e l p e d  in m a i n t a i n i n g  a 
h i g h e r  so i l  a v a i l a b l e  P t h r o u g h o u t  th e  c r o p  g r o w t h  p e r io d .  I n c r e a s e  in 
soil  av a i la b le  P wi th P ap p l i ca t i o n  in chi ll i  w as  repo r t ed  by  M u r u g a n  et al. 
( 2 0 0 2 ) .  S i g n i f i c a n t  i n c r e a s e  in soi l  a v a i l a b l e  P w i th  LS a p p l i c a t i o n  w a s  
o b s e r v e d  by G e o r g e  ( 2 0 0 3 ) .  S i m i l a r  e f f e c t s  o f  r u b b e r  e f f l u e n t  w e r e  
r e p o r t e d  by  D o l m a t  et al. ( 1 9 8 1 )  a n d  Y a p a  (1 98 4) .

5.3.6.3.2 Other Nutrients
O r g a n i c  C c o n t e n t  o f  so i l  ( T a b l e  26  a n d  Fig .  18) w a s  s i g n i f i c a n t l y  

in f l u e n c e d  by  t r e a t m e n t  a p p l i c a t i o n .  L a te x  s l u d g e  w h e n  a p p l i e d  e i t h e r  
a l o n e  o r  in c o m b i n a t i o n  s i g n i f i c a n t l y  in c r e a s e d  soi l  o r g a n i c  C c o n t e n t .  
T h e  h i g h e s t  c o n t e n t  w a s  r e c o r d e d  by  T |  ( ful l  P as  LS)  a n d  w a s  
s i g n i f i c a n t l y  s u p e r i o r  to  all  o t h e r  t r e a t m e n t s .  T h e  f a v o u r a b l e  e f f e c t  o f  
LS on  o r g a n i c  C c o n t e n t  o f  soi l  w a s  e v i d e n t  in th e  i n c u b a t i o n  s t u d i e s  
a l so .  A p p l i c a t i o n  o f  LS p r o m o t e d  p l a n t  g r o w t h ,  e n h a n c e d  so i l  b i o l o g i c a l  
a c t i v i t y  a n d  th i s  m ig h t  h a v e  r e su l t e d  in h i g h e r  o r g a n i c  C c o n t e n t .  
I n c r e a s e  in m ic r o b i a l  a c t i v i t y  w i th  LS a p p l i c a t i o n  w a s  e a r l i e r  n o t i c e d  by  
K a r im  et al.  ( 1 9 9 7 ) .  F a v o u r a b l e  e f f e c t  o f  P a p p l i c a t i o n  on  so i l  o r g a n i c  C
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c o n t e n t  w a s  e a r l i e r  i n d i c a t e d  by  D e  et al. ( 1 9 8 4 )  a n d  S u b e h i a  ( 1 9 9 8 ) .  
I n c r e a s e  in so i l  o r g a n i c  C w i th  t h e  a p p l i c a t i o n  o f  r u b b e r  e f f l u e n t  w a s  
r e p o r t e d  by  D o l m a t  et al. ( 1 9 7 9 )  a nd  B a c h i k  et al. ( 1 9 8 7 ) .

T h e  t r e a t m e n t  a p p l i c a t i o n  s i g n i f i c a n t l y  i n c r e a s e d  soi l  a v a i l a b l e  N 
( T a b l e  27  a n d  Fig .  18). T h e  h i g h e s t  v a l u e  w a s  r e c o r d e d  by T 8 ( 1 /2  LS + 
14 RP)  f o l l o w e d  on  p a r  by  T 4 (14 LS + V* SS P) .  C o n t i n u o u s  a n d  a d e q u a t e  
P s u p p l y  f ro m  th e s e  LS c o n t a i n i n g  c o m b i n a t i o n  t r e a t m e n t s  m i g h t  h a v e  
e n h a n c e d  m i c r o b i a l  a c t i v i t y ,  w h i c h  m i g h t  h a v e  e n c o u r a g e d  th e  b u i l d  up 
o f  a v a i l a b l e  N.  M o r e o v e r ,  t h e  s l o w  r e l e a s e  a m m o n i u m  p h o s p h a t e  in LS 
m ig h t  a l s o  h a v e  lead  to  so i l  N e n r i c h m e n t .  A c c o r d i n g  to  S i n g a r a m  and 
K o t h a n d a r a m a n  ( 1 9 9 2 ) ,  th e  ov e ra l l  e f f e c t  o f  P a p p l i c a t i o n  w a s  to 
e n c o u r a g e  th e  bu i l d  up o f  a v a i l a b l e  N.  I n c r e a se  in soi l  a v a i l a b l e  N w i th  
LS a p p l i c a t i o n  w a s  i n d i c a t e d  by  G e o r g e  ( 2 0 0 3 )  w h i l e  th e  s i m i l a r  e f f e c t  
o f  r u b b e r  e f f l u e n t  w a s  o b s e r v e d  by  B a c h i k  et al. ( 1 9 8 7 ) .

Soi l  a v a i l a b l e  K ( T a b l e  27  a nd  Fig .  18) w a s  s i g n i f i c a n t l y  
i n f l u e n c e d  by  t r e a t m e n t  a p p l i c a t i o n .  T h e  h i g h e s t  v a l u e  w a s  r e c o r d e d  by  
T 4 (14 LS + 3A  S S P )  f o l l o w e d  on  par  by  Tg (14 LS + 14 RP) .  H o w e v e r ,  a 
g e n e r a l  t r e n d  o f  d e c r e a s e  in soi l  K w a s  n o t i c e d  at  h a r v e s t ,  w h i c h  m ig h t  
be d u e  to in c r e a s e d  p l a n t  u p t a k e .  M o r e o v e r ,  s o m e  l e a c h i n g  loss  m i g h t  
a l s o  h a v e  o c c u r r e d .  I n c r e a se  in so i l  a v a i l a b l e  K w i th  LS a p p l i c a t i o n  w a s  
i n d i c a t e d  by  G e o r g e  ( 2 0 0 3 ) .  S i m i l a r  e f f e c t  o f  r u b b e r  e f f l u e n t  w as  
o b s e r v e d  by T a n  et al. ( 1 9 7 5 )  a n d  Y a p a  (19 8 4 ) .

T h e  h i g h e s t  v a l u e  for  soi l  e x c h a n g e a b l e  C a  ( T a b l e  28  a n d  Fig .  18) 
was  regis te red  by  T 4 (14 LS + 3A  SSP)  fo l lowe d on  par  by T g (14 LS + 14 RP) 
a nd  T? ('A LS +  }A  RP) .  S i m i l a r  to K, e x c h a n g e a b l e  C a  c o n t e n t  o f  soi l  
d e c r e a s e d  a t  h a r v e s t .  T h i s  m i g h t  be  du e  to i n c r e a s e d  p l a n t  u p t a k e .  
S u b e h i a  ( 1 9 9 8 )  o b s e r v e d  t h a t  e x c h a n g e a b l e  C a  bu i l d  up  in so i l  w as  
c o m p a r a b l e  w h e n  RP  and S S P  w e r e  u sed .  I n c r e a se  in soi l  e x c h a n g e a b l e  
C a  w i th  r u b b e r  e f f l u e n t  a p p l i c a t i o n  w a s  i n d i c a t e d  by  D o l m a t  et al. 
( 1 9 8 1 ) ,  Y a p a  ( 1 9 8 4 )  a nd  B a c h i k  et al. ( 1 9 8 7 ) .



ill

T h e  t r e a t m e n t  a p p l i c a t i o n  s i g n i f i c a n t l y  i n f l u e n c e d  e x c h a n g e a b l e  
M g  ( T a b l e  28  a nd  Fig .  18) c o n t e n t  o f  the  soi l .  T r e a t m e n t  c o m b i n a t i o n s  
c o n t a i n i n g  LS r e c o r d e d  h i g h e r  v a l u e s  th an  w h e n  S S P  o r  R P  w a s  used  
a lo n e .  T h e  m a x i m u m  v a l u e  w a s  r e c o r d e d  w h e n  full  P w a s  g i v e n  as  LS 
( T | )  f o l l o w e d  on  p a r  by Tg {Vi LS +  Vi RP) .  T h e  e n c a p s u l a t e d  n a t u r e  o f  
LS w h i c h  i t s e l f  is a r ich s o u r c e  o f  M g  m ig h t  hav e  r e s u l t e d  in c o n t i n u o u s  
and  s t e a d y  s u p p l y  o f  th e  s a m e  in a c c o r d a n c e  w i th  c r o p  n e e d s .  T h i s  e f f e c t  
m i g h t  a l s o  h a v e  r e d u c e d  its le a c h in g  loss .  S r i n i v a s a n  el al. ( 2 0 0 0 )  
s h o w e d  th a t  e x c h a n g e a b l e  M g  w a s  m a x i m u m  w h e n  P w a s  a p p l i e d  in p l o t s  
e i t h e r  as  R P  or  S S P  a l o n g  w i th  F Y M .  I n c r e a s e  in soi l  e x c h a n g e a b l e  M g  
wi th  LS a p p l i c a t i o n  w a s  i n d i c a t e d  by  G e o r g e  ( 2 0 0 3 ) .  S i m i l a r  e f f e c t  by 
r u b b e r  e f f l u e n t  a p p l i c a t i o n  w a s  s h o w n  by D o l m a t  et al. ( 1 9 8 1 )  a nd  Y a p a  
( 1 9 8 4 ) .

5 .4 R E S I D U E  C R O P  O F  C H I L L I

T o  s t u d y  th e  r e s i d u a l  e f f e c t  o f  the  t r e a t m e n t s ,  a n o t h e r  c r o p  o f  
ch i l l i  ( P l a t e  5)  w a s  r a i s e d  in the  s a m e  po ts  u s i n g  th e  s a m e  so i l  u s e d  for  
the  m a in  c r o p  w i t h o u t  a ny  P a d d i t i o n .  U r e a  (N) ,  M u r i a t e  o f  p o t a s h  
( K j O )  a nd  F Y M  w e r e  a p p l i e d  in all  po ts  e x c e p t  a b s o l u t e  c o n t r o l ,  as  pe r  
P a c k a g e  o f  P ra c t i c e s  R e c o m m e n d a t i o n s  o f  K e r a l a  A g r i c u l t u r a l  
U n i v e r s i t y  ( K A U ,  2 0 02 ) .

5 .4 . 1  Y ie ld  pe r  P lant

T h e  t r e a t m e n t s  s i g n i f i c a n t l y  i n f l u e n c e d  f ru i t  y i e ld  ( T a b l e  29  a nd  
Fig .  19) o f  the  r e s i d u e  c r o p .  T h e  h i g h e s t  y i e ld  w a s  r e c o r d e d  by  Tg ( Vi LS 
+  Vi RP)  a n d  w a s  on  p a r  wi th  T 3 ( fu l l  P as  RP) .  T h i s  i n d i c a t e s  th a t  the  
r e s i d u a l  e f f e c t  w h e n  LS a nd  R P  w e r e  u sed  in e q u a l  p r o p o r t i o n s  is 
c o m p a r a b l e  to th a t  w h e n  RP  is u sed  a lo n e .  LS w h e n  u sed  in c o n j u n c t i o n  
wi th  R P  m i g h t  h av e  e n s u r e d  a d e q u a t e  P s u p p l y  d u r i n g  t h e  r o o t in g ,  
f l o w e r i n g  a nd  f ru i t i n g  s t a g e s  o f  the  c r o p  w h e n  P r e q u i r e m e n t  is h igh ,  by  
v i r t ue  o f  t h e i r  g r a d u a l  a nd  s t e a d y  d i s s o l u t i o n  a nd  th e  s u p p r e s s i o n  o f  Fe 
a nd  Al a c t i v i t y  as  a r e s u l t  o f  t h e i r  l i m i n g  e f f e c t .  T h i s  m ig h t  h a v e
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e n h a n c e d  m e t a b o l i s m  a nd  u p t a k e  o f  o t h e r  n u t r i e n t s  in g e n e r a l ,  be t t e r  
p a r t i t i o n i n g  o f  p h o t o s y n t h a t e s  a n d  t h e r e b y  h i g h e r  y i e ld .  Raj  and  
V e l a y u d h a m  ( 1 9 9 5 )  r e p o r t e d  th a t  the  r e s i du a l  e f f e c t  o f  R P  w a s  m o r e  t h a n  
th a t  o f  S S P .  T h e  r e m a r k a b l e  r e s i d u a l  e f f e c t  o f  LS,  e v i d e n t  f ro m  h i g h e r  
y i e l d s  o f  s e c o n d  a nd  e v e n  th e  t h i r d  c r o p s  o f  P e u ra r ia  w a s  s h o w n  by 
W a h a b  ( 1 9 7 6 )  a nd  f u r t h e r  c o r r o b o r a t e d  by  W a h a b  et al.  ( 1 9 7 9 ) .

5.4 .2  T o t a l  Dry M a t t e r  Product ion

T h e  r e s i d u a l  e f f e c t  o f  P s i g n i f i c a n t l y  i n f l u e n c e d  to ta l  dr y  m a t t e r  
p r o d u c t i o n  ( T a b l e  29) .  Tg (Vi LS +  Vi RP)  r e c o r d e d  the  h i g h e s t  va l u e  
f o l l o w e d  on  par  by T 3 ( fu l l  P a s  RP) .  A s  w i th  t h e  m a i n  c r o p ,  the 
t r e a t m e n t  th a t  g a v e  the  h i g h e s t  f ru i t  y i e l d  pe r  p l an t  r e c o r d e d  t h e  h i g h e s t  
dr y  m a t t e r  p r o d u c t i o n .  T h e  b e t t e r  r e s i d u a l  e f f e c t  o f  LS in c o m b i n a t i o n  
wi th  R P  m i g h t  h a v e  e n s u r e d  a d e q u a t e  P a v a i l a b i l i t y  a n d  t h i s  a l o n g  w i th  
e x t e r n a l l y  s u p p l i e d  N a n d  K w h i c h  p r o m o t e d  v e g e t a t i v e  g r o w t h  and 
h i g h e r  f ru i t  y i e ld  m ig h t  h a v e  f in a l l y  r e s u l t e d  in th e  h i g h e s t  to t a l  dr y  
m a t t e r  p r o d u c t i o n .  T h e  h i g h e r  r e s i d u a l  e f f e c t  o f  LS as  i n d i c a t e d  by  
h i g h e r  d r y  m a t t e r  y i e l d s  o f  P eu ra r ia  w a s  i n d i c a t e d  by  W a h a b  ( 1 9 7 6 )  a nd  
f u r t h e r  c o r r o b o r a t e d  by  W a h a b  et al. ( 1 9 7 9 ) .

5 .4 .3  P lan t  N u t r ie n t  C on te n t  and Upta ke  

P h o s p h o r u s

T h e  h i g h e s t  P c o n t e n t  ( T a b l e  30  a nd  31)  in b h u s a  w a s  r e c o r d e d  by  
Tg (Vi LS + Vi R P )  a nd  th a t  in f ru i t  by  T 5 (Vi LS +  Vi S S P )  a n d  in bo th  
c a s e s ,  t h e y  w e r e  on  pa r  w i th  T 3 ( fu l l  P as  RP) .  T h e  h i g h e s t  P u p t a k e  
( T a b l e  33 a n d  Fig .  21 )  w a s  r e c o r d e d  by  Tg f o l l o w e d  on  p a r  by  T 3 . T h i s  
m i g h t  be  d u e  to  th e  be t t e r  r e s i d u a l  e f f e c t  w h e n  LS a nd  R P  w e r e  u sed  in 
c o n j u n c t i o n  w h i c h  e n s u r e d  a d e q u a t e  P s u p p l y ,  i n c r e a s e d  p l a n t  P c o n t e n t  
a nd  th is  a l o n g  wi th  h igh  dr y  m a t t e r  p r o d u c t i o n  in t h e s e  t r e a t m e n t s  
n a t u r a l l y  r e su l t e d  in h i g h e r  u p t a k e .



W h e n  u p t a k e  ( T a b l e  32,  34 to  36  a nd  Fig .  20 ,  22  to  2 4 )  o f  o t h e r
n u t r i e n t s  (N ,  K, C a  and M g )  w a s  c o n s i d e r e d  in g e n e r a l ,  it w a s  s e e n  th a t
t h o s e  t r e a t m e n t  c o m b i n a t i o n s  c o n t a i n i n g  bo th  LS a n d  R P  r e c o r d e d  the 
h i g h e s t  v a l u e s .  In all  c a se s ,  s u p e r i o r i t y  o f  T 8 ('A LS +  Vi RP)  w a s
e v i d e n t .  A d e q u a t e  P s u p p l y  m i g h t  h a v e  r e su l t e d  in b e t t e r  roo t
p r o l i f e r a t i o n ,  p e n e t r a t i o n  a nd  r a m i f i c a t i o n  r e su l t i n g  in i n c r e a s e d  n u t r i e n t  
a b s o r p t i o n .  T h e  r e su l t a n t  e n h a n c e d  dr y  m a t t e r  p r o d u c t i o n  m i g h t  hav e  
c a u s e d  th e  in c r e a s e d  u p t a k e  o f  t h e s e  n u t r ie n t s .

5.5.  E C O N O M I C S

A c r i t i c a l  e c o n o m i c  a n a l y s i s  o f  the  d a t a  on th e  c o s t s  o f  in p u t s  and  
o u t p u t s  o f  m a in  as we l l  as  the  r e s i d u e  c r o p  ( T a b l e  25 ,  37  a nd  Fig .  25 )  
w a s  c a r r i e d  out .  T h e  c o m p u t e d  b e n e f i t - c o s t  ra t i o s  r e v e a l e d  t h a t  T 8 ('A LS 
+  'A RP)  w a s  th e  m o s t  e c o n o m i c  t r e a t m e n t  g i v i n g  a r e t u r n s  o f  R s .2 .6 7  
a nd  R s .1 .9 9  r e s p e c t i v e l y  for  e v e r y  o n e  ru p e e  in v e s t e d .  E v e n  t h o u g h ,  th is  
t r e a t m e n t  w a s  a c o m b i n a t i o n  o f  t w o  c h e a p e r  s o u r c e s  o f  P, it c o u ld  g i v e  
b e t t e r  y i e ld  t h a n  w h e n  c o s t l y  c o n v e n t i o n a l  P s o u r c e s  w e r e  u s e d  a l o n e  a nd  
so is a b e t t e r  o p t i o n  for  the  f a rm e r .
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Fig. 24 Plant magnesium uptake - residue crop
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6 . S U M M A R Y

L a te x  s lu d g e ,  th e  i n e v i t a b l e  b y p r o d u c t  o f  la t e x  c o n c e n t r a t i o n  
p r o c e s s  in na t u r a l  r u b b e r  i n d u s t r y  is c u r r e n t l y  c o n s i d e r e d  by 
e n v i r o n m e n t a l i s t s  a n d  i n d u s t r i a l i s t s  a l i k e  as  a w a s t e  m a t e r i a l  p o s in g  
p r o b l e m s  o f  h a n d l i n g  a n d  d i s p o sa l .  C h e m i c a l l y ,  it is m a g n e s i u m  
a m m o n i u m  p h o s p h a t e  f o r m e d  on  a d d i t i o n  o f  d i a m m o n i u m  h y d r o g e n  
ph o s p h a t c  to  f ie ld  la tex p r io r  to c e n t r i f u g a t i o n  for  l o w e r i n g  i ts h igh  Mg 
c o n t e n t  w h i c h  o t h e r w i s e  wi l l  a d v e r s e l y  a f f e c t  its s t ab i l i ty  on  f u r t h e r  
p r o c e s s i n g .  A b o u t  8 0 0  t o n n e s  o f  t h i s  m a te r ia )  a re p r o d u c e d  a n n u a l l y  in 
K e r a l a  by 110 la t ex  p r o c e s s i n g  f a c to r i e s .  R e p o r t s  o f  i ts p r o m i s i n g  
a g r o n o m i c  e f f i c i e n c y  in s o m e  c o v e r  c r o p s  and  r u b b e r  h a v e  a l r e a d y  b een  
o b s e r v e d .  H o w e v e r ,  no t  m u c h  r e se a r c h  ha s  b e e n  c a r r i e d  ou t  u s i n g  th is  
m a t e r i a l .

T h e  p r e s e n t  s tu dy  w a s  an  a t t e m p t  to  e v a l u a t e  th e  f e a s i b i l i t y  o f  
u s i n g  la t e x  s lu d g e ,  a c h e a p  or  ‘no  c o s t ’ m a te r i a l  at  p r e s e n t  as  a so u r c e  o f  
P in c r o p  p r o d u c t i o n ,  th e  r e su l t s  o f  w h i c h  i f  p o s i t i v e  can  be a m a j o r  
b r e a k t h r o u g h  for  f a r m e r s  in r e d u c i n g  t h e i r  c o s t s  o f  c u l t i v a t i o n .  
S u m m a r i z e d  b e l o w  a re  th e  s a l i e n t  f i n d in g s ,  w h i c h  w e r e  g e n e r a t e d  o u t  o f  
d e t a i l e d  i n v e s t i g a t i o n s ,  c a r r i e d  ou t  a t  l a b o r a to r y  a n d  f ie ld  leve l s  for  
c h a r a c t e r i z i n g  t h i s  m a te r i a l  a n d  s t u d y i n g  its soi l  a n d  c r o p  e f f ec ts .

A c r i t i c a l  a p p r a i s a l  o f  th e  a n a l y t i c a l  p r o f i l e  o f  la tex  s lu d g e  
s h o w e d  th a t  the m a te r i a l  w a s  n e a r  n e u t r a l  in r e a c t i o n  ( p H  6 . 4 9 )  w i th  
o r g a n i c  C c o n t e n t  o f  5 .0 9  p e r  ce n t .  T h e  N an d M g  c o n t e n t s  w e r e  qu i t e  
s u b s t a n t i a l ,  6 . 05  a n d  6 . 8 6  p er  c e n t  r e s p e c t i v e l y ,  b u t  bo th  K a n d  Ca  
c o n t e n t s  r e g i s t e r e d  n e g l i g i b l e  va l u e s ,  less  t h a n  o n e  p e r  cent .

T h e  to ta l  P c o n t e n t  in la tex  s l u d g e  w a s  3 5 .9 8  p e r  c e n t  g r a d i n g  it 
s u p e r i o r  to r o c k  p h o s p h a t e s  n o w  p o p u l a r  in m a r k e t  as  c o m m e r c i a l  
f e r t i l i z e r s .  O f  th e  to ta l  P, 13 p e r  c e n t  w a s  w a t e r  s o l u b l e  a nd  36  p e r  c e n t



c i t r a t e  s o l u b l e ,  t o g e t h e r  a c c o u n t i n g  for  n e a r l y  h a l f  o f  th e  g r o s s  P c o n t e n t .  
T h e  b a l a n c e  f r a c t i o n  w h i c h  t h o u g h  is c i t r a t e  i n s o lu b l e  ha s  go t  the  
p o s s i b i l i t y  o f  b e c o m i n g  s o l u b l e  in m i n e r a l  a c i d s  t h a t  m a y  o c c u r  in soi l  
d u e  to c e r t a i n  m i c r o b i a l  b i o c h e m i c a l  r e a c t i o n s  a n d  h e n c e  p l a n t  av a i l a b l e .  
Al l  t h e s e  fa c t s  a r e  c l e a r ly  s u g g e s t i v e  t h a t  la t ex  s l u d g e  c a n  s e rv e  as a P 
so u r c e  to s h o r t  a n d  long d u r a t i o n  c r o p s  e q u a l l y  by  v i r t u e  o f  its p o t e n t i a l  
f o r  s t a g g e r e d  r e l e a s e  o f  th e  n u t r ie n t .

A d e t a i l e d  l a b o r a to r y  i n c u b a t i o n  s tu dy  wi th  soi l  f o r  120 day s  
d u r a t i o n  w a s  u n d e r t a k e n  to  m o n i t o r  and  c o m p a r e  at  f o r t n i g h t l y  in t e r v a l s  
the  r e l e a s e  o f  p l a n t  n u t r i e n t s  f ro m  la t e x  s lu d g e  in c o m p a r i s o n  wi th  th a t  
f ro m  t w o  c o n v e n t i o n a l l y  u sed  P s o u r c e s  -  S S P  a n d  R P  a g a i n s t  a n o  P 
a p p l i e d  co n t r o l  ( so i l  a l o n e ) .  T h e  soi l  u s e d  b e l o n g e d  to  V e l l a y a n i  se r i es  
{Typic K andiustu lt)  a n d  w a s  s a n d y  lo am  in t e x t u r e ;  a c id i c  in r e a c t i o n  (pH 
5 .6 3) ,  h igh  in o r g a n i c  C a n d  a v a i l a b l e  P bu t  low in a v a i l a b l e  N a n d  K 
ra t in g .

A t  a n y  s ta g e  o f  i n c u b a t i o n ,  th e  v a r io u s  p h o s p h a t i c  s o u r c e s  c o u ld  
no t  b r in g  a b o u t  a s i g n i f i c a n t  c h a n g e  in soi l  pH .

At  all  s t a g e s  o f  i n c u b a t i o n ,  e x c e p t  on  the 9 0 lh a n d  10 5 th d a y ,  the 
soi l  RC d id  not  d i f f e r  s i g n i f i c a n t l y  a m o n g  th e  v a r i o u s  s o u r c e s  o f  P, e ven  
t h o u g h  t h e r e  w a s  s i g n i f i c a n t  v a r i a t i o n  w'hen c o m p a r e d  to  c o n t r o l .

O r g a n i c  C c o n t e n t  w a s  s i g n i f i c a n t l y  i n f l u e n c e d  by  th e  t r e a t m e n t s  
f ro m  th e  3 0 th D O I  o n w a r d s .  T h e  s u p e r i o r i t y  o f  la t e x  s l u d g e  in i n c r e a s i n g  
th is so i l  a t t r i b u t e  w a s  e v i d e n t ,  th e  v a l u e s  g r a d u a l l y  i n c r e a s i n g  to a 
m a x i m u m  by the 7 5 lh d a y  f o l l o w e d  by  a s l o w  d e c l i n e .

T h e  a v a i l a b l e  N v a l u e s  w e r e  th e  h i g h e s t  for  la t e x  s l u d g e  a p p l i e d  
soi l  t h r o u g h o u t  th e  i n c u b a t io n  p e r io d  e x c e p t  on  th e  105th d a y .  F r o m  the 
3 0 th to  th e  9 0 th d a y ,  t h e s e  v a l u e s  w e r e  s i g n i f i c a n t l y  s u p e r i o r  to  t h o s e  for  
S S P  an d RP a p p l i e d  soi l s .



T h e  d i f f e r e n t  P s o u r c e s  e x e r t e d  s ig n i f i c a n t  i n f l u e n c e  on  soi l  
a v a i l a b l e  P c o n t e n t s  t h r o u g h o u t  the i n c u b a t i o n  p e r io d .  O n  th e  15th day  
w h e n  all the t r e a t m e n t s  w e r e  s i g n i f i c a n t l y  d i f f e r e n t  f ro m  e a c h  o t h e r  in 
t h e i r  P d i s s o l u t i o n  c a p a c i t i e s ,  S S P  w a s  th e  m o s t  s u p e r i o r .  L a t e x  s lu d g e  
w h i c h  r a n k e d  nex t ,  w a s  s i g n i f i c a n t l y  s u p e r i o r  to  RP.  Bu t  f ro m  th e  3 0 th 
day  o n w a r d s ,  P r e l e a s e  f ro m  la t ex  s l u d g e  and S S P  b e c a m e  s ta t i s t i c a l l y  
c o m p a r a b l e  a n d  s i g n i f i c a n t l y  s u p e r i o r  to  th a t  f ro m  RP.  T h e  u n i f o r m  
r e l e a s e  pa t t e r n  o f  bo th  la tex  s lu d g e  and S SP  c o n t i n u e d  t i l l  th e  9 0 th d ay  
an d t h e r e a f t e r ,  the t h ree  s o u r c e s  b e c a m e  on p a r  in t h e i r  P r e l e a s e  
c a p a c i t i e s .  Al l  th e  a b o v e  f a c t s  a r e  s t r o n g  s u p p o r t i n g  e v i d e n c e  in f a v o u r  
o f  la t e x  s l u d g e  for  b e i n g  u se d  as an  a l t e r n a t e  P s o u r c e  to  p l a n t s  s ince ,  
th is  m a te r i a l  b e c o m e s  as g o o d  as  or  e v e n  b e t t e r  th an  th e  c o n v e n t i o n a l  P 
s o u r c e s  in i n c r e a s i n g  th e  soi l  a v a i l a b l e  P.

The a v a i l a b l e  K le ve ls  in soi l  r e m a i n e d  u n a f f e c t e d  t h r o u g h o u t  the  
i n c u b a t i o n  p e r io d  d e s p i t e  P a p p l i c a t i o n  in d i f f e r e n t  fo rm s .

T h e  e x c h a n g e a b l e  C a  a n d  M g  le v e l s  s h o w e d  s i g n i f i c a n t  v a r i a t i o n s  
u n d e r  P a p p l i c a t i o n  t h r o u g h  d i f f e r e n t  s o u r c e s  f ro m  th e  4 5 lh DO! on ly .  
T h e  t r e a t m e n t s  c o n t i n u e d  t h e i r  e f f e c t s  up  to th e  1 0 5 lh d a y  on  C a ,  bu t  
c e a s e d  by  the 7 5 th day  on Mg .  D u r i n g  t h i s  p e r io d ,  la tex  s l u d g e  w a s  as  
e f f e c t i v e  as  R P  in i n c r e a s i n g  a n d  m a i n t a i n i n g  th e  e x c h a n g e a b l e  C a  leve ls  
in soi l  a n d  m a k i n g  t h e m  p l an t  a v a i l a b l e ,  w h i l e  M g  r e l e a s e  p a t te rn  
s h o w e d  h igh  i n c o n s i s t e n c y .

F or  f u r t h e r  e l u c i d a t i o n  a n d  f ie ld  c o n f i r m a t i o n  o f  th e  l a b o r a to ry  
r e su l t s ,  a po t  c u l t u r e  w i th  chi l l i  (C apsicum  armuum  L.)  var .  J w a l a m u k h i  
w a s  c o n d u c t e d .  T h e  s e l e c t i o n  o f  th i s  c r o p  w a s  b a s e d  on  its r e l a t i v e  high 
P d e m a n d .  T h e  t r e a t m e n t s  w e r e  f ix ed  so  as  to c o m p a r e  th e  P s u p p l y  to 
th e  c r o p  f ro m  la t ex  s lu d g e  a g a i n s t  t h a t  f ro m  tw o  o t h e r  c o n v e n t i o n a l  P 
s o u r c e s  - S S P  a n d  R P  w h e n  e a c h  o n e  w a s  u s e d  s in g ly  or  w h e n  LS w as  
used  in d i f f e r e n t  c o m b i n a t i o n s  w i th  th e  o t h e r  two.



T h e  g r o w t h  c h a r a c t e r s  o f  th e  c r o p  viz., p l an t  h e igh t ,  b r a n c h e s  per  
p l an t ,  n u m b e r  o f  l e av es  a n d  l e a f  a r e a  r e g i s t e r e d  th e  m a x i m u m  va lu e  
w h e n  full P w a s  g i ven  a s  S S P  ( T 2). B u t  th e  e f f e c t s  w e r e  s t a t i s t i c a l l y  on  
pa r  w i th  th e  t r e a t m e n t  c o m b i n a t i o n  Ts (Vi LS a n d  A  RP) .

Y i e ld  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  in g e n e r a l  w e r e  f a v o u r a b l y  
i n f l u e n c e d  by  LS w h e n  a p p l i e d  a lo n e  o r  in c o m b i n a t i o n  w i th  o t h e r  P 
s o u r c e s .  T h e  so le  t r e a t m e n t  T |  ( fu l l  P as  LS)  a n d  th e  c o m b i n a t i o n  
t r e a t m e n t  Tf, (3A LS + Vi S S P )  w e r e  th e  e a r l i e s t  to f l o w e r ,  th e  f i rst  
f l o w e r i n g  by  bo th  b e i n g  on  th e  s a m e  p e r io d .  T h i s  f a v o u r a b l e  t r a i t  w a s  
a ls o  e x h i b i t e d  by Ts  ('A LS + 1A RP) .  T h e  n u m b e r  o f  f ru i t s  pe r  p l an t  a nd  
f rui t  y i e ld  per  p l an t  w e r e  th e  h i g h e s t  fo r  T 7 (Vi LS + Vi RP) ,  w h i c h  w as  
on  p a r  w i th  T 8 ('A LS + 'A R P ) .  T h e  m e a n  f ru i t  w e i g h t  a l s o  w-as the 
h i g h e s t  for  Ts and for  T 2 ( fu l l  P as  SSP) .

T h e  q u a l i t y  t r a i t s  o f  c h i l l i  viz.,  the c o n t e n t s  o f  a s c o r b i c  ac id ,  
c a p s a i c i n ,  o l e o r e s i n  and p r o t e in  a ls o  t e s t i f i ed  th e  s u i t a b i l i t y  o f  la t ex  
s l u d g e  as an a l t e r n a t e  P s o u rc e .  T h e  t r e a t m e n t  c o m b i n a t i o n  Ts  {'A LS + 
V2 R P )  r e g i s t e r e d  va lue s ,  w h i c h  w e r e  e i t h e r  th e  h i g h e s t  or  on  pa r  w i th  the  
h i g h e s t .

T h e  p l a n t  u p t a k e  o f  n u t r i e n t s ,  a m a j o r  y i e ld  c o n t r i b u t i n g  f ac to r  
a l s o  s h o w e d  t r e n d s  in f a v o u r  o f  la tex s lu d g e .  T h e  u p t a k e  o f  N,  P. K., C a  
an d M g ,  w h i c h  w e r e  s i g n i f i c a n t l y  i n f l u e n c e d  by th e  t r e a t m e n t s  w e r e  the 
h i g h e s t  o r  on  pa r  w i th  th e  h i g h e s t  fo r  th e  t r e a t m e n t  c o m b i n a t i o n  T s (V2 
LS + Vi RP) .

C h e m i c a l  a n a l y s i s  o f  soi l  u p o n  c r o p  h a r v e s t  fo r  th e  c o n t e n t s  o f  
o r g a n i c  C,  N ,  P, K, C a  a n d  M g  a n d  s u b s e q u e n t  s ta t i s t i c a l  s c r u t i n y  o f  the  
d a t a  s h o w e d  tha t  the  t r e a t m e n t s  c a u s e d  s i g n i f i c a n t  v a r i a t i o n s  in th e i r  
a v a i l a b l e  leve ls .  T h e  h i g h e s t  o r g a n i c  C c o n t e n t  w a s  r e c o r d e d  by T] ( fu l l  
P as  LS ) ,  w h i c h  w a s  s i g n i f i c a n t l y  h i g h e r  t h a n  all  o t h e r  t r e a t m e n t s .  In 
g e n e ra l ,  h i g h e r  v a l u e s  o f  a v a i l a b l e  N a n d  P a n d  e x c h a n g e a b l e  M g  w e r e



s h o w n  by T s (Vi LS + Vi RP).  A g e n e r a l  t r e n d  o f  d e c r e a s e  in so i l  
a v a i l a b l e  K a n d  e x c h a n g e a b l e  C a  w a s  n o t i c e d  at  ha rves t .

T h e  r e s i d u a l  e f f e c t s  o f  th e  t r e a t m e n t s  w e r e  s t u d i e d  by  a 
s u b s e q u e n t  c r o p  o f  s a m e  va r i e t y  o f  ch i l l i  in th e  s a m e  po ts  u s i n g  the s a m e  
soi l  f o l l o w i n g  all  the c u l t u r a l  o p e r a t i o n s  as  for  th e  p r e v i o u s  m a in  c r o p  
e x c e p t  a d d i t i o n  o f  a n y  P.

E x p e r i m e n t a l  c o n d i t i o n s  al l  b e i n g  u n i f o r m  f o r  t h e  r e s i d u e  c rop ,  
the  m a x i m u m  r e s i d u a l  e f f e c t  o f  P w a s  e x h i b i t e d  by  th e  c o m b i n a t i o n  
t r e a t m e n t  Tg (Vi LS + Vi R P )  m a n i f e s t e d  by  r e c o r d i n g  s t a t i s t i c a l l y  the 
h i g h e s t  v a l u e s  fo r  i m p o r t a n t  t r a i t s  c o n t r i b u t i n g  to y i e l d  a n d  q u a l i t y  l ike 
dry  m a t t e r  c o n t e n t s  o f  b h u s a  a n d  f ru i t ,  c o n t e n t  a n d  u p t a k e  o f  P by  b h u s a  
an d u p t a k e  o f  N and M g  by f ru i t .  E v e n  t h o u g h  no t  th e  h i g h e s t ,  the  
v a l u e s  r e g i s t e r e d  by th i s  t r e a t m e n t  fo r  o t h e r  s i m i l a r  t r a i t s  ( b h u s a  c o n t e n t  
an d  u p t a k e  o f  N,  K, C a  and  Mg;  f ru i t  c o n t e n t s  o f  N ,  P a n d  K a n d  f ru i t  
u p t a k e  o f  P, K a n d  C a )  w e r e  s t a t i s t i c a l l y  on par  w i th  th e  h i g h e s t  v a l u e s  
r e c o r d e d  by  o t h e r  t r e a t m e n t s .  T h e  f a v o u r a b l e  d i s p o s i t i o n  o f  al l  t h e s e  
f ac to r s  t o w a r d s  th is  t r e a t m e n t  c u m u l a t i v e l y  r e f l e c t e d  on  th e  f ru i t  y i e l d  
a ls o  w h i c h  w a s  s i g n i f i c a n t l y  t h e  h i g h e s t .

T h e  b e n e f i t - c o s t  r a t io s  w o r k e d  ou t  f o r  th e  v a r i o u s  t r e a t m e n t s  
s h o w e d  th a t  fo r  th e  m a in  cr op ,  t r e a t m e n t  c o m b i n a t i o n  T 7 (% LS + % R P ) )  
w a s  f o u n d  to be  th e  m o s t  p r o f i t a b l e  g i v i n g  r e t u r n s  o f  R s . 2 . 6 7  fo r  e v e r y  
o n e  r u p e e  i n v e s t e d  and w a s  on  pa r  w i th  Tg (% LS + Vi RP).  F o r  the  
r e s i d u e  c r o p ,  Tg w a s  f o u n d  to be th e  m o s t  p r o f i t a b l e  g i v i n g  r e t u r n s  o f  
Rs . 1.99 for  e v e r y  o n e  r u p e e  i n v e s t e d .

E p i t o m i z i n g  th e  f o r e g o i n g  f i n d in g s ,  th e  us e  o f  la t e x  s l u d g e  as  an 
a l t e r n a t e  c h e a p  so u r c e  o f  P to c r o p s  c a n  u n d o u b t e d l y  be  a d v o c a t e d  on  the  
b a s i s  o f  q u a n t i t a t i v e ,  q u a l i t a t i v e  a n d  m o n e t a r y  a s p e c t s  o f  y i e ld .  T h e  use 
o f  t h i s  m a te r i a l  in c o n j u n c t i o n  w i th  R P  to p r o v i d e  th e  p l a n t  i ts P 
r e q u i r e m e n t  in q u a n t i t a t i v e l y  e q u i v a l e n t  bas i s  r e g i s t e r e d  va lue s ,  w h i c h  
w e r e  e i t h e r  th e  h i g h e s t  or  th e  n e x t  h i g h e s t ,  bu t  s t a t i s t i c a l l y  on  p a r  w i th  it



for  m o s t  o f  th e  c h a r a c t e r s  s t u d i e d ,  o f  th e  m a i n  as  wel l  as th e  r e s i d u e  
cr op .  M o r e o v e r ,  us e  o f  th is  a p p a r e n t l y  e c o f r i e n d l y  m a t e r i a l  in c r o p
p r o d u c t i o n  wi l l  be a  b o o n  in t e r m s  o f  its d i s p o sa l  a l so .

I n s p i r e d  by  th e  r e su l t s  so far  g e n e r a t e d  f u r t h e r  i n v e s t i g a t i o n s  on  the  
m a te r i a l  in th e  f o l l o w i n g  l i ne s  a r e  s u g g e s t e d .

♦ E x t r a p o l a t i o n  o f  t h e s e  l a b o r a t o r y  a n d  pot c u l t u r e  r e s u l t s  by  la rge  
s c a le  f ie ld  t r ia l s .

♦ C o m p o s t i n g  u s i n g  b io  a g e n t s  l ike e a r t h w o r m s .

♦ R e i n f o r c e m e n t  u s i n g  b i o - a c t i v a t o r s  l ike P s o l u b i l i z i n g  a nd
c e l l u l o l y t i c  m i c r o o r g a n i s m s .

♦ C o n t r o l l e d  pa r t i a l  a c i d u l a t i o n  to i n c r e a s e  th e  n u t r i e n t  r e l e a s e
e f f i c i e n c y .

♦ Pre  i n c u b a t i o n  wi th  soi l  w i th  or  w i t h o u t  th e  a b o v e ,  p r i o r  to d i r ec t  
a p p l i c a t i o n  in f ie ld .

It is h o p e d  th a t  in th e  p r e s e n t  ag e  w h e n  th e  p r o g r e s s  o f  th e  n a t i o n  
is at  s ta k e  in th e  fa ce  o f  c a l a m i t i e s  l ike n a t u r a l  h a v o c s ,  p o p u l a t i o n  
e x p l o s i o n  a n d  d w i n d l i n g  na t u r a l  r e s o u r c e s ,  a s t u d y  o f  t h i s  n a t u r e  sha l l  be 
“ not a  g i a n t  leap,  but a  sm a l l  s te p  f o r w a r d  fo r  m a n k i n d ” in the
c h a l l e n g i n g  ta sk  o f  d e v e l o p i n g  a g r i c u l t u r e  in to  a s u s t a i n a b l e  v i b r a n t  
e c o n o m y .
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A B S T R A C T

A de ta i le d  inves t iga t ion  ent i t led  ‘Eva lua t i on  o f  latex s lu dge  as a 
p h o sp h o r u s  sou rce  in c rop  p r o d u c t io n ’ w as  car r ied  out  a t  C o l le ge  o f  
A gr icul ture ,  Vel lay ani ,  wi th  chi l l i  (Capsicum annuum  L.)  as th e  test  c rop .  
P re l im in ary  s tudies  in both India and ab r o a d  had  sh o wn  this was te  prod uct  o f  
latex con cen t ra t e  indust ry to be a  rich source  o f  p lant  nu t r ien ts  espec i a l l y  P,

Ini t ial ly the  bas ic  ph ys i co -c hem ic a l  proper t ies  o f  th is  s lu dg e  mater ia l  
were  e s t im a ted  fo l lowe d by an incubat ion  s tudy in w h ic h  its P re lease pat tern 
w as  c o m p a re d  wi th that  o f  tw o  co nve n t io na l  P sou rces  - SS P  and  RP. T h e n  
pot  cu l ture  ex p e r i m en ts  w e re  unde r t ak en  to s tudy its d i rec t  and  residual  
e f fec ts  on the growth  and y ie ld cha ra c te rs  o f  chilli  var.  Jw a l a m u k h i .

Chemic al ly ,  latex s ludge is m agn es iu m  a m m o n i u m  phosphate .  
Analy t ic a l  s tudies  revea led  it to be  near  neutral  (pH 6 .49)  in reac t ion  wh ich  
is m a in ly  due  to the pH bu ff er in g  ef fec t  o f  its m a g n e s iu m  ph osp hat e  
c o m p one n t .  So, no s igni f icant  var iat ion  in soil pH was ob se rved  both in the  
incub at ion  s tudy as  wel t  as in the pot cu l ture exp e r i m en ts  and in this respec t  
it is com p a ra b l e  wi th the con ve n t io na l  P sou rces-  SSP and RP.

The total  P co n ten t  is 35 .98  per  cent  gradi ng  it su p e r i or  to rock 
ph os pha te s  n o w  popu lar  in m ar k et  as co m m erc ia l  fert i l izers.  O f  the total  P, 
13 per  cent  is water  soluble and 36 per  cent  ci t rate  so luble,  toge th e r  
a cco un t in g  for near ly h a l f  o f  the gross  P content .  The  p r e sence  o f  both 
f rac t ions  g ives  latex s lu dge  an a d d e d  a dv an tage  over  S S P  and RP, in that  it 
can  prov id e  both readily ava i l ab le  and s lo wly  ava i lab le  form s  o f  P, m ak in g  it 
sui table for a wide  range  o f  c rops  and soils.

A n o t h e r  pos i t ive  proper ty  o f  latex s ludge  is the  pr esen ce  o f  M g  (6.86 
per  cent )  and N (6.05 per  cent )  in it. M g has  been found to be requi red  by 
m any  plants  in about  the sam e quant i t i es  as P to increase  the ir  ph o tosyn th e t ic  
e f ficiency.  The  N is present  in readily  ava i l ab le  form too /«., as a m m o n i u m  
phosphate .



T h e  presence  o f  abo u t  f ive pe r  cent  orga n ic  C is a no th e r  advant age  as 
it en h ances  ph osp ha te  d is so lu t ion  capac i ty  o f  the mater ia l .  In add i t ion ,  it 
can supply  minu te  quant i t i es  o f  K. and  C a  (less than  on e  per  cent ).  On the 
basis o f  its chemica l  profi le,  latex s ludge can  be cons i der ed  m o r e  or  less as a 
co m p le te  c o m p le x  fert i l izer .

T h e  grea tes t  advant age  is its abi l i ty to ac t  as  a  s lo w re lease fert i l izer ,  a 
prope r ty  be s t ow ed  on it by the en capsu la t ion  o f  nu t r ien ts  by rubb e r  re s idues  
presen t  in tow concent ra t ion .

T h e  dy nam ic s  o f  impor t ant  soil che m ic a l  proper t ies  on incubation 
wi th latex s ludge (Tj ) ,  SSP (T 2) and RP (Tf l  we re  s tudied  aga in s t  a control  
(T4, soil a lo ne )  for  a per iod  o f  120 days.  The se  sou rces  we re  app l ied  to one  
kg soil taken  in plas tic conta iners ,  to pro v id e  P @  40 kg  h a ' 1 and  the soil was 
ma in ta ined  at field capaci ty .

The  super ior i ty o f  latex s lu dge  in increas ing  the soil orga n ic  C con ten t  
w a s  very  m uch  evi dent  f rom the incubat ion  s tudy,  even  th ou gh  th ere  was  an 
initial de lay .  From the 30 th day o n w ar d s  latex s lu dge  w a s  s igni f icant ly  
sup e r i or  to RP and SSP,  the values  gr adu al l y  increas ing  to a m ax i m u m  by the 
75th day  fo l lowe d by a s low decl ine.

T h e  ava i l ab le  N values  were  the h ighes t  for latex s lu dge  app l ied  soil 
t h ro ug hou t  the incubat ion per iod  excep t  on the 105th day .  From 30 th to the 
90 th day  these  va lues  were  s igni f icant ly  super ior  to those  for  S S P  an d RP 
applied soils.

The  di f ferent  P sou rces  exe r ted  s ig ni f icant  in f luence  on soil ava i lab le  
P con ten ts  t h ro ug hou t  the incubat ion  per iod.  O n  the 15th day ,  the water  
so luble  p h osp ha te s  o f  SSP m a in ta in ed  its super ior i ty by  r ec or di ng  a  value  
s igni f icant ly  h igher  than that  o f  all o ther  sources .  The  next  h ighes t  va lue  was  
recorded  by latex s ludge and was  s ig ni f icant ly  super ior  to RP.  But f rom the 
30 lh day  onwar ds ,  P re lease  f rom latex s ludge and SSP b e c a m e  s ta t is t ical ly 
com p a ra b le  and s igni f icant ly super ior  to that  f rom RP. T h e  un i form re lease 
pa ttern o f  both latex s ludge and SSP con t i nued  till the  9 0 th day  and thereaf te r



the three  sou rces  became  on par  in th e i r  P re lease  capaci t ies .  T h e  super ior  
ef fect  o f  latex s ludge in main ta in ing  a high soil ava i l ab le  P till ab o u t  9 0 th day  
is th ere fo re  very  m uch  evi dent  and  is m a in ly  du e  to the pr esenc e  o f  both 
water  and  c i t ra te  so luble P f rac t ions  in it.

The avai lab le  K levels in soi l  rem ai ne d unaff ec t ed  t h ro ug hou t  the 
incubat ion  per iod desp i te  P app l i ca t ion  in di f ferent  forms.

T h e  var ious  P sou rces  cou ld  pr oduce  s ig ni f icant  var ia t ions  in soil 
e xch ang eab l e  Ca  and M g  levels only  to w ards  the m id d le  per iod  o f  the 
incubat ion .  In general ,  latex s ludge was  seen on par  wi th  R P  in increasing 
soil exc h a n g e a b l e  Ca  but the M g release pa ttern sh o w ed  h igh  incons is tency.

The  ag r o n o m ic  ef f ic i ency o f  latex s ludge was  eva lua t ed  by  co n du c t i n g  
pot cu l ture ex per im en ts  laid out in C R D  wi th a main  and a  re s idue  cr op  o f  
chilli  var.  J w a lam ukh i .  The t r ea tmen ts  inc luded T |  (ful l  P as LS),  T 7 (full P 
as SSP) ,  Ti  (full P as RP),  T4 (Vi LS + 3/ 4 SSP) , T 5 {'A LS + 'A SSP) ,  T f, (A  
LS + % SSP) , T 7 (Vi LS  + 3A RP),  T s (A  LS + A  RP),  T 9 (A  LS + % RP),  T , 0 
(N o  P) and T n  (absolu te  contro l) .  Urea,  mur ia te  o f  potash  and F Y M  were  
app l ied  un i for mly  to all t r ea tmen ts  exce p t  abso lu te  cont ro l ,  as pe r  Package  o f  
Prac t ices R eco m m en d a t io n s  o f  Kera la  Agr icul tura l  Univers i ty .  T h e  P 
fert i l izers we re  app l ied  as per  t r ea tm en t  schedule.

The  grow th  charac ter s  o f  chi l l i  reg is tered  the m a x i m u m  values  when 
full P w a s  g iven  as SSP (Tj ) .  But,  the ef fec ts  were  s ta t i s t ica l ly  on par  with 
the co m b in a t i o n  t r ea tment  Tg (A  LS + 'A RP).

Yie ld  in general  was  f av ourab ly  enh an ce d  w h en  latex s lu dge  was 
app l ied  a long  wi th RP. The  h ighes t  y ie ld was  recorded  by  T 7 (A  LS + Vi 
RP)  but it w a s  on par  wi th T s ('A LS +  A  RP).  The  e co n o m ic  ana lys is  
(bcnc f i l - cos l  rat io)  al so showed  the sam e t rend o f  yield.

The  qual i ty trai ts o f  chi l l i  a l so  tes t i f ied the sui tabi l i ty o f  la tex s ludge  
as an a l te rna te P source.  T h e  t r ea tment  com b in a t io n  Ts ('A LS + A  RP)  
regis te red  va lues  w h ich  we re  e i ther  the h ighes t  or  on par  wi th the highes t.



T h e  p lant  up tak e  o f  nutr ients ,  a  m a jo r  y ie ld  con t r ibu t ing  factor ,  also 
sh o w ed  t rends  in favour  o f  latex s ludge .  The  up take  o f  N,  P, K, Ca  and M g  
which  were  s igni f icant ly  in f luenced by  the  t r ea tmen ts  we re  the h ighes t  or  on 
par wi th  the h ighes t  for the com b in a t io n  t rea tment ,  Tg.

C h em ica l  ana lys is  o f  soil upon c rop  harves t  indica ted that  the 
com b in a t io n  t r ea tm en t  Tg ( ‘A  LS +  'A RP) cou ld  m ain ta in  h igh e r  levels o f  
ava i lab le  N,  P and exch an gea bl e  Mg. Full P as latex s ludge  (T]) recorded  the 
h ighes t  orga n ic  C con tent  and was  s igni f icant ly h i gher  than  all o t he r  
t rea tments .

The residual  e f fec ts  o f  the t rea tments  were  s tudied  by  ra is ing  ano th er  
c rop  o f  s am e  var ie ty o f  chi l l i  in the sam e pots  us ing  the same soil fo l lowing 
all the cul tura l  op era t i ons  as for the main  crop  ex cept  P addi t ion .

The  h ighes t  residual  ef fec t  o f  P was  exh ib i ted  by  the co m b in at io n  
t r ea tment  Tg ('A LS + A  RP) m an ifes t ed  by r ecording  the h i gh es t  f rui t  yield 
an d the reby the h ighest  returns.

The h igh  residual  effect  o f  Tg ('A LS + A  RP)  was  also evident  from its 
h ighest  P uptake  indicat ing adequate  P avai labi l i ty inspite o f  its lack o f  
applicat ion  to the current  crop.  Moreover ,  the uptake  o f  o ther  nutr ients  was  
e i ther  the h ighes t  or  on par  with the highest  value for the sam e t rea tment  (Tg).

The  present  inves t iga t ion ,  therefore ,  u n do ub te d ly  p rov es  tha t  latex 
s ludge  can be used  as an a l te rna te and  ch ea p  source  o f  P in c r op  product ion .  
The  com b in a t io n  t r ea tm en t  Tg ( lA  LS +  'A RP) em e rg e s  super ior  on the bas is  
o f  its d i rec t  a nd  residual  e f fec ts  on  growth ,  y ie ld  a nd  qu a l i ty  cha rac te r s  o f  
chilli .  E c o n o m ic  analys is  subs tant ia t es  this fur ther .  M ore ove r ,  use  o f  this 
ap p ar en t l y  ecof r i en d ly  mater ial  in c rop  pr oduct ion  will  be a boon  in te rm s o f  
its d i spo sa l  also.



APPENDIX



A P P E N D IX  - I

W e a th e r  p a r a m e te r s  d u r in g  th e  c r o p p in g  p er io d
M ain  c rop  -  A u g u s t  to D e c e m b e r  20 03  
R e s i d u e  c r o p  -  J a n u a r y  to A pr i l  2 0 0 4

Fortnight
Max imum

temperature
(°C)

Minimum
temperature

(°C)

Relative
humidity

(%)

Rain
fall

(mm)
Evaporat ion

(mm)

August I 30,96 24.26 80.90 35.50 3,69
August 11 30.72 24.25 80.75 65.00 4.01
September 1 30,92 23.55 76.46 10.30 4.70
September II 31.92 24.30 73.56 0.00 5.20
October  I 30.60 23.50 84.13 242.0 3.60
October  II 30.20 22.90 83.87 273.9 2.10
Nove mbe r  I 30.00 23.40 83.73 165.9 2.70
Nove mbe r  II 30.90 20.70 81.11 3.50 2.45
December  I 31.00 22.10 74.43 0.00 2.60
December  II 31.40 20.90 77.68 0.00 3.33
January I 31.50 22.30 76.43 0.00 3.45
January II 31.80 22.90 77.37 6.80 3.65
February I 32.00 21.30 77.35 0.40 4.05
February II 32.10 24.50 74.35 0.00 4.30
March I 33,10 24.70 75.95 0.00 4.60
March II 32.70 24.50 77.15 1.20 4.56
April I 33.50 24.70 74.96 67.7 4.40


