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INTRODUCTION

B la c k  -p e pp e r ( P ip e r  n ig rum  L . ) ,  th e  'K in g  o f S p ic e s ',  s t i l l  

re ta in s  i t s  c ro w n , e n jo y in g  a v i t a l  r o le  in  our n a tio n a l econom y.

N a tiv e  to  W estern G hats o f In d ia ,  p e p p e r has been a dom inant

com m od ity  in  th e  in te rn a t io n a l t ra d e  s in ce  t im e  im m e m o ria l.

The a rea unde r p e p p e r in  In d ia  is  1.58 la k h  h e c ta re s  w h ic h

c o n s titu te s  51 .5  p e r cent o f th e  g lo b a l a re a . Fo r th e  p as t h a l f

a c e n tu ry , p e p p e r p ro d u c tio n  in  In d ia  has been h ig h ly  f lu c tu a t in g .

In  1940's  In d ia 's  s h a re  in  th e  w o r ld  p ro d u c tio n  was 80 p e r cent 

and th e re a f te r  i t  s ca le d  down to  28 p e r cent in  la te  1980's  and 

38 p e r cent in  1988. As a g a in s t t h i s ,  c o u n tr ie s  l i k e  M a la y s ia ,

Indones ia  and B ra z i l  s te a d ily  im p ro v e d  t h e i r  p o s it io n ,  c o n tr ib u t in g  

s iz e a b ly  to  w o r ld  p ro d u c tio n  and t ra d e .  Today M a la y s ia , Ind o ne s ia  

and B ra z i l  have  su rp a sse d  In d ia 's  annual p ro d u c tio n  (G eorge, 1990).

■ The w o r ld  p ro d u c tio n  and e x p o r t ,  o f p e p p e r show ed ' a

s p e c ta c u la r g ro w th  d u r in g  th e  p e r io d  fro m  I960 to  1980, th e

average  be ing  6 .8  p e r  cent and 10.3 p e r ce n t, r e s p e c t iv e ly .  The 

average  annual g ro w th  ra te  o f In d ia n  p ro d u c tio n  d u r in g  t h is  p e r io d  

was 0 .4  p e r cent as a g a in s t 3 5 .0  p e r  cent in  B r a z i l ,  2 1 .0  p e r cent 

in  M a la y s ia  and 8 .0  p e r cent in  In d o n e s ia  (A b ra ha m , 1990).
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A m ong  th e  s p ic e s  e x p o r te d  f r o m  I n d ia ,  p e p p e r  r a n k e d  f i r s t ,  

a m o u n tin g  t o  3 6 .6  p e r  c e n t o f  th e  t o t a l  e x p o r t  in  1 9 8 8 -8 9  (9 9 8 8 6

to n n e s ) .  T h is  a c c o u n te d  t o r  5 8 .3  p e r  c e n t o f  th e  t o t a l  e a rn in g s  

( R s . 274136  c r o r e s )  d u r in g  th e  y e a r  (G e o rg e , 1 9 9 0 ) .

T h e  a v e ra g e  p r o d u c t i v i t y  o f  p e p p e r  in  I n d ia  i s  t h e  lo w e s t ,  

a t  311 k g / h a ,  in  c o m p a r is o n  w i t h  t h e  a v e r a g e  p r o d u c t i v i t y  o f  1570 k g ,

2 00 0  k g  a n d  523 k g  p e r  h e c ta r e  o b ta in e d  in  B r a z i l ,  M a la y s ia  a n d

In d o n e s ia ,  r e s p e c t i v e ly  (G e o rg e , 1990) .

A b o u t  97 p e r  c e n t o f  th e  t o t a l  a re a  u n d e r  b la c k  p e p p e r  

. in  t h e  c o u n t r y  a n d  98 p e r  c e n t o f  t h e  t o t a l  p r o d u c t io n  i s  in  K e r a la .  

T h o u g h  K e r a la  i s  th e  n a t i v e  h o m e  o f  b la c k  p e p p e r  t h e  a v e ra g e  

y i e l d  o f  t h i s  v a lu a b le  s p ic e  is  o n ly  0 . 3  k g / s t a n d a r d .  T h e  F o o d

a n d  A g r i c u l t u r a l  O r g a n is a t io n  h a s  p r o je c t e d  th e  d e m a n d  f o r  p e p p e r

a t  1 .6 2  la k h  to n n e s  in  1995 . In  . o r d e r  to  m a in ta in  t h e  p r e s e n t  38

p e r  c e n t s h a r e  o f  th e  w o r ld  m a r k e t ,  I n d ia  h a s  t o  e x p o r t  6 5 ,0 0 0  

to n n e s  o f  . p e p p e r  b y  1995 , a f t e r  m e e t in g  . t h e  in t e r n a l  d e m a n d  o f

3 0 ,5 0 0  to n n e s  (G e o rg e , 1 9 9 0 ) . T h is  e m p h a s is e s  th e  n e e d  t o  in c r e a s e

th e  p r o d u c t io n  to  c o p e  w i t h  t h e  in c r e a s in g  d e m a n d  f o r  e x p o r t  r aB

w e l l  as  in t e r n a l  c o n s u m p t io n .

T h e  m a in  re a s o n s  f o r  th e  lo w  p r o d u c t i v i t y  o f  p e p p e r  in  

K e r a la  a r e ,  t h e  u s e  o f  p o o r  g e n e t ic  s t o c k ,  r e te n t io n  o f  s e n i le  a n d

u n p r o d u c t iv e  v in e s ,  u n d e r  n u t r i t i o n ,  im b a la n c e d  m a n u r in g ,
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n o n -a d o p tio n  o f p ro p e r  agronom ic  m easures and in c id e n c e  o f pes ts  

and d is e a s e s .

One o f m ain a sp e c ts  in  th e  c u lt iv a t io n  o f p e p p e r is  n u t r i t io n .  

F ie ld  t r i a l s  oh th e  n u t r i t io n  o f b la c k  p e p p e r have  been c a r r ie d  

out in  In d ia  and a b ro a d . B u t, a m a jo r p ro b le m  in  ta k in g  up 

re se a rch  on b a s ic  a spe c ts  o f p e re n n ia l c ro p s  l i k e  p e p p e r is  th a t  

th e  e xecu tio n  o f th e  w o rk  in  th e  f ie ld  o ften  tu rn s  out to  be 

u n w ie ld y  and im p ra c t ic a l.  T h is  is  e xp e c te d  as th e s e  p la n ts  a re  

la rg e  and vo lum inous  and s p e c ia l te c h n iq u e s  have  to  be a d o p te d  

fo r  f ie ld  w o rk .  Pot c u ltu re  s tu d ie s  us ing  bush p e p p e r ,  w h ic h  a re  

ra th e r  handy in  management and a re  g a in in g  p o p u la r i ty  in  u rb an  

H o r t ic u ltu re ,  have  not been c a r r ie d  out in  In d ia  o r a b ro a d . In fo rm a t

ion  as to  w h e th e r t h is  can be used as a s u b s t itu te  f o r  v in e  p e p p e r 

to  w o rk  on fundam en ta l a sp e c ts  o f p e p p e r n u t r i t io n ,  is  a ls o  la c k in g .

In  K e ra la , abo u t 70 v a r ie t ie s  o f p e p p e r a re  re p o r te d  to  

be" unde r c u l t iv a t io n .  O n ly  abou t h a l f  a dozen o f them  a re  good 

y ie ld e r s  and a lso  t h e i r  e f f ic ie n c y  in  th e  u p ta k e  o f n u tr ie n ts  have  

not been s tu d ie d  so f a r .  B es ides  t h is ,  in fo rm a tio n  on th e  s o i l  zone 

o f maximum n u tr ie n t  a b s o rp t io n  in  b la c k  p e p p e r is  o f v a lu e  in  

fo rm u la tin g  a ra t io n a l m ethod  o f  f e r t i l i z e r  a p p lic a t io n .  W ith  a l l  

th e se  p o in ts  in  v ie w  th e  p re s e n t t r i a l s  have  been taken  up w ith  

th e  fo l lo w in g  o b je c t iv e s :



To s tu d y  th e  p a tte rn  o f g ro w th  and -n u tr ie n t  u p ta k e  in

bush p e p p e r and v in e  p e p p e r .

To e v a lu a te  th e  r e la t iv e  e f f ic ie n c ie s  o f b la c k  p e p p e r

v a r ie t ie s  in  th e  u t i l iz a t io n  o f a p p lie d  P.

to  a s c e r ta in  th e  s o i l  zone o f maximum n u tr ie n t  a b s o rp tio n

in  p e p p e r v in e s .



TQeview o j  JlitetdtuZe.



REVIEW OF LITERATURE

L ite r a tu re  on a sp e c ts  p e r ta in in g  to  t h is  s tu d y  on b la c k  

p e p p e r and fe w  o th e r  h o r t ic u l tu r a l  c ro p s  a re  re v ie w e d  h e re .

2 . 1 .  M in e r a l  n u t r i t i o n

Though b la c k  p e p p e r is  an im p o r ta n t e x p o r t  o r ie n te d  s p ic e  

c ro p  o f In d ia ,  in fo rm a tio n  about th e  n u tr ie n ts  re q u ire d  by  t h is  

c ro p , t h e i r  u p ta k e  and e ffe c t  on p la n t g ro w th  and n u t r i t io n ,  is  

v e ry  m eagre . The a v a i la b le  in fo rm a tio n  re la te s  to  th a t  o f In d ia n , 

M a la ys ia n  and Indones ian  w o rk e rs .  C o n s id e ra b le  w o rk  on e x tra c t io n  

and id e n t i f ic a t io n  o f th e  o le o re s in  and th e  a lk a lo id s  o f p e p p e r 

has been made b u t w o rk  re la t in g  to  in o rg a n ic  n u t r i t io n  o f p e p p e r 

is  o n ly  o f re ce n t o r ig in .

2 . 1 . 1 . N u t r i t io n a l re q u ire m e n t

M a n u r ia l e x p e r im e n ts  w e re  conducted  in  K e ra la  as e a r ly  

as in  1920 {N a m b ia r e t a l . ,  1965) a t P a n n iy u r u n d e r th e  D e p a rt

ment o f A g r ic u ltu re ,  M a d ra s . H ow eve r, d e ta i ls  o f many e x p e r im e n ts

a re  not a v a i la b le  as th e re  has not been any p u b lis h e d  re p o r t  

re g a rd in g  t h is .
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In  S araw ak, th e  sys tem s and m e thods o f a p p lic a t io n  o f

f e r t i l i z e r s  w e re  d e ve lo p e d  la rg e ly  th ro u g h  e x p e rie n c e  and t r a d i t 

io n . The ju n g le  la n d , w h ic h  was c le a re d  fo r  p e p p e r p la n t in g , 

p ro v id e d  th e  ra w  m a te r ia l fo r  th e  p re p a ra t io n  o f b u rn t e a rth

(H arden and W hite ,- 1934; Bergm an, 1940), w h ic h  s e rv e d  as a 

f e r t i l i z e r  fo r  th e  v in e , a t th e  ra te  o f 18 k g /v in e /y e a r .  The b u rn t 

e a r th  had a pH o f 7 -8 , com pared  to  4 -5  fo r  f re s h  s o i l  and a

CaO content!! o f 0 .3  p e r c e n t. The a d d it io n  had th re e  fo ld  e f fe c ts ,  

v i z . ,  ( i )  i t  a lte re d  th e  p h y s ic a l c h a r a c te r is t ic s  o f th e  ro o tin g

medium ( i i )  i t  in c re a se d  th e  pH v a lu e  and ( i i i )  i t  s u p p lie d  th e

n u tr ie n ts .  The a c tu a l q u a n t it ie s  o f n u tr ie n ts  added  to  s o i l  by

fo llo w in g  t h is  p ro cess  was s m a ll,  bu t th e s e  w e re  o ffe re d  in  a 

fo rm  id e a lly ,  s u ite d  fo r  u p ta k e  by th e  ro o ts .

Chaney (1951) e s ta b lis h e d  th e  p h o s p h a tic  sou rce  o f n u tr ie n ts  

fo r  b la c k  p e p p e r g row n on re d  s o i ls  o f V ie tn a m . M a rin e t (1953) 

in d ic a te d  th e  n e c e s s ity  o f l im in g  a c id  s o i ls  fo r  p e p p e r c u l t iv a t 

io n , though  no d e f in ite  pH l im i t s  w ere  recom m ended.

De Waard and Sutton ( i9 6 0 ) o p in e d  th a t th e  use o f f e r t i l i 

z e rs  by th e  fa rm e rs  o f S a raw ak , lo w e re d  th e  pH in  s o i l ,  reduced
ii

th e  u p ta k e  o f ca lc iu m  and magnesium and in c re a se d  th e  K /C a + 

Mg ra t io  in  th e  le a f .  A c c o rd in g  to  De Waard (1 9 6 4 ), th e  n u tr ie n t  

re m o va l o f " th e  v a r ie ty  K u tch in g  (1729 v in e s /h a )  was 252 .04  kg
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N, 31.75 kg P20 5 and 224 .04  kg «20  per h e c ta re . De Waard (1969) 

a lso  w o rke d  out th e  c r i t i c a l  le v e ls  o f N, P, K, Ca and Mg as 

2 .7 0 , 0 .1 0 , 2 .0 0 , 1.00 and 0 .2 0  p e r ce n t, r e s p e c t iv e ly ,  on d ry

w e ig h t b a s is , be low  w h ic h  d e f ic ie n c ie s  o f th e  concerned  e lem ents 

w ere  e x p e c te d  to  o c c u r . Removal o f in o rg a n ic  n u tr ie n ts  fro m  s o i l  

by seventeen y e a r o ld  v in e s  was re p o r te d  by  Sim (1971) as 233 

kg N, 39 kg P ^ ,  207 kg K20 ,  30 kg MgO and 105 kg CaO p e r

h e c ta re .

From  an e x p e rim e n t to  s tu d y  th e  e ffe c t  o f o rg a n ic  and 

in o rg a n ic  f e r t i l i z e r s  on th e  y ie ld  o f p e p p e r , Raj (1972) o b s e rv e d

th a t  th e re  was s ig n if ic a n t  d if fe re n c e  betw een NPK m ix tu re  w ith  

tra c e  e lem ents and o rg a n ic  m anure. In  1973 he fu r th e r  o b s e rve d  

th a t  12 oz o f u rea  and 16 oz o f m u ria te  o f p o ta s h /p la n t /y e a r  

gave th e  h ig h e s t econom ic y ie ld s  in  sandy s o ils  o f S a ra w a k .

N agara jan  and P i l l a i  (1975) re p o r te d  th a t  P a n n iy u r-1 is

m ore n u t r ie n t  e x h a u s tiv e  than  K a l lu v a lly  fo r  N, P, K, Ca and

Mg a f te r  a n a ly s in g  th e  la te r a l  f r u i t in g  shoo ts  o f one y e a r g ro w th

fro m  m a ture  p e p p e r v in e s .  T he  o rd e r  o f con ten ts  o f n u tr ie n ts

rem oved was N >  K >  Ca >  Mg >  P . One h e c ta re  o f p e p p e r v in e s

(num bering  1200) , w ith  an ave rage  y ie ld  o f 1 kg d ry  p e p p e r

p e r v in e , rem oved  3 4 .0  kg n itro g e n , 3 .5  kg P^O,, and 32 0
2, 5 *

k 9 K20 , fo r  th e  p ro d u c tio n  o f b e r r ie s  in  P a n n ly u r, K e ra la  ( P i l l a i
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and S as ikum aran , 1976) . Based on t h is  a m a n u ria l sch ed u le  o f

100 g N, 40 g ^ 2^5  anc  ̂ 9 ^ 2 *̂ ^ er'  v -̂ne was recom m ended

by the m . Raj (1978) suggested a sound f e r t i l i z e r  p o l ic y ,  based 

on th e  n u tr ie n t  re m o va l by c ro p , c ro p  s iz e , y ie ld  p e r  u n it  a rea

and n u tr ie n t  s ta tu s  o f le a f  as in d ic a te d  by  fo l ia g e  a n a ly s is .

De Waard (1978) found  th a t  a d d it io n  o f a lk a l in e  com pounds

to  mounds p r io r  to  p la n t in g  re s u lte d  in  an in c re a s e  in  g ro w th

and e a r l ie r  e s ta b lis h m e n t o f v in e s  in  S araw ak. A c c o rd in g  to

B a ta g lia  et^ al_. (1 9 76 ), th e  f o l ia r  co n c e n tra tio n  o f N was th e  

maximum in  autum n, b u t d e c lin e d  in  w in te r .  P ho sp ho ru s  was th e  

h ig h e s t in  summer and d e c lin e d  th e re a f te r  w hereas K was 

h ig h  in  sum m er, rea che d  a peak in  autumn and d e c lin e d  in

w in te r .

P i l la i  et^ al_. (1979) based on a s tu d y  in  th e  v a r ie ty

P ann iyu i 1 conc luded  th a t  h ig h e r  le v e ls  o f N a d v e rs e ly  a ffe c te d  

th e  y ie ld  and a c c o rd in g ly  th e y  f ix e d  60 g N /v in e /y e a r  as - th e  

maximum l im i t .  Kumar and C heeran (1981) conducted  a s tu d y

on th e  n u t r ie n t  re q u ire m e n t o f p e p p e r v in e s  t ra in e d  on idead

s ta n d a rd s  and re p o r te d  th a t  t h e i r  re q u ire m e n t was a d e q u a te ly  

met w ith  75 g N and 50 g P2O J ./v in e /y e a r '. Response o f b la c k

p e p p e r to  lim e  a p p lic a t io n  has been re p o r te d  by  P u rse g lo ve  e t

a l . , 1981) .
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Geetha (1981) o b s e rv e d  th a t  th e  N, P and K con ten t in  

th e  f lo w e r in g  ■ la te r a ls  was h ig h e r  d u r in g  f lo w e r in g  and s p ik e  

d eve lopm en t ( fro m  June to  N ovem ber) b u t th e  same was found 

to  decrease  fro m  N ovem ber to  D ecem ber. The  Ca con ten t was m ore 

in  non f lo w e r in g  shoo ts  fro m  J u ly  to  D ecem ber. She a t t r ib u te d  

lo w  N and K con ten t o f f lo w e r in g  shoo ts  d u r in g  N ovem ber -  

December as one o f th e  reasons fo r  s p ik e  s h e d d in g  in  p e p p e r . 

K u rian  (1982) s ta te d  th a t  th e re  was no s ig n if ic a n t  d if fe re n c e  in  

le v e ls  o f N, P and Mg in  p e p p e r le a ve s  fro m  J u ly  to  S ep tem be r. 

C o n cen tra tion  o f K was th e  h ig h e s t d u r in g  th e  above  p e r io d .  The 

N and P con ten t g ra d u a lly  decreased  fro m  J u ly  and th e  b e r r ie s  

m atured  in  N ovem ber w he reas th e  K con ten t s l ig h t ly  in c re a se d  

in  S ep tem be r, fo llo w e d  by a decrease  in  N ovem ber.

Sushama ert al^. (1984) found  s ig n if ic a n t  p o s i t iv e  c o r r e la t 

ion o f y ie ld  w ith  P and K o f le a f  w he reas N con ten t fa i le d  to  

e s ta b lis h  s ig n if ic a n t  p o s i t iv e  c o r re la t io n  w ith  y ie ld .  S ankar 

(1985) re p o r te d  th a t  annual n u tr ie n t  re m o va l by a f iv e  y e a r o ld  

v in e  th ro u g h  h a rv e s t o f 1.284 kg d ry  p e p p e r was 3 8 .5  g N, 36 .7  

g K, 14.9 g Ca, 13.7 g Mg, 2 .2  g P , 1 .4  g S, 218 mg Fe, 155 mg 

Mn, 28 mg Zn and 47 mg Cu.. N ybe (1986) o b s e rv e d  th a t  f o l ia r  

le v e l .o f  m a c ro n u tr ie n ts , e x c e p t Ca, re g is te re d  tw o  p e a ks , one 

in  June and th e  o th e r  in  O c to b e r, w h i le  th e  lo w e s t le v e l was 

in  A p r i l .  The  n u tr ie n ts  such as Ca, Fe, Mn and Zn in  g en e ra l
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show ed a d e c re a s in g  t re n d  fro m  A p r i l  to  June and th e re a f te r

inc re ase d  and reached  th e  maximum in  D ecem ber. H ig h ly  s ig n if ic a n t 

p o s it iv e  c o r re la t io n s  w e re  show ed by  P , K, Ca, Mg and S w ith  

y ie ld .  The c r i t i c a l  le v e l o f S was 0 .1 5  p e r cent and te n ta t iv e  

c r i t i c a l  le v e l o f N, P and K w ere  2 .0 0  to  2 .4 0  p e r  ce n t, 0 .19  

to  0 .20  p e r  cent and 1.80 to  1.90 p e r ce n t, r e s p e c t iv e ly .

C hepote  et_ a K  (1986) s tu d ie d  th e  e ffe c t o f NPK f e r t i l i z a t 

ion on th e  p ro d u c tio n  o f P ip e r  n ig rum  in  S outhern  B a h ia . The 

mean y ie ld  o f d ry  p e p p e r ranged fro m  2883 k g /h a  in  th e  u n f e r t i l i 

zed p lo ts  to  7413 k g /h a  in  p lo ts  re c e iv in g  N :P :K  a t 200 :240 :160

k g /h a  + D o lo m ite  lim e s to n e  a t 1 t / h a  + f r i t t e d  m ic ro n u tr ie n ts

a t 4 .8  k g /h a .  W ahid (1987) s tu d ie d  th e  e ffe c t o f f e r t i l i z in g  and

p ru n in g  th e  . l iv e  s u p p o r ts  on p e p p e r p la n t y ie ld  in  Indones ia  

and th e  b e s t re s u lts  w e re  o b ta in e d  w ith  p ru n in g  th e  s u p p o r t  tre e s  

th re e  tim e s  a y e a r ,  and th e  a p p lic a t io n  o f 400 g f e r t i l i z e r  (12 N: 

12 P: 17 K : 2 M g ) /v in e ,  fo u r  tim e s  a y e a r .  A c c o rd in g  to  P i l l a i

e^ a1_. (1 9 8 7 ), th e  optim um  le v e ls  o f N, P and K f o r  P ip e r  n ig rum  

c v .  P a n n iy u r-1 was 50 g N, 100 g P ^  and 150 g K g O /v in e /y e a r .

2 . 1 . 2 . M ic ro n u tr ie n t  n u t r i t io n

W ith  re g a rd  to  th e  m ic ro n u tr ie n t  n u t r i t io n ,  v e ry  fe w  

s tu d ie s  h ave  been c o n d u c te d . Sim (1973) e s tim a te d  th e  tra c e  

e lem ent con ten t o f th e  re p ro d u c t iv e  t is s u e s  in  m a tu re  v in e s



v a ry in g  in  age fro m  be low  1 y e a r to  above  1 y e a r in  S araw ak. 

The q u a n tity  o f m ic ro n u tr ie n t  re m o va l p e r v in e  was c a lc u la te d

as 365 mg Fe, 281 mg Mn, 104 mg Zn, 89 mg Cu and 60 mg B. 

Severe  Mg d e f ic ie n c y  and A1 and Mn t o x ic i t y  w e re  a ls o  re p o r te d  

by Sim (1974) in  Saraw ak p e p p e r g a rd e n s . P u rse g lo ve  e t a l . 

(1981) re co gn ise d  th e  n e c e s s ity  fo r  m ic ro n u tr ie n t  a p p lic a t io n  to  

b la c k  p e p p e r in  Saraw ak and recom m ended 28 g t ra c e  e lem ents

p e r v in e .

W ahid e t al_. (1 9 8 2 ), a f te r  s tu d y in g  th e  n u t r i t io n  o f 's lo w  

w i l t  a ffe c te d  p e p p e r , found  no d if fe re n c e  in  m ic ro n u tr ie n t  le v e l 

in  th e  le a v e s  o f p e p p e r , a lth o u g h  th e  h e a lth y  le a v e s  had m ore

K com pared t o ' ‘ th e  u n h e a lth y .

2 .1 .3 .  F o lia r  d ia g n o s is

F o l ia r  d ia g n o s is  th ro u g h  a n a ly s is  o f le a f  t is s u e  is  

re g a rd e d  as a to o l fo r  assess ing  th e  n u tr ie n t  s ta tu s  o f  th e  p la n ts  in  

d e te c tin g  th e  "h id d e n  h u n g e r" o r  " v is u a l d e f ic ie n c y "  o f one o r 

m ore e le m e n ts . De W aard (1969) was th e  f i r s t  to  in tro d u c e  f o l ia r

d ia g n o s is  in  b la c k  p e p p e r .  A c c o rd in g  to  h im , th e  f i r s t  m a tu re  

le a f w ith  p e t io le ,  fro m  f r u i t  b e a rin g  h ig h  o rd e r  b ra n c h e s , co u ld

be d e s ign a te d  as th e  b es t re f le x  o f  n u t r ie n ts .  The n u tr ie n t

con ten t o f  le a v e s  v a r ie d  fro m  2 .7  to  3 .1  p e r cent f o r  N and fro m

0 .10  to  0 .1 6  p e r  cent fo r  K . The co n c e n tra tio n  o f K rem a ined

11
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unchanged in  leaves  fro m  7 am to  1 pm w hereas N con ten t decreased 

fro m  e a r ly  m orn ing  to  la te  a fte rn o o n , w h ic h  was not s ig n if ic a n t  

from  7 am to  10 am. Sim (1974) a ls o  re p o r te d  th a t  le a f  n u tr ie n ts  

gave a b e t te r  c o r re la t io n  w ith  y ie ld  than  s o i l  n u t r ie n ts .

P i l la i  and Sasikum aran  (1976) s tu d ie d  th e  N, P , K, Ca 

and Mg le v e ls  in  r o o t ,  s tem , le a f  and s p ik e  o f fo u r  y e a r o ld  

P a n n iy u r-1 p e p p e r and re p o r te d  th a t  N and K w e re  th e  h ig h e s t 

and P th e  lo w e s t in  th e  le a v e s . R esu lts  o f th e  s tu d y  conducted  

by Sushama e t ^  (1982) a ls o  re v e a le d  th a t  th e  f i r s t  m a tu re

le a f coun ting  fro m  th e  t ip  o f th e  la te r a l shoo t co u ld  be c o n s id e re d  

as th e  b es t fo r  th e  f o l ia r  d ia g n o s is  o f N, P and K in  p e p p e r .

Sushama e t al_. (1984) f u r th e r  re p o r te d  th a t  th e  p e r io d  ju s t  p r io r  

to  f lu s h in g  ( i . e . ,  la s t  week o f M ay) o f p e p p e r was th e  b e s t 

s u ite d  fo r  c o lle c t io n  o f  le a f  sam p les fo r  f o l ia r  d ia g n o s is .

2 .1 .4 .  P la n t d iseases  and p e p p e r n u t r i t io n

T h is  is  an a re a  in  w h ic h  much in v e s t ig a t io n  is  c a lle d

fo r ,  as m a ln u tr it io n  m ost o fte n  re s u lts  in  d ise a se , in  a l l  b i o l o - ...

g ic a l s p e c ie s . Some w o rk  has been done in  In d ia  and a b ro a d

re g a rd in g  t h is .  H ow ever no s y s te m a tic  s tu d ie s  have  been so fa r

a tte m p te d .
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De W aard and Sutton  (1960) a t t r ib u te d  th e  d ro p p in g  and

y e llo w in g  o f p e p p e r g ro w in g  in  h ig h ly  a c id  s o i ls ,  to  A1 t o x ic i t y .  

De Waard (1979) re fe r re d  th e  key ro le  p la y e d  by  n u tr ie n ts ,  

e s p e c ia lly  K , in  th e  deve lo p m en t o f y e llo w  le a f  d ise a se  com p lex 

in  b la c k  p e p p e r in  th e  is la n d  o f B angka, In d o n e s ia  and s ta te d

th a t  a f e r t i l i z e r  m ix tu re  h a v in g  400 kg N, 180 kg P, 480 kg

K, 425 kg Ca and 112 kg Mg when a p p lie d  to  one h e c ta re  w ith

a p p ro p r ia te  'm u lc h in g 1 c o n tro lle d  th e  d ise a se  and gave an ave rag e

y ie ld  o f 2 .0 -2 .5  kg d ry  p e p p e r b e r r ie s  p e r v in e .  M u s tik a  e t

a K  (1988) co u ld  re d uce  th e  s e v e r ity  o f y e llo w  d ise ase  in  b la c k

p e p p e r by  f e r t i l i z e r  (NPK 15 :15 :15 ) a t  250 g /p la n t /y e a r  and

e ith e r  a ld ic a r b  (50 g /p la n t)  o r manozeb (12 g /p la n t)  o r b o th .

N am b ia r e t a K  (1965) w o rke d  out te n ta t iv e  ra t io s  o f K2°

( « o W ) ,  ( a v a i la b le )  a n d  C a°  *  K2 °  *  5 o i I  a n d  fo u n d
N N

th a t  s lo w  w i l t  o f p e p p e r o c c u rre d  when these  r a t io s  w e re  be low

14.10 , 0 .15  and 3 .8 0 , r e s p e c t iv e ly .  W ahid e t a K  (1982) a na lyse d  

le a f sam ples fro m  's lo w  w i l t '  a ffe c te d  p la n ts  and found th a t  K 

le v e ls  o f th e  le a ve s  o f  h e a lth y  v in e s  w ere  c o n s id e ra b ly  h ig h e r

than  tho se  o f d ise ase  a ffe c te d  ones. The  p o t c u ltu re  s tu d ie s

conducted  by  them  in d ic a te d  N d e f ic ie n c y  as a cause fo r  th e  

'y e l lo w  le a f  d is e a s e '.
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2 .1 .5 .  N u tr i t io n a l d e f ic ie n c ie s  in  b la c k  p e p p e r

E m p lo y in g  p o t c u ltu re  e x p e r im e n t De Waard (1969) co u ld  

in d uce  v is u a l d e f ic ie n c y  sym ptom s a sso c ia te d  w ith  f iv e  m a jo r 

e lem ents such as N, P, K, Ca and Mg in  p e p p e r . He a ls o  s tu d ie d  

th e  d e f ic ie n c y  sym ptom s o f th e  a fo re s a id  n u tr ie n ts  u nd e r f ie ld  

c o n d it io n  and re p o r te d  th a t  th e  sym ptom s re se m b le d  to  th a t  

o b se rve d  in  p o t c u ltu re  s tu d ie s . H o w e ve r, no p a tte rn s  o f 

sym ptom s a sso c ia te d  w ith  P d e f ic ie n c y  have been o b s e rv e d  unde r 

f ie ld  c o n d it io n .  So a ls o , Ca d e f ic ie n c y  sym ptom s w ere  not common

under f ie ld  c o n d it io n .

N ybe (1986) co u ld  in d uce  d e f ic ie n c y  sym ptom s o f m acro 

and m ic ro  n u tr ie n ts  by sand c u ltu re  e x p e rim e n ts  in  K e ra la . 

D e fic ie n c y  sym ptom s o f m a c ro n u tr ie n ts , e x c e p t Ca and S, w e re  

f i r s t  m a n ife s te d  on th e  o ld e r  le a v e s . Sym ptom s o f N d e f ic ie n c y

w ere e x p re s s e d  as u n ifo rm  y e llo w in g  fo l lo w e d  by n e c ro s is ,

w hereas p u rp le  to  b ro n ze  y e llo w  c o lo u r and ash c o lo u re d  n e c ro t ic  

a reas w ere  th e  sym ptom s o f P d e f ic ie n c y .  K d e f ic ie n c y  was 

c h a ra c te r iz e d  by t i p  and m a rg in a l n e c ro s is  w h ic h  la te r  p ro g re sse d

to  th e  d is ta l  2 /3  p o r t io n  o f th e  la m in a . V e g e ta tiv e  g ro w th  was 

c o n s id e ra b ly  re d uce d  due to  d e f ic ie n c y  o f m acro  and m ic r o n u t r ie n ts . 

Ca, P, N and S show ed p ro fo u n d  in f lu e n c e  on shoo t g ro w th .  V is u a l 

sym ptom s o f d e f ic ie n c ie s  w e re  c o n cu rre d  w ith  a m a rke d  re d u c tio n
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in  th e  f o l ia r  le v e l o f th e  concerned e le m en t. T he  d e fic ie n c y  

sym ptom s co u ld  a lso  be re c o v e re d  by th e  a p p lic a t io n  o f th e  

d e f ic ie n t  n u tr ie n t  e lem ent and thu s  th e  d e f ic ie n c y  o f th e  e lem ent 

was c o n firm e d .

2 . 2 .  R oo t d i s t r i b u t i o n

R esearch on ro o t sys tem  is  o f p a r t ic u la r  im p o rta n ce  as 

ro o ts  a re  re s p o n s ib le  f o r  th e  u p ta k e  o f w a te r and n u tr ie n ts  

b es ides  p ro v id in g  anchorage  to  th e  p la n t .  An u n d e rs ta n d in g  o f 

th e  ro o t d e n s ity  is  e s s e n tia l fo r  d e v e lo p in g  a s c ie n t i f i c a l ly  sound 

and e f f ic ie n t  m e thod  o f f e r t i l i z e r  use in  c ro p  g a rd e n s .

The c la s s ic a l m e thods o f in v e s t ig a t in g  ro o t sys tem s in c lu d e  

e x c a v a tio n , n ee d le  b o a rd  m e th o d , m o n o lith  m ethod e tc .  Such 

m ethods have  been in  vogue to  s tu d y  th e  o v e r a l l  ro o t d is t r ib u t io n  

p a tte rn s  o f c ro p  p la n ts ,  i r r e s p e c t iv e  o f the  ty p e  and fu n c tio n  

o f th e  ro o ts .  The t r a d i t io n a l  m e thods  a re  s u ita b le  o n ly  fo r  

in v e s tig a t in g  a few  p la n ts  because o f th e  la b o u r  in v o lv e d  in  

d ig g in g  p r o f i le s ,  t ra c in g  and m app ing  th e  ro o ts  e tc .  Is o to p ic  

te c h n iq u e , in  c o n tra s t ,  o f fe r  a q u ic k  and r e l ia b le  means o f 

d e te rm in in g  th e  d is t r ib u t io n  p a tte rn  o f ro o ts .  Two m e th o d o lo g ie s  

have  been com m only a d o p te d . One is  p la n t in je c t io n  te c h n iq u e  

(Raez et^ a l . , '  1964) and th e  o th e r ,  s o i l  in je c t io n  te c h n iq u e  (H a ll 

e t a l . ,  1953). The fo rm e r  is  a p p lic a b le  o n ly  in  s m a ll p la n ts
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f o r  s tu d y in g  th e  ro o t d is t r ib u t io n  p a tte rn  w h ile  th e  ia t te r  is  

s u ita b le  w ith  any p la n t fo r  s tu d y in g  th e  d is t r ib u t io n  o f a c t iv e  

ro o ts  w h ic h  a re  d i r e c t ly  re s p o n s ib le  fo r  w a te r and n u tr ie n t 

a b s o rp tio n  fro m  s o i l .  The s o i l  in je c t io n  te c h n iq u e  has been e x te n 

s iv e ly  used fo r  s tu d y in g  th e  ro o t a c t i v i t y  p a tte rn s  o f t re e  c ro p s .  

The m ethod in v o lv e s  s o i l  in je c t io n  o f th e  t ra c e r  a t v a r io u s

d e p th s  and r a d ia l  d is ta n c e s  fro m  th e  p la n t ,  fo llo w e d  by

d e te rm in a tio n  o f th e  a b so rb e d  r a d io a c t iv i t y  in  th e  p la n t .

32
G e n e ra lly  P, a h a rd  beta  e m it te r ,  is  used fo r  th is

p u rpo se  as t ra c e r  because o f i t s  co nve n ie n t h a lf  l i f e  (1 4 .3  d ays )

1 Rand ease o f m easurem ent, event.hough many o th e rs  in c lu d in g  N,
86

Rb and non ra d io a c t iv e  Sr (IA E A , 1975; E l l is  and B arnes, 1973; 

Fox and L ip p s ,  1964) a re  som etim es u sed . The r a d io a c t iv i t y  

re c o v e re d  in  th e  p la n t fro m  a p a r t ic u la r  s o i l  zone depends on

th e  p ro p o r t io n  o f a c t iv e  ro o ts  in  th a t  zone. In  s m a ll p la n ts  such

as c e re a ls , to ta l  r a d io a c t iv i t y  a b s o rb e d  by th e  p la n t can be 

d e te rm in e d . H ow eve r, when b u lk  o f  th e  p la n t is  too  la rg e  as 

in  tre e  c ro p s ,  th e  d e te rm in a tio n  o f to ta l r a d io a c t iv i t y  a b s o rb e d  

by the  p la n t w i l l  be a d i f f i c u l t  p ro p o s it io n .  In  such cases, IAEA

(1975) recom m ended th e  ra d io a s s a y  o f a s u ita b le  p la n t p a r t  to  

e va lu a te  th e  u p ta k e  o f th e  a p p lie d  la b e l fro m  v a r io u s  ro o t zones.
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2 .2 .1 .  F r u i t  tre e s

U lr ic h  et_ a^. (1 9 4 7 ), fro m  a s tu d y  in  C a lifo rn ia  on th e

ro o t a c t i v i t y  o f g ra p e  v in e  in  a re d  loam , e m p lo y in g  ra d io p h o s 

p h o ru s , re p o r te d  an ir r e g u la r  d is t r ib u t io n  o f ro o ts  around th e  

v in e .  N in e ty  p e r  cent o f th e  ro o ts  w ere  o b s e rv e d  w ith in  a 

ra d iu s  o f 6 0 .0  cm fro m  th e  base though  some la te r a ls  w e re  found 

a t a d is ta n c e  o f o n ly  2 .5  cm fro m  th e  v in e s .  Dev e t a l . (1 9 71 ),

on s tu d y in g  th e  p r o l i f e r a t io n  o f ro o ts  o c c u rr in g  a t  d if fe re n t  

d e p th s  in  th re e  v a r ie t ie s  o f g ra p e s  by  s o i l  in je c t io n  te c h n iq u e ,

found th a t  ro o ts  o c c u r r in g  a t d i f fe r e n t  d e p th s  fro m  31 to  56 cm
32 '

a b so rb e d  m ore  P and hence had m ore a c t i v i t y  in  th e  ro o ts  

a t th a t re g io n .

. 32
Using P -  la b e lle d  s u p e rp h o s p h a te , B o jappa  and S ingh

(1973) found  th a t  th e  maximum ro o t a c t i v i t y  o f mango was u p to

240 cm la te r a ly  and 30 cm v e r t ic a l ly  in  th e  s o i l .  A bou t 77 p e r

cent o f ro o t a c t i v i t y  was o b s e rv e d  u p to  60 cm In one t r i a l  and

i t  was 85 p e r  cent u p to  30 cm d e p th  in  a n o th e r t r i a l .  A b s o rp tio n

fro m  th e  p e r ip h e ra l zone o f 300 cm was 80 p e r  cent in  bo th  

e x p e r im e n ts .

By . s e le c t iv e  p lacem ent o f 32P w ith in  ro o tin g  vo lu m e , 

A tk in s o n  (1974) s tu d ie d  th e  d is t r ib u t io n  o f ro o t a c t i v i t y  in  a p p le  

tre e s  and conc luded  th a t  in  2 y e a r o ld  tre e s  o f c u l t iv a r  C o x /M g ,
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maximum a b s o rp t io n  o f th e  ra d io la b e l was fro m  30 cm d e p th  as

a g a in s t fro m  90 cm d e p th  in  25 y e a r o ld  tre e s  o f c u l t iv a r

F o rtu n e /M 0 .y

E x p e rim e n ts  c a r r ie d  out in  30 y e a r o ld  orange tre e s  to  

s tu d y  th e  ro o t a c t i v i t y  p a tte rn  in  sum m er and s p r in g  in  a f in e  

sandy c la y  loam o f Spain (IA E A , 1975) re v e a le d  th a t  d u r in g  

summer m on th s , th e  h ig h e s t a c t i v i t y '  was a t 200 to  300 cm 

d is ta n ce  fo rm  th e  tre e s  and a t 30 cm d e p th .  E a r ly  in  s p r in g ,  

h ig h  ro o t a c t i v i t y  was o b s e rv e d  nea r th e  tre e  (50 cm d is ta n c e ) 

a t 60 and 30 cm d e p th s . In  m a ture  30 y e a r o ld  t re e s ,  th e  zone 

w ith  h ig h e s t ro o t a c t i v i t y  was fa r th e r  away fro m  th e  tre e  than  

in  younger tre e s  o f 14 y e a rs  (IA E A , 1975). From an e x p e rim e n t

w ith  8 and 12 y e a r o ld  c i t r u s  tre e s  in  T a iw a n , IAEA (1975) 

re p o r te d  t h a t , in  th e  fo rm e r ,  th e  h ig h e s t ro o t a c t i v i t y  was seen

a t 100 cm la te r a l d is ta n c e /1 0  cm d e p th  in  s p r in g  season and fo r  

th e  la t te r  in  th e  w in te r  season, th e  a c t iv i t y  was h ig h e r  nea r 

th e  s o i l  s u rfa ce  w ith in  th e  100 to  200 cm la te r a l d is ta n c e .

S tu d ie s  on th e  ro o t  a c t i v i t y  p a tte rn  o f cashew  y ie ld e d  

in fo rm a tio n  on th e  r e la t iv e  d is t r ib u t io n  o f a c t iv e  ro o ts  in  a s o i l  

c y l in d e r  o f 4 m ra d iu s .  The da ta  in d ic a te d  th a t  th e  t re e  g ro w in g  

on la t e r i t e  s o i l  is  m ore  o r  le s s  a s u rfa c e  fe e d e r w ith  p re p o n d e r

ance o f a c t iv e  ro o ts  in  th e  s u rfa c e  15 cm s o i l  la y e r .  I t  was
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o b s e rve d  th a t  about 50 p e r  cent o f th e  a c t iv e  ro o ts  a re  co n fin e d

to  th is  la y e r  and th e  ro o t a c t i v i t y  decreases  w ith  d e p th . The

r e la t iv e  abundance o f fe e d e r  ro o ts  a t d i f fe re n t  la te r a l  d is ta n c e s

in d ic a te d  th a t ; ; th e  ro o t a c t i v i t y  is  n e g lig ib le  beyond 2 m d is ta n c e

fro m  th e  t r e e ;  The ro o t a c t i v i t y  w ith in  2 m ra d iu s  around th e

tre e  accounts fo r  85 p e r  cent o f th e  to ta l  ro o t a c t i v i t y  (KAU, 

1988) .

Sobhana e t a K  (1989) s tu d ie d  th e  m ost a c t iv e  ro o t zone 

o f banana v a r ,  Nendran u n d e r i r r ig a te d  and ra in fe d  c o n d it io n s . 

The da ta  in d ic a te d  th a t ,  in  th e  case o f i r r ig a te d  banana, m ost

o f th e  a c t iv e  ro o ts  re s id e  w ith in  a s o i l  zone o f 20 cm ra d iu s  

and 30 cm d e p th  fro m  th e  base o f th e  p la n t .  The ra in fe d  c ro p

had m a jo r p o r t io n  o f a c t iv e  ro o ts  in  a s o i l  zone o f AO cm ra d iu s

u p to  a d e p th  o f 30 cm . As th e  la te r a l  d is ta n c e  in c re a s e d  fro m

20 cm to  120 cm, a re d u c tio n  was n o tic e d  in  th e  ro o t a c t i v i t y  

und e r bo th  i r r ig a te d  and ra in fe d  c o n d it io n s .

2 . 2 . 2 .  P la n ta t io n  c r o p s

Wet and d ry  season e x p e r im e n t in  f r u i t in g  c o ffe e  tre e s  

in  C o lum b ia  (IA E A , 1975) in d ic a te d  th a t  in  w e t season ro o t 

a c t i v i t y  a t 30 cm d is ta n c e /1 5  cm d e p th  was s ig n i f ic a n t ly  h ig h e r  

than  a t  any o th e r  s o i l  zone te s te d . In  d ry  season , no in d ic a t io n  

was o b ta in e d  o f th e  zones o f h ig h  and lo w  ro o t a c t i v i t ie s .  U p take



20

was low  in  d ry  season. E x p e rim e n ts  a t Kenya on th e  ro o t a c t iv i t y  

p a tte rn  o f co ffe e  (IA E A , 1975) re v e a le d  tw o  zones, one near th e  

s o i l  s u rfa ce  u p to  a d is ta n c e  o f 8 2 .5  cm from  th e  t re e  base and 

th e  o th e r  in  th e  45 to  75 cm d e p th  a t a d is ta n c e  o f 30 cm from

th e  tre e s .  E x p e rim e n ts  w ith  one y e a r o ld  c o ffe e  p la n ts  g ro w in g

on S a lv a d o r loam y sand (IA E A , 1975) in d ic a te d  th a t  n e a r ly  a l l  

ro o ts  w e re  co n ce n tra te d  in  th e  to p  la y e r  o f 30 cm . In  tw o  y e a r 

o ld  p la n ts ,  th e  la te r a l  sp re a d  o f ro o ts  was u p to  80 cm and fo r

a d u lt  t re e s , i t  was 130 cm .

Wet and d ry  season e x p e r im e n ts  c a r r ie d  out on cacao a t 

Ghana us ing  t ra c e r  te c h n iq u e  (IA E A , 1975) re v e a le d  h ig h e s t ro o t 

a c t iv i t y  in  th e  u p p e r 2 .5  cm s o i l  la y e r .  In  b o th  wet and d ry  

seasons, th e  e ffe c t  o f d is ta n c e  on ro o t a c t i v i t y  was not 

s ig n if ic a n t ,  bu t th e re  was an in d ic a t io n  o f h ig h  ro o t a c t i v i t y

near th e  s o i l  su rfa c e  a t a d is ta n c e  o f 90 to  150 cm. .

The s tu d ie s  w ith  cocoa le d  to  th e  co nc lus io n  th a t  m ore 

than  80 p e r cent o f th e  fe e d e r ro o te d  w ith in  a d e p th  o f 60 cm 

fro m  th e  s u rfa c e . The ro o ts  w e re  found to  t ra v e rs e  h o r iz o n ta l ly  

beyond a d is ta n c e  o f 1 .5  m suggesting  th e  p o s s ib i l i t y  o f in te r  

tw in in g  o f th e  ro o ts  o f th e  a d jo in in g  tre e s  p la n te d  a t a spac ing  

o f 3 m. A h ig h  d e n s ity  o f a c t iv e  ro o ts  o f cocoa was a ls o  found  

in  th e  u p p e r s o i l  la y e r .  B ro a d ca s tin g  o f f e r t i l iz e r s . ,  r a th e r  than
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basin  a p p lic a t io n ,  seems to  be a b e t te r  m ethod o f f e r t i l i z e r  

a p p lic a t io n  in  cocoa ga rden  (KAU, 1988).

From a s tu d y  on th e  ro o t a c t i v i t y  p a tte rn  o f coconut
32

e m p lo y in g  P, B a ia k r is h n a m u rth y  ( 1971) suggested th a t  maximum 

u p ta k e  occur; ed a t a d is ta n c e  o f 100 cm fro m  th e  palm  a t a

d ep th  o f 12 cm . The  g re a te s t ro o t a c t i v i t y  was o b s e rv e d  in  th e  

p p e r  0 to  30 cm la y e r  o f  s o i l  c lo se  to  th e  palm  ( w i th in  150

cm) and in te n s ity  was m ore  in  w et season. S tu d ie s  conduc ted  

in  S r i Lanka Using ra d io t r a c e r  on th e  e f f ic ie n c y  o f f e r t i l i z e r

u t i l iz a t io n  b y  coconut pa lm s (IA E A , 1975) show ed th a t  n u tr ie n t

u p ta ke  was m axim um  a t a la te r a l d is ta n c e  o f 50 cm and a

decrease  was o b s e rv e d  w ith  in c re a se  in  r a d ia l  d is ta n c e . A c t iv i t y  

was v e ry  h ig h  w ith in  a ra d iu s  o f 2 m and a d e p th  o f 10 to  45

cm . R e su lts  o f  th e  e x p e r im e n ts  on th e  ro o t  a c t i v i t y  p a tte rn s  o f

15 and 60 y e a r o ld  coconut tre e s  ( t a l l  v a r  Laguna ty p ic a )  in  

th e  P h i l ip p in e s  in  w et and d ry  seasons w e re  re p o r te d  b y  IAEA 

( 1975) .  The h ig h e s t zone o f ro o t a c t i v i t y  was a t  1 . to  2 m

d is ta n c e  and u p to  15 cm d e p th .  R e su lts  o f  th e  e x p e r im e n ts  

c a r r ie d  out in  wet and d r y  seasons in  50 y e a r o ld  coconut pa lm s

in  sandy loam s o i l  in  S r i  Lanka (IA E A , 1975) in d ic a te d  th a t  ro o t

a c t iv i t y  in  w e t season was th e  h ig h e s t a t  1 m d is ta n c e  a t 10 

cm d e p th .  In  d r y  season, ro o t a c t i v i t y  was th e  h ig h e s t a tO .S m  

d is ta n c e  a t  10 cm d e p th .  A c t iv i t y  a t lo w e r  d e p th s  and g re a te r
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d is ta n ce  was h ig h  in  th e  d r y  season. A n ilk u m a r (1987) re p o r te d  

th a t  in  th e  case o f coconu t, fe e d e r ro o ts  w ere  p r a c t ic a i ly  n i l  

in  th e  to p  0 -25 cm s o i l  la y e r  and w ere  m a in ly  co nce n tra te d  in

th e  lo w e r la y e rs  o f 30-90 cm . The la te r a l sp re a d  o f th e  ro o t

a c t iv i t y  was m ore u p to  2 m . H is  re s u lts  ju s t i f ie d  th e  c u rre n t

p ra c t ic e  o f a p p lic a t io n  o f f e r t i l i z e r s  in  2 m w id e  bas in  around

th e  coconut p a lm .

P h o sp h o ru s -3 2  in je c t io n  e x p e r im e n ts  w e re  c a r r ie d  out to  

s tu d y  th e  ro o t a c t i v i t y  p a tte rn  o f young 17 y e a r o ld  and b e a rin g  

o i l  pa lm s in  wet and d ry  seasons in  M a la y s ia  and I v o r y  Coast

(IA E A , 1975). In  M a la y s ia , d u r in g  th e  wet season, th e  h ig h e s t

ro o t a c t i v i t y  was found a t th e  s o i l  s u rfa c e , a t a d is ta n c e  o f 

3 m fro m  th e  t re e .  A bou t 70 to  80 p e r  cent o f a c t iv e  ro o ts  w ere  

w ith in  -0 to  20 cm d e p th .  In  Iv o r y  C oas t, h ig h e s t ro o t a c t i v i t y  

was o b s e rv e d  a t 0 to  20 cm d e p th .  Wet season a c t i v i t y  was m ore 

in ten se  and c o n fin e d  to  th e  s u rfa c e  u n l ik e  in  d r y  season w h e re

th e  a c t iv i t y  show ed a s teep  .d e c lin e  w ith  d e p th .

Zaharah e^ a l . (1 9 8 9 ), a f te r  co nd u c ting  f e r t i l i z e r  p lacem ent ;-

s tu d ie s  in  m a tu re  o i l  pa lm s us ing  is o to p ic  te c h n iq u e , conc luded  

th a t f e r t i l i z e r s  fo r  m a tu re  o i l  pa lm s grow n on f l a t  o r u n d u la tin g  

te r ra in  can be a p p lie d  a l l  o v e r th e  f ie ld  and not n e c e s s a r ily  

a round th e  base o f th e  palm  o r a t th e  pa lm  canopy , as 

c u s to m a r ily  be ing  p ra c t ic e d .
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Soong e t a K  (1971) s tu d ie d  th e  P u p ta k e  o f Hevea 

. . 32
b r a s i l ie n s is  by P s o i l  in je c t io n  te c h n iq u e  and subsequent 

a n a ly s is  o f th e  le a ve s  and la te x .  Maximum ro o t a c t i v i t y  was found 

w ith in  a la te r a l  d is ta n c e  o f 3 .6  m fro m  th e  t re e s .  P ho sp ho ru s  

u p ta ke  by m a ture  ru b b e r  tre e s  fro m  th e  s o i l  by u s ing  32P s o il  

in je c t io n  te c h n iq u e  was in v e s tig a te d  by S ilv a  e t ai^. (1 9 7 9 ). R ad io 

a c t iv i t y  in  th e  la te x ,  a r e l ia b le  assay fo r  d e te rm in in g  d is t r ib u t io n  

o f a c t iv e  ro o ts ,  was h ig h e r  when 32P a p p lic a t io n  was done a t

a la te r a l  d is ta n c e  o f 0 .75  m fro m  th e  t re e  and a t 15 cm d e p th .

2 .2 .3 .  B la ck  p e p p e r

In  b la c k  p e p p e r , v e ry  l i t t l e  w o rk  has been done on t h is

a s p e c t. T re ra d a  and C h ih a  (1971) re c o rd e d  th e  ro o t deve lopm en t 

o f b la c k  p e p p e r v in e s  in  B ra z i l  and found  th a t  85 to  90 p e r cent 

o f th e  fe e d e r ro o ts  w e re  c o n fin e d  to  u p p e r 30 cm.

Sankar (1985) made an in v e s t ig a t io n  on th e  ro o t a c t i v i t y  

p a tte rn  o f b la c k  p e p p e r v in e  and. a l l ie d  a spe c ts  us ing  p h o s p h o ru s - 

32. The a p p lic a t io n  o f ra d io p h o s p h o ru s  was done in  e q u a lly

spaced e ig h t h o les  taken  a long  th e  a rc  o f a s e m ic ir c le  fa c in g  

th e  v in e . C om b ina tions  o f fo u r  la te r a l  d is ta n c e s  (15 , 30, 60 and

120 cm) fro m  th e  v in e  and th re e  d e p th s  ( 10, 20 and 40 cm,) were.- 

com pared in  t h is  e x p e r im e n t.  The re s u lts  in d ic a te d  th a t  th e
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a c tiv e  ro o t zone o f b la c k  p e p p e r v in e ,  t r a i le d  e i th e r  on E r y th r in a  

— 'd ic a  o r on tea k  P o le s , was in  a s o i l  column o f 30 cm ra d iu s  

around th e  v in e .  T he  a c t iv e  ro o t sys tem  o f E ry th r in a  in d ic a  

was found to  be m ore e x te n s iv e  than th e  v in e ,  le a d in g  u p to  60 cm 

from  th e  p e p p e r p la n t .



M a . t e t ia .L i a n d  M e t k o d i



MATERIALS AND METHODS

The p re s e n t e x p e r im e n ts  on th e  e v a lu a tio n  o f n u tr ie n t

u p ta ke  in  b la c k  p e p p e r ( P ip e r  n ig rum  L . )  w e re  c a r r ie d  out a t 

th e  C en tre  fo r  A dvanced  S tud ie s  -on Hum id T ro p ic a l T re e  C ro p s , 

C o llege  o f H o r t ic u ltu r e ,  V e lla n ik k a ra  and a t th e  Banana Research 

S ta tio n , K annara. The in v e s tig a t io n s  re p o r te d  h e re in  c o n s is t o f 

th re e  m ain a s p e c ts .

1. P a tte rn  o f g ro w th  and n u tr ie n t  u p ta k e  in  bush p e p p e r and v in e

p e p p e r '

2 . V a r ie ta l d if fe re n c e s  in  th e  u t i l iz a t io n  o f  a p p lie d  P

3 . S o il zone o f maximum n u tr ie n t  a b s o rp t io n .

;i
The f i r s t  tw o  a sp e c ts  w ere  s tu d ie d  w ith  ro o te d  b la c k  

p e p p e r c u tt in g s  grow n in  p o ts  and th e  t h i r d  w ith  f ie ld  grow n 

v in e s . The  w e a th e r da ta  d u r in g  th e  p e r io d  unde r re p o r t  a re  g iv e n  

in  A p p e n d ix  I and th e  p h y s ic o  ch e m ic a l c h a r a c te r is t ic s  o f th e

s o il a t th e  e x p e r im e n ta l s ite  in  A p p e n d ix  I I .

3 .1 .  P a tte rn  o f  g ro w th , and n u tr ie n t  u p ta k e  in  bush  p e p p e r and 

v in e  p e p p e r

A p o t c u ltu re  e x p e r im e n t was u n d e rta ke n  in  th e  green house 

o f th e  C o llege  o f H o r t ic u l tu r e , V e l la n ik k a ra ,  fro m  May 1986 to  

May 1988 to  s tu d y  th e  p a tte rn  o f g ro w th  and n u t r ie n t  u p ta ke  in  

bush p e p p e r and v in e  p e p p e r . .
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3 .1 .1 .  P re p a ra tio n  o f s o i l

S if te d  la te r i t e  s o i l  o f abou t 2 mm s iz e  was used fo r  the

s tu d y  .

3 .1 .2 .  P o ts , p la n tin g  m a te r ia ls  and p la n tin g

Square  mud p o ts  h a v in g  a s iz e  o f 37 .5  cm and c a p a c ity  

o f about 15 kg s if te d  la t e r i t e  s o i l  w e re  used fo r  ra is in g  p e p p e r 

p la n ts .

L a te ra ls  as w e ll as ru n n e rs  c o lle c te d  fro m  h ig h  y ie ld in g ,  

h e a lth y  v in e s  o f th e  h y b r id ,  P a n n iy u r-1  w e re  taken  (P la te s  1 t o 3 )and 

p la n te d  in  p o ly th e n e  bags f i l l e d  'w ith  p o tt in g  m ix tu re  co n ta in in g  

sand, s o i l  and fa rm  y a rd  m anure in  th e  r a t io  1 : 1:1 to  g e t bush 

p e p p e r and v in e  p e p p e r , re s p e c t iv e ly  ( F ig . 1) .  The mud p o ts  w ere

f i l l e d  w ith  s i f te d  s o i l  to  one fo u r th  vo lu m e , p r io r  to  p la n tin g  

th e  ro o te d  c u tt in g s .  The ro o te d  c u tt in g s  from  th e  la te r a ls  (bush

p e p p e r) and ru n ne rs  (v in e  p e p p e r) w e re  tra n s p la n te d  to  th e  p o ts  

in  S eptem ber 1986 a t th e  ra te  o f 3 p la n ts /p o t  and w a te re d . Then

th e  c o n ta in e r was f i l l e d  to  th e  c a p a c ity  w ith  s o i l  to  g iv e  a f in a l  

q u a n tity  o f 15 kg s o i l  p e r  p o t.

The p o ts  w ere  a rra n ge d  on co ncre te  benches in s id e  th e  

green house w h e re in  th e  s u n lig h t  was a llo w e d  to  e n te r a t abou t 

75 p e r cent o f i t s  n a tu ra l in te n s ity .  The  v in e  p e p p e r was t r a i le d









F ig .  1 . Routes fo r  th e  p ro d u c t io n  o f bush p e p p e r and v in e  p e p p e r
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on c o ir  ro p e s  suspended fro m  th e  c e i l in g  o f th e  g reen  house 

(P la te s  4 & 5 ). The tre a tm e n ts  w ere  g ive n  a f te r  th e  e s ta b lis h m e n t 

o f th e  p la n ts .

3 .1 .3 .  T rea tm en ts  '

In  o rd e r  to  s tu d y  th e  p a tte rn  o f g ro w th  and n u t r ie n t  u p ta ke  

in  bush p e p p e r and v in e  p e p p e r ,  N, P, K, Ca, Mg and S f e r t i l i 

ze rs  w ere  t r ie d .  Each f e r t i l i z e r  a t f i v e  le v e ls  was re p lic a te d  

fo u r tim e s  in  a c o m p le te ly  random ised  des ign  and th e re  w ere  s ix  

e x p e rim e n ts  each fo r  bush p e p p e r and v in e  p e p p e r .

The d if fe r e n t  le v e ls  o f n u tr ie n ts  t r ie d  in  th e  s tu d y  a re  

g ive n  b e low :

N :°> 30, 60, 90, 120 k g /h a /y e a r

P2°5 0 , 15, 30, 45, 60 ir

k 2° o, 30, 60, 90, 120 ii

CaO o, 30, 60, 90, 120 u

MgO o. 15, 30, 45, 60 it

S04 :0, 15, 30, 45, 60 ii

A basa l dose o f N, P2°5 ■ K20 ,  CaO, MgO ia  was g ive n

a t th e  ra te  o f 100, 50, 100, 100, 50 and 50 k g /h a , r e s p e c t iv e ly ,

w ith d ra w in g  th e  n u tr ie n t  b e ing  s tu d ie d  u n d e r each tre a tm e n t. The 

p la n ts  re c e iv e d  N, P ^ ,  1 ^ 0 , CaO, MgO and SC>4 th ro u g h  u re a ,



P la te  4 S 5. G enera l v ie w  o f th e  e x p e r im e n ta l a rea  to  s tu d y  th e  
p a tte rn  o f  g ro w th  and n u t r ie n t  u p ta k e  in  bush p e p p e r 
and v in e  p e p p e r
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sodium  hexam e.taphosphate  [Na (P 0 3 ) g ] ,  m u ria te  o f p o ta s h , l im e , 

magnesium c h lo r id e  {M gC l2 . 6H „0 ) and magnesium s u lp h a te  (MgSO. . 

7H20 ) , r e s p e c t iv e ly .  P otass ium  s u lp h a te  was used in s te a d  o f 

magnesium s u lp h a te  in  th e  case o f MgQ tre a tm e n t to  s u p p ly  S0 4>

F our p la n ts  w e re  p ro v id e d  u n d e r each tre a tm e n t, th e

num ber o f p la n ts  u n d e r each n u tr ie n t  le v e l be ing  20. Thus th e re
r

w ere  a lto g e th e r  120 p la n ts  each in  bush p e p p e r and v in e  p e p p e r . 

The a p p lic a t io n ' o f f e r t i l i z e r s  was done in  tw o  e qua l s p l i t s ,  f i r s t  

a t tw o  m on ths ’ a f te r  tra n s p la n tin g  (N ovem ber) and th e re a f te r  a t 

6 m onths in te r v a l .  The  p la n ts  w e re  g row n  fo r  a p e r io d  o f 18 

m on ths , a f te r  w h ic h  th e y  w e re  u p ro o te d  and th e  fo l lo w in g  o b s e rv a t

ions  re c o rd e d .

■ I F

3 .1 .4 .  O b s e rv a tio n s  on g ro w th  p a ra m e te rs

In d iv id u a l  p la n t o b s e rv a tio n s  on th e  p la n t h e ig h t ,  

num ber o f le a v e s , to ta l le a f  a re a , num ber o f ro o ts ,  le n g th  o f ro o fs  

and d ry  mattery p ro d u c tio n  w ere  re c o rd e d  fo r  bush p e p p e r and 

v in e  p e p p e r .

3 .1 .4 .1 .  P la n t h e ig h t

The h e ig h t o f th e  p la n t in  a p o t was m easured fro m  s o i l  

su rfa ce  u p to  th e  g ro w in g  p o in t us ing  a f le x ib le  m easuring  tape  

and mean e x p re s s e d  in -c m .  .
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3 .1 .A .2 . Num ber o f leaves

The to ta l num ber o f le a ve s  on th e  p la n t was counted and

re c o rd e d .

3 .1 .4 .3 .  T o ta l le a f  a rea

The le n g th  o f th e  lam ina  fro m  th e  base to  th e  t ip  and

b re a d th  a t th e  ce n tre  w ere  m easured . T he  le a f  a rea  fo r  in d iv id u a l  

le a f was c a lc u la te d  as th e  p ro d u c t o f th e  le n g th  and b re a d th  and

a fa c to r  0 .7 1 , as suggested by M ohankum ar and P ra b h a k a ra n  (1980) . 

The ave rage  le a f  a rea  was w o rke d  out fo r  f iv e  d if fe r e n t  s ize d

le a ves  in  a p la n t .  T h is  was m u lt ip l ie d  by th e  num ber o f le a ves  

to  ge t to ta l  le a f  area and was e x p re s s e d  in  cm ^.

In  th e  case o f bush p e p p e r , th e  num ber o f p r im a ry  b ranches  

and seconda ry  b ranches  was a lso  counted and re c o rd e d .

■ 3 .1 .4 .A. Root le n g th

' The le n g th  o f th e  ro o t fro m  th e  base to  th e  t ip  was measured

and e xp re s s e d  in  cm . ■

3 .1 .4 .5 .  Number o f ro o ts  *

The to ta l  num ber o f m ain ro o ts  in  a p la n t was counted 

and re c o rd e d .
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The p la n ts , a f te r  ta k in g  th e  o b s e rv a tio n s  on g ro w th  p a ra m e te rs  

w e re  se p a ra te d  in to  ro o t ,  stem and le a f  p o r t io n .  In  th e  case o f 

bush p e p p e r , s p ik e s  a lso  c o n s titu te d  one com ponent.

3 .1 . 4 . 6 . D ry  m a tte r con ten t

D if fe re n t  p la n t p a r ts  w ere  c leaned  fre e  o f  d u s t and d r ie d

in  c ro ss  f lo w  a i r  oven a t 70°±2°C t i l l  constan t w e ig h ts  w e re  

o b ta in e d .

3 .1 .4 .7 .  N u tr ie n t co n ce n tra tio n

The a e r ia l p o r t io n  o f th e  sam p les  w ere  a n a lyse d  fo r  N,

P, K, Ca, Mg, S, Fe, Mn and Zn.

3 .1 .4 .8 . N u tr ie n t u p ta ke

P la n t u p ta ke  was com puted fro m  th e  va lu e s  o f co n ce n tra tio n  

o f th e  n u tr ie n ts  and .the  d r y  w e ig h t o f p a r ts  sa m p le d .

3 .2 .  V a r ie ta l d if fe re n c e s  in  th e  u t i l iz a t io n  o f  a p p lie d  P

Green house e x p e r im e n ts  w e re  c a r r ie d  ou t a t th e  R a d io 

t r a c e r  L a b o ra to ry ,  K e ra la  A g r ic u ltu r a l  U n iv e r s i ty ,  V e l la n ik k a ra , .  

fro m  J u ly  1989 to  A p r i l  1990 fo r  th e  p u rp o se  o f t h is  s tu d y .
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3 .2 .1 .  P la n tin g  m a te r ia l ■

Runners c o lle c te d  fro m  th e  h ig h  y ie ld in g ,  h e a lth y  v in e s  

o f e leven  v a r ie t ie s  fro m  th e  P ep p e r R esearch S ta tio n , P a n n iy u r, 

w ere  used fo r  th e  s tu d y . The v a r ie t ie s  used a re  g iv e n  in  se c tio n

3 . 2 . 4 . 1 . T h re e  node c u tt in g s  w ere  taken  and p la n te d  in  p o ly th e n e  

bags f i l l e d  w ith  p o tt in g  m ix tu re  c o n ta in in g  sand , s o i l  and fa rm  

y a rd  m anure in  th e  r a t io  1 :1 :1 .  They w e re  k e p t u n d e r shade  and 

w a te red  r e g u la r ly . T h re e  m onth o ld  c u tt in g s  o f u n ifo rm  g ro w th  

in  re s p e c t o f h e ig h t ,  num ber o f le a ve s  and le a f  a rea  w e re  s e le c te d  

fo r  t ra n s p la n tin g  to  g ro w th  m ed ium .

3 .2 .2 .  P re p a ra tio n  o f s o i l

S if te d  la t e r i t e  s o i l  o f abou t 2 mm s iz e  was used fo r  th e

s tu d y .

3 .2 .3 .  P re p a ra tio n  o f p o ts  and p la n tin g

P la s t ic  b u cke ts  o f 20 cm h e ig h t  w ith  a d ia m e te r  o f 18 cm

a t th e  to p  and ta p e r in g  to  12 cm a t bo ttom  were' u s e d . T hey  w ere
\ «v 

f i l l e d  w ith  s if te d  s o i l  to  one fo u r th  th e  vo lum e p r io r  to  p la n tin g

th e  ro o te d  c u tt in g s .  The  ro o te d  c u tt in g s  w e re  rem oved  fro m  th e
l

p o ly  bags and one" ro o te d  c u tt in g  each was tra n s p la n te d  to  th e  p o ts .  

The c o n ta in e r was f i l l e d  to  c a p a c ity  w ith  s o i l  to  g iv e  a f in a l  

q u a n tity  o f 3 kg o f 2 mm s if te d  la t e r i t e  s o i l  p e r p o t.
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The p o ts  w ere  a rra n g e d  on co ncre te  benches in s id e  tf> ^  

green house a t a spac ing  o f 30 cm e ith e r  w a y . A bo u t 50 p e r cent 

o f th e  in c id e n t ' s u n l ig h t  was a llo w e d  to  e n te r th e  g la ss  house. 

H ow ever a i r  te m p e ra tu re  and h u m id ity  w e re  not u n d e r c o n t ro l.  

The p la n ts  w ere  a llo w e d  to  g ro w  in  p o ts  fo r  a n o th e r th re e  m on ths . 

T re a tm en ts  w e re  g ive n  when th e y  w ere  6 m onths o ld .

3 .2 .4 .  T re a tm en ts
i

3 .2 .4 .1 .  V a r ie t ie s

E leven  b la c k  p e p p e r v a r ie t ie s  w e re  se le c te d  f o r  th e  s tu d y ,  

th e  g en e ra l c h a ra c te rs  o f  w h ic h  a re  g iv e n  b e lo w :

3 . 2 . 4 . 1 . 1 . K u th i r a v a l ly : P o p u la r in  C e n tra l K e ra la , good y ie ld e r ,  

v ig o ro u s  v in e ,  m edium  long  s p ik e s  h a v in g  fe m a le  and b is e x u a l 

f lo w e rs ,  m edium  s ize d  b e r r ie s .

3 . 2 . 4 . 1 .2 . K o ttanadan : P o p u la r in  South K e ra la , good y ie ld e r ,

v ig o ro u s  v in e ,  limedium long s p ik e s  h a v in g  h ig h  p e rcen tag e  b is e x u a l 

f lo w e r s , . medium s ize d  b e r r ie s  h a v in g  c lo se  s e tt in g .

3 .2 .4 .1 .3 .  N ee iam und i: S u ite d  fo r  h ig h  a l t i tu d e  re g io n s , ave rage  

y ie ld e r ,  s m a ll s p ik e s  h a v in g  fem a le  and b is e x u a l f lo w e rs ,  medium 

s iz e d  b e r r ie s  h a v in g  c lo se  s e tt in g .
i

3 .2 .4 .1 .4 .  K a rim u nd a : P o p u la r h ig h  y ie ld in g  v a r ie t y ,  v ig o ro u s

g ro w th , s p ik e s  m edium  lo n g , p re d o m in a n tly  b is e x u a l f lo w e rs ,  d a rk  

green m edium  s ize d  b e r r ie s ,  h igh- s e tt in g  pe rcen tag e , shade  to le ra n t.
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3 .2 .4 .1 .5 .  P a n n iy u r -1 . The f i r s t  recom m ended h y b r id  v a r ie ty

e v o lv e d  a t P e p p e r R esearch S ta tio n , P a n n iy u r, v ig o ro u s  g ro w th , 

h ig h  y ie ld ,  long  s p ik e s  h a v in g  p re d o m in a n tly  b is e x u a l f lo w e rs ,

la rg e  and h ea vy  b e r r ie s ,  c lo s e  s e tt in g  o f b e r r ie s .

3 .2 .4 .1 .6 .  A im p ir ia n :  S u ite d  both  fo r  lo w e r a reas "and  h ig h ,

a l t i tu d e  re g io n s , good y ie ld e r ,  v ig o ro u s  g ro w th ,  la rg e  le a v e s , 

s p ik e s  m ed ium 1 long w ith  c lo se  s e tt in g .

3 .2 .4 .1 .7 .  P oon ja rm unda : G row n ' in  m id la n d  a reas as a hom estead 

c ro p , ave rag e  y ie ld e r ,  m edium  long s p ik e s  w ith  b is e x u a l f lo w e rs ,  

medium s ize d  b e r r ie s  h a v in g  good f i l l i n g ,  d r ia g e  h ig h .

3 .2 .4 .1 .8 .  K u th iy a n ik k o d i:  Grown in  c o a s ta l and m id la n d  a re a s ,

average  y ie ld e r ,  m edium  long, s p ik e s  h a v in g  fem a le  and b is e x u a l 

f lo w e rs ,  m edium  s ize d  b e r r ie s .

3 .2 .4 .1 .9 .  K u tc h in g : A p o p u la r  v a r ie ty  o f S a raw ak , h e a vy  y ie ld e r ,  

v ig o ro u s  v e g e ta t iv e  g ro w th ,  le a ve s  w ith  s h o r t  p e t io le ,  le s s  in t e r -  

node l le n g th , p ro fu s e  b ra n c h in g .

3 .2 .4 .1 .1 0 .  K o t ta k k o d i:  P o p u la r in  d is t r i c t s  o f N o rth  K e ra la  and 

South K anara , ave rage  y ie ld e r ,  m edium  long  s p ik e s  h a v in g  ■ b is e x u a l 

and fem a le  f lo jw e rs , m edium  s iz e d  b e r r ie s .
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3 .2 .4 .1 .1 1 .  K a n jira m u n d i: Grown in  m id la n d  a re a s , a ve rag e  y ie ld e r ,  

v ig o ro u s  v in e ,  long  s p ik e s  h a v in g  m a le  and b is e x u a l f lo w e rs ,  good 

d r ia g e .

3 .2 .4 .2 .  P sources

D if fe re n t  p h o s p h a t ic  f e r t i l i z e r s ,  n a m e ly , n it ro p h o s p h a te ,

32amophos and s u p e rp h o s p h a te  la b e lle d  w ith  P w e re  used as P 

so u rces . The f e r t i l i z e r s  w e re  a p p lie d  to  each p o t a t  th e  ra te  

c o rre s p o n d in g  to  50 kg P gO ^/h a . The q u a n tity  o f la b e lle d

f e r t i l i z e r s  a p p l ie d /p o t  is  g iv e n  b e lo w .

3 .2 .4 .2 .1 .  Q u a n tity  o f f e r t i l i z e r s  a p p lie d  p e r p o t 

32
P la b e lle d  f e r t i l i z e r  C o n ce n tra tio n  as on Q u a n tity  a p p l ie d /

15-12-89 p o t (mg)

N itro p h o s p h a te  (2.5% 0 .5 5  m C i/g  P 0 ,  136.92
w a te r s o lu b le  p ho sp h a te )

Am ophos 0 .6 0  m C i/g  P2° 5 334 .80

S up e rp h o sp h a te  - 0 .5 5  m C i/g  P 0  418 .50
z* o

A l l  th e  tre a tm e n ts  (11 v a r ie t ie s  x 3 P sources) w dre  

re p lic a te d  th r ic e  in  a fa c to r ia l  ra n do m ise d  b lo c k  d e s ig n . U n ifo rm  

p la n ts  w ere  taken  in  each b lo c k .  The c ro p s  re c e iv e d  an u n ifo rm  

dose o f 100 kg N and 100 kg K^O p e r  h e c ta re  th ro u g h  u rea  and 

m u ria te  o f p o ta s h , r e s p e c t iv e ly .
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The p la n ts  w ere  a llo w e d  to  g ro w  fo r  tw o  and a h a l f  m onths 

a f te r  w h ic h  th e  a e r ia l p la n t p a r ts  w e re  d e ta che d  and b io m e tr ic  

o b s e rv a tio n s  such as le n g th  o f th e  v in e , num ber o f le a ve s  and 

to ta l le a f  a rea  w ere  re c o rd e d . D if fe re n t  p la n t p a r ts  w ere

s e p a ra te d , oven d r ie d  a t 70±2°C in  a c ro s s  f lo w  a i r  oven and 

t h e i r  d ry  w e ig h ts  re c o rd e d  t i l l  co ns ta n t v a lu e s  w ere  o b ta in e d . 

These sam p les  ,w ere  used fo r  ra d io a s s a y  and n u tr ie n t  a n a ly s is .
i
! ‘

3 ,2 .5 .  R ad ioassay

32
F or th e ' d e te rm in a tio n  o f P a c t i v i t y  in  th e  p la n t sam p les , 

th e  m ethod d e ve lo p e d  by  W ahid e t a l .  (1985) was fo l lo w e d .  T h is

m ethod is  based on th e  d e te rm in a tio n  o f 32P a c t i v i t y  by  C erenkov 

coun ting  te c h n iq u e . T he  p ro c e d u re  in v o lv e s  w e t d ig e s tio n  o f oven 

d r ie d  and f in e ly  cu t p la n t sam p les  w ith  2 :1  n i t r i c  a c id - p e r c h lo r ic  

a c id  m ix tu re  'land d e te rm in a tio n  o f r a d io a c t iv i t y  in  th e  d ig e s t .  

One gram o f lfeaf sam p le  was w e ighed  in to  a 250 m l c o n ic a l f la s k
■i

fo l lo w e d  by tfjie  a d d it io n  o f 15 m l d ia c id  m ix tu re .  The  f la s k  w ith  

i t s  con ten ts  w e re  then  hea ted  on a h o t p la te  a t a lo w  te m p e ra tu re  

u n t i l  th e  in i t i a l  f r o th in g  s u b s id e d . The  d ig e s tio n  was con tinued  

a t in c re a se d  te m p e ra tu re  u n t i l  th e  d ig e s t became c le a r  and i t s

vo lum e re d u ce d  to  2 -3  m l.  The  f la s k  w ith  i t s  co n te n ts  was then  

coo led  and tfjie  c o lo u r le s s  d ig e s t was q u a n t i ta t iv e ly  t ra n s fe r re d  

in to  a 20 m l .g lass  s c in t i l la t io n  co un ting  v ia l  w ith  g la s s  d is t i l l e d  

w a te r u p to  f in a l  vo lum e  o f 20 m l, b y  re p e a te d  w a sh ing s  o f th e
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f la s k .  The r a d io a c t iv i t y  was d e te rm in e d  a f te r  A h in  a m ic ro 

p ro ce sso r c o n tro lle d  l iq u id  s c in t i l la t io n  system  (R a ckb e ta  and 

LKB W a llace , F in la n d ) a d o p tin g  channe l s e tt in g  and th e  program m e 

re c o rd e d  fo r  t r i t iu m  co un ting  by  l iq u id  s c in t i l la t io n  te c h n iq u e s . 

The r a d io a c t iv i t y  p e r gram  o f d ry  m a tte r  was m u lt ip l ie d  w ith  

th e  to ta l d ry  m a tte r to  o b ta in  th e  to ta l  r a d io a c t iv i t y  in  th e  p la n t 

and was e x p re s s e d  in  c p m .
I -

3 .2 .6 .  P co n c e n tra tio n

A f te r  th e  ra d io a s s a y  o f th e  sa m p le , th e  p la n t d ig e s t was 

c a re fu l ly  rem oved  fro m  th e  s c in t i l la t io n  v ia l  and made u p to  100 m l 

in  a s ta n d a rd  f la s k .  From th is  5 m l was taken  fo r  th e  d e te rm in a t-
i

ion  o f P as suggested by  Jackson (1 9 58 ).

3 .2 .7 .  P u p ta k e
. i

U p take  o f P was com puted fro m  th e  va lu e s  o f co n c e n tra tio n

o f P and th e  dhy  w e ig h t o f p la n t p a r ts .  ■

3 .2 .8 .  S p e c if ic  ■ a c t i v i t y  o f  th e  a b s o rb e d  P

A b s o rb e d  P was o b ta in e d  fro m  th e  to ta l  P u p ta k e  o f th e

p la n t a t  th e  end o f th e  e x p e rim e n t a f te r  s u b tra c t in g  th e  u p ta ke

o f P p r io r  to  'th e  a p p lic a t io n  o f P la b e lle d  f e r t i l i z e r s  and was 

e xp re sse d  in  mg.
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The to ta l r a d io a c t iv i t y  in  th e  p la n t was d iv id e d  by th e

a b so rb e d  p h o sp h o ru s  to  o b ta in  th e  s p e c i f ic  a c t i v i t y  o f the  

a b so rb e d  P w h ic h  was e x p re s s e d  in  cpm p e r mg P.

3 .2 .9 .  S p e c if ic  a c t i v i t y  o f th e  f e r t i l i z e r s

The q u a n tity  o f  n it ro p h o s p h a te  a p p lie d  p e r p o t was taken  

and f i r s t  d is s o lv e d  in  5 m l o f co nce n tra te d  n i t r i c  a c id ,  t ra n s fe r re d  

in to  a 20 m l g la ss  s c in t i l la t io n  coun ting  v ia l  and th e  vo lum e  made

u p to  20 m l by  . re p ea ted  w ash ings  w ith  g la ss  d is t i l l e d  w a te r .  The 

q u a n tity  o f am ophos and s u p e rp h o s p h a te  a p p lie d  p e r  p o t was 

d is s o lv e d  in  g la ss  d is t i l l e d  w a te r , t ra n s fe r re d  in to  a 20 m l g la ss  

s c in t i l la t io n  coun ting  v ia l  and th e  vo lum e  made u p to  20 m l by

re p ea ted  w a sh in g . Then th e  r a d io a c t iv i t y  was d e te rm in e d .

A f te r  th e  ra d io a s s a y  o f th e  sa m p le , th e  f e r t i l i z e r s  w ere

c a re fu l ly  rem oved  from  th e  s c in t i l la t io n  v ia l  and made u p to  100 m l

in  a s ta n d a rd  f la s k .  From t h is  1 m l was taken  f o r  th e  d e te rm in a te

. ion of P. T h e ' s p e c i f i c  a c t i v i t y  of th e  3 2 P was t h e n  c alc ula te d

as th e  2P con ten t p e r .  u n it  w e ig h t o f P and e x p re s s e d  in  cpm 

p e r mg P .

3 . 2 . 10. F e r t i l i z e r  and s o l i  P up ta k e  p a ra m e te rs

U p ta k e  p a r a m e te r s  o f  f e r t i l i z e r  a n d  s o i l  P w e re  c a lc u la te d

as suggested by  IAEA -(1 9 7 6 ).
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3 .2 .1 0 .1 .  Percen tage  P d e r iv e d  fro m  f e r t i l i z e r s  (% P d ff )

T h is  was c a lc u la te d  u s in g  th e  fo l lo w in g  fo rm u la .

S p e c if ic  a c t i v i t y  o f th e  p la n t m a te r ia l 
% P d f f  = th e  a b s o rb e d  P (cpm /m g P)_________

S p e c if ic  a c t i v i t y  o f th e  f e r t i l i z e r  
(cpm /m g  P)

3 .2 .1 0 .2 .  P ercentage P d e r iv e d  fro m  s o i l  (% P d fs )

T h is  was d e r iv e d  by d e d u c tin g  pe rcen tage  P d e r iv e d  fro m  

f e r t i l i z e r s  fro m  100.

3 .2 .1 0 .3 .  F e r t i l iz e r  P u p ta ke

T h is  was w o rke d  out us ing  th e  fo l lo w in g  fo rm u la  and 

e xp re sse d  in  m g /p o t.

F e r t i l iz e r  P u p ta ke  = % P d f f  x  A b s o rb e d  p h o sp h o ru s
100

3 .2 .1 0 .4 .  P ercentage u p ta k e  o f a p p lie d  f e r t i l i z e r s  (P u t i l iz a t io n )

T h is  was com puted  by  th e  fo l lo w in g  fo rm u la

% P u t i l iz a t io n  = - -  x A b so rb e d  p h o sp h o ru s
Q u a n tity  o f a p p lie d  P

3 . 3 .  S o i l  z o n e  o f  m a x im u m  n u t r ie n t  a b s o r p t io n

T h is  s tu d y  was u n d e rta ke n  in  o rd e r  to  f in d  out th e  s o i l
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zone o f maximum n u t r ie n t  a b s o r p t io n . in  f i e l d  g row n b la c k  p e p p e r  

v in e s  and to  d e v e lo p  a f e r t i l i z e r  p lacem ent m e thod .

3 .3 .1 .  E x p e r im e n ta l  m a te r ia l

The e x p e r im e n t  was conducted  in  tw o  s i t e s ;  one a t  the  

Banana Research S ta t io n ,  Kannara and th e  o th e r  a t th e  Main Campus
I

o f  K era la  A g r i c u l t u r a l  U n iv e r s i t y ,  V e l la n ik k a r a .  B la ck  p e p p e r  v a r .  

P a n n iy u r -1 was!, i n v a r ia b l y  used fo r  th e  s tu d y .  The  p e p p e r  p la n ts  

w ere  abou t seven y e a rs  o ld ,  r e c e iv in g  c u l t u r a l  and m a n u r ia l  p r a c t 

ice s  as recommended by  th e  Package o f  P ra c t ic e s  (KAU, 1986), 

P ep p e r p la n ts  t r a i l e d  on E r y th r in a  in d ic a  and te a k  p o le  h a v in g  

un i fo rm  g ro w th  and v ig o u r  based on t h e i r  h e ig h t  and canopy g i r t h  

a t the  m id d le  w e re  s e le c te d  f o r  th e  s tu d y .  The e x p e r im e n t  was 

■conducted d u r in g  th e  p e r io d  f ro m  August 1987 to  O c tob e r  1987.

3 . 3 . 2 .  P r in c ip le

The q u a n t i ta t i v e  e s t im a t io n  o f  ro o t  a c t i v i t y  was based ' on 
32

th e  a b s o rp t io n  o f  P a t  d i f f e r e n t  l a t e r a l  d is ta n c e s  f ro m  th e  

p la n t .  The r a d io a c t i v i t y  re c o v e re d  in ‘ th e  le a ves  as a r e s u l t "  of 

a b s o rp t io n  f ro m  d i f f e r e n t  ro o t  zones is  com pared  to  a r r i v e  a t 

ro o t  zone o f  maximum a b s o rp t io n  o f  the  a p p l ie d  la b e l  ( IA E A , 1975).

3 . 3 . 3 .  T rea tm en ts
l

The e x p e r im e n t  c o n s is te d  o f  n ine  t re a tm e n ts ,  be ing  th e  

com b ina t ions  o f  th r e e  la t e r a l  d is ta n c e s  and th r e e  m ethods  o f
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a p p l ic a t io n .  The la t e r a l  d is ta n c e  f ro m  th e  v in e  was t r i e d  at 30,

A5 and 60 cm. The  m ethods o f  a p p l ic a t io n  t r i e d  were  as fo l lo w s :

a) a p p l ic a t io n  o f  the  t r a c e r  in  s e m ic i r c le  fa c in g  th e  v in e

b) a p p l ic a t io n  o f  th e  t r a c e r  in  s e m ic i r c le  o p p o s i te  th e  v in e

c) a p p l ic a t io n  o f  th e  t r a c e r  in  f u l l  c i r c l e  a round  th e  v in e

( F ig . 2 and P la te s  6 to  8 ) .

Thus th e  t o ta l  num ber o f  t re a tm e n ts  com pared  in  t h i s  way

was n in e .  Each t re a tm e n t  was r e p l i c a te d  t h r i c e  w i th  one

p la n t / t r e a t m e n t / r e p l i c a t io n .

The t re a tm e n ts  w e re  t r i e d  f o r  p e p p e r  v in e s  t r a i l e d  bo th
i

on teak  p o le  and E r y t h r in a  in d ic a  s ta n d a rd s .  The  amount o f r a d io 

a c t i v i t y  d is p e rs e d  p e r  p la n t  was same, w h a te v e r  be th e  m ethod

o f a p p l i c a t i o n .

3 . 3 . A.  A p p l ic a t io n  o f  32P ■

An in je c t io n  d e v ic e  f o r  a p p ly in g  d e s i re d  vo lum e  o f 32P 

s o lu t io n  d e v e lo p e d  by W ahid  e t  a l .  (1988) was used f o r  th e

p u rp o s e .  I t  c o n s is ts  o f  a Lumac D isp e nse t te  ( c a l ib r a te d  p lu n g e r  

f o r  re p ea te d  d e l i v e r y  o f  d e s i re d  vo lum e  o f  s o lu t io n  u p to  5 m l)

f i t t e d  to  a one l i t r e  g la ss  r e s e r v io r  b o t t le  o f  3 mm th ic k n e s s  

em bedded in  p a r a f f in  wax in  a s u i t a b le  p la s t i c  b u c k e t  (20 cm 

d ia  x 19 cm h t . ) .  .



32 . . .  .
F ig .  2. D iag ram m atic  re p re s e n ta t io n  o f P a p p l ic a t io n  in  se m i

c i r c l e  a rea fa c in g  o r  o p p o s i te  th e  v in e  and in  f u l l  c i r c l e  
a rea around the  v in e

S t -a  rxi

p f p p e r  v in e :



S e m ic i r c le  a rea fa c in g  the  v in e  f o r  th e  a p p l ic a t io n  o f 
32 P so lu t io n

S e m ic i r c le  area o p p o s i te  th e  v in e  f o r  th e  a p p l ic a t io n  
32o f P so lu t io n
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The r a d io a c t i v i t y  in  the  s u p p l ie d  s to c k  v i a l  was

t ra n s fe r re d  in to  th e  r e s e r v io r  b o t t le  th ro u g h  a fu n n e l .  The v i a l  

was then washed 3 to  6 t im e s  w i th  1000 ppm c a r r i e r  P so lu t io n

(K H2POa ) and th e  w ash ings  were  pou red  in  th e  b o t t le .  F in a l ly

enough c a r r i e r  so lu t io n  was added  in to  th e  b o t t le  to  g iv e  1 mCi
7 12

(3 .7  x 10 Bq) o f  P /4  m l o f the  s o lu t io n .

32
A t  th e  t im e  o f  P a p p l ic a t io n ,  4 m l o f th e  s o lu t io n  was

d ispensed  th ro u g h  th e  access tube  in to  a long wooden hand led

(1 m ) p la s t i c  mug o f  2 l i t r e  c a p a c i ty  co n ta in in g  1 l i t r e  w a te r .

T h is  r a d io a c t iv e  s o lu t io n  was a p p l ie d  u n i fo r m ly  on th e  s o i l  su rface

as p e r  th e  te c h n ic a l  p rogram m e. The to ta l  r a d io a c t i v i t y  a p p l ie d

p e r  v in e  co r re s p o n d e d  to  1 m C i. A c a r r i e r  co n ce n tra t io n  o f  1000 ppm

P was in c lu d e d  in  th e  r a d io a c t iv e  s o lu t io n  to  m in im is e  s o i l  f i x a t -
. 32
ion o f  P and th e re b y  m ak ing  i t  more a v a i la b le  to th e  p la n t  

( IAEA, 1975).

3 .3 .5 .  Lea f sam p ling

The e x te n t  o f  a b s o rp t io n  o f  a p p l ie d  32P by  th e  t re a te d

v in e s  in re la t io n  to  v a r io u s  t re a tm e n ts  was a d judged  by th e  r a d io 

assay o f le a f  sam ples c o l le c te d  f ro m  the m . The f i r s t  m a tu re  le a f

from  f r u i t i n g  b ranches  on th e  lo w e r  2 /3  o f th e  canopy as

suggested by De Waard (1969) f o r  le a f  sa m p ling  in  b la c k  p e p p e r ,  

were  c o l le c te d  fo r  ra d io a s s a y .  The sam p les  w e re  c o l le c te d  at tw o  

in t e r v a ls ,  v i z . ,  30 and 60 d a y s  a f t e r  s o i l  a p p l ic a t io n  o f  32P.
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3 .3 .6 .  Rad ioassay o f le a f  sam ples

32F o r th e  d e te rm in a t io n  o f  P a c t i v i t y  in  th e  le a f  sam p les , 

th e  method d e v e lo p e d  by  W ahid  et^ a K  (1985) was f o l lo w e d .

3 .4 .  C he m ica l ana lyses

The d r ie d  p la n t  sam ples  w ere  ground and c h e m ic a l ly  

ana lysed  f o r  macro and m ic ro  n u t r ie n ts  as d e ta i le d  b e lo w :

N itro g en  was d e te rm in e d  by d ig e s t in g  0.1 g o f  th e  sam ple  

in  2 m l concen tra ted  s u lp h u r ic  a c id  us ing  h yd rog e n  p e r o x id e  and 

N was e s t im a te d  in  th e  d ig e s t  c a lo r im e t r i c a l l y  us ing  N e s s le r 's  

reagent (W o lf ,  1982). The c o lo u r  was read  in  a s p e c t ro p h o to m e te r  

(S p e c t ro n ic -20) a t  a wave le n g th  o f  410 n m .

D ia c id  e x t r a c ts  w e re  p re p a re d  by d ig e s t in g  1 g o f th e  

sam ple  w i th  15 m l o f  2:1 concen tra ted  n i t r i c  a c id  -  p e r c h lo r i c  

a c id  m ix tu re  (Johnson and U l r i c h ,  1959) and was made u p to  100 m l.  

A l iq u o ts  . f rom  t h i s  s o lu t io n  w e re  taken  f o r  the  a n a ly s e s  o f  P, 

K, Ca, Mg, S, Fe, Mn and Zn. :

P ho spho rus  was d e te rm in e d  c a lo r im e t r i c a l l y  by  th e  v a n a d o -  

m o ly b d o  p h o s p h o r ic  y e l lo w  c o lo u r  m ethod (Ja ckso n , 1958) , The 

y e l lo w  c o lo u r  was read  in  a s p e c t ro p h o to m e te r  (S pec tron ic -^20) 

a t a wave  le n g th  o f  470 nm. Potassium was e s t im a te d  us ing  a f lam e



p ho tom ete r (EEL m a k e ) .  S u lp h u r  in  th e  d ia c id  d ig e s t  was 

d e te rm ine d  t u r b i d im e t r i c a l l y  by  b a r ium  m ethod ( H a r t ,  1961) 

e m p loy ing  a s p e c t ro p h o to m e te r  (S p e c t ro n ic - 20) .

An a to m ic  a b s o rp t io n  s p e c t ro p h o to m e te r  ( P e r k in -E lm e r  make) 

was used f o r  d e te rm in in g  Ca, Mg, Fe, M n - and Zn content o f the  

d ig e s ts .  For th e  d e te rm in a t io n  o f Ca and Mg, S rC l (1000 ppm

Sr in  th e  f i n a l  s o lu t io n )  was used as th e  re le a s in g  agen t.

For a l l  th e  c h e m ic a l  a na lyse s ,  a n a ly t i c a l l y  p u re  g rades  

o f c h e m ic a ls  and g lass  d i s t i l l e d  w a te r  w e re  used .

3 .5 .  S t a t i s t i c a l  a n a ly s is

The re c o rd e d  data  w e re  s t a t i s t i c a l l y  a na lyse d  fo l lo w in g  th e  

m ethods suggested by Panse and Sukhatma (1985 ).

A q u a d ra t ic  m ode l a do p te d  by  T e je da  e t a^. (1980) has been

used f o r  te s t in g  th e  d i f fe re n c e  in  responses  o f  bush p e p p e r  and

v in e  p e p p e r  to  n u t r ie n ts .

y = bQ + b 1x + b2x 2 + c1x l + c2x 22 + e

w h e re ,

y is  th e  p e r fo rm an ce  o f  the  c ro p  ( d r y  m a t te r /n u t r ie n t  u p ta k e )

x is  th e  common dosage o f  th e  n u t r ie n t  a p p l ie d  to bush

p e p p e r  o r  -vine p e p p e r

A3
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x^ is  th e  same dosage o f  the  n u t r ie n t  a p p l ie d  to  v in e  peppe r 

(x^  lis ze ro  f o r  bush p ep p e r)

e is  th e  random e r r o r  te rm  and brt, b , ,  b „ ,  c and c
O’ 1 ’ 2 ’ h  a,JU ^2

a re  pa ram e te rs  to  be e s t im a te d .

A s ig n i f ic a n t  ^  in d ic a te s  d i f f f e r e n c e  in  th e  s lo p es  o f  th e  

two response  c u rve s  a n d '  a s ig n i f ic a n t  c2 in d ic a te s  d i f fe re n c e  in  

c u rv a tu re  o f  the  tw o  response  c u rv e s .

Thus th e  d i f fe re n c e s  between th e  tw o  responses  can be

tes te d  by te s t in g  th e  e q u a l i t y  o f  ^  and c2 to  z e ro .  T h is  can 

a lso  be a c h ie v e d  by te s t in g  th e  s ig n i f ic a n c e  o f  th e  d i f fe re n c e  

in  th e  re g re s s io n  sum o f  sq ya res  o f  th e  f u l l  m ode l and the  one 

d e le t in g  X l and ( c o n t r ib u t io n  o f  x 1 and to  th e  v a r ia t io n

o f  y in  a d d i t io n  to  t h a t  by  x and x 2 ) aga ins t th e  r e s id u a l  mean

squa re  o f  th e  f u l l  m o d e l.



^ 2 e 4 u lt4



RESULTS

R esu lts  o f the  s tu d ie s  on th e  e v a lu a t io n  o f  g ro w th  and n u t r ie n t  

u p ta ke  in  b la c k  p e p p e r  a re  p resen ted  in  t h i s  s e c t io n .  ■

4 .1 .  P a t te rn  o f  g ro w th  and n u t r ie n t  u p ta k e  in  bush p e p p e r  and
v in e  p e p p e r

The data  genera ted  from  th e  p o t c u l tu re  e x p e r im e n ts  to  

s tu d y  th e  g ro w th  and n u t r ie n t  u p ta k e  in  bush p e p p e r  and v in e  

p e p p e r ,  as in f lu en ce d  by d i f f e r e n t  n u t r ie n t  le v e ls ,  d u r in g  a g ro w th  

p e r io d  o f e igh teen  m on ths , a re  p re sen ted  unde r tw o  m a jo r  heads, 

nam ely , g ro w th  p a ra m e te rs  and u p ta ke  o f  n u t r ie n ts .

4 .1 .1 .  G row th  p a ram ete rs

The g ro w th  p a ra m e te rs  w e re  a f fe c te d  by  d i f f e r e n t  le v e ls  

o f  n u t r ie n ts ,  bo th  in  bush p e p p e r  and v in e  p e p p e r .  The re le v a n t  

data  a re  fu r n is h e d  in  T a b le s  1 to  4, F ig .  3 and 4 and A p p e n d ic e s

I I I  and IV . '

4 . 1 . 1 . 1 . E f fe c t  o f  N

L e v e ls  o f  N had pronounced e f fe c t  on g ro w th  p a ra m e te rs

such as num ber o f secon dary  b ranches  and le a v e s ,  t o ta l  le a f  area 

and d r y  m a t te r  p ro d u c t io n  in  bush p e p p e r ,  w h e rea s ,  p la n t  h e ig h t ,  

number o f p r im a r y  b ra n ch e s ,  num ber o f  ro o ts ,  le n g th  o f  ro o ts  and 

ro o t  d r y  w e ig h t  w e re  not s ig n i f i c a n t l y  d i f f e r e n t  (T a b le  1) .  Number



T a b le  1. G ro w th  o f  b u sh  p e p p e r  as in f lu e n c e d  by N , P and K f e r t i l i z a t i o n

G ro w th  p a ra m e te r s
N u t r ie n t  lo v e !

f k g / h a ) ’- P lan t
h e ig h t

(cm)

N u m b e r
o f

N u m be r
o f

s e c o n d 
a r y
b ra n c h e s

N u m be r T o ta l
le a f

a re a

(cm  )

N u m be r
o f

r o o t s

Root
le n g th

(cm)

D ry m a t t e r y i e l d ( g / p l a n t )

p r i m a r y
b ra n c h e s

o f
le a v e s Root Stem L ea f S p ik e A e r i a l

p a r t
T o ta l

No 0 5 0 .88 2 .7 8 5 .6 8 27.90 2588 .74 7 .3 3 112.00 9 .6 0 11.10 2 7 .6 0 0 .9 3 3 9 .6 3 4 9 .23
N , 30 53: 35 4 r5 0 6125 32:90 2 7 4 5 .4 8 5 .83" 107750 10.98 11745 31778 2T60 45783 56781'

N2 60 4 8 .8 0 3 .9 3 7 .9 3 3 6 .0 0 3753 .64 6 .2 5 104.00 12.24 12.95 2 8 .8 5 7 .2 3 49 .03 6 1 .4 3

N3 90 5 3 .20 3 .9 8 7 .9 5 4 2 .6 8 3 5 4 4 .28 7 .5 0 113.50 11 .68 13.63 3 2 .6 5 2 .7 3 49.01 6 0 .6 9

N4 120 5 6 .45 4 .1 5 11 .23 4 2 .93 4194 .47 10.33 127.50 12 .90 16.58 3 5 .7 8 7 .5 8 5 9 .94 7 2 .8 4

SEm* 3 .4 7 0 .5 2 0 .9 4 3 .1 5 363 .74 1.34 15.46 1 .38 1.15 2 .1 4 1 .60 5 .4 5 5 .0 3
CD ( 0 .0 5 ) NS NS 2 .8 3 9 .4 9 1096.19 NS NS NS 3 .4 8 3 .1 8 4 .8 3 16.41 21 .43

p o 0 5 7 .60 4 .1 8 7 . 7 8 3 3 .33 3946 .17 6 .7 8 107.7:. 9 .5 3 12.18 3 4 .0 0 4 .1 0 5 0 .28 59.81

P 1 15 5 0 .55 3 .5 3 7 .9 3 3 9 .25 41 1 6 .26 7 .6 0 125.75 13.23 15.53 3 7 .0 3 4 ,4 8 5 7 .04 7 0 .2 7

P2 30 5 6 .75 4 .2 5 7 .0 8 4 7 .00 3904 .27 7 .0 8 101.63 13 .53 14.10 4 3 .5 3 6 .13 6 3 .76 7 7 .2 9

P3 45 5 0 .88 5 . 0 0 9 .9 3 4 6 .3 3 4728.54 6 .9 3 120.50 16 .70 17.60 4 5 .0 8 6 .0 3 68.71 8 5 .41

P 4 60 5 2 .00 5 .0 0 8 .1 5 5 1 .6 0 5317 .95 7 .5 0 122.00 15.03 15.78 4 3 .70 6 .03 65.51 8 0 .54

SEm± 2 .8 5 0 .3 7 1.01 3 .8 2 32B.-90 1 .41 . 7 .0 0 1 .37 1 .07 2 .5 7 2 .3 9 3 .7 6 5 .0 3
CD ( 0 .0 5 ) NS 1 .1 0 NS 11.51 9 8 2 .1 8 NS NS 4 .1 3 3.24 7 .7 5 NS 11 .34 15. 18

Ko " 0 43 .13 3 . 5 0 6 .8 5 44 .75 3536 .49 4 .6 5 112.50 7 .0 3 12.-75 4 2 .5 0 4 .40 5 9 .65 6 6 .6 8

K 1 30 43 .25 3 . 6 8 7 .2 3 4 5 .03 3742. 19 4 .6 8 106.75 11.93 11.95 3 7 .2 0 4 .5 8 5 3 .73 6 5 .6 6

K 2 60 4 6 .35 2 . 6 8 9 .9 3 4 3 .98 3569.31 9 .4 0 124.00 11 .33 11.93 3 3 .4 0 2 .7 0 4 8 .03 5 9 .3 6

K3 90 4 5 .5 3 2 .6 5 6 .6 5 4 2 .9 0 3175 .07 7 .9 8 109.00 13.15 11.45 3 8 .6 8 6 .6 3 5 6 .7 6 69.91

K4 - 120 4 4 .3 0 3 .9 3 8 .0 0 5 0 .93 5359.07 8 .3 3 122.50 14.35 15.33 4 5 .6 0 4 .7 8 65.71 8 0 .0 6

SEmt 2 .6 9 0 .4 9 1 .08 3.41 272 .74 0 .7 3 13.02 2 .2 8 i . e o 4 .8 2 1 .36 4 .0 0 3.81
CD ( 0 .0 5 ) i ; NS NS NS NS 821 .95 2.21 NS NS NS NS NS 12.05 11 .50

N o te : P and K le v e ls  a re  in  te rm s  o f  and *2*"*’ r e s Pe c t ' v e ^y
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of le a v e s ,  t o ta l  le a f  a re a , d r y  w e ig h t  o f a e r ia l  p a r t  as w e l l  as

to ta l  w e re  a p p r e c ia b ly  m ore  a t le v e l  (N @ 120 k g /h a )  . The

Nq le v e l  (N @ 0 k g /h a )  was d i s t i n c t l y  i n f e r i o r  in  a l l  these

c h a ra c te rs  as ^compared to  le v e l  (N @ 120 k g /h a )  .

G row th  p a ra m e te rs  such as p la n t  h e ig h t ,  num ber o f le a v e s ,  

t o ta l  le a f  area and a e r ia l  p a r t  as w e l l  as to ta l  d r y  w e ig h t  in  v in e  

p e p p e r  w e re  a lso  in f lu e n ce d  by th e  le v e ls  o f N (T a b le  2) . P lan t

h e ig h t ,  num ber o f  le a ves  and to ta l  le a f  area w ere  m a rk e d ly  reduced  

a t Nq le v e l  (N @ 0 k g /h a )  as com pared  to  N3 and le v e ls  (N

@ 90 and 120 k g /h a ,  r e s p e c t iv e ly )  . The d r y  m a t te r  p ro d u c t io n  of 

p la n t  p a r t s ,  e x c e p t  t h a t  o f  ro o t ,  was a lso  s ig n i f i c a n t l y  in f lu en ce d  

by N le v e ls  w h e re in  N4 le v e l  (N @ 120 k g /h a )  was s ig n i f i c a n t l y  

s u p e r io r  to  NQ le v e l  (N @ 0 k g /h a ) .  T o ta l  d r y  m a t te r  p ro d u c t io n  

a t N4 le v e l  (N @ 120 k g /h a )  was s u p e r io r  to  a l l  o th e r  le v e ls .

4 .1 .1 .2  . E f fe c t  o f P

In f lu e n c e  o f  le v e ls  o f  P on th e  g ro w th  o f  bush p e p p e r  is

e v id e n t  f ro m  T a b le  1 . A l l  th e  s ig n i f i c a n t l y  d i f f e r e n t  c h a ra c te rs ,

e xcep t number' o f  p r im a r y  b ranches  and to ta l  le a f  a re a , w e re  

reduced  unde r PQ le v e l  ( P ^  @ 0 k g /h a )  as com pared  to  P3 and

p 4 le v e ls  (P 20 5 @ 45 and 60 k g /h a ,  r e s p e c t i v e l y ) .  The d r y  m a t te r  

p ro d u c t io n  a t  P3 le v e l  ( P ^  ® 45 k g /h a )  was d i s t i n c t l y  s u p e r io r

to  PQ ( p 2° 5  ® 0 k 9/h a )  and was on p a r  w i th  o th e r  l e v e ls .
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N„

N4

SEm±

CO (0 .0 5 )

0
30

60

90

120

0

3

4
SEm±

CD (0 .0 5 )

0
15

30

45

60

- f lb lC  2 ~ G rc w th  o f  V1ne p e p p e r  as in f lu e n c e d  b y  .n , P and K f e r t i l i z a t io n

N u t r i e n t  l e v e l  
( k g / h a )

P font 
h e ig h t  

(cm)
N um ber

o f
le a v e s

T o ta l
le a f
a rea
t(cm )

Ko 0 437 .50 9 1 .6 8 3 7 5 1 .7 6
K 1 30 5 08 .50 116.93 471 8 .5 5
K2 60 531 .75 8 6 .3 0 4693.21
K3 90 5 81 .25 107.35 5 1 5 2 .2 3
\ 120 529 .75 114.50 5 6 6 4 .8 0
SEmt 3 9 .46 . 13 .37  . 4 6 8 .5 5
CD (0 .0 5 ) ■ NS NS 1412.08

15. 15 

15 .50

18.83 

16.33

18.83

2 .25

NS

G r o w th p a ra m e te r s

N u m be r
o f

r o o ts

Root
le n g th
(cm)

228 , 25_ . . ,79 .68 3474-95.. - 2 1 . 0 8  = 6 3 .0 0
3 6 4 .0 0 8 8 .6 3 3674 .64 2 1 .2 5 8 4 .0 0
376 .75 9 9 .0 0 4074 .99 17.08 8 9 .2 5
3 78 .75 111.65 4 8 2 8 .2 6 19.35 7 4 .0 0
47 0 .0 0 127 .40 5116 .75 18.50 8 3 .0 0

17.83 8 .3 8 396 .27 4 .24 15.02
5 3 .73 2 5 .25 1 194.24 NS ' NS

3 6 6 .5 0 9 3 .4 0 4085 .89 19 .70 6 4 .0 0
420 .75 9 3 .9 3 3711.61 18.18 9 8 .0 0
4 06 .75 108.93 4 8 4 9 .4 9 17.50 7 9 .1 3
51 3 .0 0 141.83 6 4 3 6 .6 6 15.68 "86 .00
510 .50 154.08 7 1 2 5 .3 6 2 3 .3 3 9 5 .5 0

3 4 .85 14.50 7 8 7 .5 3 2 .4 8 7 .  12
108.03 4 3 .69 2 37 3 .3 9 7 .4 6 2 1 .4 6

7 1 . 5 0 .

8 0 .7 5

7 8 .7 5  

81 .75 

8 7 .0 0

8 .8 7

NS

D r y  m a t t e r  y i e l d  ( g / p l a n t )

Root Stem L e a f A e r i a l  T o ta l  
p a r t

10155'

14 .88

1 7 .20

15.73

17 .40

. 3 .5 9  

NS'

2 5 .3 3  

3 1 .2 5  

3 6 .2 0  

3 8 .3 0  

5 5 .4 3

2 .4 7

7 .4 5

9 .  15 

11 .98  

11 .35  

10 .75  

13 .93

1 .77  

NS

8 .8 3

1 0 .70

13.45

13.55

13.80

1.24 

NS

2 4 .1 5 4 9 .4 9 60.03
3 2 .3 8 6 3 .63 78.51
3 5 .2 5 71 .45 68 .65
4 4 .4 8 8 2 .7 8 98.51
4 6 .9 8 102.41 119.81

3 .6 3 4 .8 8 6 .09
10.92 14.72 18.34

2 8 .8 8 2 9 .3 8 5 7 .9 6 67.11
3 4 .3 5 2 8 .9 8 6 3 .3 3 75.31
4 1 .5 8 4 3 .2 3 8 4 .81 96 .16
5 2 .6 0 4 6 .0 8 9 8 .6 6 109.43
4 6 .2 3 4 7 .5 0 9 3 .7 3 107.66

5 .  13 4 .5 9 9 .4 2 9 ,5 8
15 .46 13.84 2 8 .4 0 2 8 .86

N o te : P and K le v e ls  a re  in  te rm s

41 .20 3 3 .5 3 7 4 .7 3 8 3 .5 6
4 5 .4 0 2 8 .9 3 7 4 .3 3 8 5 ,03
4 1 .6 8 3 5 .1 5 7 6 .8 3 90 .28
4 3 .9 8 4 1 .7 8 8 5 .7 6 97.31
5 5 .1 5 4 6 .8 8 102.03 115.63

6 .4 7 9 .7 8 5 .8 9 7 .2 8
NS NS 17.77 2 1 .95

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

2
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In v in e  p e p p e r ,  a l l  th e  g ro w th  p a ra m e te rs ,  . e x c e p t  th e  d r y  

w e ig h t  o f r o o t ,  were  in f lu e n c e d  s ig n i f i c a n t l y  by le v e ls  o f  P (T a b le  2) 

S ig n i f ic a n t ly  more to ta l  d r y  m a t te r  p ro d u c t io n  was re c o rd e d  a t 

le v e l  ( P2^5 ® l: ^  k g /h a )  as com pared to  P^ ( ^ 2^5 0 k g /h a )  and 

P.j ( P2^5 ® k g /h a )  l e v e ls .

4 .1 . 1 .3 .  E f fe c t  o f K

L e v e ls  o f K had no n o t ic e a b le  e f fe c t  on th e  g ro w th

p a ram e te rs  in  bush p e p p e r  e x c e p t  in  t o ta l  le a f  a re a , num ber of 

ro o ts  and d r y  w e ig h t  ( a e r ia l  p a r t  and to ta l )  o f  th e  p la n t  (T a b le  1 ) .  

In the  case o f  to ta l  le a f  a rea , (KgO ® 120 k g /h a )  le v e l  e x c e l le d  

a l l  o th e r  l e v e ls .  The le v e l  (KgO @ 120 k g /h a )  was s ig n i f i c a n t l y

s u p e r io r  to  le v e l  (KgO @ 0 k g /h a )  in  th e  d r y  m a t te r  p ro d u c t io n  

( a e r ia l  p a r t  and t o t a l ) .

In v in e  p e p p e r  a lso ,  to ta l  le a f  a rea was th e  maximum a t

K4 l eve l  ( ^ 2^  ® ^ 9/h a )  w h ic h  was s ig n i f i c a n t l y  s u p e r io r  to

Kq le v e l  (K20  @ 0 k g /h a ) ,  bu t on p a r  w i th  o th e rs  (T a b le  2 ) .  T o ta l

d r y  w e ig h t  a t  l e v e l  ® k g /h a )  was s ig n i f i c a n t l y

s u p e r io r  to  a l l  o th e r  l e v e ls ,  e x c e p t  K (K 0  @ 90 k g / h a ) .O Lt

4 . 1 . 1 .4 . E f fe c t  o f  Ca

E f fe c t  o f Ca re c o rd e d  d e te c ta b le  d i f fe re n c e s  w i th  re g a rd

to the  num ber o f  le a v e s ,  t o ta l  le a f  a re a , num ber o f  ro o ts ,  le n g th

of ro o t  and d r y  w e ig h t  o f  ro o t  in  bush p e p p e r  (T a b le  3) . T o ta l



T a b le  3 . G ro w th  o f bush

N u t r i e n t  
level 
{ k g / h a )

Mgc
m 9 ,

Mg2
Mg3

Mg,

0
15

30

45

60

SEm±

CD ( 0 .0 5 )

S2 .

0
15

30

45

604
SEm±

CD ( 0 .0 5 )

p e p p e r  as  in f lu e n c e d  b y  C a , Mg and S f e r t i l i z a t i

G ro w th  p a r a m e t e r s

P la n t  N u m be r  N u m be r  N um ber  T o ta l
b f 'S ' V  o f  o f  le a f

(cm )  p r i m a r y  s e c o n d -  le a v e s  a rea
b ra n c h e s  a r y

b ra n c h e s

N u m b e r  Root 
o f  le n g th  

r o o t s  (cm ) Root

D r y  m a t t e r  y i e l d  ( g / p l a n t )  

Stem L e a f
i 2i(cm )

S p ik e  A e r i a l  
p a r t

T o ta l

Cao 0 4 8 .15 3 .5 8 7 .3 3 . 39 .23
C a l 30 , .43.73. 2 .-70 == - 6 .6 0 47"125

Ca2 60 5 4 .73 3 .7 8 8 .  15 53 .68

Ca3 90 4 5 .95 2 .6 8 6 .9 3 46..50

Ca4 120 5 2 .0 3 3. 18 7 .7 5 41.,68

SEm ± 2.81 0 .41 0 .7 0 2,,60
CD (0 .0 5 ) NS NS NS 7.,84

3 5 7 6 .2 6 4 .9 3 9 7 .2 5 13.20 11 .65 3 8 .23 6 .90 5 6 .7 8 6 9 .9 8
3587'. 41 ” " 6 .3 3 117.25 13.03 16.15 3 3 .3 5 4 .73 5 4 .2 3 6 7 .2 6
4567 .32 6 .5 0 114.50 14.73 11 .80 3 8 .4 8 5 .45 5 5 ,7 3 7 0 .4 6
3974 .99 7 .1 8 130.25 14 .28 13.88 3 5 .  15 2 .6 0 51 .63 65.91
3331 .22 6 .9 3 132.00 2 1 .3 0 16.53 3 0 .2 3 t .53 4 8 .2 9 6 9 .59

25 4 .7 0 0 .3 5 12.58 1 .82 2 .6 2 ■ 5 .9 5 1 .40 9 .4 9 10.03
76 7 .5 8 1.05 30.91 5 .4 9 NS NS NS NS NS

4 8 .85 4 .2 5 7 .6 0 44 .25 3784 .99 6 .5 0 145.00 10 .68 16 .03
5 4 .83 3 . 5 8 7 .6 8 38 .93 35 1 4 .30 6 .6 0 129.75 12 .35 16. 13
54 .55 3 .0 0 6 .5 8 3 9 .00 3473 .29 6 .9 0 140.00 14.'68 1 3 .68
5 4 .0 0 3 . 5 0 6 .5 0 3 7 .50 3446 .54 8 .6 8 135.50 16.98 12. 18
6 0 .0 0 3 .8 5 9 .6 8 45 .43 4359.05 6 .9 3 144.25 13 .48 1 8 .90

2 .3 5 0 .3 3 0 . 6 0 2 .6 0 373 .00 1 .03 10.95 1 .75 1 .89
NS NS 1.80 NS NS NS NS NS NS

4 0 .2 5 4 .15 6 0 .4 3 71 .11
3 2 .6 3 6 .55 5 5 .31 * 7 . 6 6
3 2 .7 5 ,4. 13 5 0 .5 6 6 5 .24
34 .40 5 .7 0 5 2 .2 8 6 9 .26
44 . 10 8 .4 5 7 1 .45 8 4 .9 3

2 .9 4 1 .70 4 .66 4 .0 3
NS NS 10.03 10. 14

48 .23 3 .6 0 5 ,4 0 4 3 .68 3 5 0 4 .5 0 6 .5 3 116.00 8 .2 5 12.35
5 0 .73 2 .6 8 8 .2 5 50 .00 3940 .29 6 .7 3 126.00 1 3 .83 14.28
4 6 ,5 8 3 .0 0 9 .5 8 52 .03 4167.31 5 .4 0 107.50 15.68 14.10
5 6 .6 3 3 .3 3 8 .3 3 5 4 ,68 4451 .36 7 .  18 127.25 1 4 .30 14 .45
5 2 .2 8 3 .4 3 6 . 3 0 56 .35 4888 .35 9 .0 0 144.00 18 .18 17.28

2 .48 0 .4 9 0 .7 1 3 .9 6 267 .29 1.01 6 .9 2 1.94 2 .0 8
NS NS 2. 14. NS 80 5 .5 3 NS 2 0 .8 5 5 .8 6 NS

3 1 .1 5  4 .1 8

3 2 .2 3  6 .6 0

3 8 .6 3  , 7 .2 0

3 6 .4 5  10.90

4 0 .3 5  3 .8 5

3 .3 0

NS

2 .0 3

NS

4 7 .6 8  

5 3 .11  

6 0 .9 3  

61 .80  

6 1 .4 8

3 .3 4

10.07

5 5 .9 3

6 6 .94  

76 .61  

76 .  10 

7 9 .6 6

3 .61

10.90

N o te : Ca, Mg an d  S le v e ls  a re  in  te rm s  o f  CaO, MgO and  S0 / , r e s p e c t iv e ly
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le a f  area was a p p r e c ia b ly  more a t Ca2 le v e l  (CaO @ 60 k g /h a )  and

was on p a r  w i th  Ca3 le v e l  (CaO @ 90 k g / h a ) .  A l l  th e  o th e r

c h a ra c te rs  w e re  m ore  a t  Ca^ le v e l  (CaO @ 120 k g /h a ) .

Only  th e  ro o t  c h a ra c te rs  show ed m arked  d i f fe re n c e s  due

' t o  th e  le v e ls  o f  Ca in  v in e  p e p p e r .  In  a l l  th e  ro o t  c h a ra c te rs

s tu d ie d ,  Ca4 le v e l  (CaO @ 120 k g /h a )  re c o rd e d  th e  h ig h e s t  va lu es  

(T a b le  4 ) .

The s u p e r io r i t y  o f  Ca4 le v e l  (CaO @ 120 k g /h a )  o v e r  CaQ

le v e l  (CaO @ 0 k g /h a ) ,  bo th  in  bush p e p p e r  and v in e  p e p p e r ,  

is  a lso  e v id e n t  f ro m  P la te  9...

4 . 1 . 1 .5 .  E f fe c t  o f Mg

Among th e  g ro w th  p a ra m e te rs ,  th e  num ber o f  secondary

b ranches  and d ry  w e ig h t  ( a e r ia l  p a r t  and to ta l )  d i f f e r e d  s ig n i f i c a n t ly

m  bush p e p p e r  a t  d i f f e r e n t  le v e ls  o f  Mg (T a b le  3 ) . The Mg4 le v e l

(MgO @ 60 k g /h a )  re c b rd e d  s ig n i f i c a n t l y  h ig h e r  va lu es  and- was 

s u p e r io r  to  a lii o th e rs .

L e v e ls  o f  Mg in f lu e n c e d  ro o t  le n g th ,  d r y  w e ig h t  [ r o o t ,  

a e r ia l  p a r t  and t o ta l )  in  v in e  p e p p e r  a ls o  (T a b le  4 ) .  w i t h  re g a r d  

to  th e  t o t a l  d r y  w e ig h t ,  MgQ le v e l  (MgO «  0 k g /h a )  was d i s t i n c t l y

in f e r i o r  to  Mg4 (MgO «  60 k g /h a ) ,  and th e  l a t t e r  was on p a r  w i t h

o th e r s .



P la te  9. Root c h a ra c te rs  o f bush p e p p e r  and v in e  p e p p e r  as i n f l u 
enced b y  Ca f e r t i l i z a t i o n

i





T a b le  4 . G ro w th  o f  v in e  p e p p e r  as in f lu e n c e d  by  Ca, Mg and  S f e r t i l i z a t i o n

N u t r i e n t  l e v e l  
( k g / h a )

G ro w th p a ra m e te r s
P la n t
h e ig h t

(cm )

N u m be r  
o f  

1 ea v es

T o ta l
le a f
a rea
/ 2, (cm  )

Num ber 
• o f  

r o o t s

Root
le n g th

(cm)

D ry  m a t t e r  y i e l d ( g / p l a n t )

Root Stem L ea f A e r ia l
p a r t

T o ta l

Cao 0 3 9 6 .0 0 117.60 5332 .54 12.83 8 0 .0 0 11.23 58. 13 4 9 .28 107.41 118.69
= C d l 30 -  - ■ 4 5 2 .5 0 101.00 - 5 2 9 0 .0 6 = 137. 58 '  8 6 . 7 5 " 10 .96 5 5 .0 0 4 8 .65 103.65 114.63

L d 2 60 4 5 9 .2 5 131.23 5 5 0 5 .17 13.75 8 7 .0 0 1 1 .70 5 9 .6 5 5 1 .75 111 .40 123. 10
L d 3 90 4 8 3 .5 0 118. 15 5 4 7 6 .4 5 14.73 9 3 .5 0 1 4 .10 4 7 .4 3 4 2 .60 9 0 .0 3 104.13
L d 4 120 4 7 4 .7 5 127.73 5 9 1 9 .5 3 17.58 9 4 .7 5 15 .23 5 3 .5 0 4 5 .7 0 9 9 .2 0 1 14 .43
SEm* 5 4 .9 4 14.22 1016.63 0 .9 8 3 .4 5 1 .77 8 . 9 0 3 .9 4 12. 14 13 3 "CD (0 .0 5 ) NS NS NS 2 .9 5 10.39 3 .0 7 NS NS- NS NS

Mg? 0 444 .25 8 5 .5 8 4307 .44 12.50 71 .50 12.03 4 5 .1 8 3 6 .3 0 8 1 .4 8 93 .51
m 9 t 15 52 0 .2 5 1 12.15 4138 .22 17.83 8 4 .2 5 10 .30 4 0 .4 5 4 2 .7 5 91 .20 101 .50Mg2 30 52 7 .2 5 110 .60 4354 .02 15.90 8 6 .5 0 16.55 51 .28 4 1 .9 0 9 3 .1 8 109.73Mg3 45 54 0 .2 5 119.68 4 2 8 8 .4 9 16.33 104.25 14.45 5 4 .1 3 3 9 .88 94 .01 108 .46
%  , GO 5 9 5 .2 5 113.85 4 2 5 0 .28 15.90 119 .50 11 .73 64. 13 3 9 .83 103.96 115.69
SEmi 3 7 .6 0 12.87 25 3 .8 7 1.82 9 .6 3 1 .28 3 . 6 0 4 .3 4 5 .21 5 30CD (0 .0 5 ) NS NS NS NS 2 9 .0 4 3 .8 7 5 .2 2 NS 15.71 15.98

5o 0 4 5 2 .7 5 9 4 .6 8 4073. 14 14.68 9 5 .7 5 9 .4 3 3 8 .9 5 4 2 .7 0 81 .65 9 1 .0 8
S T 15 4 6 6 .0 0 102.40 4 6 3 6 .3 3 12.90 112.00 10. 13 3 7 .8 8 46. 10 8 3 .9 8 94 . 1 1
S2 30 48 7 .7 5 123.60 4523.81 13.50 9 2 .0 0 12 .30 3 9 .5 5 4 3 .4 5 8 3 ,0 0 9 5 .3 0
S3 45 4 4 5 .5 0 112.43 42 7 9 ,06 13.00 108.25 12.30 5 0 .7 0 4 8 .55 9 9 .2 5 111.55
S4 60 51 4 .7 5 102.40 4 3 3 4 .2 6 13.33 110.25 14.75 5 4 .8 0 4 8 .83 103.63 118.33
S E m i .. 15 .28 , 9 .51 2 9 6 .4 0 1 .24 12 .08  ' 1 .37 3 .8 5 7 .6 3 5 .2 2 6 .0 0CD (O.l35) 4 6 .0 4 NS NS NS NS NS 11 ,59 N5 15.73 18.08

N o te : C a , Mg and  5 le v e ls  a re  in te rm s  o f  CaO, MgO and  S O ^, r e s p e c t iv e ly
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A . 1 . 1 . 6 . E f fe c t  o f  S .

L e v e ls  o f  S m a rk e d ly  in f lu e n c e d  th e  p a ra m e te rs  o f g ro w th  

such as num ber o f secon dary  b ra nch e s , to ta l  le a f  a re a ,  ro o t  leng th

and d r y  w e ig h t  ( r o o t ,  a e r ia l  p a r t  and to ta l )  in  bush p e p p e r  (T a b le

3 ) .  A l l  these  ■: pa ram e te rs  e x c e p t  th e  num ber o f se con d a ry  b ranches

w ere  s ig n i f i c a n t l y  i n f e r i o r  a t  SQ le v e l  (SO^ @ 0 k g /h a )  to  the  

h ig h e s t  le v e ls  o f  S a p p l ic a t io n .

In v in e  p e p p e r ,  p la n t  h e ig h t  and d r y  w e ig h t  ( a e r ia l  p a r t

and to ta l )  d i f f e r e d  s ig n i f i c a n t l y  (T a b le  4 ) ,  as in f lu e n c e d  by th e

le v e ls  o f  S. The above  c h a ra c te rs  re c o rd e d  h ig h e s t  v a lu e s  a t S 
" 4

le v e l  (S0 4 @ 60 k g /h a )  w h ic h  was on p a r  w i th  S3 (SO^ @ 45 k g /h a )

in  d r y  m a t te r  . p ro d u c t io n  and w i th  S2 (S0 4 @ 30 k g /h a )  in  p la n t

h e ig h t .  '

E m p e n c a l  equa tions  o f l i n e a r  and q u a d ra t ic  fo rm  w ere  t r i e d

. to  exam ine th e  goodness o f  f i t  o f  the se  m ode ls  in  d e s c r ib in g  th e  

b iomass p ro d u c t io n  ( a e r ia l  p a r t  and t o ta l )  in  r e la t io n  to  n u t r ie n t  

le v e ls ,  in  bush p e p p e r  and v in e  p e p p e r .  The c o e f f ic ie n ts  o f d e te r 

m ina t ion  (R2) w ere  found  to  be h ig h e r  f o r  th e  q u a d ra t ic  model

(T a b le  5 and A p p e n d ix  V ) .  The v a r i a b i l i t y  in  d r y  w e ig h t  o f a e r ia l

p a r t  as w e l l  as the  t o ta l  d r y  w e ig h t  f o r  N, P and S t re a tm e n ts ,

was found to  be b e t te r  e x p la in e d  by  th e  q u a d r a t ic  model in bush 

p e p p e r  and v in e  p e p p e r .  In bush p e p p e r ,  th e  l in e a r  model cou ld  

not e x p la in  th e  v a r i a b i l i t y  In b iom ass p ro d u c t io n  ( e i t h e r  above
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Fig.  3.  Total leaf  a re a  in bush p e p p e r  and vine  p e p p e r  as influenced by
nutr ien t  l e v e l s
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N le v e ls  ( k g /h a )

Vp

Bp

P le v e ls  ( k g /h a )

K le v e ls  ( k g /h a ) Ca le v e ls  ( k g /h a )

Mg le v e ls  ( k g /h a ) S le v e ls  ( k g /h a )

Bp: Bush p e p p e r ;  Vp: Vine p e p p e r
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T ab le  5 . Goodness o f f i t  (R ) o f  th e  m a th e m a t ica l m ode ls  d e s c r ib 
ing th e  b iomass p ro d u c t io n  in  b la c k  p e p p e r  as in f luenced  
by n u t r ie n t  le v e ls

2

V a r ia b le  ' 
y vs  x

Type
o f

p la n t

L in e a r  
model 

y = a±bx

Q ua d ra t ic  
model ^ 

. y = a±bx±cx

D ry  w e ig h t  o f  a e r ia l  p a r t Bp 0.884 0.897
vs  le v e ls  o f ’ N Vp 0.977 0.986

T o ta l d r y  w e ig h t Bp 0.890 0.894
vs  le v e ls  o'f N Vp 0.979 0 .980

D ry  w e ig h t  'o f a e r ia l  p a r t Bp 0.814 0 .968
vs  le v e ls  o f P Vp 0.863 0 .906

T o ta l d r y  w e ig h t Bp 0.807 0.964
vs le v e ls  o f P Vp 0 .909 0 .946

D ry  w e ig h t  o f a e r ia l  p a r t Bp 0.132 0.934
vs  le v e ls  o f  K Vp 0.791 0.996

T o ta l d r y  w e ig h t Bp 0.417 0 .893
vs  le v e ls  o f  K Vp 0.881 0 .998

D ry  w e ig h t  o f a e r ia l  p a r t Bp 0 .820 0.898
v s  le v e ls  o f  Ca Vp 0.333 0.335

T o ta l  d r y  w e ig h t Bp 0.029 0.148
vs  le v e ls  o f  Ca . Vp 0.183 0.183

D ry  w e ig h t  o f  a e r ia l '  p a r t Bp 0.-128 0.895
vs  le v e ls  o f  Mg. . v p 0.888 0.889

T o ta l d r y  w e ig h t BP. 0 .146 0.986
vs le v e ls  o f  Mg Vp 0.909 0.939

D ry  w e ig h t  o f  a e r ia l  p a r t Bp 0 .820 0.899 ■
vs le v e ls  o f  5 Vp 0.824 0 .900  ■

T o ta l d r y  w e ig h t Bp 0.836 0.921
vs  le v e ls  o f  S ■ Vp 0.886 0.948

Bp -  Bush p e p p e r
Vp -  Vine p e p p e r
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ground o r to ta l )  f o r  K and Mg t re a tm e n ts .  B ut, R^ was found to

be s ig n i f ic a n t  when q u a d ra t ic  model was used to  e x p la in  the

v a r i a b i l i t y ,  bo th  in  bush p e p p e r  and v in e  p e p p e r .  In  v in e  p e p p e r ,  

bo th  th e  m o de ls  t r i e d  w e re  u n s u i ta b le  in  e x p la in in g  th e  d r y  w e ig h t  

o f a e r ia l  .p a r t  o r  th e  t o ta l  d r y  w e ig h t  in  r e la t io n  to  Ca le v e ls .  

But in  bush p e p p e r ,  th e  q u a d ra t ic  m ode l was found  to  be b e t te r

in  e x p la in in g  th e  v a r i a b i l i t y  in  a e r ia l  b iom ass p ro d u c t io n  (F ig .  

5 and 6 ) .

A model com b in ing  th e  responses  in  bush p e p p e r  and v in e  

p e p p e r  us ing  dummy v a r ia b le s  was d e v e lo p e d  in  o r d e r  to  te s t

w h e th e r  th e  d i f fe re n c e s  in  response  c u rv e  f o r  d r y  m a t te r  p r o d u c t 

ion ( a e r ia l  p a r t  as w e l l  as to ta l )  in  bush p e p p e r  was d i f f e r e n t

from  response  c u rv e  o b ta in ed  f o r  v in e  p e p p e r .  Regression
. 2

c o e f f ic ie n ts ,  R , mean squa re  due to  a d d i t io n a l  e f fe c ts  o f  v in e  

p e p p e r  and t h e i r  s ig n i f ic a n c e  a t  f i v e  p e r  cent and one p e r  cent 

le v e ls  a re  g ive n  in T a b les  6 and 7 . .

■The e s t im a te d  m o de ls  f o r  th e  response  o f the  p la n t  in  te rm s  

o f d r y  w e ig h t  o f  a e r ia l  p a r t  to  a p p l ic a t io n  o f  N, P, K and Mg 

w ere  s ig n i f i c a n t  a t one p e r  cent l e v e l ,  w h i le  th e  response  to  S

was s ig n i f i c a n t  a t  f i v e  p e r  cent l e v e l .  E s t im a te d  m odel f o r  response  

to  Ca was not s ig n i f i c a n t  a t  f i v e  p e r  cent l e v e l  (T a b le  6 ) .  The  

m odels  e x p la in e d  96.98  and 94.05 p e r  cent o f th e  v a r ia t io n  in  d r y

w e ig h t  o f  a e r ia l  p a r t  as to  th e  re sponse  to  N and K, r e s p e c t iv e ly
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T a b l e  6 . Q u a d ra t ic  m ode l f o r  com par ison  o f response  p a t te rn s  
in  ' a e r ia l  b iom ass p ro d u c t io n  in  bush p e p p e r  and v in e  

 _____________ p e p p e r____________________

I Regress ion c o e f f ic ie n ts
Mean square 
o f  the a d d i  t  -

bo " b 1 b2 ’ C1 C2 R2
- io n a l e f fe c t  

o f  v in e  pepper

45.9170 -0 .0614 0.0014
Response to  N 

0 .4883 -0 .0012 0.9698 934.45

51 .9120 0.5560 -0 .0052

Response to  P 

0.8327 -0 .0055
}|t v

0.9400 533.65 ‘

67.6340 -0 .5902 0.0049

Response to  K 

0.6515 -0 .0031 0.9405 842.63

82.0510 -0 .74 6 8 0.0041

Response to  Ca 

1.4275 -0 .0089 0.7325 2251.77

72.5910 -1 .5328
>

0.. 0250

Response to  Mg 

2 .4754 -0 .0328 0.9134 1461.47

68.8630 -0 .7277 0.0068

Response to  S 

1.4503 -0 .0091 0.8951 1697.83

*  S ig n i f ic a n t  a t f i v e  p e r  cent le v e l  
S ig n i f ic a n t  a t one p e r  cent le v e l
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and was s ig n i f ic a n t  a t  one p e r  cent l e v e l .  When th e  re g re s s io n

c o e f f ic ie n ts  w ere  te s te d  fo r  s ig n i f ic a n c e ,  t h a t  c o r re s p o n d in g  to  the  

l in e a r  a d d i t io n a l  e f fe c t  o f  v in e  p e p p e r  a lone was s ig n i f ic a n t  at

f i v e  p e r  cen t l e v e l .  The  a d d i t io n a l  response  o f  v in e  p e p p e r  o v e r

bush p e p p e r ,  as a w h o le ,  was found to  be s ig n i f ic a n t  a t  one p e r  

cent l e v e l .  As re g a rd s  th e  response to P and S, th e  m ode ls

e x p la in e d  94.00  and 89.51 p e r  cent v a r ia t io n ,  r e s p e c t i v e ly .  Bu t,  

none o f th e  re g re s s io n  c o e f f ic ie n ts  was found s ig n i f i c a n t l y  d i f f e r e n t  

from  z e ro .  The a d d i t io n a l  response  o f  v in e  p e p p e r  in  th e  m ode l,

h o w e v e r ,  was s ig n i f ic a n t  a t  one p e r  cent, l e v e l .  The e s t im a te d

model f o r  th e  response  to  a p p l ie d  Mg e x p la in e d  91 .34  p e r  cent 

v a r ia t io n  and was s ig n i f ic a n t  a t  one p e r  cent l e v e l .  The re g re ss io n  

c o e f f ic ie n ts  b^ „ b^  and c^ , c^  w e re  s ig n i f i c a n t l y  d i f f e r e n t  f ro m  

ze ro ,  a t  f i v e  p e r  cent l e v e l .  The a d d i t io n a l  e f fe c t  o f v in e  p e p p e r  

was a lso  consp icuous a t  one p e r  cent l e v e l .

. The e s t im a te d  m ode ls  f o r  th e  t o ta l  d r y  w e ig h t  as to  th e

response to  N, "P, K and Mg w ere  s ig n i f i c a n t  a t  -one p e r  cent l e v e l .  

They  e x p la in e d  9 6 .70 , 9 5 .7 6 , 95 .36  and 94.19 p e r  cent v a r ia t io n

f o r  N, P, K and Mg, r e s p e c t i v e ly .  The e s t im a te d  m ode ls  f o r  to ta l  

d r y  w e ig h t  in  bush p e p p e r  and v in e  p e p p e r  f o l lo w e d  a s im i l a r

p a t te rn  as th a t  fo r  d r y  w e ig h t  o f a e r ia l  p a r t ,  e x c e p t  f o r  S (T a b le  7 ) .  

The a d d i t io n a l  response  o f v in e  p e p p e r  o v e r  bush p e p p e r  was 

s ig n i f ic a n t  a t  one per. cent l e v e l  in  th e  case o f  a l l  th e  n u t r ie n ts  

c o n s id e re d . .
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T a b le  7. Q u a d ra t ic  model f o r  com par ison  of response  p a t te rn s  in 
to ta l  b iomass p ro d u c t io n  in  bush p e p p e r  and v in e  p e p p e r

Regress ion c o e f f ic ie n ts
Mean square  
of the a d d i t 
io n a l e f fe c t  
o f  v in e  pepperbo . b l b2 n o 

'
to 

i

R2

56.2380 -0 .0317 0.0013

Response to  N 

0 .6118 -0 .0019 0.9670 1202.92

61.6400 0.7941 -0 .0076

Response to  P 

0 .6444 -0 .00 3 0 0.9576 417.90

75.7900 -0 .5054 0.0046

Response to  K 

0 .6802 -0 .00 33 0 .9536 860.70

94.3850 -0 .7693 0.0048

Response to  Ca 

1.4079 -0 .0091 0.7241 1998.47

85.2720 -1 .4166 0.0236

Response to  Mg 

2 .4719 -0 .03 33 0.9419 1390.61

73.5270 -0 .1543 0.0045

Response to  S 

1.2125 -0 .0098 0.7854 909.41

* S ig n i f ic a n t  a t  f i v e  p e r  cent le v e l  
S ig n i f ic a n t  at one p e r  cent le v e l
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4 .1 ,2 .  U p take  o f  n u t r ie n ts

4 . 1 . 2 .1 .  N u t r ie n t  d i s t r i b u t i o n

Data p e r ta in in g  to  th e  d i s t r i b u t i o n  o f  n u t r ie n ts  in  d i f f e r e n t  

p a r ts  o f  bush, p e p p e r  and v in e  p e p p e r  a re  g iv e n  in T a b les  8 to  

19, F ig .  7 and A p p e n d ic e s  V I and V I I .

4 . 1 . 2 . 1 . 1 . E f fe c t  o f  N

Bush p e p p e r  p la n ts  th a t  r e c e iv e d  NQ le v e l  (N @ 0 k g /h a )

showed lo w e r  co n ce n tra t io n  o f  n it ro ge n  in stem and le a f  (T a b le  8 ) .

The f o l i a r  N co nce n tra t io n  was s ig n i f i c a n t l y  h ig h e r  a t  N^ le v e l

(N @ 120 k g /h a )  and was on p a r  w i th  N2 and N3 (N @ 60 and 90

k g /h a ,  r e s p e c t i v e l y ) .  The NQ (N @ 0 k g /h a )  p la n ts  a ls o  e x h ib i t e d

v i s i b l e  d e f ic ie n c y  sym p tom s (P la te  10) . C oncom itan t w i t h  th e

decrease  in  N le v e l ,  th e  P le v e l  in  th e  stem in c re a s e d ,  w h ic h

a t ta in e d  i t s  peak a t  NQ le v e l  (N @ 0 k g /h a ) .  The co n ce n tra t io n s

■Of K, Ca, Mg, S, Fe, Mn and Zn d id  not v a r y  much (T a b le s  9 'and

.  10) •

The t re n d  o b s e rv e d  in  v in e  p e p p e r  was a lm o s t s im i l a r  to

th a t  o b s e rv e d  in  bush p e p p e r  w i th  re s p e c t  to  N conce n tra t io n

(T a b les  11, 12 and 13, P la te  11) . N it ro g en  c o n c e n tra t io n s  in  stem

and le a f  were  th e  h ig h e s t  a t N^ le v e l  (N ® 120 k g / h a ) .  P h o spho rus  

content in  the  stem d i f f e r e d  s ig n i f i c a n t l y .  The h ig h e s t  co nce n tra t io n

o f  P was o b s e rv e d  a t N] le v e l  ( N @ 30 k g /h a )  w h ic h  was on p a r





P la te
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Table 9 .  Dis tr ib ution  of secondary  n u tr ie n ts  (%) in bush p e p p e r  as influ
enced by N, P and K f e r t i l i z a t i o n

N u tr ie n t
le v e l
(k g /h a ) Stem

Ca

Leaf S p ike Stem

Mg

Leaf S p ik e Stem

S

Leaf S p ike

No 0 1.05 1 .99 1 .00 0 .96 0 .94 3 .17 0.093 0.194 0 .076

N1 30 1 .20 1 .96 0 .9 0 1.02 0.97 3.33 0.105 0.180 0 .078

N2 60 1 .15 1 .95 0 .89 1 .00 1 .01 3.22 0.105 0.193 0.085

N3 90 1 .18 2.01 0 .95 0 .96 1 .04 3.29 0.105 0.195 0.078

n a 120 1 .20 1 .99 0.95 1 .01 0.91 3.25 0.105 0.182 0.077

SEm + 0.07 0 .08 0 .08 0 .09 0 .12 0 .16 0.017 0.012 0.009
CD (0 .05) NS NS NS NS NS NS NS NS NS

po 0 1,11 1 .96 0 .93 1 .02 0 .94 3 .22 0.091 0.175 0.073

P1 15 1 .12 1 .92 0 .93 1 .05 0 .9 0 3.31 0 .105 0.188 0.075

P2 30 1.00 1.98 0 .90 1 .04 0 .9 4 3.31 0 .089 0.182 0.082

P3 45 1 .30 1 .97 0.99 1 .00 1 .00 3 .24 0 .106 0 .196 0.075

P4 ■ 60 1 .09 1 .98 0 .98 1.00 0 .92 3 .25 0.101 0.181 0.072

SEm± 0 .06 0.10 0 .07 0 .05 0.11 0 .10 0.022 0.012 0.011
CD (0 .05 ) 0 .17 NS NS NS NS NS NS NS NS

Ko 0 ' 1 .08 2 .05 0 .9 0 1 .01 1 .03 3 .10 0.105 0.192 0.077

K 1 30 1 .08 2 .06 0.91 1 .04 0 .9 6 3 .16 0 .106 0.188 0 .080

K2 60 1.07 1 .99 0 .96 1 .03 0 .98 3 .2 6 0.102 0.186 p .  102

K3 90 1 .01 1 .93 0 .9 2 0.99 0 .99 3 .32 0.092 0.189 0.081

K4 120 1 .07 1 .99 0 .90 1 .01 0.92 3 .44 0.097 0.190 0.085

SEm± 0.10 0.15 0.05 0 .08 0 .10 0 .13 0 .014 0.012 0.017
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

Note: P and K le v e l s  a r e  in te rm s  of P ^  and l<20 ,  r e s p e c t i v e l y .
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T a b l e  1 0 .  Di p . t r  i bu t i on o f  m i c r o n u t n i e n t s  ( ppm)  i n b u s h  p e p p e r

as influenced by N, P and K f e r t i l i z a t i o n

N u tr ie n t
le v e l
( k g /h a )

Fe Mn Zn

Stem Leaf S p ike Stem Leaf S p ik e Stem Leaf S p ik e

No 0 317 .75 735 .50 313 .00 58.83 227 .40 32.15 67.85 55.85 25.85

N 1 30 305 .75 732 .25 324 .75 61 .45 331 .20 30.58 69.40 56.90 24.40

N2 60 404 .00 638 .50 348 .00 58.25 340 .50 34.03 68.33 52.08 27.68

N3 90 314 .50 636 .75 324 .25 59.43 406 .93 39.40 71 .40 56.40 26.40

n a
120 257 .75 620 .25 336 .25 66.55 457 .83 43.03 71 .38 54.88 27.38

SEm± 38 .04 66 .00 22 ,62 7 .7 8 59 .65 4 .60 5 .66 4.81 1 .85
CD (0 .05) NS NS NS NS NS NS NS NS .■ NS

po 0 276 .50 654 .00 354,.00 64.70 385,,23 35.50 66.20 51.20 23.70

P 1 15 378..75 599 .75 349,.75 62.10 403.,68 37.43 62.33 49.98 22.48"D to 30 352,,50 675 .00 325,,00 64.35 434,,33 39.28 70.78 58.28 30. 10

P3 45 420,,00 628..25 351..00 65.10 369. 95 38.68 69.25 59.25 29.25

P4 60 297,,00 586.,75 336,,75 68.98 357. 25 39.95 66.93 56.93 33.13

SEmi± 30 .26 19 .89 14 .46 8 .63 38,.68 3 .24 6.12 3 .26 1 .67
CD (0 .05 ) 91 .22 59 .95 NS NS NS NS ' NS NS NS

Ko - 0 329. 50 536..50 329. 00 60.83 341 . 43 36.38 59.00 46.50 23.00

K 1 30 344. 00 603. 50 328. 50 60.10 433. 18 38.28 62.18 47.78 25.28

V 60 321 .00 648. 50 348. 75 63.38 448. 13 35.60 66.75 53.50 26.00

K3 90 382. 25 574. 50 325. 25 64.03 383. 55 38.60 65.83 53.33 .■28.33
K4 120 334. 75 ■669. 00 321 . 50 64. 10 393. 93 39.43 65.35 59.68 27.18
SEm ± 33. 04 48. 23 19. 81 6.83 58. 67 3.54 11 .05 5 .35 4.51
CD (0 .05) NS NS NS NS NS NS NS NS NS

Note: P and K le v e l s  a r e  in te rm s of P , ^  and ^ 0 ,  r e s p e c t i v e l y .
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Table 11. Dis tr ib ution  of major n u tr ie n ts  {%) in vine  p e p p e r  as
influenced by N, P and K f e r t i l i z a t i o n

N u tr ie n t
le v e l
( k g /h a ) Stem

N

Leaf Stem

P

Leaf

K

Stem Leaf

No 0 1 .07 1.45 0.141 0.113 2 .19 2 .98

N 1 30 1 .04 1.83 0.150 0.116 2 .26 2 .88

N2 60 1.16 1.91 0.143 0.113 2.21 2 .88

N3 90 1.25 1.81 0 .144 0 .106 2 .35 2 .93

N4 120 1.35 2.01 0.129 0 .106 2 .1 3 2 .90  ,

SEm± 0.16 0.12 0 .006 0.018 0 .14 0 .12
CD (0 .05 ) 0 .06 0 .34 0.018 NS NS NS

po 0 1 .21 1 .86 0.119 0.107 2 .03 3 .03

P 1 15 1 .48 1 .99 0.125 0.119 1 .93 3 .00

P2 30 1 .31 1.82 0.103 0.125 1 .95 3 .03

P3 45 1.51 1.86 0.141 0.113 1 .97 2 .7 9

P4 60 1 .35 1.90 0.125 0.105 2 .07 2.79

SEm± 0.19 0 . 18 0.010 0 .016 0 .0 8 0 .23
C D '.(0 .05 ) NS NS NS . NS NS NS

Ko 0 ■ 1 .20 2 .0 9 0.128 0 . 100 2.21 2 .78

K 1 30 1 .34 1.79 0.132 0 .114 2 .08 2 .83

K2 60 ‘ 1 .29 1 .83 O’. 122 0.115 2.07 2 .82

K3 90 . 1 .47 2 .12 0.140 0 .126 2.17 2 .84

K4 120 0.98 2.01 0.124 0.097 2 .04 2 .92

SEm± 0 .16 0 .20 0.010 0.012 0 .13 0 . 14
CD (0 .05 ) NS NS NS NS NS NS

Note: P and K le v e ls a re  in te rm s  o f P „0  and 2 o K^O, r e s p e c t iv e ly



64

Table  12. D is tr ib ution  of secondary  n u tr ie n ts  (%) in vine  p e p p e r  as
influenced by N, P and K f e r t i l i z a t i o n

N u tr ie n t
le v e l
(k g /h a )

Ca Mg S

Stem Leaf Stem Leaf Stem Leaf

No 0 0 .89 1 .99 0 .95 0 .9 4 o o -E> 0 .189

N1 30 1 .07 1.99 1 .02 0 .9 6 0.102 0 .180

N2 60 . 1 .13 1 .99 0 .89 0 .94 0.111 0.191

N3 90 1 .06 1 .96 1 .04 0 .98 0.105 0 .183

N4 120 1 .07 1 .97 0 .97 0 .90 0.101 0. 184

SEm + 0 .16 0.08 0 .07 0 .1 4 0 .016 .0 . 010.
CD (0 .05 ) NS NS NS NS NS NS

po 0 1.14 ' 1 .96 ’ 1 .05 0 .94 0.113 0.187

P1 15 1 .05 2 .00 0 .9 8 1.01 0 . 110 0.187

P2 30 1 .02 1.97 0 .99 1.00 0 .094 0.195

P3 45 1 .07 1 .94 0 .97 0.91 0.113 0.195

P4 60 1.12 2.02 0 .98 0 .96 0.117 0 .187

SEm± 0 .09 0.09 0 .0 6 0 .09 0 .020 0.010
CD (0 .05 ) NS NS NS NS NS NS

'Ko 0 1 .10 2.07 1 .04 0 .97 0 .114 0 .183

■  K 1 30 0 .93 2.10 0 .9 6 0 .9 6 *0.122 0 .199

K2 60 1 .05 2 . 10 0 .9 6 0 .98 0.093 0.200

K3 90 1 .03 1 .99 1 .01 0 .97 0.102 0.191

K4 120 1 .07 2.02 0 .98 0 .99 0.097 0 .194

SEm+ 0 .09 0 .20 0 .08 0 .1 4 0 .016 0.010
CD (0 .05 ) NS NS NS NS NS NS

Note: P and K l e v e l s  a r e  in te rm s  of P ^  and K20 ,  r e s p e c t i v e l y .
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Table 13. Dis tr ib ution  of m icro nutr ients  ( ppm)  in vine  p e p p e r  as
influenced by N, P and K f e r t i l i z a t i o n

N u tr ie n t
le v e l
(kg/ha)

Fe Mn - Zn

Stem Leaf Stem Leaf Stem Lea f

No 0 389.00 675.25 59.83 306.08 68.85 51.48

N1 30 311.50 661.75 64.23 359.45 63.70 53.43

N2 60 346.50 584.25 63.00 340.90 73.18 53.03

N3 90 379.00 671.25 62.93 421.75 73.08 56.18
N. 120 4 486.75 694.00 65.73 452.38 73.10 54.28

SEm± 77.59 79.77 4.61 37.25 6.07 3 .53
CD (0 .05 ) NS NS NS NS NS NS

po 0 422.75 731 .75 61.45 399.98 67.93 50.68

P 1 15 506.00 587.75 62.08 412.65 61 .80 51.55

P2 30 416.50 628.75 61 .48 393.50 66.28 50.28

P3 45 483.25 661.75 64.03 379.78 66.43 54.10

P4 60 417.75 668.25 67.35 392.23 65.53 54.78

SEm± 23.36 28.20 3 .52 54.78 6.24 2 .65
CD (0 .05 ) 70.42 85. 15 NS NS NS NS

Ko 0 426.25 553.00 61 .35 354.90 67.23 53.60

K1 30 414.00 616.00 63.30 443.98 64.45 . 50 .90

K 2 ‘60 396.75 689.00 63.50 343.65 62.65 51 .90

K3 90 380.00 ■ 650.00 62.80 324.55 66.78 52 .15
K. 120 4 469.25 550.75 64.93 420.70 68.35 54.60

SEm± 90.49 61 .92 4 .50 65.47 12.35 3 .7 0
CD (0 .05 ) NS NS NS NS NS NS

Note: P and K l e v e l s  a r e  in te rm s  of and 1 ^ 0 ,  r e s p e c t i v e l y .
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w ith  Nq , and ( N @ 0, 60 and 90 k g /h a ,  r e s p e c t iv e ly )  . But 

th e  co nce n tra t io n s  o f  o th e r  n u t r ie n t  e lem ents d id  not v a ry  much.

4 . 1 . 2 . 1 . 2 . E f fe c t  o f P

L e v e ls  - o f P d id  not in f lu e n ce  th e  c o n c e n tra t io n s  o f n u t r ie n ts

in  d i f f e r e n t  p a r ts  o f  bush p e p p e r ,  e xce p t  f o r  Ca co n ce n tra t io n  in

the  stem and Fe co n ce n tra t io n  in  th e  stem and le a f  (T a b le  8 , 9

and 10). C oncen tra t ion  o f Ca was th e  h ig h e s t  a t  P_ (Po0 E @ 45
3 2 5

k g /h a )  w h ic h  was d i s t i n c t l y  s u p e r io r  to  o th e r  l e v e ls .  In th e  stem

P3 ^P2°5  ® k g /h a )  re c o rd e d  the  h ig h e s t  v a lu e ,  P (P90 _ @ 0U & O

k g /h a )  re c o rd e d  th e  lo w e s t  Fe content w h ic h  was on p a r  w i th  a l l

o th e r  le v e ls ,  e xce p t  and P3 ( P ^  @ 15 and 45 k g /h a ,  r e s p e c t 

i v e l y ) .  The f o l i a r  l e v e l  of Fe was s ig n i f i c a n t l y  m ore  a t  P2 le v e l

^P2°5  ® 30 k g /h a )  w h ic h  was s ig n i f i c a n t l y  s u p e r io r  to  P (P 0
A 2 5

@ 60 k g /h a )  and on p a r  w i th  a l l  o th e rs .

In v in e  p e p p e r  p la n ts  w h ic h  d id  not r e c e iv e  a p p l ic a t io n

of P, the  co nce n tra t io n s  o f - n u t r ie n ts  w ere  not s ig n i f i c a n t l y  d i f f e r e n t

from  those  w h ic h  re c e iv e d  P. H ow eve r ,  Fe con ten t o f le a f  and

stem was in f lu en ce d  by a p p l ie d  le v e ls  o f  P (T a b le s  11, 12 and

13). In th e  s tem , th e  h ig h e s t  content o f  Fe was o b s e rv e d  a t  P

( ^ 2^5 ® ^  k g /h a )  le v e l  w h ic h  was on p a r  w i th  P (P O @ 4 5
3 2 5

k g /h a )  . The co nce n tra t io n  o f Fe in th e  le a f  was m ore a t PQ le v e l

(P2°5  @ 0 kd /h a )  w h ic h  was on p a r  w i th  P (P . ,0 -  @ 45 k g /h a )O 6 J
and P4 (P2°5  ® 60 k g /h a )  le v e ls .



67

4.1 . 2 . 1 . 3 .  E f fe c t  o f K

In f lu e n c e  o f K le v e ls  on th e  n u t r ie n t  co nce n tra t io n  in bush 

p e p p e r  was not s ig n i f ic a n t  in  d i f f e r e n t  p la n t  p a r ts  (T a b le s  8 , 9

and 10) .

S im i la r  t re n d  was o b s e rv e d  in  v in e  p e p p e r  a lso  (T a b le s  

11, 12 and 13).

4 .1 .2 .1  .4 .  E f fe c t  o f Ca

S ig n i f ic a n t  d i f fe re n c e s  cou ld  not be n o t ic e d  in  th e  c o n c e n tra t 

ion o f  any o f th e  n u t r ie n ts  in  d i f f e r e n t  p la n t  p a r ts  o f bush p e p p e r  

(T a b le s  14, 15 and 16).

R esu lts  ob ta in ed  in v in e  p e p p e r  a ls o  showed th e  above  t re n d  

(T a b le s  17, 18 and 19).

4 .1  . 2 .1 .5  . E f fe c t  o f  Mg

E f fe c t  o f  d i f f e r e n t  le v e ls  o f  Mg on th e  c o n c e n tra t io n s  o f

n u t r ie n ts  in  d i f f e r e n t  p la n t  p a r ts  was not s ig n i f i c a n t  (T a b le s  14, 

15 and 16) .

F o l ia r  P co n ce n tra t io n  d i f f e r e d  s ig n i f i c a n t l y  a t  d i f f e r e n t

le v e ls  o f  Mg in v in e  p e p p e r  (T a b le  17). Maximum content o f  P

was re c o rd e d  a t  Mg^ ((MgO @ 60 k g /h a )  w h ic h  was s ig n i f i c a n t l y

s u p e r io r  to  o th e r  l e v e ls .  The  co n ce n tra t io n s  o f  o th e r  n u t r ie n ts  w ere  

not s ig n i f i c a n t l y  d i f f e r e n t  (T a b le s  17, 18 and 19). ’
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Table  14. Dis tr ib ution  of major n u tr ien ts  (%) in bush p e p p e r  as influenced
by Ca, Mg and S f e r t i l i z a t i o n

N u tr ie n t  
le v e l  
( kg /h a )

N P K

Stem Leaf S p ik e Stem Leaf S p ik e Stem Leaf S p ik e

CaQ 0 1 .29 1.70 2.07 0.131 0.110 0.105 2.01 2 .99 3 .09
Ca ^ 30 1 .33 1.79 2 .27 0 .128 0.106 0 .094 2.00 2.88 3 .23
Ca2 60 1.11 2.07 2 .29 0.125 0 .125 0.091 2 .16 3.05 3.23
Ca3 90 1 .10 2.00 2 .2 4 0.128 0.120 0 .104 2 .16 2.77 3 .1 6
Ca 4 120 1 .76 2 .09 2 .24 0.122 0.122 0.103 2 .05 2.88 3 .07

SEm± 0 .18 0.10 0.21 0.020 0.013 0.014 0.15 0 .13 0.11
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

Mg0 0 1 .42 1.68 2 .2 8 0.141 0.110 0 .106 2 .05 2.72 2 .9 8
M9l 15 1 .14 2 .05 2 .28 0.141 0.141 0.069 1 .99 2 .88 3 .2 8
Mg2 30 1.16 1 .87 2 .08 0 .119 0.110 0.094 2 .15 2.82 3.21
Mg3 45 1 .39 2 .10 2.01 0.103 0 .116 0 .116 2.05 2 .90 3.31
^ 9 4 60 1 .38 1.81 2.17 0.147 0.147 0.091 2 .03 2 .86 3 .27

SEm± 0 .3 0 0 .13 0 .1 6  ' 0 .020 0.017 0.011 0.09 0 .14 0 .17
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

So 0 - 1 .36 1 .90 2 .20 0 .172 0 ,. 150 0 .103 1 .98 2 .84 3.21
S i 15 1.14 1.87 2 .0 8 0 ..147 0 ,.141 0 .104 1 .97 2 .83 3 .4 6
S 2 30' 1.15 1 .99 2 . 12 0 .. 147 0 ..138 0 ,.107 2 .03 2.93 3 .42
S3 45 1 .15 2.07 2.01 0 ..147 0 ,,135 0 ,,093 2 .03 2 .97 3 .3 6
s 4 60 1 .08 1.99 2 .05 0 .. 120 0 .,132 0 ..105 2 .05 2 .87 3 .16

SEm + 0.25 0.22 0 .13 0 . 003 0 . 023 0 . 013 0.10 0 .14 0 .19
CD (0 .05 ) NS NS NS 0 .012 NS NS NS NS NS

Note: Ca, Mg and S l e v e l s  a r e  in te rm s  of CaO, MgO and S04 , r e s p e c t i v e l y
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Tiable 15. D is tr ib ution  of secondary  nutr ient.  (%) in bush p e p p e r  as influ-
enced by Ca, Mg and S f e r t i l i z a t i o n

N u t r ie n t Ca Mg S
le v e l  
( k g /h a .) Stem Leaf S p ike Stem Leaf S p ik e Stem Leaf S p ik e

Ca 0 1 .03 1 .8 8 0.87 1 .03 0 .94 3 .17 0.097 0. 187 0.083
\J

Ca1

Ca2

30 1.13 2.01 0 .97 1 .01 0.91 3 .25 0.093 0 .186 0.087

60 1.08 1 .96 1.01 1.04 0 .92 3 .27 0.097 0.189 0.072

^ a3 90 1 .09 1 .98 0.98 1 .06 0.93 3 .23 0.093 0.182 0.083

Ca4 120 1 .25 1.90 0 .98 1 .02 0.91 3 .22 0.105 0.181 0.083

SEmi 0 .09 0.13 0 .05 0 .07 0 .09 0 .12 0 .016 0 .013 0.007

CD (0 .05 ) NS NS NS NS NS NS NS NS NS

m90 0 1.11 2 .05 0 .90 1 .00 1.21 2 .96 0.102 0.174 0.083

^9-,
Mg2

15 1 .06 2 .09 0.85 0.99 1 .01 3 .18 0.105 0.182 0.069

30 1 .06 2.00 0.97 0 .97 0.98 3 .29 0.100 0 .190 0.068

Mg3 45 1 .06 2.05 0.95 1.04 1 .03 3 .4 0 0.105 0.198 0.079

m94 60 1 .05 2 .06 0 .90 1.00 1.01 3 .32 0.097 0.187 0 .074

SEm± 0 .08 0 .08 0 .06 0.07 0.15 0 .14 0.012 0 .013 0.005

CD (0 .05 ) •NS NS NS NS NS NS NS NS NS

so 0 1 .09 1.93 0 .90 1 .02 0 .95 3 .33 0.055 0.141 0.069

S1
S2

15 1 .06 2.11 0 .90 1 .06 0 .95 3 .53 0.094 0.171 0.075

30 1 .06 2 .04 0 .80 1.07 0 .84 3 .4 5 0 .114 0.187 0.073

S3 45 1 .02 1 .96 0.91 1.01 0 .86 3 .40 0.102 0.177 0.076

S4 60 1 .05 2 .00 1.01 1 .04 0.95 3 .34 0 .114 0 .204 0.088

SEmi 0 .08 0 .18 0.07 0.07 0 .10 0 .15 0.010 0.012 0.009

CD (0 .05 ) NS NS NS NS NS NS 0.030 0.040 NS

Note: Ca, Mg and S le v e l s  a r e  in te rm s  of CaO, MgO and 5 0 ^ ,  re s p e c t i v e l y
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Table  16. Dis tr ib ution  of m ic ronutr ien ts  ( ppm)  in bush p e p p e r  as influenced
by C a , Mg and S f e r t i l i z a t i o n

N u tr ie n t  
le v e l  
( k g /h a )

Fe Mn Zn

Stem Leaf S p ik e Stem Leaf S p ik e Stem Leaf S p ik e

Cao 0 300.50 676.75 326.75 62.48 416.10 40.15 65.13 56.08 26.08
Ca1 30 388.25 673.75 348.75 62.23 391.25 34.10 64.68 56.35 26.35
Ca2 60 402.75 681 .75 356.75 70.48 405.48 40.53 63.80 56.55 26.55
Ca3 90 325.50 709.00 337.00 74.53 423.43 40.43 66,60 53.10 28.10
Ca4 120 326.75 747.75 325.75 72.20 361.95 39.25 71 .73 53.33 28.33
SEm± 29.07 69.02 9 .63 5 .35 41.11 3 .25 4 .85 2.45 1 .79
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

Mg0 0 429.75 719.50 344.50 68.00 327.68 33.03 67.05 52.30 27.30
Mg, 15 304.25 586.75 341.25 67.75 348.28 35.68 71 .50 54.15 26.65
Mg2 30 460.00 558.70 348.75 67.13 374.23 38.08 67.98 50.63 28.13
Mg3 45 343.75 662.25 362.25 67.10 384.73 39.23 74.55 56.18 26. 18
M94 60 451 .50 763.50 356.00 64.73 364.28 36.95 66.68 54.20 26.78
SEm± ' 80 .44 79.45 12.94 7 .87 23.75 2.55 8 .1 5 2.93 2 .19
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

so 0 436.25 657.75 332.75 64.33 3 59 .68 36.25 68.75 50.88 25.90
S1 15 392.25 702.25 302.25 74.68 321 .15 35.65 70.55 54.55 27.05
S2 30 469.25 643.50 343.50 74.43 420.40 40.35 83.78 55.98 28.45
S3 45 309.00 799.25 337.50 67.68 335.45 36.53 78.48 56.05 ■ 26.18
S4 60 410.75 816.25 338.75 71.13 393.40 38.53 85.15 56.93 27.80
SEm± 124.82 90.16 25.83 4.73 46.99 3 .82 5 .76 5 .52 1 .60
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

Note: Ca, Mg and S l e v e l s  a r e  in term s of CaO, MgO and S04 , r e s p e c t i v e l y
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Table  17. Dis tr ib ution  of major n u tr ien ts  (%) in vine p e p p e r  as
influenced by Ca, Mg and S fe r t i l i z a t i o n

N u tr ie n t
le v e l
( k g /h a )  "

N P K

- Stem Leaf Stem Lea f Stem Lea f

Cao 0 1 .38 1 .89 0.131 0.119 1.95 3.01
Ca1 30 1.29 1.98 0.128 0 .100  . 2.11 2 .77
Ca2 60 ■ 1 .52 1 .92 0. 125 0.103 2 .05 2.91
Ca3 90 1.44 1.96 0.128 0.100 1 .94 2 .6 0
Ca4 120 1 .41 1 .98 0.122 0.125 2 .09 2 .93
SEm+ 0 .28 0 .18 0 .013 0.015 0 .09 0 .1 8
CD (0 .05 ) NS NS NS NS NS NS

0 1 .19 1 .89 0. 105 0.110 2 .08 2 .83
15 1 .47 1.90 0.100 0.111 2 .15 2 .93

Mg2 30 1 .21 1 .96 0.110 0.110 2 . 10 2 .80
Mg3 45 1 .17 1.81 0 .103 0.116 2.03 2 .93
Mg4 60 1 .68 2.02 0 .097 0.147 2 . 10 2 .9 6
SEm± 0.23 0 .20 0.009 0.009 0 .15 0.12
CD (0 .05 ) NS NS NS 0.026 NS NS

s o 0 1.79 1 .91 0.103 0.172 2 .24 2 .83
S1 15 1 .26 2 .00 0 .110 0.172 2 .06 3.01
S2 30 1 .23 1.93 0 .114 0.147 2 .02 2 .88
S3 45 1.30 2.11 0. 119 0.147 1 .94 2 .95  .
S4 60 1 .44 2.32 0.107 0.116 2 .09 2 .8 0
SEm± 0 .28  . 0.22 0.016 0.012 0 .1 4 0 .  14
CD (0 .0 5 )  . NS NS NS 0.019 NS NS

Note: Ca, Mg and S le v e ls  a re  in  te rm s  o f  CaO, MgO and SO
* A *

r e s p e c t i v e ly .
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Table  18. Dis tr ib u tion  of secondary  n u t r i e n ts  (%) in vine  p e p p e r
as influenced by Ca, Mg and S f e r t i l i z a t i o n

N u tr ie n t
le v e l
( k g /h a )

Ca

Stem Leaf Stem

Mg 

’ Leaf Stem

S

Leaf

Ca0 0 1.08 1 .84 0 .9 8 0.93 0.102 0.194

Ca1 30 . 1.02 2 .06 0 .9 8 0 .9 8  ' 0 .105 0.180

Ca2 50 1.05 1 .99 0 .93 0 .97 0 .097 0.190

Ca3 90 1 .10 2 .03 1 .02 0 .96 0.101 0.188

Ca4 120 1.02 1 .98 1 .00 0 .99 0.105 0.188

SEmi 0 .09 0 .15 0.11 0.10 0 .016 0 .016
CD (0 .05 ) NS NS NS NS NS NS

Mg0 0 1 .02 2 .03 1 .03 0 .90 0 .093 0 .196
Mg1 15 1 .07 2 .06 1 .02 0.97 0. 105 0.191

M g2 30 1 .06 2 .02 1 .08 1 .04 0.093 0.191
Mg3 45 1.08 _ 1 .99 0 .97 1 .00 0.097 0 .190

m94 60 1.07 2 .05 1 .02 0 .98 0 .105 0.180

SEm± 0 .08 0 .12 0 .06 0.15 0 .016 0 .016
CD (0 .05 ) NS NS NS NS NS NS

so 0 1.06 2 .05 1 .04 ' 0 .99 0 .052 0.138

S1 15 0 .99 1 .91 0 .95 0 .98 0 .114 0.178

S2 30 1 .06 1 .92 1 .04 0 .97 0 .105 0 .194

S3 45 1.06 2.02 0 .95 0 .92 0 .105 0.197

S4 60 1.07 1 .97 1.04 0 .92 0 .114 0.202

SEm+ 0.09 0 .13 0 .08 0 .10  ' 0 .010 0.016
CD (0 .05 ) NS NS NS NS 0.031 0.035

Note: Ca, Mg and S l e v e l s  a r e  in te rm s  of CaO, MgO SO^,

r e s p e c t i v e l y
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Ta ble  19. Dis tr ib ution  of m ic ro n u tr ie n ts  ( ppm)  in vine  p e p p e r
as influenced by Ca, Mg and S f e r t i l i z a t i o n

N u t r ie n t
le v e l
( k g /h a )

Fe Mn Zn

Stem Leaf Stem Lea f Stem Leaf

Cao 0 481.50 640.25 62.63 408.30 64.13 51.73

Cal 30 379.00 676.25 62.00 385.43 66.53 53.03

Ca2 60 391.50 666.25 67/13 411.89 61 .30 52.05

Ca3 90 372.00 720.50 69.00 397.53 67.68 55.38

Ca4 120 391 .75 761.00 66.20 402.25 68.03 57.53

SEm± 88.53 75.15 3 .6 6 70.80 47.44 2 .44
CD (0 .05) NS NS NS NS NS NS

m90 0 354.25 641.00 66.98 348 .38 70.48 51 .83
Wg1 15 435.00 676.25 66.63 350.90 69.08 52.33
Mg2 30 . 395.00 674.50 68.03 428.13 73.60 57.10
Mg3 45 343.75 579.75 65.65 381.33 70.55 60.30
m 9a 60 540.25 619.25 64.18 435.35 64.25 50.30

SEm± 65.29 49.22 5 .00 61.21 9.12 5 .32
CD (0 .05) NS NS NS NS NS NS

so 0 358.50 775.25 63.83 339.05 71 .25 55.50

S1 15 376.25 623.25 72.28 353.10 68.43 51 .43

S2 1 30 384.75 618.25 72.28 365.55 70.58 53.38

S3 45 386.50 547.75 63.73 359.28 66.83 52.85  .

S4 60 362.25 666.00 71.25 379.35 75.63 52.40

SEm± 34.11 67.36 3.32 38.88 8.17 3.91
CD (0 . 05) NS NS NS NS NS NS

Note: Ca, Mg and S le v e ls  a re  
r e s p e c t iv e ly

in  te rm s o f  CaO,, MgO and SO, . 4 ’
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4 .1 . 2 . 1 . 6 . E f fe c t  o f S

In  bush p e p p e r ,  le v e ls  o f  S s ig n i f i c a n t ly  in f lu e n ce d  th e

conce n tra t io n  o f  P in  th e  stem (T a b le  14) and S bo th  in  th e  stem

and in  th e  le a f  (T a b le  15) . S ig n i f ic a n t ly  h ig h e r  content o f P was

re co rd e d  a t  S (S @ 0 k g /h a ) .  The S. le v e l  (S @ 60 k g /h a )  hadu ^

th e  lo w e s t  va lue  f o r  P, w h ic h  was d i s t i n c t l y  d i f f e r e n t  from  o th e r

le v e ls  o f  S. S ig n i f ic a n t ly  lo w e r  va lu es  o f  S co n c e n tra t io n ,  bo th  

in  th e  stem and in  th e  le a f ,  was re c o rd e d  a t  S^ le v e l  (SO^ @ 0

kg/he) . S^ le v e l  (SO^ @ 60 k g /h a )  re c o rd e d  th e  "h ig h e s t  va lue

in  bo th  th e  cases, though in th e  stem S^ le v e l  (SO^ @ 30 k g /h a )

a lso  had th e  same v a lu e .  The co nce n tra t io n s  o f o th e r  n u t r ie n ts  d id

not change s ig n i f i c a n t l y  (T a b le s  14, 15 and 16).

In v in e  p e p p e r ,  th e  P co n ce n tra t io n  o f le a f  d i f f e r e d  s i g n i f i 

c a n t ly  (T a b le  17) and th e  v a lu e  re c o rd e d  a t  S^ le v e l  (SO^ @ 0

k g /h a )  was th e  h ig h e s t ,  w h ic h  was on p a r  w i th  S^ (SO^ @ 15 k g /h a )  

and s ig n i f i c a n t l y  s u p e r io r  to  a l l  o th e rs .  In f lu e n c e  o f  le v e ls  o f  S 

on the  co nce n tra t io n s  o f S bo th  in  th e  stem and in  th e  le a f  a lso

was s ig n i f ic a n t  (T a b le  18) . The le v e l  (SO^ @ 0 k g /h a )  was

s ig n i f i c a n t ly  i n f e r i o r  when com pared to  o th e r  le v e ls  in  bo th  th e

p a r ts ,  maximum being a t  le v e l  (SO^ @ 60 k g /h a ) .

and S^ le v e ls  (SO^ @ 15, 30, 45 and 60 k g /h a ,  r e s p e c t iv e ly )  w e re

on p a r .  S ig n i f ic a n t  d i f fe re n c e s  w ere  not o b s e rv e d  in  th e  c o n c e n tra t 

ions o f o th e r  n u t r ie n ts  (T a b le  19).
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4. 1 .2 .2 .  N u t r ie n t  u p ta ke

Data p e r ta in in g  to  th e  n u t r ie n t  u p ta k e ,  as in f lu en ce d  by

d i f f e r e n t  n u u tn e n t  le v e ls  in bush p e p p e r ,  a re  p re sen ted  in  T a b les

20 and 22 and th a t  o f  v in e  p e p p e r  in  T a b les  21 and 23 and

A p p e n d ic e s  V I I I  and IX .

4 . 1 . 2 . 2 . 1 . E f fe c t  o f  N

Of the  n ine  e lem ents  s tu d ie d ,  u p ta k e  o f  a l l  th e  n u t r ie n t s ,

e xcep t S, Fe and Zn was s ig n i f i c a n t l y  in f lu en ce d  by le v e ls  o f

N in  bush p e p p e r  (T a b le  2 0 ) .  Maximum u p ta k e  o f  a l l  th e  e lem ents

was re c o rd e d  a t l e v e l  (N 0 120 k g /h a )  and was s ig n i f i c a n t l y

s u p e r io r  to  NQ le v e l  (N @ 0 k g /h a )  w h ic h  re c o rd e d  th e  m in imum

v a lu e .

V ine p e p p e r  re c o rd e d  s ig n i f ic a n t  d i f fe re n c e s  on th e  u p ta k e

o f  a l l  th e  n u t r ie n ts  a t  d i f f e r e n t  le v e ls  o f N (T a b le  2 1 ) .  S ig n i f i 

c a n t ly  h ig h e r  va lues  as com pared  to  NQ le v e l  (N @ 0 k g /h a )  ■ w ere

re co rd e d  a t  N4 le v e l  (N @ 120 k g /h a )  w hereas  th e  va lu es  w e re

th e  lo w e s t  a t NQ le v e l  (N @ 0 k g /h a )  in  th e  u p ta k e  o f  a l l  th e

n u t r i e n t s .

4 . 1 . 2 . 2 . 2 .  E f fe c t  o f  P

U p take  o f  N, P, K, Ca, Mg, S and Fe d i f f e r e d  s ig n i f i c a n t l y  

a t d i f f e r e n t  le v e ls  o f  P in  bush p e p p e r  (T a b le  20) .  Maximum va lu es
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Table  20 .  Uptake of n u tr ie n ts  by bush p e p p e r  a s  influenced by N., P and
K f e r t i l i z a t i o n

N u t r ie n t  
le v e l  
( k g /h a )

N P K Ca Mg S Fe Mn Zn

No 0 0 .60 56.10 1.01 0.68 0 .40 66.05 24.04 6.96 2 .33
N1 30 0 .77 60.83 1 .29 0 .77 0.41 71.21 27.59 11 .26 2 .66

N2 60 0 .92 56.40 1.34 0.77 0 .65 75.58 26.17 10.99 2 .5 6

N3 90 0 .89 ' 57.17 1 .32 0 .8 4 0 .57 80.53 26.42 14.22 2 .9 0
N4 120 1 .05 73,08 1 .63 0 .98 0.75 88.78 28.99 17.81 3 .35
SEm± 0 .3 0 9.21 0 .13 0.11 0 .0 6 11 .17 5 .5 3 2 .74 0 .45
CD (0 .05 ) 0 .17 14.20 0 .39 0.21 0 .19 NS NS 8 .26 NS

po 0 0.94 66.32 1 .36 0 .84 0 .58 72.58 27.10 13.94 2 .63
P 1 15 1.03 76.08 1.53 0 .92 0 .6 4 88.84 29.63 16.23 2.91
P2 30 1 .18 85.53 1.76 1.06 0 .76 97.17 36.24 20.02 3 .6 6
P3 45 1 .24 98.89 1 .86 1 .17 0 .79 112.32 37.85 17.65 4 .03
P4 60 1.05 79.58 1.77 1 .10 0 .7 6 99.06 32.25 16.36 3 .76
SEm± 0.12 4.07 0 .10 0 .55 0 .07 8 . 16 2 .42 3.11 0 .5 0
CD (0 .05 ) 0 .19 12.00 0 .29 0 .16 0 .20 24.60 7 .32 NS NS

Ko 0 1.16 81 .90 1.57 1 .05 0 .7 0 98.53 28.28 15.94 2 .78
K 1 '

30 1.01 62.15 1.46 0 .94 0.61 86.20 27.82 16.99 2 .62
K2 60 0.82 58.12 1 .29 0 .82 0 .6 0 77.36 26.47 15.81 2 .66
K3 ' 90 1 . 12 72.94 1 .60 0 .95 0.71 88.71 28.74 15.81 2 .99
K4 120 1 .20 77.90 1 .82 1 .13 0 .72 - 105.63 37.18 19.28 3 .8 0
SEm± 0 .14 12.31 0.01 0 .08 0 .10 11.80 4 .09 2 .88 0.61
CD (0 .05 ) NS NS 0 .2 9 0 .25 NS NS NS NS NS

N, K, Ca and Mg e x p re s s e d  as g /p la n t  2 
P, S, Fe, Mn and Zn e x p re s s e d  as m g /p la n t
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Table  21 . U p take  o f  n u t r ie n ts  by  v in e  p e p p e r  as in f lu e n c e d  by  N, P and 
K f e r t i l i z a t i o n  ■

N u t r ie n t
le v e l
( k g /h a )

N P K Ca Mg S Fe Mn Zn

No 0 0 .62 62.67 1.27 0.71 0 .4 6 72.31 26.39 8 .78 3.01
N1 30 0.91 84.85 1 .63 0 .98 0 .64 89.84 31.14 13.66 3 .69
N2 60 1.12 ■ 91.08 1.82 1.11 0 .65 106.80 33.54 14.47 4 .52
N3 90 1.26 99.38 2 .19 1.27 0 .84 122.00 47.01 21.04 5 .29
N4 120 1.66 126.41 2 .54 1 .52 0 .96 140.46 71.11 24.61 6.67
SEm± 0.07 12.54 0 .10 0.11 0 .08 17.61 5 .0 6 1.78 0 .5 6
CD (0 .05 ) 0.21 37.78 0 .30 0 .32 0 .24 53.06 15.26 5.39 1.68

p o 0 0 .88 65.28 1 .47 0 .9 0 0 .57 87.23 33.60 13.49 3 .43
P 1 15 1.09 77.65 1.53 0 .92 0 .57 91 .67 34.41 14. 10 3 .64
P2 30 1 .36 96.66 2 .13 1.28 0 .83 123.98 44.50 19.55 4 .98
P3 45 1.66 124.41 2 .33 1 .48 0 .93 149.32 54.20 21 .05 5 .87
P4 60 1.48 107.41 2 .20 1.48 0 .92 144.02 51 .29 21 .77 6 .10
SEmi 0.16 11 .04 0.25 0.12 0.01 12.37 4.21 4.32 0 .92
CD (0 .05 ) 0 .4 9 33.27 0 .74 0 .35 0 .14 37.29 12.20 NS NS

Ko 0 1 .20 84.63 1 .87 1.14 0 .76 108.53 36.45 14.46. 4 .4 8
K 1 30 '1.14 89.08 1.76 1 .05 0 .72 111.58 35.71 14.23 4.41
K2 . 60 1 .17 90.14 1 .86 1.19 0 .75 106.72 41.20 14.72 4 .43
K3 90 1.57 113.90 2.13 1 .27 0 .86 122.32 44.25 16.33' 5.11
K4 120 1 .50 110.79 2 .49 1.54 1 .00 144.45 51.70 23.32 6 .30
SEm± 0 .28 13.67 0 .17 0 .08 0 .05 16.19 7 .7 8 '4 . 3 5 0 .9 6
CD (0 .06 ) NS NS 0 .52 0 .24 0.17 NS NS NS NS

P and K le v e ls  a re  in  te rm s  o f  P ^  and K20 , r e s p e c t iv e ly

N, K, Ca and Mg e x p re s s e d  as g /p la n t
P, S, Fe, Mn and Zn. e x p re s s e d  as m g /p la n t  .
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were re c o rd e d  a t  l e v e l  (P^O^ @ 45 k g /h a )  in  a l l  th e  n u t r ie n t s .

P (P 0  @ 0  k g /h a )  on th e  o th e r  hand had th e  lo w e s t  u p ta k e .
0 2 5 ■

The t re n d  o b s e rv e d  in  v in e  p e p p e r  was a lso  s im i la r  (T a b le

2 1 ) .

4 . 1 . 2 . 2 . 3 .  E f fe c t  o f K

In  bush p e p p e r ,  u p ta k e  o f  on ly  tw o  e lem en ts , v i z . ,  K and 

Ca, d i f f e r e d  s ig n i f i c a n t l y  (T a b le  20) and in  bo th  th e  cases 

maximum va lu es  w ere  re c o rd e d  a t l e v e l  ( K^O @ 120 k g /h a )  .

In  the. case o f  v in e  p e p p e r ,  u p ta k e  o f  K, Ca and Mg showed 

s ig n i f ic a n t  d i f fe re n c e s  (T a b le  2 1 ) .  Here too , maximum u p ta ke  o f 

a l l  the  n u t r ie n ts  was re c o rd e d  a t le v e l  ( ^ 0  @ 120 k g /h a )  ,

w h ic h  was on p a r  w i th  le v e l  ( ^ 0  ® ^ 9/h a )  ir* th e  u p ta k e

o f  K and Ca.

4 . 1 . 2 . 2 . 4 .  E f fe c t  o f Ca

In f lu e n c e  o f  l e v e ls  o f  Ca on th e  u p ta k e  o f  n u t r ie n ts  was 

not s ig n i f ic a n t  e i t h e r  in  bush p e p p e r  o r in  v in e  p e p p e r  (T a b le s  

22 and 23, r e s p e c t i v e l y ) .

4.1 . 2 . 2 .5 .  E f fe c t  o f  Mg

In f lu e n c e  o f  Mg le v e ls  on th e  u p ta k e  o f P, K, Mg and Fe 

was pronounced in bush p e p p e r  (T a b le  22) . Maximum u p ta ke  was

re c o rd e d  a t  Mg^ le v e l  (MgO @ 60 k g /h a )  .
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Table  22 .  Uptake of n u tr ie n ts  by bush p e p p e r  as  influenced by Ca, Mq
and S f e r t i l i z a t i o n  ’ y

Ni i \ r  i nt 11 
1 UV CJ J
( k g /h a )

N l ■ k 1 r> . Mg i Mu / i i

Cao 0 0 .94 64.10 1 .58 0 .89 0 .70 88.69 31.63 16.69 3 .09
Ca1 30 0 .92 61.15 1.41 0.91 0 .62 80.17 30.41 14.12 3.01
Ca2 60 1.00 70.27 1 .60 0 .93 0 .6 6 86.28 32.90 16.64 3 .0 6
Ca3 90 0.91 66.48 1 .35 0 .87 0 .56 78.73 30.32 16.00 2 .87
Ca4 120 0 .98 58.71 1.26 0.77 0 .49 73.41 28.53 12.02 2 .85

SEm± 0 .19 13.98 0 .22 0 .13 0 . 13 13.53 5 .1 5 2. 19 0 .5 6
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

M90 0 1.02 76.67 1 .54 1 .06 0 .79 90.55 36.77 14.37 3 .28
Mg, 15 1.02 74.02 1.47 0.93 0 .6 8 80.41 26.26 12.66 3 .1 0
Mg2 30 0 .87 58.07 1 .34 0 .84 0 .59 79.43 26.05 13.33 2 .69
Mg3 45 1 .01 55.86 1.44 0 .89 0 .66 85.56 29.36 14.27 2 .99
M94 60 1 .24 102.11 1.93 1 .20 0.93 106.95 45.07 17.56 3 .87
SEm± 0 .14 9.07 0.11 0 .10 0.07 8 .45 3 .60 1.51 0 .39
CD (0 .05 ) NS 27.35 0 .15 NS 0.21 NS 10.84 NS NS

so 0 0 .85 69.44 1 .28 0 .76 0 .55 53.73 27.26 12.11 2 .5 4
S1 • 15 0 .90 76.00 1 .42 0 .89 0 .69 73.25 30.34 11 .65 2 .94
S2 30 1 .13 83.15 1 .67 0 .90 0 .72 93.68 33.97 17.59 3 .53
S3 ' 45 .1.16 82.52 1.74 1 .07 0 .82 86.63 37.41 13.59 3 .53
S4 60 1 .08 77.44 1 .63 1 .02 0 .69 105.17 41 .35 17.16 3 .8 8
SEm+ 0.17 12.12 0 .06 0 .12 0 .06 6.57 3 .00 1 .99 0 .38
CD (0 .05 ) NS NS 0.17 NS 0 .08 19.79 9 .07 NS NS

Note: Ca, Mg and S le v e ls  a re  in  te rm s  o f CaO, MgO and SO 
r e s p e c t iv e ly  4 ’

N, K, Ca and Mg e x p re s s e d  as g /p la n t  
P, S, Fe, Mn and Zn e xp re sse d  as m g /p la n t
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Table  23 .  Uptake of n u t r i e n ts  by vine  p e p p e r  as  influenced by
Ca, Mg and S f e r t i l i z a t i o n

N u tr ie n t
le v e l
( k g /h a )

N P K Ca Mg S Fe Mn Zn

Cao 0 1.73 133.73 2 .65 1 .56 1 .03 154.70 58.88 23.98 6 .32

Ca1 30 1 .66 117.30 2 .50 1.54 1 .00 145.93 52.09 22.18 6 .23

Ca2 60 1 .99 125.04 2 .74 1 .65 1 .06 154.70 58.23 25.27 6 .33

Ca3 90 1 .52 102.11 2 .04 1 .39 0 .8 8 127.07 48.86 20.13 5 .55

Ca4 120 1 .65 121 .33 2 .4 8 1 .47 0 .99 143.99 55.61 22.12 6 .27

SEm± 0.27 18.80 0.33 0 .1 6 0 .15 20.22 7 .03 7 .52 0 .82
CD (0 .05 ) NS NS NS NS NS NS NS NS NS

M90 0 1.23 87.50 2.02 1 .17 0 .8 0 113.08 39.80 15.37 4 .98
Mg, 15 1 .66 96.70 2 .23 1.37 0 .89 131.49 49.93 18.64 5 .64
Mg2 30 1 .45 101.82 2.21 1 .38 0 .98 128.88 47.12 21 .20 6 .12
Mg3 45 1 .36 102.09 2 .27 1 .37 0 .93 127.33 45.14 18.83 6 .20
m 9a 60 1 .89 120.39 2 .52 l .51 1 .04 139.04 66.58 21 .45 6 .08

SEm± 0 .14 7 .25 0.19 0 .07 0 .05 15.72 4 .00 3.15 0.81
CD (0 .05 ) 0 .42 21 .87 NS 0.20 0 .1 6 NS 12.04 NS NS

s o 0 1 .51 113.95 2 .08 1 .29 0 .83 79.53 48.44 17.49 5 .17
S1 '

15 1 .41 120.96 2 .17 1 .26 0 .82 124.17 42.72 19.03 4 .90
S2 30 1 .34 ' 109.98 2 .05 1.27 0 .82 123.84 41 .86 18.62 5 .10
S3 ' 45 1 :67 132.64 2.42 1 .51 0.92 150.37 46.42 20.66 5 .9 0
S4 60 1.90 115.16 2 .48 1.56 1.02 159.18 52.36 22.42 6 .65
SEm± 0.13 18.63 0 .03 0 .07 0 .12 14.88 6 .90 3 .42 0 .6 9
CD (0 .05 ) 0 .38 NS 0 .10 0.22 NS 44.84 NS NS NS

NOt6: rCe5̂ I v ae"dy $ leV615 ‘ ermS ° f  ° a° ’ ^  « "«
N, K, Ca and Mg e x p re s s e d  as g /p la n t  

, S, Fe, Mn and Zn e x p re s s e d  as m g /p la n t
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L e v e ls  o f  Mg re c o rd e d  p ro fou nd  in f lu e n ce  on th e  u p ta k e  o f 

N, P, Ca, Mg and Fe by  v in e  p e p p e r  (T a b le  23) . As in  bush 

p e p p e r ,  h e re  a lso  Mg4 le v e l  (Mgo @ 60 k g /h a )  re c o rd e d  the

maximum u p ta k e .

4 . 1 . 2 . 2 . 6 . E f fe c t  o f  S

Level-s o f  S re c o rd e d  pronounced in f lu e n ce  on th e  u p ta k e  

o f K, Mg, S and Fe by  bush p e p p e r  (T a b le  2 2 ) .  In th e  u p ta k e  

o f  K and Mg, h ig h e s t  va lu es  w e re  re c o rd e d  a t  (SO^ @ 45 k g /h a )

whereas in  S and Fe, S4 (S04 @ 60 k g /h a )  was s u p e r io r .  E xcep t 

fo r  Mg u p ta k e ,  th e  le v e ls  S,,, S3 and S4 (S04 @ 30, 45 and 60

k g /h a ,  r e s p e c t iv e ly )  w ere  on p a r .  For Mg u p ta k e  S_ and S0 le v e ls  

(S04 @ 45 and 30 k g /h a ,  r e s p e c t iv e ly )  w e re  on p a r .

In v in e  p e p p e r ,  u p ta k e  o f N, K, Ca and S d i f f e r e d  s i g n i f i 

c a n t ly  (T a b le  2 3 ) .  Maximum va lues  w e re  re c o rd e d  at S4 le v e l  (S0 4 

•@ 60 k g /h a )  w h ic h  was on p a r  w i th  S3 (S0 4 @ 45 k g /h a )  f o r  th e

u p ta ke  o f  N, K and Ca and w i th  a l l  th e  l e v e ls ,  e x c e p t  SQ (SC>4 

@ 0 k g /h a ) ,  fo r  S. ,

The n u t r ie n t  u p ta k e  in bush p e p p e r  and v in e  p e p p e r  cou ld  

be e x p la in e d  by m a th e m a t ic a l m o d e ls ,  when n u t r ie n t  u p ta k e  was 

c o ns ide re d  as th e  dependent v a r ia b le  (T a b le  24 and A p p e n d ix  X ) .  

The q u a d ra t ic  equa tion  was found to  be b e t te r  in  d e s c r ib in g  th e



T a b le  24. Goodness o f  f i t  (R^) 
ing n u t r ie n t  u p ta ke  
n u t r ie n t  le v e ls

o f  the  m a th e m a t ica l m ode ls  d e s c r ib -  
in  b la c k  p e p p e r  as in f lu e n c e d  by

V a r ia b le  
y v s  x

T y p e
o f

p la n t

L in e a r  
model 

y = a±bx

Q u a d ra t ic  
model 2 

y = a±bx±cx

T o ta l  N u p ta ke  vs  
le v e ls  o f N

Bp
Vp

0 .910
0 .976

0.924
0 .978

T o ta l  P u p ta ke  vs  
le v e ls  o f P

Bp
Vp

0 .418
0 .779

0.779
0 .860

T o ta l  K u p ta ke  vs 
le v e ls  o f K

Bp
Vp

0 .270
0.743

0 .883
0 .996

T o ta l  Ca u p ta k e  vs 
le v e ls  o f Ca

Bp
Vp

0.505
0.285

0 .976
0.338

T o ta l  Mg u p ta k e  vs 
le v e ls  o f  Mg

Bp
Vp

0 .096
0.817

0.952
0 .839

T o ta l  S u p ta ke  vs  
le v e ls  o f S

Bp
Vp

0.861
0.893

0.901
0 .930

Bp -  Bush p e p p e r  
Vp -  V ine p e p p e r



83

u p ta ke  o f n u t r ie n ts  in re la t io n  to  le v e ls  in bush p e p p e r  and v in e  

p e p p e r  ( F ig .  8 ) .  B ut, n e i th e r  o f the  equa tions  t r i e d  cou ld  e x p la in  

th e  Ca u p ta ke  a t d i f f e r e n t  le v e ls  o f Ca in  v in e  p e p p e r .  The d ep e nd 

ence o f  Ca u p ta k e  on le v e ls  o f Ca was found to  be b e t te r  e x p la in e d  

by th e  q u a d ra t ic  m ode l in  bush p e p p e r .  T h is  e qu a t ion  e x p la in e d  

97.60 p e r  cent and 33 .80  p e r  cent v a r i a b i l i t y  in  bush p e p p e r  and 

v in e  p e p p e r ,  r e s p e c t i v e ly .

The responses in  n u t r ie n t  u p ta k e  in  bush p e p p e r  and v in e  

p e p p e r  w ere  com bined and te s te d  to  f in d  out w h e th e r  th e  d i f fe re n c e  

in  response  cu rve s  in  bush p e p p e r  is  s ig n i f i c a n t l y  d i f f e r e n t  from

th a t  in  v in e  p e p p e r .  The re g re ss io n  c o e f f ic ie n ts ,  R2 , mean sq ua re  

o f  th e  a d d i t io n a l  e f fe c ts  o f  v in e  p e p p e r  and t h e i r  s ig n i f ic a n c e  a t 

f i v e  p e r  cent and one p e r  cent le v e ls ,  a re  p re sen ted  in  T a b le  25.

The m ode ls  f i t t e d  f o r  th e  response  to  N, P, K, Mg and 

S were  s ig n i f ic a n t ,  w h i l e  th a t  to  Ca was not s ig n i f i c a n t .  The

e s t im a ted  m ode ls  e x p la in e d  97.63 and 91 .45  p e r  cent o f  th e  v a r i a t 

ion in  n u t r ie n t  u p ta ke  as to  th e  responses  to  N and S, r e s p e c t iv e ly  

and was s ig n i f ic a n t  a t  one p e r  cent l e v e l .  None o f  th e  re g re s s io n  

c o e f f ic ie n ts  was found s ig n i f i c a n t l y  d i f f e r e n t  f ro m  z e ro ,  b u t  th e

a d d i t io n a l  response  o f  v in e  p e p p e r  in  th e  m odel was s ig n i f ic a n t

a t one p e r  cent l e v e l ,  in d ic a t in g  s ig n i f i c a n t  d i f fe re n c e  in  responses 

between bush p e p p e r  and v in e  p e p p e r .  .
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F ig . 8. N u trient uptake in bush pepper and vine pepper as influenced by t h e ir  
levels of a p p lic a t io n
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T a b le  25. Q u a d ra tic  m odel fo r  com p arison  o f response  p a tte rn s  
in  n u tr ie n t  u p ta k e  in  bush p e p p e r and v in e  p e p p e r

R egression  c o e ff ic ie n ts

R

Mean squa re  
o f th e  a d d it 
io n a l e ffe c t o f 
v in e  p e p p e r

Response to  N in  N u p ta k e  

0 .6450 0 .0044  0.00001 0 .0024 0.00001 0.9763 0.1450

Response to  P in  P u p ta ke  

62.3010 1.4411 -0 .01 8 2  0 .3054  0 .0033 0.8625 376.3600

Response to  K in  K u p ta k e  

1.7210 -4).012? 0.0001 0 .0115  -0 .0001  0.9415 0.2850

Response to  Ca in  Ca u p ta k e  

-0 .32 3 0  0 .0212 -0 .0001  3 .4319  -2 .0 9 5 0  0.7021 0.7500

Response to  Mg in  Mg u p ta k e  

0 .8100 -0 .0 1 5 8  0.0003 0 .0212  -0 .0 0 0 3  0.9568 0.0700

Response to  S in  S u p ta k e  

69.4760 0 .4973 0 .0010 2.4313 -0 .0 2 5 6  0.9145 2411.5150

* S ig n if ic a n t a t f iv e  p e r cent le v e l 
■ *  S ig n if ic a n t a t one p e r cent le v e l
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As to  th e  response  to  P, th e  e s tim a te d  m odel e x p la in e d  

88.25  pen cent o f the  v a r ia t io n  in  P u p ta k e  and was s ig n if ic a n t

a t f iv e  p e r  cent le v e l .  But none o f th e  re g re s s io n  c o e f f ic ie n ts  was

s ig n if ic a n t ly  d i f fe re n t  fro m  z e ro . The a d d it io n a l response  o f v in e  

p e p p e r in  th e  m odel was a lso  not s ig n if ic a n t .

A bou t 94 .15  p e r cent o f th e  v a r ia t io n  in  K u p ta k e  as th e

response  to  a p p lie d  K was e x p la in e d  b y  the  e s tim a te d  m odel and 

was s ig n if ic a n t  a t one p e r cent le v e l .  When th e  re g re s s io n

c o e ff ic ie n ts  w ere  te s te d  f o r  s ig n if ic a n c e , th e  l in e a r  and q u a d ra t ic

e ffe c t  o f  K and th e  l in e a r  a d d it io n a l e ffe c t o f v in e  p e p p e r d i f fe r e d  

s ig n if ic a n t ly  fro m  aero  a t f iv e  p e r cent le v e l .  T he  mean sq u a re  

o f  th e  a d d it io n a l e f fe c t  o f v in e  p e p p e r was a ls o  s ig n if ic a n t  a t one

p e r cent le v e l .  As re g a rd s  th e  response  to  Mg, th e  e s tim a te d  m ode l 

e x p la in e d  9 5 .6 8  p e r cent o f th e  v a r ia t io n  in  Mg u p ta k e  and was

s ig n if ic a n t  a t one p e r cent le v e l.  The  re g re s s io n  c o e f f ic ie n ts  c o r re s 

pond ing  to  th e  l in e a r  and th e  q u a d ra t ic  e ffe c t  o f  Mg and th o s e

due to  th e  a d d it io n a l e ffe c t  o f v in e  p e p p e r fo r  Mg u p ta k e  w ere  

S ig n if ic a n t a t  one p e r  cent le v e l.  The  a d d it io n a l re sp on se  o f v in e

p e p p e r o v e r bush p e p p e r was a lso  s ig n if ic a n t  a t  one p e r  cent

le v e l .

4 .2 .  V a r ie ta l d if fe re n c e s  in  th e  u t i l iz a t io n  o f a p p lie d  P

The re s u lts  o f th e  s tu d ie s  on th e  r e la t iv e  e f f ic ie n c ie s  o f

e leven  b la c k  p e p p e r v a r ie t ie s  in  th e  u t i l iz a t io n  o f a p p lie d  P a re
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p resen ted  b e lo w . F o r c h a ra c te rs  in  w h ic h  in te ra c t io n  between 

v a r ie ty  and source  was not s ig n if ic a n t ,  o n ly  mean v a lu e s  a re  g iv e n  

in  th e  T a b le s .

4 .2 .1 .  G row th  p a ram e te rs

Data p e r ta in in g  to  th e  g ro w th  p a ra m e te rs  such as le n g th  

o f th e  v in e , num ber o f le a v e s , to ta l le a f  a rea  and d ry  m a tte r 

content o f th e  p e p p e r v a r ie t ie s  a re  p re se n te d  in  T a b le  26 and th e  

in flu e n c e  o f P sources on the se  p a ra m e te rs  in  b la c k  p e p p e r , in  

T a b le  27 (A p p e n d ix  X I) .

4 .2 .1 .1 .  Leng th  o f th e  v in e

S ig n if ic a n t d if fe re n c e s  between v a r ie t ie s  w e re  re c o rd e d  w ith  

re g a rd  to  th e  le n g th  o f th e  v in e .  K arim unda  re c o rd e d  th e  m axim um  

le n g th  w h ic h  was s ig n if ic a n t ly  s u p e r io r  to  a l l ,  e x c e p t A im p ir ia n .  

A l l  o th e r v a r ie t ie s  w e re  on p a r .

E ffe c t o f P sources on th e  le n g th  o f th e  v in e  in  b la c k  

p e p p e r Was not s ig n if ic a n t .

4 .2 .1 .2 .  Num ber o f le a v e s  .

The v a r ie t ie s  re c o rd e d  d e te c ta b le  d if fe re n c e s  w ith  re g a rd  

to  th e  num ber o f le a v e s  p roduced  by th e  v in e .  K u tc h in g  re c o rd e d  

th e  maximum and was s ig n if ic a n t ly  s u p e r io r  to  a l l  o th e rs ,  e x c e p t 

N ee lam und i, K o ttanadan , K u th ir a v a l ly  and P oon ja rm u nd a .
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T a b le  26. V a r ia b i l i t y  in  g ro w th  among b la c k  p e p p e r v a r ie t ie s

S I. V a r ie ty T o ta l
le a f
area
( 2 \ (cm )

D ry  m a tte r y ie ld ( g /p la n t )
No, V ine

le n g th
(cm)

Num ber
o f

le a ve s
Stem Lea f T o ta l

1 . K u th ira v a l ly 140.40 22.21 762.54 4.71
(4 7 .1 5 )

5 .28
(5 2 .8 5 )

9 .99

2. Kottanadan 150.91 22.41 852.14 4 .4 6
(4 4 .6 4 )

5 .53
(5 5 .3 6 )

9 .9 9

3. Neelam undi 153.92 23.22 872.78 5 .02
(4 9 .6 0 )

5 .10
(5 0 .4 0 )

10.12

4. Karim unda 180.12 18.10 582.65 5 .8 8
(6 0 .1 2 )

3 .9 0
(3 9 .8 8 )

9 .7 8

5 . P a n n iyu r-1 148.80 20.83 804.65 4 .99
(49 .3 1 )

5 .13
(5 0 .6 9 )

10.12

6. A im p ir ia n 165.84 21 .21 830.21 5 .12
(45 .88 )

6 .04
(5 4 .1 2 )

11.16

7 . Poonjarm unda 142.72 21 .80 789.81 4 .3 4
(42 .51 )

5 .87
(5 7 .4 9 )

10.21

8 . K u th iy a n ik k o d i 139.90 16.01 437.54 3 .40
(4 7 .6 2 )

3 .74
(5 2 .3 8 )

7 .1 4

9 : K u tch ing 143.42 26.10 604.68 4 .8 4
(5 4 .9 4 )

3 .97
(4 5 .0 6 )

8.81

10. K o tta k k o d i 148.82 17.01 687.63 4 .3 6
(54 .30 )

3 .67
(4 5 .7 0 )

8 .03

11 . K a n jira m u n d i 148.14 19.31 758.28 4.61
(49 .68 )

4 .67
(5 0 .3 2 )

9 .28

SEm± 13.62 2.91 121.39 0 .89 0.81 1.25
CD (0 .0 5 ) 22.20 4 .70 198.03 NS 1 .32 1 .06

F ig u re s  in  pa ren theses  in d ic a te  th e  pe rcen tage  o f th e  to ta l



88

T ab le  27 . Growth of b lack  p e p p e r  as influenced by P sources

^ ' Source N o .
V ine
le n g th
(cm )

Number
of

le a ves

T o ta l
le a f
a rea

(cm )

Dry m a tte r y ie ld  (g /p la n t)  

Stem Lea f T o ta l

1 . N itro p h o s p h a te 146.30 21 .50 753.15 4 .5 6
(5 0 .0 0 )

4 .5 6  9 .12  
(5 0 .0 0 )

2 . Am ophos 152.30 21 .90 723.06 4 .37
(48 .4 5 )

4 .65  9 .02  
(51 .55 )

3 . S u p e rp h o sp h a te 157.00 18.90 700.96 5 .1 8
(4 9 .8 6 )

5.21 10.39 
(5 0 .1 4 )

SEm± 13.62 2.91 121 .39 0 .89 0.81 1.25

.CD (0 .0 5 ) NS 2 .40 NS NS NS 1.06

F ig u re s  in  p a re n th e se s  in d ic a te  th e  pe rcen tage  o f th e  to ta l
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Of th e  th re e  P sources te s te d , am ophos and n itro p h o s p h a te  

w ere  on p a r and s ig n if ic a n t ly  s u p e r io r  to  s u p e rp h o s p h a te  in  th e  

p ro d u c tio n  o f le a ves  in  b la c k  p e p p e r .

4 .2 .1 .3 .  T o ta l le a f a rea

T h e re  w ere  m a rke d  d if fe re n c e s  among v a r ie t ie s  w ith  re g a rd  

to  th e  to ta l  le a f a re a . N eelam undi re c o rd e d  th e  m axim um  le a f  a rea

w h ic h  was s ig n if ic a n t ly  s u p e r io r  to  K u th iy a n ik k o d i,  K arim unda  and 

K u tch ing  and on p a r w ith  o th e rs .

In flu e n c e  o f P sources on th e  to ta l  le a f a rea  in  b la c k  p e p p e r 

was not s ig n if ic a n t .

4 .2 .1 .4 .  D ry  m a tte r  p ro d u c tio n

. S ig n if ic a n t d if fe re n c e s  w e re  re c o rd e d  w ith  re s p e c t to  th e  

d ry  m a tte r con ten t o f th e  le a f and to ta l  d r y  m a tte r  p ro d u c t io n .  

In  th e  to ta l d ry  m a tte r p ro d u c t io n , A im p ir ia n  was s ig n if ic a n t ly

s u p e rio r-  to  a l l  v a r ie t ie s  e xce p t P oon ja rm unda , P a n n iy u r-1  and 

N ee lam und i. The to ta l d ry  w e ig h t o f th e  v a r ie t ie s  ranged  fro m  7 .1 4  

to  11.16 g /p la n t .  T h e r a n g e  va lu e s  in  th e  p e rcen tage  c o n tr ib u t io n

by th e  stem  and le a f  w e re  42.51 to  60.12 and 39 .88  to  5 7 .4 9 ,
y

r e s p e c t iv e ly .

In flu e n c e  o f P sources on to ta l  d ry  m a tte r  p ro d u c tio n  was 

s ig n if ic a n t .  Of th e  sources  o f P t r ie d ,  s u p e rp h o s p h a te  was found
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^  be th e  b es t and was s ig n if ic a n t ly  s u p e r io r  to  am ophos and n i t r o -  

p h o sp h a te ,

. Interact,on between variety and source was no, sign,,,can,

f o r  a l l  th e  g ro w th  p a ra m e te rs  s tu d ie d  (A p p e n d ix  X I) .

4 .2 .2 .  F e r t i l iz e r  P u t i l iz a t io n

4 . 2 . 2 . 1 . .  p co n ce n tra tio n

The P co n ce n tra tio n  in  th e  stem  was not s ig n if ic a n t  among

b la c k  p e p p e r v a r ie t ie s ,  w he reas P in  th e  ,e a f d i f fe r e d  s lg n if lc a n U y

(T ab le  28 and Appendix X I I ) .  The le a f  P content in Karimunda

( 0 . 1 9 ! * )  was s ig n if ic a n tly  s u p e r io r  to  a l l  o th e r  v a r i e t i e s .

Among th e  d i f fe r e n t  sources o f  P te s te d  nn i,te s te d , none show ed
s ig n if ic a n t  d iffe n en rp c ; ; n +u ,
■ ces in the phosphorous concentration of the stem
or the leaf (Table 29 and Appendix X II)  .

4 . 2 . 2 .2 .  p u p ta ke  .

Data p e rta in in g  to  th e  u p ta k e  and th e  p e rc en ta g e  co n trib u tio n  

^  th e  stem  and le a f  and th e  to ta l  uptaKe of P by M ack pe p p e r  

v a r ie t ie s  a re  given in T ab le  28 . Infiuence of P so u rces  ^  p u p ta k e

by black pepper is given In Table 29 (Appendix X II)  .

Among th e  v a r i e t i e s  s ig n if ic a n t  d iffe ren c es  in  fh e  P u p ta k e  

w ere n o tic e d .  Maximum u p ta k e  was r e c o rd e d  by Karimunda ( 1 5 . 3 , 

m g/plant, and t h i s  was on p a r  with A im pirian  ( u . 6 5  m g /p la n t ) ,
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T able  28 . V a r ia b i l i ty  in th e  concentration 
p e p p e r  v a r ie t ie s

S1- w •
n o . V a r ie ty

1. K u th irav a lly

2 .  Kottanadan

3. Neelamundi

4 .  Karimunda

5 . Panniyur-1

6. A im pirian

7 ■ Poonjarmunda

8 .  K uth iyanikkodi

9 . Kutching

10. K ottakkodi

11. Kanjiramundi 

SEm±

CD ( 0 . 0 5 )

P c o n c e n tra tio n  (%) 

Stem Lea f

and u p ta ke  o f P among b la c k

P u p ta k e  (m g /p la n t!

0 .114

0 .116

0.108

0 .139

0 .114

0 .139

0.142

0 .137

0.167

0 . 153

.0 .1 3 8

0 .025

NS

0 .108

0.111

0.111

0.191

0.096

0 .114

0.113

0.132

0 .144

0.135

0 .106

0.022

0 .036

5.45 5 .6 4

th e

(4 9 .1 4 ) (5 0 .8 6 )

5 .34 6 .25
(4 6 .0 7 ) (5 3 .9 3 )

5 .52 5 .55
(4 9 .8 6 ) (5 0 .1 4 )

8 .49 6 .72
(5 5 .8 2 ) (4 4 .1 8 )

5 .39 4 .88
(5 2 .4 8 ) (4 7 .5 2 )

7 .63 7 .0 2
(5 2 .0 8 ) (4 7 .9 2 )

6 .06 6 .18
(4 9 .5 1 ) (5 0 .4 9 )

4 .52 4 .54
(4 9 .8 9 ) (5 0 .1 1 )

8 .4 0 5 .73
(5 9 .4 5 ) (4 0 .5 5 )

6 .68 4 .6 0
(5 9 .2 2 ) (4 0 .7 8 )

6 .39 5 .03
(5 5 .9 5 ) (4 4 .0 5 )

1.83 1 .01

NS 1.65

11.09

11 .59

11.07

15.21

10.27

14.65

12.24

9 .06

14.13

11.28

: 11.42

2 .29

3 .73

percen tag e  of th e  to ta l
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T a b le  29, P co n ce n tra tio n  and u p ta ke  by b la c k  p e p p e r as in flu e n c e d  
by P sources

S I.
No Source

P
co n c e n tra tio n  (%)

P
u p ta k e  (m g /p la n t)

Stem Leaf Stem Lea f T o ta l

1 . N itro p h o s p h a te 0 .128 0.121 5 .82
(5 2 .6 7 )

5 .23
(4 7 .3 3 )

11 .05

2. Am ophos 0 .136 0.131 5 .97
(50 .8 5 )

5 .77
(4 9 .1 5 )

11.74

3 . S up e rp ho sp ha te 0. 137 0.119 7 .27
(5 5 .0 8 )

5 .94
(4 4 .9 7 )

13.21

SEm± 0 .025 0.022 1 .83 1.01 2 .29

CD (0 .0 5 ) NS NS NS NS NS

F ig u re s  in  p a ren the se s  in d ic a te  pe rcen tage  o f th e  to ta l
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K utchm g  (14 .73  m g /p la n t) ,  Poon jarm unda (12 .24  m g /p la n t J and 

Kottanadan (1 1 .5 9  m g /p la n t ) .  M in im um  u p ta ke  was o b se rve d  in  

K u th iy a n ik k o d i (9 .06  m g /p la n t ) .

Sources o f P te s te d  had no in f lu e n c e  on th e  to ta l  P u p ta k e  

by the  p la n t (T a b le  2 9 ) .

4 . 2 . 2 . 3 .  S p e c if ic  a c t i v i t y  fo r  th e  a b s o rb e d  P

The d if fe re n c e s  w e re  not consp icuous w ith  re s p e c t to  th e  

s p e c if ic  a c t i v i t y  o f th e  stem and le a f  fo r  th e  a b s o rb e d  P b y  th e  

b la c k  p e p p e r v a r ie t ie s  (T a b le  30 and A p p e n d ix  X H I)  . H o w e ve r, 

th e  s p e c i f ic  a c t i v i t y  o f th e  w h o le  p la n t re c o rd e d  s ig n if ic a n t

d if fe re n c e s .  The v a r ie ty  A im p ir ia n  had th e  m axim um  s p e c i f ic

a c t iv i t y  (9 3 3 .2  cpm /m g P) and was s ig n i f ic a n t ly  s u p e r io r  to  a l l  

o th e rs  e x c e p t K u th ir a v a l ly  (7 6 6 .7  cpm /m g P) and N ee lam und i (698 .9

cp m /m g  P) . The le a s t v a lu e  (1 8 6 .1  c p m /m g  P) „ as  re c o rd e d  b y  

K a n jira m u n d i.

The d if fe r e n t  P sources a lso  in flu e n c e d  th e  s p e c i f ic  a c t i v i t y  

o f  the  a b s o rb e d  P in  b la c k  p e p p e r (T a b le  3 , and A p p e n d ix  X IB ) . 

A m ophos, w h ic h  re c o rd e d  maximum s p e c i f ic  a c t i v i t y  (5 7 3 .4  cpm /m g P ) , 

was s ig n if ic a n t ly  s u p e r io r  to  n it ro p h o s p h a te  (3 0 9 .2  cpm /m g P) ,

b u t was on p a r w ith  s u p e rp h o s p h a te  (491 .8  cpm /m g P) .
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T a b le  30. S p e c if ic  a c t i v i t y o f b la c k  p e p p e r as in flu e n ce d by v a r ie ty

S1- w • *No V a r ie ty
S p e c if ic a c t iv i t y (cpm /m g  P)

1N U ■

Stem Lea f W hole p la n t

1 . K u th ir a v a l ly 777 .8 913.6 766 .7
2 . Kottanadan 440.3 510.9 462.1
3 . N eelam undi 883 .8 601 .7 698.9
4 . K arim unda 4 31 .0 490.3 399.8
5 . P a n n iyu r-1 493.9 556.2 509.3
6 . A im p ir ia n 527 .3 878 .9 933.2
7 . Poonjarm unda 436 .9 628.1 461 .4
8 . K u th iy a n ik k o d i 497 .3 578.5 482 .6
9 . K u tch ing 1274.8 206.2 240.0

10. K o tta k 'k o d i 471 .8 315.5 299 .6
11. K a n jira m u n d i 270 .2 450.8 186.1

SEm+
556.1 307.5 223.1

CD (0 .0 5 ) .
NS NS '3 6 4 .0
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T a b l e 3 ' '  s o u rc e s ” ° f  p e p p e r = s * « - n c e d by P

S I.
No. Source S p e c if ic  a c t i v i t y  (cpm /m g  P) 

Stem Lea f W hole p la n t

1 - N itroph ospha te

2. Amophos

3. Superphosphate

SEm±

CD (0 .05 )

323 .9 473.9 309 .2

937.2 555.3 573.4

493. 1 581 .6 491.8

556.1 307.5

482 .3  NS

223. 1 

190.1
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4 .2 .2 .A. F e r t i l iz e r  and s o i l  P u p ta ke  p a ra m e te rs

Data on th e  f e r t i l i z e r  and s o i l  P u p ta k e  p a ra m e te rs  such 

as pe rcen tage  P d f f ,  P d fs , f e r t i l i z e r  P u p ta ke  and P u t i l iz a t io n  

in  b la c k  p e p p e r v a r ie t ie s  a re  g ive n  in  T a b le  32 and th e  in flu e n c e  

o f P sources on the se  p a ra m e te rs  in  b la c k  p e p p e r in  . T a b le  33 

(A p p e n d ix  X I I I )  .

4 .2 .2 .4 .1 .  P d ff  and P d fs

The' P d ff  and P d fs  va lu e s  d id  not show  d is t in g u is h a b le  

d if fe re n c e s  w ith  re g a rd  to  th e  b la c k  p e p p e r v a r ie t ie s  t r ie d .

The P d f f  and P d fs  va lu e s  d id  no t show  s ig n if ic a n t  

d if fe re n c e s  w ith  re g a rd  to  th e  P sources to o . '

4 .2 .2 .4 .2 .  F e r t i l iz e r  P u p ta ke

Of th e  e leven  v a r ie t ie s  te s te d , f e r t i l i z e r  P u p ta k e  was th e  

h ig h e s t in  K u th ir a v a l ly  (2 .0 9  m g /p la n t)  and was s ig n if ic a n t ly  

s u p e r io r  to  a l l  o th e rs ,  e x c e p t N ee lam und i (1 .4 9  m g /p la n t) .  Leas t 

f e r t i l i z e r  P u p ta ke  was re c o rd e d  by  K o tta k k o d i (0 .3 7  m g /p la n t)  

w h ic h  was on p a r w ith  K u tc h in g , K a n jira m u n d i, K u th iy a n ik k o d i and 

A im p ir ia n ,  th e  va lues b e ing  0 .4 3 , 0 .4 5 , 0 .8 8  and 1.02 m g /p la n t ,

re s p e c t iv e ly  .

Of th e  d if fe r e n t  P sources t r ie d ,  s u p e rp h o s p h a te  re c o rd e d  

th e  m axim um  f e r t i l i z e r  P u p ta k e  (1 .3 2  m g /p la n t)  in  b la c k  p e p p e r .
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T a b le  32. V a r ia b i l i t y  in  f e r t i l i z e r  P u p ta k e  among b la c k  p e p p e r 
v a r ie t ie s

S1- „  ■ +
No. V a r i6 ty  ■

P d f f*
(%)

P d fs * *
(%)

F e r t i l iz e r  
P u p ta ke  
(m g /p la n t)

' P 
u t i l iz a t io  

(%)

1 . K u th ir a v a l ly 40.37 59.33 2 .09 7 .05

2 . Kottanadan 30.81 69.19 1 .19 4 .03

3 . N eelam undi 32.27 67.73 1 .49 5 .08

4 . K arim unda 24.45 75.55 1 .34 4 .55

5 . P a n n iyu r-1 24.31 75.69 1 . 19 ' 4 .03

6. A im p ir ia n 31 .20 68.80 1 .02 3.47

7 . Poonjarm unda 23.49 76.51 1.09 3 .70

8 . K u th iy a n ik k o d i 26.28 73.72 0 .88 2 .97

9 . K u tch in g 11 .60 88.40 0 .43 1 .46

10. K o tta k k o d i 13.54 86 .46 0 .37 1 .18

11 . K a n jira m u n d i 13.01 86.99 0 .45 1 .69

SEm± . 11 .56 11 .66 0 .42 1 .44

CD (0 .0 5 ) NS NS 0 .69 1 2 .34

*  P d e r iv e d  ^rom f e r t i l i z e r
* *  P d e r iv e d  fro m  s o il
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T a b le  33. U t i l iz a t io n  o f f e r t i l i z e r  P by  b la c k  p e p p e r as in flu e n c e d  
by  P sources

No. Source P d ff
(%)

P d fs
(%)

F e r t i l i z e r  
P u p ta k e  
(m g /p la n t)

P
u t i l iz a t io n

(%)

1. N itro p h o s p h a te 26.37 73.63 0 .87 2 .95

2 . Am ophos 23.80 76 .20 0 .96 3 .28

3 . S up e rp ho sp ha te 22 .13 77.87 1.32 4 .48

SEm± 11 .56 11 .66 0 .42 1.44

CD (0 .0 5 ) NS NS 0 .3 6 1 .22

*  P d e r iv e d  fro m  f e r t i l i z e r  
* *  P d e r iv e d  fro m  s o i l
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Thus was s ig n if ic a n t ly  s u p e r io r  to  n itro p h o s p h a te  (0 .8 7  m g /p la n t) ,  

b u t was on p a r w ith  am ophos (0 .96  m g /p la n t) .

4 .2 .2 .4 .3 .  P u t i l iz a t io n

The v a r ie t ie s  re c o rd e d  s ig n if ic a n t  d if fe re n c e s  w ith  re g a rd  

to  th e  P u t i l iz a t io n .  O f th e  v a r ie t ie s  te s te d , m axim um  f e r t i l i z e r  

P u t i l iz a t io n  was re c o rd e d  by K u th ir a v a l ly  (7 .05% ). T h i 

s ig n if ic a n t ly  s u p e r io r  to  a l l  o th e rs ,  e x c e p t N ee lam und i (5 .

is  was

S),
w h ic h  in  tu rn  was on p a r w ith  a l l  o th e r  v a r ie t ie s ,  e x c e p t

K o tta k k o d i (1 .18% ), K u tch in g  ((1.46% ) and K a n jira m u n d i (1 . 69%) .

The d if f e r e n t  so u rc es  of P t e s te d  on t h e  f e r t i l i z e r  P u t i l i z a t 

ion in b la ck  p e p p e r  a lso  re v e a le d  s ig n if ic a n t  d if f e r e n c e s .

S u p e rp h o sp h a te  was s ig n if ic a n tiy  s u p e r io r  (4.48% ) to n i t r o p h o s p h a te

(2 .9 5 % ),  but was on p a r  with amophos (3 .:

. C o m b in a tio n  e f fe c t  o f v a r ie t y  and  s o u rc e  w as  a b s e n t f o r

P c o n c e n tra t io n  and  u p ta k e ,  s p e c i f ic  a c t i v i t y  0f  th e  a b s o rb e d  P

and  f e r t i l i z e r  and  s o i l  P u p ta k e  p a ra m e te rs  (A p p e n d ix  X I I  and

X II I )  . '
I

4 .2 .3 .  U p take  o f o th e r  n u tr ie n ts

4 . 2 . 3 . 1 . N u tr ie n t d is t r ib u t io n

T h e  n u t r ie n t  c o n c e n tra t io n  in  s tem  and  le a f  o f  b la c k  p e p p e r

v a r ie t ie s  and  th e  n u t r ie n t  d is t r ib u t io n  as  in f lu e n c e d  b y  P s o u rc e s  

in  b la c k  p e p p e r  a re  g iv e n  in  T a b le s  34 to  39 and in  A p p e n d ix  X IV .



4 .2 .3 .1 .1 .  M a c ro n u tr ie n ts

A p p re c ia b le  d if fe re n c e s  w ere  not o b ta in e d  among b la c k  

p e p p e r v a r ie t ie s  in  th e  co n ce n tra tio n  o f N, K and S, e i th e r  in

th e  stem o r in  th e  le a f  (T a b le  34) . In flu e n c e  o f sources  o f P on 

th e  c o n c e n tra tio n  o f N, K and S in  b la c k  p e p p e r was a lso  not

s ig n if ic a n t  (T a b le  35) . V a r ie ty  and sou rce  co m b in a tio n  e ffe c t  was 

absent (A p p e n d ix  X IV ) .

C o n cen tra tion  o f Ca and Mg in  th e  stem and in  th e  le a f  o f 

b la c k  p e p p e r v a r ie t ie s  v a r ie d  s ig n if ic a n t ly  w ith  re s p e c t to  

v a r ie t ie s  and P sources (T a b le ' 36 and 37, r e s p e c t iv e ly ) .  The 

v a r ie ty  K arim unda  re c o rd e d  th e  m axim um  Ca c o n c e n tra tio n  in  th e  

stem (1.67%) w h ic h  was s ig n if ic a n t ly  h ig h e r  than  a l l  o th e r  v a r ie t ie s ,  

e xce p t K u th iy a n ik k o d i (1.59%) and K u tch in g  (1 .52% ). K u tch in g  had

s ig n if ic a n t ly  h ig h e r  Ca co n ce n tra tio n  (2.74%) in  th e  le a f w he reas 

K a n jira m u n d i and P a n n iy u r-1  re c o rd e d  lo w e r v a lu e s  (2.20% , e a c h ) . 

■Calcium co n ce n tra tio n  in  th e  stem and in  th e  le a f  o f b la c k  p e p p e r

was s ig n if ic a n t ly  h ig h e r  when s u p e rp h o s p h a te  was a p p lie d  as th e  

P source , w hereas th e  e ffe c ts  o f am ophos and n itro p h o s p h a te  w ere  

on p a r .  In te ra c t io n  between v a r ie ty  and sou rce  was e v id e n t .  

Am ophos was th e  b e t te r  source  fo r  K u th i r a v a l ly , fo r  Ca c o n c e n tra t

ion  in  th e  s tem , w he reas  i t  was s u p e rp h o s p h a te  fo r  P a n n iy u r-1 , 

A im p ir ia n ,  Poon jarm unda and K u tc h in g . F o r th e  le a f  co n c e n tra tio n  

o f Ca, s u p e rp h o s p h a te ' was th e  b e tte r  sou rce  fo r  K arim unda  (T a b le  36) .
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T a b le  34. V a r ia b i l i t y  in  N, K , S and Fe c o n c e n tra tio n  among b la c k  p e p p e r  
v a r ie t ie s

S1- V/ ■ *
n o . Variety

N (%) K (%) s (%) Fe (ppm )

Stem Lea f Stem Lea f Stem Lea f Stem Lea f

i . K u th ir a v a l ly 1.39 2 .29 2 .0 0 2 .80 0 .068 0 .106 265.67 449 .00

2. Kottanadan 1.43 2 .33 1.99 2 .8 4 0.071 0 .156 254.00 469 .78

3. N eelam undi 1.38 2 .33 1.98 2 .78 0 .058 0 .157 250.56 511 .78

4 . K arim unda ■ 1.40 2 .3 0 2 .02 2 .85 0.061 0 .149 289.22 487.11

5. P a n n iyu r-1 1.34 2.31 1.98 2 .85 0 .068 0.155 258.22 491.89

6. A im p ir ia n 1 .35 2 .3 0 1.96 2 .82 0 .072 0 .160 279.44 477.00

7 . Poonjarm unda 1.37 2 .3 8 1.98 2 .87 0.071 0 .1 5 4  ' 255.22 399.89

8 . K u th iy a n ik k o d i 1.39 2 .32 1.94 2 .79 0.067 0 .152 257.00 420.22

9 . K u tch in g 1 .38 2 .3 8 1.97 2 .7 6 0.062 0 .155 257.22 436.89

10. K o tta k k o d i , 1.33 2 .35 1 .92 2 .87 0 .065 0.157 237.22 441.11

11. K a n jira m u n d i ■ 1.37 2 .35 1.95 2.81 0 .064 0 .163 255.89 412.89

SEm± 0 .07 0 .0 9 1.00 0 .09 0 .008 0 .010 15.78 45.15
CD (0 .0 5 ) NS NS NS NS NS NS NS NS

I
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T a b le  35 . E f f e c t ^ o f  P s o u rc e s  on N , K , S and  Fe c o n c e n tra t io n  iin black

1. Nitrophosphate

2 . Amophos

.3. Superphosphate

SEm±

CD (0 .05 )

\/o) Fe (ppm )

Stem Leaf Stem Lea f Stem Lea f Stem LeaT

1.36 2 .3 2  1.98 2 .7 9  0 .063 0 .157  259 .76  470.18

1 .39 2 .3 4  1.97 2 .8 4  0 .068 0.151 264.03 451 .52

1.37 2 .3 3  1.97 2 .83  0.068 0.161 256.12 441.27

0 .07  0 .0 9  1 .00 0 .0 9  0 .008  0 .0 1 0  15.78 4 5 . 1 5

NS NS NS NS NS NS NS NS



T a b le  36. V a r ia b i l i t y  in  Ca c o n c e n tra tio n  (%) among b la c k  p e p p e r v a r ie t ie s  as in flu e n c e d  by  P so u rce s

51• V - *
No. V a r ie ty

Stem Leaf

N i t r o -
p h o s p h a te

Am ophos S u p e r
p h o s p h a te

Mean N it r o -
p h o s p h a te

Am ophos S u p e r
p h o s p h a te

Mean

1. K u th ira v a l ly 0 .8 7 1.83 1 .06 1 .25 2 .2 4 2 .5 6 2 .2 8 2 .3 6

2 . Kottanadan 1.47 1.38 0 .9 3 1 .26 2 .3 2 1 .72 2.81 2 .2 8

3. Neelam undi 1 .24 1.23 1 .47 1 .31 2 .4 9 1 .87 2 .4 6 2 .2 7

4 . Karim unda 1.77 1.71 1 .54 1 .67 1 .96 2 .03 2 .7 3 2 .2 4

5 . P a n n iyu r-1 1.22 1.15 1 .81 1 .39 2 .0 9 1 .97 2 .5 4 2 .2 0

6 . A im p ir ia n 1.35 1.08 1 .79 1 .40 2 .5 0 2 .5 5 2 .01 2 .3 5

7 . Poonjarm unda 1 .38 1.28 1 .67 1 .44 2 .1 0 2 .1 2 2 .61 2 .2 8

8 . K u th iy a n ik k o d i 1 .48 1.53 1.75 1 .59 2 .2 0 2 .0 8 2 .3 5 2 .21

9 . K u tch ing 1 .26 1.31 2.01 1 .52 2 .7 0 2 .9 0 2 .6 4 2 .7 4

10. K o tta k k o d i 1 .04 1.43 1 .31 1 .26 2 .0 0 2 .55 2 .2 3 2 .2 6

11. K a n jira m u n d i 1 .13 1.31 1 .21 1 .25 1 .83 2 .52 2 .2 5 2 .2 0

Mean 1 .30 1.38 1 .50 2 .2 2 2 .2 6 2 .4 5

SEm± 0 .0 9 0 .1 9

CD (0 .0 5 ) fo r  com paring  
V a r ie ty  
Source 
V a r ie ty  x Source

' 0 .1 5  
0 .0 8  
0 .2 7

0.31 
0 .1 6  
0 .5 4
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As re g a rd s  th e  co n c e n tra tio n  o f Mg in  th e  s tem , Kottanadan 

was s ig n if ic a n t ly  s u p e r io r  (0.90%) to  a l l  o th e r v a r ie t ie s ,  e x c e p t 

N ee lam und i, K a rim unda , P oon jarm unda (0.84%, e a c h ), K a n jira m u n d i 

(0.82%) and K o tta k k o d i (0 .81% ). The co n c e n tra tio n  o f Mg in  th e  

le a f  was d is t in c t ly  h ig h e r  in  K o tta k k o d i (0.73%) and was on p a r 

w ith  N ee lam undi (0.72%) and K a n jira m u n d i (0 .69% ). Sources o f P 

a lso  in flu e n c e d  th e  Mg co n ce n tra tio n  in  b la c k  p e p p e r . In  th e  £tem  

th e  Mg co n ce n tra tio n  was s ig n if ic a n t ly  h ig h e r  when n it ro p h o s p h a te  

was u sed . B u t, i t  was on p a r w ith  s u p e rp h o s p h a te  w ith  re g a rd  

to  th e  Mg co n ce n tra tio n  in  th e  le a f .  H ere a ls o  in te ra c t io n  between 

v a r ie ty  and source  was p re s e n t. Am ophos was th e  b e t te r  source  

fo r  K u th ir a v a l ly  fo r  Mg co n c e n tra tio n  in  th e  s tem . S up e rp h o sp h a te  

inc re ase d  th e  Mg co n c e n tra tio n  o f stem in  A im p ir ia n  and K u tc h in g . 

As re g a rd s  th e  le a f co n c e n tra tio n  o f Mg, s u p e rp h o s p h a te  was th e  

b e tte r  sou rce  fo r  P a n n iy u r-1  and K u tc h in g , n it ro p h o s p h a te  fo r  

P oon jarm unda and K o tta k k o d i and am ophos fo r  K u th iy a n ik k o d i (T a b le  

•37) . . '

4 .2 .3 .1 .2 .  M ic ro n u tr ie n ts

N e ith e r  th e  v a r ie t ie s  n o r th e  P sources' in flu e n c e d  th e  Fe 

co n ce n tra tio n  in  b la c k  p e p p e r s ig n if ic a n t ly  (T a b le  34 and 35, 

re s p e c t iv e ly )  . The in te ra c t io n  between v a r ie ty  and sou rce  was a lso  

not s ig n if ic a n t  (A p p e n d ix  X IV ) .



T a b le  37. V a r ia b i l i t y  in  Mg c o n c e n tra tio n  (%) among b la c k  p e p p e r v a r ie t ie s  as in flu e n c e d  by  P sources

No’ V a r ie ty

Stem Lea f

N it r o 
p ho sp ha te

A m ophos S upe r
p h o s p h a te

Mean N it r o 
p ho sp ha te

Am ophos S u p e r
p h o s p h a te

Mean

1. K u th ira v a l ly 0 .89 0 .97 0 .73 0 .8 6 0 .66 0 .58 0 .6 7 0 .6 4

2 . Kottanadan 1.01 0 .9 4 0 .7 6 0 .9 0 0 .59 0 .6 3 . 0 .5 5 0 .5 9

3. Neelam undi 0 .89 0 .8 5 0 .7 8 0 .8 4 0 .75 0 .70 0.71 0 .7 2

4 . K arim unda 0.87 0.81 0 .8 4 0 .8 4 0 .57 0 .62 0 .7 0 0 .6 3

5 . P an n iyu r-1 0 .87 0 .9 2 0.81 0 .87 0 .62 0 .47 0.71 0 .6 0

6 . A im p ir ia n 0 .82 0 .8 5 0 .9 4 0 .87 0 .63 0.61 0 .6 2 0 .6 2

7 . Poonjarm unda 0 .8 4 0.81 0 .8 8 0 .84 0 .75 0 .5 4 0 .6 4 0 .6 4

8 . K u th iy a n ik k o d i 0 .88 0 .7 6 0 .9 3 0 .8 6 0 .59 0 .73 0 .6 0  ■ 0 .6 4

9 . K u tch ing 0 .87 0 .8 0 1.01 0 .8 9 0 .63 0 .6 3 0 .7 2 0 .6 6

10. K o tta k k o d i 0 .87 0 .8 0 0 .75 0.81 0 .82 0 .67 0 .7 0 0 .7 3

11. K a n jira m u n d i 0 .83 0 .7 8 0 .8 5 0 .82 0 .62 0 .6 8 0 .7 6 0 .6 9

Mean 0 .88 0 .8 4 0 .8 4 0 .6 6  . 0 .6 2 0 .6 7

SEm± 0 .02 0 .0 3

CD (0 .05 ) fo r  com paring  
V a r ie ty  
Source 
V a r ie ty  x Source

0 .0 4
0 .0 2
0 .0 7

• ■
0 .0 5
0 .0 2
0 .0 8
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C o n ce n tra tio n  o f Mn and Zn in  b la c k  p e p p e r v a r ie t ie s ,  as 

in flu e n c e d  by P so u rce s , was s ig n if ic a n t ly  d i f fe r e n t  (T a b le  38 and 

39, re s p e c t iv e ly  and A p p e n d ix  X IV ) . Stem Mn c o n c e n tra tio n  was

maximum in  A im p ir ia n  (6 9 .4 4  ppm ) and th a t  o f le a f ,  in  Kottanadan

(507.78  p p m ). Low est va lu e  was re c o rd e d  by K u tc h in g  (4 1 .5 6  ppm ) 

and K o tta k k o d i (298.89  p p m ), in  th e  stem and in  th e  le a f ,  re s p e c t

i v e ly .  O f th e  th re e  P so u rces , am ophos s ig n if ic a n t ly  in c re a se d

th e  Mn co n ce n tra tio n  in  th e  le a f o f b la c k  p e p p e r , b u t i t  was on 

p a r w ith  s u p e rp h o s p h a te  in  stem . In te ra c t io n  betw een v a r ie ty  and 

source  was e v id e n t .  F o r Mn co n ce n tra tio n  in  th e  stem 

s u p e rp h o s p h a te  was th e  b e t te r  source  fo r  N ee lam undi and amophos 

fo r  K u th iy a n ik k o d i and K a n jira m u n d i. Lea f Mn c o n c e n tra tio n  was 

more in  A im p ir ia n  when s u p e rp h o s p h a te  was used as th e  P source

w hereas am ophos was th e  b e t te r  sou rce  fo r  K a rim u n d a , K u th iy a n i

k k o d i and K u tch in g  (T a b le  38) .

The co n ce n tra tio n  o f Zn in  th e  stem was th e  h ig h e s t in  

P a n n iyu r-1  (49 .18  ppm ) and was s ig n if ic a n t ly  s u p e r io r  to  a l l  

o th e rs , e x c e p t K arim unda  (46 .24  p p m ), N ee lam undi (44 .84  ppm ) 

and K u th iy a n ik k o d i (44 .59  p p m ). In  th e  le a f  th e  h ig h e s t concen t

ra t io n  o f Zn was re c o rd e d  in  N ee lam undi (43 .12  ppm ) and was on 

p a r w ith  Kottanadan (40 .83  p p m ), K u th ir a v a l ly  (4 0 .7 8  ppm ) and 

K o tta k k o d i (40 .68  p p m ). In flu e n c e  o f P sources on Zn co n c e n tra tio n  

in  b la c k  p e p p e r was a ls o  e v id e n t ,  w h e re in , th e  h ig h e s t v a lu e  was



T ab le  38 . V a ria b ili ty  in Mn concentration  (p p m ) among b lack  p e p p e r  v a r i e t i e s  as  influenced by P s o u rc e s

SI.
V a r ie ty

Stem Lea f

No N it r o -
p ho sp ha te

Amophos S u p e r
p h o s p h a te

Mean N it r o -
p h o sp h a te

Am ophos S u p e r
p h o s p h a te

Mean

1 . K u th ir a v a l ly 37.00 51.00 56 .0 0 48.00 401.67  . 443 .33 483 .67 442 .89

2. Kottanadan 66.67 60.00 7 0 .0 0 65.56 524.00 499.33 500 .00 507 .78

3. N eelam undi 38.67 40.00 7 3 .0 0 50 .56 392.33 503.67 309.33 401 .78

4. K arim unda 37 .00 49.33 5 8 .0 0 48.11 317 .00 . 613 .00 388.67 4 3 9 .5 6

5 . P a n n iyu r-1 56.33 70 .00 53 .33 59 .89 263 .00 308.33 424.67 3 3 2 .0 0

6. A im p ir ia n 67.33 65.67 7 5 .3 3 69.44 277.33 474.67 538.67 430 .22

7. Poonjarm unda 74.33 48.67 59 .00 60.67 275.67 586.67 591 .00 4 8 4 .4 4

8. K u th iy a n ik k o d i 43.67 75.67 45 .67 55 .0 0 359.00 509.67 328.33 3 9 9 .0 0

9 . K u tch in g  ■ 43.00 41.33 40 .33 41 .5 6 279 .00 446.33 284.67 336 .67

10. K o tta k k o d i 41 .00 49.67 5 0 .0 0 46 .89 258 .67  ■ 344 .00 294 .00 2 9 8 .8 9

11 . K a n jira m u n d i 38.33 82 .00 43.33 54 .5 6 552 .00 536.67 281 .00 4 5 6 .5 6

Mean 49.39 57.58 56 .73 354.52 478 .70 402 .18

SEm± 8 .0 9 39..87

CD (0 .0 5 ) fo r  com paring  ( 
V a r ie ty  
Source
V a r ie ty  x  Source

13.19
6 .89

22.85

65. 
33. 

• 112.

04
97
65



T able  39. V a r ia b il i ty  in Zn concentration  ( ppm)  among b lack  p e p p e r  v a r i e t i e s  as influenced by P so u rc e s

S1- W ■ 4.
No. V a r ie ty

Stem Leaf

N it r o 
p h o sp ha te

Am ophos S u p e r
p h o s p h a te

Mean N it r o 
p h o sp ha te

Am ophos S u p e r
p h o s p h a te

Mean

1. K u th ira v a l ly 38.96 40.27 46 .62 41 .95 34.52 54.75 33 .07 4 0 .7 8

2 . Kottanadan 39.45 30 .56 58.41 42.81 45.69 41.70 35.11 4 0 .8 3

3 . N eelam undi 43.80 37 .03 5 3 .6 9 44.84 45.82 ' 38.67 4 4 .8 8 4 3 .1 2

4. K arim unda 42.81 38 .33 57 .57 46 .24 48.42 30.67 3 8 .9 6 3 9 .3 5

5 . P a n n iyu r-1 40.93 3 9 .1 4 67.47 49 .18 38.15 41.90 3 4 .1 6 3 8 .0 7

6 . A im p ir ia n 37.94 39 .55 42 .47 39 .99 37.98 40.60 3 2 .1 4 3 6 .9 0

7 . Poonjarm unda 35.14 35 .84 37 .9 0 36 .29 38.69 38.47 33 .9 8 37 .0 5

8 . K u th iy a n ik k o d i 39.26 5 4 .1 8 40 .32 44 .59 32.44 37.37 3 4 .8 6 34 .8 9

9 . K u tch ing 30.85  ' 56 .78 39 .5 6 4 2 .4 0 31 .91 30.23 49.71 3 7 .2 8

0 . K o tta k k o d i 31 .63 42.81 4 4 .3 0 39 .5 8 50.08 40.25 31 .70 4 0 .6 8

1. K a n jira m u n d i 39.01 42 .67 3 7 .4 8 39 .72 38.13  ' 35.72 3 4 .9 0 3 6 .2 5

Mean 38.16 41 .5 6 4 7 .8 0 40.17 39.12 3 6 .6 8

SEm± 3 .2 0 1 .90

CD (0 .0 5 ) fo r  co m paring  
V a r ie ty  
Source
V a r ie ty  x Source

5.21
2 .72
9 .0 3

3.11 
1 .62 
5 .3 8
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re c o rd e d  by s u p e rp h o s p h a te  in  th e  stem  and n itro p h o s p h a te  and

amophos in  th e  le a f .  S up e rp h o sp h a te  was th e  b e t te r  source  fo r

stem co n ce n tra tio n  in  K o tta na d an , N ee lam und i, K arim unda  and

P a n n iyu r-1  and amophos fo r  K u th iy a n ik k o d i and K u tch in g  {T a b le

3 9 ). In  th e  le a f co n c e n tra tio n  o f Zn, am ophos was th e  s u p e r io r

P source  fo r  K u th i r a v a l ly , s u p e rp h o s p h a te  fo r  K u tch in g  and n i t r o 

p h o sp h a te  fo r  K arim unda  and K o tta k k o d i.

i

On d ry  m a tte r b a s is ,  th e  co n c e n tra tio n  o f N, K, Ca and

S was m ore accum ula ted  in  th e  le a f  (2 .3 3 , 2 .8 2 , 2.31 and 0.151%,

re s p e c t iv e ly )  . The co n c e n tra tio n  o f P and Mg was m ore in  th e  stem

(0 .133  and 0.85%, R e s p e c t iv e ly ) .  W ith  re g a rd  to  th e  m ic r w u t r ie n t s , 

accum u la tion  o f Fe and Mn was m ore in  th e  le a f (454 .32  and 411 .80

ppm , r e s p e c t iv e ly )  than  in  th e  stem (259.97  and 54.57  p p m ,

r e s p e c t iv e ly ) .  Not much d if fe re n c e  was o b s e rv e d  in  th e  c o n c e n tra t

ion o f Zn among th e  tw o  p la n t p a r ts  (F ig .  9 and A p p e n d ix  X V ).

4 .2 .3 .2 .  N u tr ie n t u p ta k e

4 .2 .3 .2 .1 . ' M a c ro n u tr ie n ts

Data p e r ta in in g  to  th e  v a r ia b i l i t y  in  n u t r ie n t  u p ta k e  among 

b la c k  p e p p e r v a r ie t ie s  and th e  in f lu e n c e  o f  P sources in  b la c k  

p e p p e r a re  g ive n  in  T a b le s  40 and 41, re s p e c t iv e ly  and A p p e n d ix  

X V I. None o f th e  v a r ie t ie s  s ig n if ic a n t ly  in flu e n c e d  th e  u p ta k e  o f 

th e  m a c ro n u tr ie n ts  N, K , Ca and Mg b u t th e  u p ta k e  o f  P and S
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T a b le  40. V a r ia b i l i t y  in  n u tr ie n t  u p ta k e  among b la c k  p e p p e r v a r ie t ie s

S1- 'wNo. V a r ie ty N P K Ca Mg S Fe Zn

1. K u th ira v a ll; , 0 .19 11 .09 0 .24 0 .17 0 .07 11 .61 3 .6 6 0.41
2. Kottanadan 0 .19 11 .59 0 .25 0 .18 0 .07 11 .56 3 .69 0 .42
3. N ee lam undi 0 .19 11.07 0 .2 4 0 .18 0 .07 10.68 3 .87 0 .45
4 . K arim unda 0 .17 15.21 0 .23 0 .19 0 .07 9 .30 3 .66 0 .4 4
5 . P a n n iyu r-1 0 .19 10.27 0 .24 0 .19 0 .08 11.08 3 .84 0 .43
6. A im p ir ia n 0 .2 0 14.65 0 .27 0 .20 0 .08 13.23 4 .30 0 .42
7. Poonjarm unda 0 .19 12.24 0 .2 6 0 .19 0 .08 11 .72 3 .4 6 0 .37
8 . K u th iy a n ik k o d i 0 .14 9 .0 6 0 .17 0 .14 0 .05 7 .99 2.41 0 .28
9 . K u tch ing 0 .1 6 14.13 0.21 0 .18 0 .07 9 .16 2 .98 0 .35

10. K o tta k k o d i 0 .1 4 11.28 0 .19 0 .14 0 .0 6 8 .83 2 .65 0 .32
11. K a n jira m u n d i 0 .17 11.42 0 .22 0 .1 6 0 .07 10.40 3 .07 0 .35

SEm± 0 .0 4 2 .29 0 .07 0 .03 0.01 1.54 0 .57 0 .0 6
CD (0 .0 5 ) NS 3 .73 NS NS NS 2.51 0 .93 0 .10

N ote: N, K, Ca and Mg e x p re s s e d  as g /p la n t  

P, S, Fe arid Zn e x p re s s e d  as m g /p la n t
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d if fe re d  s ig n i f ic a n t ly .  - D e ta ils  on th e  u p ta k e  o f P a re  g ive n  in

4 .2 .2 .2 .  In  th e  u p ta k e  o f S A im p ir ia n  was s ig n if ic a n t ly  s u p e r io r  

(13 .23  m g /p la n t)  to  a l l  o th e rs ,  e x c e p t Poon jarm unda (1 1 .7 2  m g /p la n t) ,  

K u th ir a v a l ly  (11.61 m g /p la n t) ,  Kottanadan (1 1 .5 6  m g /p la n t)  and 

Pann iyu i— 1 (11 .08  m g /p la n t ) .  >

In flu e n c e  o f P sources on th e  u p ta k e  o f m a c ro n u tr ie n ts  was 

e v id e n t o n ly  in  Ca, Mg and S. Of th e  th re e  so u rce s , 

su p e rp h o s p h a te  was s ig n if ic a n t ly  s u p e r io r  fo r  Ca and S u p ta k e  

(T a b le  41) . In  th e  case Mg u p ta ke  i t  was on p a r w ith  n it ro p h o s p h a te  

In te ra c t io n  between v a r ie ty  and source  was absen t (A p p e n d ix  X V I) .

4 .2 .3 .2 .2 ,  M ic ro n u tr ie n ts

. V a r ia b i l i t y  in  th e  u p ta k e  o f m ic ro n u tr ie n ts  such as Fe and

Zn (T a b le  40) and Mn (T a b le  42) was o b s e rv e d . U p ta ke  o f Fe was 

th e  maximum in  A im p ir ia n  (4 .3 0  m g /p la n t)  and was s ig n if ic a n t ly  

s u p e r io r  to  K a n jira m u n d i (3 .0 7  m g /p la n t) ,  K u tch in g  (2 .9 8  m g /p la n t) ,  

K o tta k k o d i (2 .65  m g /p la n t)  and K u th iy a n ik k o d i (2 .41  m g /p la n t ) . 

O the r v a r ie t ie s  w ere  on p a r .  Kottanadan and Poon ja rm unda re c o rd e d  

th e  maximum Mn u p ta k e  (3 .1 2  m g /p la n t ,  each) and w e re  s ig n if ic a n t ly  

s u p e r io r  to  a l l  o th e rs ,  e x c e p t K u th ir a v a l ly  (2 .5 9  m g /p la n t)  and 

A im p ir ia n  (3 .0 3  m g /p la n t)  . N ee lam und i re c o rd e d  th e  m axim um  Zn 

u p ta ke  (0 .4 5  m g /p ia n t)  and was s ig n if ic a n t ly  s u p e r io r  to  K o tta k k o d i 

(0 .3 2  m g /p la n t)  and K u th iy a n ik k o d d i (0 .2 8  m g /p la n t) .
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T a b le  41. U p take  o f n u tr ie n ts  by b la c k  p e p p e r as in flu e n c e d  by P so u rce s

No. Source N P K Ca Mg S Fe Zn

1. N itro p h o s p h a te 0 .17 11 .05 0 .22 0 .16 0 .07 9 .89 3 .33 0 .35

2. Am ophos 0 .17 11.74 0 .22 0 .17 0 .0 6 9 .9 0 3 .2 6 0 .3 6

3 . S u p e rp h o sp h a te 0 .19 13.21 0 .25 0.21 0 .08 11.50 3 .6 6 0 .44

SEm± 0 .0 4 2 .29 0 .07 0 .03 0.01 1.54 0 .57 0 .06

CD (0 .05 ) NS NS NS 0.03 0.01 1.31 NS 0 .05

Note: N, K, Ca and Mg e x p re s s e d  as g /p la n t  

P, S, Fe and Zn e x p re s s e d  as m g /p lan t
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T a b le  42. V a r ia b i l i t y  in  Mn u p ta ke  among b la c k  p e p p e r v a r ie t ie s  
as in flu e n c e d  by P sources

S1- W • *
n o . V a r ie ty

Mn u p ta k e (m g /p la n t)

N it r o -
p h o sp ha te

Am ophos S up e r
p h o sp h a te

Mean

1. K u th ir a v a l ly 2 .2 5 2 .32 3 .22 2 .59

2. Kottanadan , 3 .0 4 3 .13 3 .2 0 3 .12

3 . N eelam undi 2 .0 4 3 .22 1 .79 2 .35

4. K arim unda 1.21 2.31 2 .2 7 1 .93

5 . P a n n iyu r-1 1 .72 1 .54 2 .6 8 1.98

6. A im p ir ia n 1 .80 3 .25 4 .0 4 3 .03

7 . Poonjarm unda 1.94 3 .37 4 .0 4 3 .1 2

8 . K u th iy a n ik k o d i 1.25 1 .74 1 .88 1.62

9 . K u tch in g 1 .29 2 .0 4 0 .9 4 1 .42

10. K o tta k k o d i 1 .04 1 .51 1 . 16 1 .24

11. K a n jira m u n d i 2 .48 2 .92 1 .58 2 .32

Mean 1.82 2 .4 9 2 .4 4

SEm± 0 .39

CD (0 .0 5 ) fo r  com paring  
V a r ie ty  
Source
V a r ie ty  x Source

0 .64
0 .33
1.11
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In flu e n c e  o f P sources on th e  u p ta k e  o f Zn and Mn was

e v id e n t .  S u p e rp h o sp h a te  was s ig n if ic a n t ly  s u p e r io r  among th e  th re e  

sources o f P fo r  th e  u p ta k e  o f Zn, w he reas i t  was amophos fo r

Mn w h ic h  was on p a r w ith  s u p e rp h o s p h a te  (T a b le s  41 and 42,

r e s p e c t iv e ly )  . In te ra c t io n  between v a r ie ty  and sou rce  was absent 

fo r  Fe and Zn u p ta k e , w he reas  i t  was e v id e n t fo r  th e  u p ta k e  o f 

Mn (A p p e n d ix  X V I) .  Of th e  d i f fe r e n t  sources o f P t r ie d ,  am ophos 

was th e  b e t te r  source  fo r  Mn u p ta k e  in  N ee lam und i.

O f th e  n ine  e lem en ts  s tu d ie d ,  th e  maximum u p ta k e  was th a t 

o f K (0 .2 3  g /p la n t)  w ith  a range o f 0 .1 7 -0 .2 7  g . T h is  was fo llo w e d  

by N (0 .1 8  g /p la n t)  w i+h a range o f 0 .1 4 -0 .2 0  g . P hospho rus

u p ta ke  was too lo w  (12 .00  m g /p la n t)  and was le s s e r  than  th o se  

o f Ca and Mg (0 .1 7  g and 0 .07  g , r e s p e c t iv e ly ) .  The u p ta k e  o f 

S was 10.45 m g /p la n t w ith  a range o f 7 .9 9 -1 3 .2 3  mg. The mean

va lu es  o f Fe, Mn and Zn u p ta ke  w e re  3 .4 2 , 2 .25  and 0 .39  m g /p la n t,

r e s p e c t iv e ly  (A p p e n d ix  X V II)  . The o rd e r  o f n u tr ie n ts  rem o ve d  by

b la c k  p e p p e r was K >  N >  Ca >  Mg >  P >  S >  Fe >  Mn >  Z n .

4 .3 .  S o il zone o f  m axim um  n u t r ie n t  a b s o rp t io n

R esu lts  p e r ta in in g  to  th e  s tu d ie s  to  f in d  out th e  s o i l  zone

o f maximum n u tr ie n t  a b s o rp t io n ,  u s ing  32P , a re  p re se n te d  h e re .
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The r a d io a c t iv i t y  re c o v e re d  in  th e  le a v e s  o f p e p p e r v in e s  

t r a i le d  on tea k  p o le , as in flu e n c e d  by the  m ethod o f a p p lic a t io n  

(sem i c i r c le  a rea  fa c in g  o r o p p o s ite  th e  v in e  and f u l l  c i r c le  a re a , 

a t th e  r a d ia l  d is ta n c e s  o f 30, 45 and 60 cm fro m  th e  v in e ) fo r

th e  30th  and 60th day a f te r  a p p lic a t io n ,  a re  g iv e n  in  T a b le s  43

and 44, re s p e c t iv e ly  and in  A p p e n d ix  X V I I I .  In  v ie w  o f th e  la rg e

- - . 32v a r ia t io n  o b se rve d  in  th e  u p ta ke  o f P th e  s ta t is t ic a l  a n a ly s is

was c a r r ie d  out a f te r  lo g a r i th m ic  tra n s fo rm a tio n  o f th e  d a ta .

R ecovery  o f r a d io a c t iv i t y  in  th e  le a ve s  o f th e  p e p p e r v in e s

was s ig n if ic a n t ly  in flu e n c e d  by th e  th re e  la te r a l  d is ta n ce s  t r ie d

32
fo r  30th  and 60th day  a f te r  P a p p lic a t io n .  Maximum r a d io a c t iv i t y  

was re c o v e re d  in  th e  le a ve s  o f th e  v in e s  in  w h ic h  ra d io la b e l was 

a p p lie d  w ith in  a la te r a l d is ta n c e  o f 30 cm fro m  th e  v in e  (2 9 8 .3  

and 396 .8  c p m /g , on 30th  and 60th day o f P a p p lic a t io n ,  re s p e c t

iv e ly )  and was s ig n if ic a n t ly  s u p e r io r  to  th e  o th e r  tw o  d is ta n c e s  

t r ie d ,  v i z . ,  45 and 60 cm fro m  th e  v in e ,  w h ic h  w e re  on p a r .  ,

R ecovery  o f r a d io a c t iv i t y  in  th e  le a ve s  was n o t s ig n if ic a n t ly  
. 32
in flu e n c e d  by P a p p lic a t io n  in  s e m ic ir c le  fa c in g  o r o p p o s ite  th e  

v in e  o r in  f u l l  c i r c le  a round  th e  v in e  on 30th  day a f te r  a p p l ic a t 

io n . M ethod o f a p p lic a t io n  in flu e n c e d  s ig n if ic a n t ly  th e  re c o v e ry  o f 

r a d io a c t iv i t y  fo r  th e  60th  day a f te r  a p p lic a t io n .  A p p lic a t io n  o f

4 . 3 . 1 .  P e p p e r  vines t r a i le d  on te a k  pole
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T a b le  43. R ecove ry  o f s o i l  a p p lie d  32P in  th e  le a v e s  (c p m /g ) 
o f th e  p e p p e r v in e s  t r a i le d  on te a k  p o le  as in flu e n ce d  
by th e  m ethod o f a p p lic a t io n  { lo g  tra n s fo rm e d  da ta  fo r  
th e  30th  day a f te r  a p p lic a t io n )

M ethod o f a p p lic a t io n

L a te ra l d is ta n c e  
(cm )

■Semi
c i r c le  
fa c in g  
th e  v in e

S em i
c i r c le  
o p p o s ite  
th e  v in e

F u ll  
c i r c le  
a round 
th e  v in e

Mean

30 2.5742
(3 7 5 .2 )

2.0187
(1 0 4 .2 )

2.8309
(6 7 7 .5 )

2.4746 
(2 9 8 .3 )

45 1.6940 
(4-7.4)

1.5031 
(3 1 .8 )

1.5599 
(3 6 .3 )

1.5857
(3 8 .5 )

60 1.2531 
(1 7 .9 )

1.2132 
(1 6 .3 )

1.8636
(7 3 .1 )

1.4433 
(2 7 .8 )

Mean ' 1.8404 
' (6 9 .2 )

1.5783
(3 7 .9 )

2 .0848
(1 2 1 .5 )

SEm i . 0 .3196

CD (0 .0 5 ) fo r com paring

L a te ra l d is ta n c e 0.5532
M ethod o f a p p lic a t io n NS

L a te ra l d is ta n c e  x Msthod o f 
a p p lic a t io n

NS

F ig u res  in p a re n th e s e s  denote re tra n s fo rm e d  v a lu es
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T a b le  44. R ecove ry  o f s o i l  a p p lie d  P in  th e  le a v e s  (cp m /g ) 
o f th e  p e p p e r v in e s  t r a i le d  on tea k  p o le  as in flu e n ce d  
by th e  m ethod o f a p p lic a t io n  ( lo g  tra n s fo rm e d  data  fo r  
th e  60th  day a f te r  a p p lic a t io n )

32

L a te ra l d is ta n c e  
(cm )

M ethod

S em i
c i r c le  
fa c in g  
th e  v in e

o f a p p lic a t io n

S em i- F u ll 
c i r c le  c i r c le  
o p p o s ite  around 
th e  v in e  th e  v in e

Mean

30 2.4414 2.2083 3.1460 2.5986
(2 7 6 .4 ) (1 6 1 .5 ) (1400 .0 ) (3 9 6 .8 )

45 . 1.8210 1.6290 1.7713 1.7404
(6 6 .2 ) (4 2 .6 ) (5 9 .1 ) (5 5 .0 )

60 1.3589 1.3923 1.6886 1.4799
(2 2 .9 ) (2 4 .7 ) (4 8 .8 ) (3 0 .2 )

Mean 1.8738 1.7432 2 .2020
(7 4 .8 ) (5 5 .4 ) (1 5 9 .4 )

SEm± 0.1930

CD (0 .05 ) fo r  com paring

L a te ra l d is ta n c e 0 .3340
M ethod o f a p p lic a t io n 0 .3340
L a te ra l d is ta n c e  x NS '

M ethod o f a p p lic a t io n
(

F igures  in p a re n th e s e s  denote re tra n s fo rm e d  v alues
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th e  ra d io la b e l in  f u l l  c i r c le  a rea  a round  th e  v in e  re c o v e re d  

maximum r a d io a c t iv i t y  in  th e  le a ve s  (159 ,4  cp m /g ) w h ic h  was 

s ig n if ic a n t ly  s u p e r io r  to  th e  a p p lic a t io n  in  s e m ic ir c le  area o p p o s ite  

th e  v in e  (5 5 ,4  c p m /g ) ,  b u t on p a r w ith  th e  a p p lic a t io n  in  s e m ic irc le  

a rea  fa c in g  th e  v in e  (7 4 .8  c p m /g ) .  The in te ra c t io n  between th e  

d is ta n c e  and m ethod o f a p p lic a t io n  was a b s e n t.

R a d io a c t iv ity  re c o v e re d  a t d i f fe re n t  la te r a l  d is ta n c e s ,

e xp re sse d  as th e  p e rcen tage  o f th e  to ta l  a c t i v i t y ,  is  g ive n  in  T a b le

' 3245. The da ta  re v e a le d  th a t  81 .82  p e r cent o f th e  P a b s o rp tio n

o c c u rre d  w ith in  30 cm ra d iu s  fro m  th e  v in e ,  beyond  w h ic h  th e  

32
P u p ta ke  decreased  to  le s s  than  10.57 p e r ce n t.

4 .3 .2 .  P ep p e r v in e s  t r a i le d  on E ry th r in a  in d ic a

'

The r a d io a c t iv i t y  re c o v e re d  in  th e  le a ve s  o f p e p p e r v in e s  

t r a i le d  on E ry th r in a  in d ic a , as in flu e n c e d  by  th e  m e thod  o f a p p l i 

c a tion  (s e m ic irc le  a rea  fa c in g  o r o p p o s ite  th e  v in e  and f u l l  c i r c le  

area a round  th e  v in e  a t  th e  r a d ia l  d is ta n c e s  o f 30, 45 and 60 cm 

from  th e  v in e ) , fo r  th e  30th  and 60th  day a f te r  a p p lic a t io n  a re  

g ive n  in  T a b le s  46 and 47, re s p e c t iv e ly  and in  A p p e n d ix  X V II I .

None o f th e  th re e  la te r a l  d is ta n c e s  o r m e thods o f a p p lic a t io n  

t r ie d ,  show ed s ig n if ic a n t  d if fe re n c e  in  th e  re c o v e ry  o f r a d io a c t iv i t y  

fo r  th e  30th  and 60th  day a f te r  a p p lic a t io n .  T he  in te ra c t io n
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T a b le  45. R a d io a c t iv ity  re c o v e re d  in  th e  le a ve s  o f th e  p e p p e r 
v in e s  t r a i le d  on te a k  p o le  (e x p re s s e d  as th e  percen tage  
o f th e  to ta l)

T rea tm en t
Days a f te r a p p lic a t io n

30 60

L a te ra l d is ta n c e  (cm)

30 81.82 87.44

45 10.57 7 .98

60 7.61 4 .58

Total 1 0 0 .0 0  10 0 .00



1 2 0

3 2 rT a b le  46. R ecove ry  o f s o i l  a p p lie d  “ “ P in  th e  le a v e s  (cp m /g ) 
o f  th e  p e p p e r v in e s  t r a i le d  on E ry th r in a  in d ic a  as in f lu e 
nced by  th e  m ethod  o f a p p lic a t io n  ( lo g  tra n s fo rm e d  data  
fo r  th e  30th  day a f te r  a p p lic a t io n )

L a te ra l d is ta n c e  

(cm )

M ethod o f a p p lic a t io n

S em i
c i r c le  
fa c in g  
th e  v in e

Sem i
c i r c le  
o p p o s ite  
th e  v in e

F u ll  
c i r c le  
around 
th e  v in e

Mean

30 1.5497 2.0171 1.2888 1.6185
(3 5 .5 ) (1 0 4 .0 ) (1 9 .5 ) (4 1 .6 )

45 1.3951 1.5730 1.5012 1.4898
(2 4 .8 ) (3 7 .4 ) (3 1 .7 ) (3 0 .9 )

60 1.4903 1.3228 1.6681 1.4937
(3 0 .9 ) (2 1 .0 ) (4 6 .6 ) (3 1 .2 )

Mean 1.4784 1.6376 1.4860
(3 0 .1 ) (4 3 .4 ). (3 0 .6 )

SEm+

CD (0 .0 5 ) fo r  com paring

L a te ra l d is ta n c e  
M e thod  o f a p p lic a t io n  
L a te ra l d is ta n c e  x

M ethod o f a p p lic a t io n

0.3129

NS
NS
NS

F igures  in p a re n th e s e s  denote re tra n sfo rm e d  v alues
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T a b le  47. R ecove ry  o f s o i l  a p p lie d  32P in  th e  le a v e s  (cp m /g ) 
o f th e  p e p p e r v in e s  t r a i le d  on E ry th r in a  in d ic a  as in f lu e 
nced by th e  m ethod o f a p p lic a t io n  ( lo g  tra n s fo rm e d  data  
f o r  th e  60th day a f te r  a p p lic a t io n )  '

L a te ra l d is ta n c e  
(cm )

M ethod o f a p p lic a t io n

S em i- S em i- F u l l  
c i r c le  c i r c le  c i r c le  
fa c in g  o p p o s ite  around 
th e  v in e  th e  v in e  th e  v in e

Mean

30 1.5813 1.5126 1.5887 1.5609
(3 8 .1 ) (3 2 .6 ) (3 8 .8 ) . (7 4 .9 )

45 1.7123 1.6000 1.5643 1.6255
(5 1 .6 ) (3 9 .9 ) (3 6 .7 ) (7 9 .6 )

60 1.5297 1.5355 1.5985 1.5546
(3 3 .9 ) (3 4 .3 ) (3 9 .7 ) (7 4 .4 )

Mean 1.6078 1.5494 1.5838
(4 0 .5 ) (3 5 .4 ) (3 8 .4 )

SEm± 0.0961

•CD (0 ,0 5 ) .  f o r  com paring

L a te ra l d is ta n c e NS
• , M thod o f a p p lic a t io n NS

L a te ra l d is ta n c e  x NS
M ethod

r- • _ • •

o f a p p lic a t io n

F ig u res  in p a re n th e s e s  denote re tra n sfo rm e d  v alues
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between th e  d is ta n c e  and th e  m e thod  o f a p p lic a t io n  was not 

s ig n if ic a n t .

R a d io a c t iv ity  re c o v e re d  a t d i f fe r e n t  la te r a l  d is ta n c e s , 

e xp re sse d  as th e  pe rcen tage  o f th e  to ta l a c t i v i t y ,  is  g ive n  in  T a b le  

48. Not much d if fe re n c e  in  th e  u p ta k e  o f 32P co u ld  be n o tic e d  in  

th e  case o f v in e s  t r a i le d  on E ry th r in a  in d ic a , a t v a r io u s  la te r a l  

d is tan ce s  t r ie d ,  fo r  32P a p p lic a t io n .
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T a b le  48. R a d io a c t iv ity  re c o v e re d  in  th e  le a ve s  o f th e  p e p p e r 
v in e s  t r a i le d  on E ry th r in a  in d ic a  (e x p re s s e d  as th e  
p e rcen tage  o f th e  to ta l)

T rea tm en t

32Days a f te r  P a p p lic a t io n

30 60

L a te ra l d is ta n c e  (cm )

30 40 .10 31.69

45 29.81 37.08

60 30 .08 31 .23

Total 1 0 0 .0 0  10 0 .0 0
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DISCUSSION

G row ing  b la c k  p e p p e r as a bush is  r e la t iv e ly  a new

te c h n iq u e  ga in in g  im p o rta n c e  in  u rb an  H o r t ic u ltu r e .  The p a tte rn

o f g ro w th  and b e h a v io u r in  b la c k  p e p p e r a re  dependent on th e

ty p e  o f sh oo ts  used f o r  p ro p a g a t io n . . When ru n n e rs  a re  used th e

p la n t behaves as a v in e ,  w hereas when la te r a ls  a re  used th e  p la n t
 ̂ ‘

g row s l i k e  a b u s h . In  p e re n n ia l p la n ta tio n  c ro p s  conduct o f

re se a rch  b o th  on b a s ic  and p ra c t ic a l a spe c ts  w ith  s ta n d in g  c ro p s

in  th e  f ie ld  poses many p ro b le m s , p a r t ic u la r ly  because o f th e

u n w ie ld y  n a tu re  o f th e  p la n t i t s e l f .  The use o f bush p e p p e r in

t h is  c o n te x t w i l l  be m ore  advantageous as th e  p la n t in g  m a te r ia l

is  easy to  h a n d le  and can be grow n und e r c o n tro lle d  c o n d it io n s .

I t  is ,  h o w e v e r, no t c e r ta in  w h e th e r bush p e p p e r can be c o n s id e re d

as a s u ita b le  s u b s t itu te  fo r  v in e  p e p p e r in  c o n d u c tin g  re s e a rc h .

T h is  a sp e c t- fo rm e d  th e  m a jo r p a r t  o f th e  s tu d ie s  re p o r te d  h e re in .

V a r ie ta l d if fe re n c e s  and m ethods o f f e r t i l i z e r  a p p lic a t io n  o f p e p p e r

v in e s  w ere  th e  o th e r  tw o  -a sp ec ts . The re s u lts  gene ra ted  a re

c r i t i c a l l y  d iscu sse d  h e re . ,

5. 1.  Pattern of growth and nutrient uptake in bush pepper and 
vine pepper

The re s u lts  o f th e  e x p e rim e n t a re  d is cu sse d  u n d e r tw o  b ro a d  

heads, n a m e ly , g ro w th  p a ra m e te rs  and u p ta k e  o f n u tr ie n ts ,  as 

in flu e n c e d  by th e  le v e ls  o f n u tr ie n ts  in  bush p e p p e r and v in e  p e p p e r .
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5 .1 .1 .  G row th  p a ram e te rs

The m ain d if fe re n c e  between th e  g ro w th  o f bush p e p p e r

and v in e  p e p p e r is  th e  p ro fu se d  b ra n c h in g  in  bush p e p p e r as

com pared to  v in e  p e p p e r , T h is  is  due to  th e  p la g io t ro p ic  g ro w th

in  bush p e p p e r (P la te  12.) as com pared  to  th e  o r th o t r o p ic  g ro w th  

in  v in e  p e p p e r (P la te . 13) w h ic h  makes th e  fo rm e r s u ita b le  to  g row  

in  p o ts . T o p o p h y s is , th e  phenomenon in  w h ic h  - d i f fe r e n t  p a r ts  o f

th e  p la n t show  d if fe re n c e s  in  g ro w th  and fo rm  o f th e  v e g e ta t iv e  

o f fs p r in g  (W r ig h t ,  1976, Bonga, 1982) is  m a n ife s te d  h e re  in  th e  

p e rs is ta n c e  o f g ro w th  fo rm . G row th  phases p ro b a b ly  have  an 

e p ig e n e tic  b a s is  i e . , th e  c e l ls  o f  c e r ta in  p la n t t is s u e s  t ra n s la te

o n ly  c e r ta in  p a r t  o f th e  to ta l  g e n e tic  in fo rm a tio n  ( th e  genome) thfey

co n ta in , w ith o u t a ffe c t in g  th e  to ta l g e n e tic  p o o l.  T h is  phenomenon 

has a ls o  been re p o r te d  in  A ra u c a r ia  s p . (Bonga, 1982), cocoa (Wood 

and Lass, 1985), co ffe e  (W r ig le y ,  1988) and nutmeg (K r is h n a m o o rth y  

and Rema, 1989) .

The- d i f fe r e n t  le v e ls  o f n itro g e n  t r ie d  in  bush p e p p e r and 

v in e  p e p p e r had p ro fo u n d  in flu e n c e  on g ro w th  c h a ra c te rs  (T a b le s

1 and 2 ) .  A t NQ le v e l (N @ 0 k g /h a )  t y p ic a l  N d e f ic ie n c y  sym ptom s 

w ere  d e v e lo p e d , bo th  in  bush p e p p e r and v in e  p e p p e r (P la te s  10 

and 11, r e s p e c t iv e ly ) .  The N d e f ic ie n c y  sym ptom s w ere  f i r s t  m an i

fe s te d  as p a le  green c o lo u r o f th e  o ld  le a v e s , w h ic h  la te r  tu rn e d  

in to  u n ifo rm  deep y e l lo w .  S ince 70 p e r  cent o f le a f  N is  p re se n t
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in  c h lo ro p la s t  (S to c k in g  and Ongum, 1962) d e f ic ie n c y  o f N had 

re s u lte d  in  c h lo ro s is .  The  sym ptom  e x p re s s io n  was s im i la r  to  th a t  

e x p la in e d  by De W aard (1969) and N ybe and N a ir  (1986) fo r  

p e p p e r . W ith  th e  w ith d ra w l o f N fro m  th e  f e r t i l i z e r  (NQ le v e l)  

th e re  was a m arked  re d u c tio n  in  g ro w th  p a ra m e te rs , such as num ber 

o f le a v e s , to ta l  le a f  a rea  and d ry  m a tte r  c o n te n t, as com pared  

to  le v e l (N @ 120 k g /h a ) .

In flu e n c e  o f P on th e  g ro w th  o f bush p e p p e r and v in e

p e p p e r was e v id e n t .  R eduction  in  p la n t h e ig h t ,  num ber o f le a ve s  

and to ta l b iom ass p ro d u c tio n  re s u lte d  in  a re d u ce d  a s s im ila t io n

ra te  and c ro p  g ro w th  in  v in e  p e p p e r a t PQ le v e l ( P ^  @ 0 k g /h a ) .  

The re d u c tio n  in  g ro w th  a t lo w e r le v e ls  o f P in  bush p e p p e r was 

due to  le s s e r  num ber o f b ranches  and le a v e s  and red uce d  le a f  a re a . 

R equ irem en t .of P fo r  th e  v e g e ta t iv e  g ro w th  o f th e  p la n t has been 

em phas ised  by A rnon (1959) and Gauch (1 9 7 2 ). M a rke d  in flu e n c e  

cou ld  be n o tic e d  in  th e  to ta l d ry  m a tte r p ro d u c tio n  due to  th e

e ffe c t o f K, in  bush p e p p e r and v in e  p e p p e r .

The d is t in c t  re d u c tio n  in  ro o t d ry  w e ig h t and o th e r  ro o t

c h a ra c te rs  fo r  p la n ts  a t lo w e r  le v e ls  o f Ca a p p lic a t io n  em phasises 

th e  e s s e n t ia l i ty  o f Ca fo r  ro o t g ro w th .  The f in d in g  is  in  l in e  w ith  

th a t  o f Chapman (1975) in  c i t r u s ,  N ybe  (1986) in  p e p p e r and

Nazeem (1989) in  c lo v e .  In flu e n ce  o f Mg on v e g e ta t iv e  c h a ra c te rs
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was d is c e rn ib le  b o th  in  bush p e p p e r and v in e  p e p p e r . The  

tre a tm e n t Mg^ (MgO @ 60 k g /h a ) re s u lte d  in  m a rk e d ly  s u p e r io r

p e rfo rm a n ce . The e ffe c t  o f Mg on v e g e ta t iv e  g ro w th  has been 

re p o r te d  e lse w h e re  (G re u la c h , 1973; Cheung, 1980). E ffe c t o f S 

on th e  g ro w th  o f bush p e p p e r and v in e  p e p p e r was m a rk e d ly  

e v id e n t .  Reduced v e g e ta t iv e  g ro w th  has been n o tic e d  a t SQ le v e l 

<S04 ® ^ ^ 9 / ^ a ) • T h is  is  in  l in e  w ith  th e  f in d in g s  o f L o tt  e t a l .  

(1960) m  c o ffe e , C h ild e rs  (1966) in  a p p le ,  p e a r and g rapes  and 

N ybe (1986) in  b la c k  p e p p e r .

The o v e r a l l  b e h a v io u r o f bush p e p p e r and v in e  p e p p e r a t 

l im i t in g  n u tr ie n t  le v e ls  (z e ro  le v e l o f th e  v a r io u s  n u tr ie n ts )  w as 

m ore o r le s s  s im i la r .  T he  p la n ts  p ro d u ce d  le s s  le a v e s  and b iom ass 

(T a b le s  1 to  4 ) .  Even though a re d u c tio n  in  p la n t h e ig h t  was a ls o  

o b s e rv e d  in  v in e  p e p p e r t h is  rem a ined  u n a ffe c te d  in  bush p e p p e r ,  

p e rh a p s  due to  th e  p e c u lia r  g ro w th  h a b it  o f th e  p la n t .  I t  may 

be p o in te d  out h e re  th a t  v in e  p e p p e r e xp re sse d  m ore v ig o u r  by 

p ro d u c in g  m ore num ber o f ie a v e s . Though th e  le n g th  o f ro o ts  was 

m ore in  bush p e p p e r th e  num ber o f ro o ts  was m ore  in  v in e  p e p p e r 

(P la te  U )  . The e ffe c t  o f v a ry in g  n u t r ie n t  le v e ls  is  a ls o  re f le c te d  

in  th e  h e ig h t o f th e  v in e s ,  b u t,  th e  h e ig h t o f th e  bush p e p p e r 

rem a ined  m ore o r le s s  u n ifo rm  ir r e s p e c t iv e  o f th e  f e r t i l i z e r  t r e a t 

m ents. N e v e rth e le s s , bush p e p p e r com pensated t h is  by  p u tt in g  fo r th  

m ore b ra nch e s  (P la te  15) in  some cases, e s p e c ia lly  a t in c re a s in g
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le v e ls  o f N and S. Lea f a rea  seems to  be th e  m ost in d e p e n d a n t 

com ponent in  bush p e p p e r c o n tr ib u t in g  to w a rd s  to ta l  b iom ass o f

th e  p la n t and re sp o n d in g  to  v a ry in g  le v e ls  o f n u t r ie n ts .  On th e  

c o n tra ry ,  in  v in e  p e p p e r ,  th e  response  to  a p p lie d  le v e ls  o f 

n u tr ie n ts  was re f le c te d  m a in ly  in  te rm s  o f h e ig h t o f th e  p la n t as 

w e ll as num ber o f le a v e s . T h is  w ou ld  mean th a t  th e  to ta l  le a f  a rea  

p e r .p la n t in  bush p e p p e r depends p r im a r i ly  on th e  in c re a se  in

a rea  p e r le a f ,  r a th e r  than  th e  num ber o f le a ve s  p ro d u c e d . W h ile  

in  v in e  p e p p e r th e  to ta l  le a f  area is  p r im a r i ly  depended on th e  

num ber o f le a ve s  p ro d u ce d  ra th e r  than  in c re a se  in  a rea  p e r le a f  

(P la te  1 6 ) .  In  bo th  cases, h o w e v e r, th e  to ta l  b iom ass p ro d u c tio n  

is  a good in d ic a to r  o f th e  response  to  a p p lie d  f e r t i l i z e r s  as 

re v e a le d  fro m  th e  re s u lts  o b ta in e d  fo r  a p p lic a t io n  o f N, P , K,

■Mg and S. In  th e  case o f  Ca, b o th  bush p e p p e r and v in e  p e p p e r

d id  not in d ic a te  response  in  te rm s  o f e i th e r  d ry  w e ig h t o f a e r ia l  

p a r t  o r to ta l  d r y  w e ig h t.  H o w e ve r, th e  e ffe c t  o f h ig h e r  le v e ls  

o f Ca a p p lic a t io n  was re f le c te d  in  enhanced ro o t p ro d u c tio n  in  both  

th.e cases. I n d i r e c t ly  t h is  a ls o  show s th a t  Ca ( is  an im p o rta n t 

n u tr ie n t  in  p ro m o tin g  ro o t g ro w th  in  b la c k  p e p p e r . Thus i t  may 

be conc luded  th a t  q u a l i t a t iv e ly  th e  com parison  o f th e  response  

to  a p p lie d  n u tr ie n ts  v i z . ,  N, P, K, Ca, Mg and S, betw een bush 

p e p p e r and v in e  p e p p e r h o ld s  good.
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E venthough th e  fo re g o in g  d is c u s s io n  p o in ts  to  th e  p o s s ib i l i t y  

o f c o n s id e r in g  bush p e p p e r in  p la ce  o f v in e  p e p p e r fo r  response  

to  th e  a p p lie d  n u t r ie n ts ,  i t  is  n ecessa ry  to  exam ine  w h e th e r th e  

responses a re  q u a n t i ta t iv e ly  s im i la r .  Two m a th e m a tica l m o d e ls , 

l in e a r  and q u a d ra t ic ,  w e re  t r ie d  to  exam ine t h is  a spe c t (T a b le  

5 ) .  Both th e s e  m ode ls  e x p la in e d  th e  v a r ia b i l i t y  in  b iom ass p ro d u c t

ion  ( e i th e r  a e r ia l p o r t io n  a lone  o r to ta l)  m ore o r le s s  s im i la r ly

fo r  N, P - a n d  S tre a tm e n ts . The re sp on se  o f b o th  bush and v in e  

p e p p e r to  a p p lie d  K was b e t te r  e x p la in e d  by q u a d ra t ic  m odel than  

th e  l in e a r  m o d e l. In  th e  case o f Ca, th e  tw o  m ode ls  e x p la in e d

the  v a r ia t io n  in  th e  b iom ass o f th e  a e r ia l  p a r t  o f  bush p e p p e r o n l y . '  

As  to  th e  response  to  a p p lie d  Mg, q u a d ra t ic  e q u a tion  was b e tte r  

f i t  than  th e  l in e a r  m odel fo r  bush p e p p e r , w h ile  in  v in e  p e p p e r 

b o th  th e  m ode ls  w e re  e q u a lly  e f f ic ie n t .  By and la rg e  th e  c o e ff ic ie n ts  

o f d e te rm in a tio n  o b ta in e d  fo r  q u a d ra t ic  fu n c tio n  w e re  h ig h e r  than 

those  o b ta in e d  fo r  l in e a r  m o d e l.

The m ode l o r ig in a l ly  p ro po se d  by  T e jeda  et^ a l .  (1980) fo r  

th e  com p arison  o f responses to  a n u t r ie n t  s u p p lie d  by  d i f fe r e n t  

f e r t i l i z e r  m a te r ia ls  was e m p loyed  fo r  th e  co m p arison  o f th e  

q u a d ra tic  responses in  d ry  m a tte r  p ro d u c tio n  (a e r ia l p a r t  and to ta l)  

to  d i f fe r e n t  a p p lie d  n u tr ie n ts  between bush p e p p e r and v in e  p e p p e r 

(T a b le s  6 and 7 ) .  T he  e s tim a te d  m ode ls  e x p la in e d  m ore  than  90

p e r cent v a r ia b i l i t y  ' in  d ry  m a tte r  p ro d u c tio n  betw een bush p e p p e r
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and v in e  p e p p e r . The  a d d it io n a l response  o f v in e  p e p p e r o v e r bush 

p e p p e r in  d ry  m a tte r p ro d u c tio n  was found s ig n if ic a n t  a t one p e r 

cent ie v e l in  a l l  th e  tre a tm e n ts .

From  th e  fo re g o in g  d is c u s s io n , i t  is  c le a r ly  e v id e n t th a t  

on a q u a n t i ta t iv e  e v a lu a t io n , th e  d ry  m a tte r  p ro d u c tio n  in  re la t io n  

to  n u tr ie n t  le v e ls  was d i f fe r e n t  in  bush p e p p e r and v in e  p e p p e r .  

The in c re a s e d  v e g e ta t iv e  g ro w th  o f v in e  p e p p e r enhanced th e  

b iom ass p ro d u c t io n , th e re b y  c o n tr ib u t in g  to w a rd s  th e  o v e r a l l  s u p e r

io r i t y  o f v in e  p e p p e r .

5 . 1 . 2 .  U p take  o f n u tr ie n ts

The in flu e n c e  o f  N on th e  N c o n c e n tra tio n , b o th  in  b u s h ' 

p e p p e r and v in e  p e p p e r , was d is t in c t  in  stem and in  le a f  {T a b le s  

8 and 11, r e s p e c t iv e ly ) .  In  g e n e ra l, th e  a b s o rp t io n  o f N in c re a se d  

w ith  in c re a s in g  le v e ls  o f a p p lie d  N. H o w e ve r, i t s  r e la t io n s h ip  w ith  

th e  a b s o rb e d  P was in v e rs e  in  th e  stem o f bush p e p p e r .  Antagon ism  

between N and P has been re c o rd e d  e a r l ie r  in  b la c k  p e p p e r (N ybe  

and N a ir ,  1986). Such re la t io n s h ip  has a ls o  been re p o r te d  in  f r u i t s  

l i k e  c it r u s  (S m ith , 1966) and a p p le  (S to ilo v  and L e k h o v a , 1974). 

The f o l ia r  Fe c o n c e n tra tio n  was found to  in c re a se  a t PQ le v e l (no 

p 2° 5 ) in  bush p e p p e r and v in e  p e p p e r (T a b le s  10 and 13) . 

A p p lic a t io n  o f P was found to  d ec rea se  le a f  Fe c o n te n t. S im ila r  

re p o r ts  have  been made by E l-G a z z a r e t d .  (1979) in  o range , o l iv e
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and guava and Nazeem (1989) in  c lo v e . H ow eve r, in  t h is  s tu d y  no

re g u la r  p a tte rn  was n o tic e d  a t v a ry in g  le v e ls  o f  P . M a rke d

in flu e n c e  on the , n u tr ie n t  co n ce n tra tio n  in  p la n t p a r ts  co u ld  not be

n o tice d  in  th e  case o f p la n ts  th a t  re c e iv e d  e ith e r  K (T a b le s  8 to

13) o r Ca (T a b le s  14 to. 19) tre a tm e n ts . The f o l ia r  P co n c e n tra tio n

was c o n s id e ra b ly  reduced  in  p la n ts  re c e iv in g  MgQ tre a tm e n t (MgO

@ 0 k g /h a )  in  v in e  p e p p e r (T a b le  17) . Magnesium is  re p o r te d  to

act as a c a r r ie r  o f P to  h e lp  in  th e  s o lu b i l is a t io n  o f P (A n a n th a -

narayanan and Rao, 1979). S u lp h u r a ls o  had p ronounced  e ffe c t  on

th e  c o n c e n tra tio n  o f S, b o th  in  th e  stem  and in  th e  le a f  o f bush

p e p p e r as w e ll as v in e  p e p p e r (T a b le s  15 and 18, r e s p e c t iv e ly ) .

A t lo w e r  le v e ls  o f S th e  P co n ce n tra tio n  in  th e  le a f  o f v in e  p e p p e r

and in  th e  stem  o f bush p e p p e r w e re  m a rk e d ly  in c re a s e d . Such

re la t io n s h ip  between S and P has a ls o  been re p o r te d  by  L o tt  e t

— ' (1960) in  c o ffe e > Sm ith  (1966) ir> c i t r u s  and P h i l ip  (1986) in

nutm eg.

Among th e  n u tr ie n ts  t r ie d  in  th e  e x p e r im e n t,  a p p lic a t io n s

o f N and S a lone in c re a s e d  t h e i r  c o n ce n tra tio n s  in  bush p e p p e r 

as w e ll as v in e  p e p p e r (T a b le s  8 , 11 and 15, 18, r e s p e c t iv e ly ) .

V e ry  lo w  f o l i a r  le v e l o f  n itro g e n  in  p la n ts  th a t  re c e iv e d  no N co u ld  

e x p la in  th e  appearance  o f  f o l ia r  y e llo w in g ,  c h a ra c te re s t ic  o f  N

d e fic ie n c y  in  th e se  p la n ts .
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A p p lic a t io n  o f N enhanced th e  u p ta k e  o f not o n ly  N, b u t

a lso  P, K, Ca, Mg and Mn in  bush p e p p e r w h ile  th e  u p ta k e  o f

a l l  th e  n ine  n u tr ie n ts  was in c re a se d  in  v in e  p e p p e r (T a b le s  20

and 21, r e s p e c t iv e ly ) .  P ho sp ho ru s  a p p lic a t io n  a t h ig h e r  le v e ls

in c re ase d , th e  u p ta k e  o f a l l  th e  n u tr ie n ts  s tu d ie d ,  e x c e p t th a t  o f

Mn and Zn,- in  bo th  th e  p la n ts  (T a b le s  20 and 21, r e s p e c t iv e ly ) .

The q u a n t it ie s  o f K and Ca in  bush p e p p e r and K, Ca and Mg in

v in e  p e p p e r w e re  im p ro v e d  a t th e  h ig h e s t le v e l o f a p p lie d  K

(T a b le s  20 and 21, r e s p e c t iv e ly ) .  A p p lic a t io n  o f Ca, h o w e v e r,

d id  no t in flu e n c e  th e  u p ta k e  o f Ca o r o th e r  n u tr ie n ts  (T a b le s  22

and 2 3 ) .  In  th e  case o f Mg, m axim um  u p ta k e  o f Mg was o b s e rv e d

a t th e  h ig h e s t le v e l o f i t s  a p p lic a t io n ,  in  b o th  th e  p la n ts .  A

s im i la r  t re n d  was a ls o  seen in  th e  u p ta k e  o f P, K and Fe in  bush

p e p p e r (T a b le  22 ) .  In  v in e  p e p p e r , though  th e  u p ta k e  o f K was

not s ig n if ic a n t  Mg a p p lic a t io n  had enhanced th e  u p ta k e  o f N and

C a i n  a d d it io n  to  P, Mg and Fe (T a b le  2 3 ) .  H ig h e r le v e ls  o f S

•a p p lic a t io n  a ls o  in c re a se d  th e  u p ta k e  o f Mg and Fe in  bush p e p p e r

(T a b le  22) and N and Ca in  v in e  p e p p e r (T a b le  23 ) ,  and K and, 

S in  bo th  th e  ty p e s .

. The response  o f  bush p e p p e r and v in e  p e p p e r in  te rm s  o f 

n u tr ie n t  u p ta k e  cou td  a ls o  be d e s c r ib e d  by q u a d ra t ic  m ode ls  (T a b le  

24) .  The  goodness o f f i ,  o f l in e a r  and q u a d ra t ic  m ode ls  was m ore 

o r  le s s  same as was o b s e rv e d  fo r  d ry  m a tte r  p ro d u c tio n  (T a b le

5 ) .  T h is  in d ic a te s  th a t  response  in  te rm s  o f  n u t r ie n t  u p ta k e  was
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m a in ly  due to  th e  in c re a s e  in  d ry  m a tte r  p ro d u c tio n  ra th e r  than

th e  in c re a se  in  n u tr ie n t  c o n c e n tra tio n s  in  th e  p la n t (T a b le s  8 to

19) .

The responses in  n u tr ie n t  u p ta k e  in  bush p e p p e r and v in e

p e p p e r w e re  com bined  and te s te d  to  f in d  out th e  d if fe re n c e s  in

responses in  them  to  th e  a p p lie d  n u t r ie n ts .  The e s tim a te d  m ode ls

e x p la in e d  m ost o f th e  v a r ia b i l i t y  in  n u tr ie n t  u p ta k e  between bush

p e p p e r and v in e  p e p p e r (T a b le  25 ) .  The d if fe re n c e s  in  u p ta k e

between bush p e p p e r and v in e  p e p p e r w e re  h ig h ly  s ig n if ic a n t  in

re s p e c t o f N, K, Ca, Mg and S. V ine  p e p p e r re c o rd e d  a d d it io n a l

response  o v e r bush p e p p e r fo r  th e  u p ta k e  o f n u tr ie n ts ,  w h ic h

re s u lte d  fro m  th e  in c re a s e d  b iom ass p ro d u c tio n  in  v in e  p e p p e r .

Both bush p e p p e r and v in e  p e p p e r , h o w e v e r, had s im i la r  response

to  P a p p lic a t io n ,  sugges ting  th a t  no a d d it io n a l fa c to rs  a re  c o n t r ib u t 

ing  to  th e  u p ta k e  o f P.

5 .2 .  V a r ie ta l d if fe re n c e s  in  th e  u t i l iz a t io n  o f  a p p lie d  P

The u t i l iz a t io n  o f d i f fe r e n t  sources o f a p p lie d  P (n i t ro p h o s -  

P ha te , am ophos and s u p e rp h o s p h a te ) by  e leven  v a r ie t ie s  o f b la c k  

p e p p e r was e va lu a te d  e m p lo y in g  32P la b e lle d  f e r t i l i z e r s .  B e s id e s , 

th e  g ro w th  o f th e  v in e s  was a ls o  co m p a re d .
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5 . 2 . 1 .  G row th  p a ra m e te rs

Length  o f th e  v in e ,  num ber o f le a v e s , to ta l le a f  a rea  and 

d ry  m a tte r  p ro d u c tio n  w e re  th e  p a ra m e te rs  s u b je c te d  to  a n a ly s is .  

These p a ra m e te rs  a re  in d ic e s  o f p la n t v ig o u r .  O f th e s e , le n g th  

o f th e  v in e  d i r e c t ly  r e f le c ts  th e  g e n e ra l g ro w th  o f th e  v in e ,  

e s p e c ia lly  d u r in g  th e  in i t i a l  s tag e s . In  th e  p re s e n t s tu d y  th e  

v a r ie ta l  d if fe re n c e s  w e re  s ig n if ic a n t  w ith  re s p e c t to  t h is  c h a ra c te r  

(T a b le  2 6 ) .  K arim unda  re c o rd e d  th e  maximum le n g th  fo l lo w e d  by 

A im p ir ia n .  The v a r ie ty  K u th iy a n ik k o d i p ro d u ce d  th e  s h o r te s t  v in e s .  

T h e re  w e re  s ig n if ic a n t  d if fe re n c e s  w ith  re s p e c t to  th e  num ber o f 

le a ves  among v a r ie t ie s .  The  v a r ie ty  K u tch in g  p ro d u ce d  the  maximum 

num ber w h ic h  was on p a r w ith  N ee lam und i, K o ttanadan , K u th ir a v a l ly

and P oon ja rm unda . O f a l l  th e  g ro w th  p a ra m e te rs , to ta l  le a f  a re a

o f th e  p la n t  gave a b e t te r  in d ic a t io n  o f th e  g e n e ra l v ig o u r  o f  th e

P la n t as i t  c o n tr ib u te d  to  th e  d r y  m a tte r  p ro d u c tio n  d i r e c t l y .  The 

v a r ie ta l  in f lu e n c e  on th is  c h a ra c te r  is  e v id e n t fro m  th e  s ig n if ic a n t

d if fe re n c e s  o b s e rv e d  among th e  v a r ie t ie s .  N ee iam und i p ro d u ce d  th e

maximum leaf area of 872 .78  cm2 and Kuthiyanikkodi, the minimum
(437.54  cm2) .

T h e  v a r ie t ie s  d i f f e r e d  s ig n i f i c a n t ly  in  b io m a s s  p ro d u c t io n

(T a b le  26 ) .  Aim p ir ia n  h a d  th e  m ax im um  d r y  w e ig h t  o f 11.16 g .

T h is  was on p a r  w i t h  P o o n ja rm u n d a , P a n n iy u r -1  and  N e e la m u n d i.

In  th e  case  o f  ie a v e s  a ls o  an a lm o s t s im i la r  t r e n d  w as  o b s e rv e d .
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The r e la t iv e  c o n tr ib u t io n  fro m  le a v e s  and stem in d ic a te d  a lm o s t 

equa l s h a re . H ow ever, th e  re s u lts  o b ta in e d  by  S ankar (1985) in

w h ic h  th e  c o n tr ib u t io n  fro m  stem and le a f  w e re  60 p e r cent and

16 p e r cent r e s p e c t iv e ly ,  a re  not in  acco rdance  w ith  th e  p re se n t

s tu d y .  T h is  may be because o f th e  d if fe re n c e  in  age o f th e  v in e s

( f iv e  y e a r o ld )  used in  h e r  s tu d y .

A g ene ra l com parison  o f th e  g e n e tic  c o n tro l o f th e  g ro w th  

pa ra m e te rs  o f b la c k  p e p p e r suggests th a t ,  th e  e x p re s s io n  o f

c h a ra c te rs  a re  m o re  in f lu e n c e d  b y  v a r ie t ie s .  T h e  t r e n d  in  v a r ia t io n  

o f  a l l  th e  c h a ra c te r s  s tu d ie d  was no t s im i la r  am ong th e  v a r ie t ie s .  

T he  v a r ie t y  h u tc h in g ,  w h ic h  h a d  th e  m axim um  le a f  n u m b e r, h a d

r e la t i v e l y  le s s  le a f  a re a .  S im i la r l y ,  K a r im u n d a , w h ic h  h a d

p ro d u c e d  th e  lo n g e s t v in e s ,  h a d  le s s  n u m b e r o f  le a v e s  and  lo w  

le a f  a re a .  In  g e n e ra l,  th e  v a r ie t ie s  N e e la m u n d i, A im p i r ia n ,  

K o tta n a d a n , P a n n iy u r - i  and  P o o n ja rm u n d a  p o sse sse d  b e t te r  g ro w th

p a ra m e te rs  w h e re a s  th e  v a r ie t y  K u th iy a n ik k o d i  e x h ib i t e d  v e r y  p o o r

g ro w th . '

The  in flu e n c e  o f  d i f fe r e n t  sources o f P on g ro w th  p a ra m e te rs  

such as le n g th  o f  th e  v in e  and to ta l le a f  a rea  was not s ig n if ic a n t ,  

e x c e p t f o r  th e  num ber o f  le a ve s  and to ta l d r y  m a tte r  p ro d u c tio n  

b y  th e  p la n t (T a b le  27 ) .  O f th e  P s o u rce s , am ophos and n it r o p h o s -  

P ha te  w e re  s ig n if ic a n t iy  s u p e r io r  to  s u p e rp h o s p h a te  in  th e  

p ro d u c tio n  o f  le a ve s  in  b la c k  p e p p e r . S up e rp h o sp h a te  s ig n if ic a n t ly
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in flu e n c e d  th e  d ry  m a tte r  p ro d u c tio n  by  th e  p la n t and th is  was

s u p e r io r  to  am ophos and n it ro p h o s p h a te .  T h is  f in d in g  is  in  l in e  

w ith  th a t  o f M andal e t a l .  (1 9 82 ), who o b s e rv e d  in c re a se d  d ry

m a tte r p ro d u c tio n  in  g ro u n d n u t, m aize  and s p in a c h , when s u p e rp h o s 

p h a te  was used as th e  P so u rce , as com pared to  n itro p h o s p h a te  

and DAP. I t  m ig h t be p ro b a b ly  due to  th e  gypsm  con ten t o f i t .

In  a n o th e r s tu d y  using  w h e a t, n itro p h o s p h a te  was found  to  be e q u a lly  

e f fe c t iv e  as amophos (B isw a s  and G hosh, 1985). In  th e  p re s e n t 

s tu d y  a lso  s im i la r  tre n d  was o b ta in e d .

5 .2 .2 .  F e r t i l iz e r  P u t i l iz a t io n

T h e  use  o f  la b e l le d  f e r t i l i z e r  e n a b le s  to  e v a lu a te  q u a n t i t a t 

i v e ly  th e  r e la t iv e  c o n t r ib u t io n s  o f  P f ro m  th e  a p p l ie d  f e r t i l i z e r s  

and  n a t iv e  s o u rc e s  to w a rd s  th e  u p ta k e  b y  th e  p la n t .

The b la c k  p e p p e r v a r ie t ie s  d i f fe r e d  s ig n if ic a n t ly  in  f o l i a r

P co n c e n tra tio n  (T a b le  2 8 ) .  V a r ie ty  K arim unda  had th e  h ig h e s t 

co n ce n tra tio n  o f P in  th e  le a f  (0 .1 9 1 * )  among th e  v a r ie t ie s ,  w h i le  

P anm yui 1 re g is te re d  lo w e s t c o n c e n tra tio n  (0 .096% ). The  to ta l  p

u p ta ke  by th e  v a r ie t ie s ,  h o w e v e r, was n o t c o n s is ta n t w ith  th is

t re n d ,  p r im a r i ly  because o f  th e  d if fe re n c e s  in  th e  b iom ass

p ro d u c tio n  among th e  v a r ie t ie s .  T hus  K a rim unda  a b s o rb e d  .the  

la rg e s t q u a n t ity  o f  P and K u th iy a n ik k o d i th e  lo w e s t .  The  u p ta k e  

f ig u re s  w e re  15.21 and 9 .0 6  m g /p la n t ,  r e s p e c t iv e ly .  None o f  th e  

a p p lie d  P sources was found  to  in f lu e n c e  to ta l P u p ta k e  b y  th e  

v in e  (T a b le  2 9 ) .
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F o r com puting  th e  c o n tr ib u t io n  o f f e r t i l i z e r  to w a rd s  P u p ta k e ,

th e  P u p ta k e  o f th e  p la n t  p r io r  to  f e r t i l i z e r  a p p lic a t io n  was

deduc ted  fro m  th e  to ta l  P u p ta ke  a t th e  end o f  th e  e x p e r im e n t.

The re s u lt  d id  not in d ic a te  any s ig n if ic a n t  d if fe re n c e  in  s p e c i f ic

a c t iv i t y  o f  stem  o r  le a f  (T a b le  3 0 ) .  E venthough th e  mean va lu e s

fo r  d i f fe r e n t  v a r ie t ie s  v a r ie d ,  s ta t is t ic a l  s ig n if ic a n c e  was not

o b ta in e d , p e rh a p s  because o f th e  la rg e  s ta n d a rd  e r r o r  o f th e

means. N e v e rth e le s s , th e  w h o le  p la n t  s p e c i f ic  a c t i v i t y  d i f fe r e d

s ig n i f ic a n t ly ,  re c o rd in g  th e  h ig h e s t v a lu e  fo r  A im p ir ia n  and th e

lo w e s t fo r  K a n jira m u n d i. F e r t i l iz e r  sources w e re  a ls o  found  to

in flu e n c e  th e  s p e c i f ic  a c t i v i t y  o f th e  p la n t (T a b le  3 1 ) .  H ig h e s t

s p e c if ic  a c t i v i t y  was o b ta in e d  when la b e lle d  am ophos was used 

as th e  P so u rce .

C o n s id e ra b le  v a r ia b i l i t y  e x is ts  among th e  b la c k  p e p p e r 

v a r ie t ie s  t r ie d  in  re s p e c t o f  th e  u t i l iz a t io n  o f  P fro m  d if fe r e n t  

f e r t i l i z e r  m a te r ia ls .  T he  v a r ie ty  K u th ir a v a l ly  a b s o rb e d  th e  m axim um  

q u a n tity  o f  P .(2 .09  m g /p la n t)  and v a r ie t y  K o t ta k k o d i,  th e  lo w e s t 

(0 .3 7  m g /p la n t ) .  Data f o r  P u t i l iz a t io n  a ls o  re v e a le d  a m ore  o r 

le s s  s im i la r  t re n d .  The  u t i l iz a t io n  o f P fro m  th e  a p p lie d  P sources 

ranged fro m  1.18 p e r cent f o r  K o t ta k k o d i to  7 .0 5  p e r  cent f o r  

K u th ir a v a l ly .  The  u t i l iz a t io n  o f a p p lie d  P was co m p a ra b le  w ith  

tb e  d r y  m a tte r  o f th e  p la n ts .  T h is  v ie w  was s u p p o rte d  b y  th e  

f in d in g s  o f  Rao and S inha  (1975) in  w h e a t. S ingh and Kamath (1989)
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o p ine d  th a t  th e  u t i l iz a t io n  o f a p p lie d  P by  s a ff lo w e r  was m ore 

o r le s s  gove rn e d  by th e  g ro w th  o f  th e  p la n t .  When to ta l  P u p ta k e  

o f th e  p la n t was c o n s id e re d , v a r ie ty  K u th ir a v a l ly  d e r iv e d  40.37  

p e r cent o f i t s  P re q u ire m e n t from  th e  f e r t i l i z e r ,  w h i le  in  K u tch in g  

th is  am ounted to  11.60 p e r cent (T a b le  3 2 ) .  G e n e ra lly  sp e a k in g , 

a l l  th e  v a r ie t ie s ,  e x c e p tin g  K u th ir a v a l ly ,  depended  ' m o s tly  on 

n a t iv e  s o i l  fo r  t h e i r  re q u ire m e n t. On an a ve ra g e , th e s e  v a r ie t ie s

met 67.73 to  88 .40  p e r cent o f P re q u ire m e n t fro m  s o i l  P so u rce s .

When P sources w e re  co m p a red , b la c k  p e p p e r was found 

to  p re fe r  s u p e rp h o s p h a te  and am ophos to  n it ro p h o s p h a te  (T a b le  

3 3 ). T h is  is  e xp e c te d  because o f th e  h ig h e r  s o lu b le  P con ten t o f

th e se  so u rce s , com pared  to  th a t  o f n it ro p h o s p h a te .  The  p la n ts  w i l l  

p re fe r  th e  m ore s o lu b le  sou rce  than  r e la t iv e ly  le s s  s o lu b le  s o u rce . 

T h is  o b s e rv a t io n  is  in  acco rdance  w ith  th e  f in d in g s  o f M anda l e t

a l .  (1982) who a lso  re p o r te d  b e t te r  a v a i la b i l i t y  o f P in  s u p e rp h o s 

p h a te  as com pared  to  n it ro p h o s p h a te  in  a t r i a l  to  f in d  ou t th e

r e la t iv e  e f f ic ie n c y  o f d i f fe r e n t  sources  o f p h o s p h a t ic  f e r t i l i z e r s  

fo r  g ro un d nu t and succeed ing  c ro p s  in  S a u ra sh tra  s o i ls .  The  e f fe c t 

ive n ess  o f c o m p le te ly  w a te r s o lu b le  sou rce  o f P m ig h t be due to  

th e  d if fu s io n  o f P to w a rd s  th e  ro o t s u rfa c e  as com pared  to  

P a r t ia l ly  w a te r s o lu b le  P c a r r ie r  such as n it ro p h o s p h a te .  H o w e ve r, 

in  th e  long  ru n , th e  a v a i la b i l i t y  o f P fro m  n it ro p h o s p h a te  co u ld

be much m ore as a consequence o f re a c tio n  o f th e  m a te r ia l w ith  

a c id  s o i l .
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N u tr ie n t  co m p o s itio n  and u p ta k e  as w e ll as b iom ass p ro d u c t

ion a re  dependent upon th e  g en e tic  m ake up o f th e  p la n t and th e

a v a i la b i l i t y  o f th e  n u t r ie n ts .  Data o b ta in e d  in  th e  p re s e n t s tu d y

in d ic a te d  th a t  th e  d if fe re n c e s  due to  v a r ie t ie s  w ith  re s p e c t to  

th e  c o n c e n tra tio n  o f  Ca, Mg, Mn and Zn w e re  s ig n if ic a n t  (T a b le s  

36, 37, 38 and 3 9 ) .  As re g a rd s  th e  u p ta k e , S, Fe, Mn and Zn

showed s ig n if ic a n t  d if fe re n c e s  among v a r ie t ie s  (T a b le s  40 and 42) .

The c o n c e n tra tio n  o f Ca in  K arim unda  was s ig n if ic a n t ly  

h ig h e r  when com pared  to  P a n n iy u r -1 , a p o p u la r  p e p p e r h y b r id  

m  K e ra la  (T a b le  36) . The p ro b le m  o f s p ik e  s h e d d in g  in  P a n n iyu r-1  

was re p o r te d  to  be v e ry  h ig h  com pared  to  th a t  in  K arim unda  

(G eetha , 1981; Menon, 1981). The e x te n t o f s p ik e  sh e d d in g  re c o rd e d  

by  them  w ere  18-23 p e r  cent in  P a n n iy u r-1  and 2 -3  p e r  cent in

K arim u nd a . The o b s e rv a tio n  th a t  th e  le v e l o f Ca in  th e  stem is  

much h ig h e r  in  K arim unda  than  in  P a n n iy u r-1  assumes s p e c ia l s ig n i f i 

cance in  t h i s  c o n te x t.  The  im p o rta n c e  o f  Ca on th e  a b s c is s io n  o f

p la n t p a r ts  is  now w e ll re co gn ize d  (A d d ic o t t  and L y n c h , 1955). 

C a lc ium  p e c ta te  is  an im p o r ta n t . c o n s titu e n t o f m id d le  la m e lla  

h o ld in g  to g e th e r th e  c e l ls  o f th e  a b s c is s io n  zone. Ca d e f ic ie n c y  

w ou ld  weaken th e  m e ch a n ica l s tre n g th  o f th e  t is s u e s  re s u lt in g  in  

sh e d d in g  o f  p la n t p a r ts  (Rasm ussen, 1967). Based on th is  a ssum p tio n  

heavy  in c id e n c e  o f s p ik e  sh e d d in g  in  P a n n iy u r-1  co u ld  be. a t t r ib u te d

5 . 2 . 3 .  Uptake of o th e r  nu tr ien ts
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to  the  lo w  u p ta k e  o f Ca by th is  v a r ie t y ,  w he reas  th e  re v e rs e  is  

t ru e  fo r  K a rim u nd a .

Magnesium co n c e n tra tio n  in  th e  stem was th e  h ig h e s t in  

Kottanadan and in  th e  le a v e s  in  K o t ta k k o d i.  T he  le a s t  v a lu e  was 

re c o rd e d  by K o tta k k o d i and K ottanadan , in  th e  stem  and in  th e  

le a v e s , re s p e c t iv e ly  (T a b le  3 7 ) . V a r ie ta l d if fe re n c e s  w ere  s ig n i f i 

cant in  th e  c o n c e n tra tio n  o f Mn in  d i f fe r e n t  p la n t  p a r ts  (T a b le  38) .

T he  v a r ie ty  A im p ir ia n  had th e  h ig h e s t Mn con ten t in  th e  stem

(69 .44  ppm ) and Kottanadan in  th e  le a v e s  (507 .78  p p m ). V ery  low

va lu es  w e re  re c o rd e d  fo r  K u tch in g  (41 .56  ppm ) and K o tta k k o d i 

(298.89  p p m ). W ide v a r ia t io n  has a ls o  been re p o r te d  in  Mn con ten t 

in  coconut v a r ie t ie s  and h y b r id s  (W ah id  e t a l . 1981) . P ann iyu i— 1

re c o rd e d  s ig n if ic a n t ly  h ig h  con ten t o f Zn in  th e  stem  (4 9 .1 8  ppm ) 

and N ee lam und i in  th e  le a f  (43 .12  ppm ) (T a b le  3 9 ) . In c rea se d  s p ik e  

leng th  and b e r r y  s iz e  in  P a n n iyu r-1  may be because o f th e  u t i l i z a t 

ion o f m ore Zn by  th e  p la n t  d u r in g  th e  course  o f  d eve lo p m en t o f 

s p ik e  and b e r r y . A c c o rd in g  to  T s u i (1 9 41 ), Zn is  e s s e n tia l fo r  th e  

p ro d u c tio n  o f endogenous horm one,. IA A , w h ic h  is  re s p o n s ib le  fo r  

c e ll e lo n g a tio n .

In flu e n c e  o f  P sources in  th e  co n c e n tra tio n  o f n u tr ie n ts  such 

as Ca, Mg, Mn and Zn (T a b le s  36, 37, 38 and 39, r e s p e c t iv e ly )

in  b la c k  p e p p e r was s ig n if ic a n t ,  w h e rea s  in  th e  case o f N, K,

S and Fe (T a b le  35) s ig n if ic a n t  d if fe re n c e s  w e re  not o b ta in e d .
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Among th e  P so u rce s , s u p e rp h o s p h a te  s ig n if ic a n t ly  in c re a se d  th e

co n ce n tra tio n  o f Ca in  b la c k  p e p p e r . T h is  m ig h t be because o f

th e  p resence  o f  Ca in  s u p e rp h o s p h a te , w h ic h  is  c h e m ic a lly

Ca(H2P04 ) 2 + CaSO^. A b s o rp t io n  o f la r g e r  q u a n t it ie s  o f Ca fo llo w in g .

s u p e rp h o s p h a te  a p p lic a t io n s  was a lso  re p o r te d  in  coconut (A n ilk u m a r 

and W ah id , 1989).

Magnesium co n c e n tra tio n  in  b la c k  p e p p e r was s ig n if ic a n t ly  

h ig h e r  when n it ro p h o s p h a te  was used as th e  P s o u rce . 

S up e rp h o sp h a te  was on p a r w ith  n itro p h o s p h a te  in  enhancing  th e  

Mg c o n c e n tra tio n  in  th e  le a f  (T a b le  3 7 ) . P resence  o f Mg in  

n itro p h o s p h a te  and s u p e rp h o s p h a te  is  th e  o n ly  p ro b a b le  reason 

fo r  th is  tre n d  (Y a w a lk a r et^ a l_ ., 1984).

When am ophos was used as th e  P so u rce , g re a te r  

accum u la tion  o f Mn in  stem  and le a f  was o b s e rv e d . In  th e  case 

o f stem Mn co n c e n tra tio n  am ophos was on p a r w ith  s u p e rp h o s p h a te  

(T a b le  3 8 ) . T h is  c o u ld  be due to  th e  lo w e r in g  o f  s o i l  pH, th e re b y  

in c re a s in g  th e  a v a i la b i l i t y  o f Mn. In c re a se d  a v a i la b i l i t y  o f Mn in  

s o il fo l lo w in g  th e  a p p lic a t io n  o f ammonium s u lp h a te  was re p o r te d  

(K a m a la d e v i e t a l . ,  1975; A n ilk u m a r and W ah id , 1989). S u p e rp h o s 

p h a te  on th e  o th e r  hand enhanced th e  le v e ls  o f Zn in  th e  stem 

w hereas th e  le v e ls  o f  Zn in  th e  le a f  was enhanced by 

n itro p h o s p h a te  and am ophos. In c re a se d  Zn c o n c e n tra tio n  may be 

due to  th e  p resence  o f Zn in  th e  f e r t i l i z e r .  On c h e m ic a l a n a ly s is ,
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th e  c o n ce n tra tio n s  o f Zn w e re  found to  be 1460, 878 and 717 ppm 

in  n it ro p h o s p h a te ,  am ophos and s u p e rp h o s p h a te , r e s p e c t iv e ly .

On d r y  m a tte r  b a s is ,  th e  c o n c e n tra tio n s  o f N, K, Ca, S, 

Fe and Mn w ere  m ore in  le a f  (2.33%, 2.82%, 2.31%, 0.151%, 454.32

ppm and 411 .80  ppm , re s p e c t iv e ly )  and those  o f P and Mg w ere  

more in  th e  stem (0.133% and 0.85%, r e s p e c t iv e ly ) .  Not much 

d if fe re n c e s  w e re  n o tic e d  w ith  re g a rd  to  th e  c o n c e n tra tio n s  o f Zn

in  stem and le a f  (F ig .  9 ) .  These f in d in g s  a re  in  agreem ent w ith  

the  re p o r ts  o f many o th e r  w o rk e rs  (De W aard, 1969, N agara jan 

and P i l l a i ,  i 975 j P i l la i  and S as ikum aran , 1976, Sushama ert a l . ,  

1984, fo r  m a c ro n u tr ie n ts  and W ahid ert a ^ . , 1982, S anka r, 1985,

N ybe , 1986, b o th  fo r  m acro  and m ic r o n u t r ie n ts ) .  The no rm a l f o l ia r  

le v e l o f N, as re p o r te d  by  De Waard (1 9 6 9 ), is  much h ig h e r  (3 .4 0 

3.10%) than  o b se rve d  in  th e  p re s e n t s tu d y .  H o w e ve r, th e  re s u lts  

o f th e  p re s e n t s tu d y  agree  w e ll w ith  th e  re p o r ts  fro m  In d ia .  Naga

ra ja n  and P i l la i  ( 1975) o b ta in e d  s im i la r  re s u lts  fo r  N, P , K and Ca,

but in  th e  case o f M g, le a f was found to  be b e t te r  a ccum u la to r 

a cco rd in g  to  them .

Based on th e  n u tr ie n t  re m o v a l, a l l  th e  v a r ie t ie s  w e re  on 

p a r w ith  re s p e c t to  N, K, Ca 'and Mg (T a b le  4 0 ) .  W ith  re g a rd  to  

P u p ta k e , K arim unda  to p p e d  th e  l i s t  and was on p a r w ith  A im p ir ia n ,  

K u tc h in g , . Poon jarm unda and K ottanadan . K u th iy a n ik k o d i re c o rd e d  

th e  le a s t v a lu e . U p take  o f S was th e  h ig h e s t in  A im p ir ia n ,  fo l lo w e d
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by P oon ja rm unda , K u th ir a v a l ly ,  K ottanadan and P a n n iy u r-1  and th e y  

were on pur, whereas all other varieties, exuept Neelumundi, were 

s ig n if ic a n t ly  in fe r io r  and on p a r .  Fe u p ta k e  was th e  h ig h e s t in  

A im p ir ia n  w h ic h  was on p a r w ith  N ee lam und i, P a n n iy u r-1 ,

K o ttanadan , K u th ir a v a l ly ,  K arim unda  and P oon ja rm unda , w he reas 

K u tch in g  re c o rd e d  th e  le a s t and was on p a r w ith  a l l  v a r ie t ie s  

t r ie d ,  e x c e p t A im p ir ia n .  R egard ing  th e  Mn u p ta k e  (T a b le  42) 

maximum was re c o rd e d  in  Poon jarm unda and was on p a r w ith  

K o ttanadan, A im p ir ia n ,  K u th ir a v a l ly ,  N ee lam und i, K a n jira m u n d i,

P a n n iy u r-1  and K a rim u n d a . M in im um  Mn u p ta k e  was in  K o tta k k o d i 

and was s ig n if ic a n t ly  in f e r io r  to  a l l  o th e rs ,  e x c e p t K u tch in g  and

K u th iy a n ik k o d i.  As re g a rd s  Zn u p ta k e , maximum was re c o rd e d  by

N eelam undi and was on p a r w ith  a l l  o th e rs ,  e x c e p t K o tta k k o d i and

K u th iy a n ik k o d i.  L eas t u p ta k e  was re c o rd e d  by  K u th iy a n ik k o d i.

In flu e n c e  o f P sources  on th e  u p ta k e  o f Ca, Mg, S, Zn and 

Mn w ere  .s ig n if ic a n t  (T a b le s  41 and 4 2 ) .  M axim um  u p ta k e  was

re c o rd e d  by s u p e rp h o s p h a te  re c e iv in g  p la n ts  w h ic h  was on p a r 

w ith  am ophos fo r  th e  u p ta k e  o f Mn and w ith  n it ro p h o s p h a te  fo r  

th e  u p ta ke  o f  Mg. The in c re a se d  u p ta k e  when s u p p lie d  w ith  s u p e r

p h o s p h a te  is  d i r e c t ly  re la te d  to  th e  in c re a s e d  d ry  m a tte r

p ro d u c t io n , as a lre a d y  d is c u s s e d .

O f th e  n in e  e lem en ts  s tu d ie d , th e  q u a n t it ie s  o f n u tr ie n ts

rem oved by b la c k  p e p p e r ,  in  th e  descend ing  o rd e r ,  w e re  K, N,
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Ca, Mg, P, S, Fe, Mn and zn . On an a ve ra g e , a n in e -m on th  o ld  

p e p p e r v in e  rem oves 0 .1 8  g N, 12.00 mg P, 0 .2 3  g K , 0 .17  g Ca,

0 .0 7  g Mg, 10.45 mg S, 3 .42  mg Fe, 2 .25  mg Mn and 0 .3 9  mg Zn.

The re s u lts  a lso  show  th a t  p e p p e r p la n t re q u ire s  m ore o r le ss  

equa l q u a n t it ie s  o f N and K w hereas P re q u ire m e n t is  lo w e r .  

C a licum  is  a lso  re q u ire d  in  a p p re c ia b le  q u a n t it ie s  fo r  p ro p e r  

g ro w th  o f th e  p la n t .  R equ irem en t o f Mg was le ss  tha n  th a t  o f Ca. 

B la c k  p e p p e r a lso  re q u ire s  S, the  demand fo r  w h ic h  is  le ss  than  

th a t  o f P. These re s u lts  a re  in  l in e  w ith  th e  f in d in g s  o f s e v e ra l

w o rk e rs  fo r  b e a rin g  p la n ts  (H u item a , 1941; De W aard , 1964; S im ,

1971; N agara jan  and P i l l a i ,  1975; P i l l a i  and S as ikum ara n , 1976 and 

S anka r, 1985) fo r  m a c ro n u tr ie n ts . The o rd e r  o f m ic ro n u tr ie n t  

re m o va l was a lso  in  agreem ent w ith  Sim (1973) and S ankar (1 9 8 5 ).

5 . 3 .  S o il  zone  o f  m ax im um  n u t r ie n t  a b s o rp t io n

The s o i l  zone o f maximum n u tr ie n t  a b s o rp t io n  re la te s  to  

th e  zone w h e re  maximum fe e d in g  ro o ts  a re  c o n c e n tra te d . I d e n t i f ic a t 

ion o f t h is  zone is  u s e fu l fo r  in c re a s in g  th e  u t i l iz a t io n  o f a p p lie d  

n u tr ie n ts  by th e  v in e .  The  p re se n t t r i a l  la id  out in  b la c k  p e p p e r 

v in e s  too k  in to  c o n s id e ra tio n  tw o  ty p e s  o f s ta n d a rd s , v i z . ,  a dead

s ta n d a rd  ( te a k  p o le ) and a l i v e  one ( E r y th r in a  in d ic a ) .  T h re e  

. . 32m ethods o f a p p lic a t io n  o f P w ere  t r ie d  in  th e s e  v in e s , v i z . ,  

s e m ic ir c le  a rea  fa c in g  th e  v in e ,  s e m ic ir c le  a rea  o p p o s ite  th e  v in e  

and f u l l  c i r c le  a rea  a round  th e  v in e .
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The re c o v e ry  o f s o i l - a p p l ie d  P in  th e  le a v e s  was co ns ide re d

as th e  c r i te r io n  fo r  e v a lu a tin g  th e  e x te n t o f a b s o rp t io n  o f th e

ra d io la b e l.  S ince th e  t r i a l  was conducted  d u r in g  ra in y  season,

32
a b s o rp tio n  o f a p p lie d  P was not a ffe c te d  by s o i l  m o is tu re  s t re s s .

32
Thus th e  a b s o rp tio n  o f P g iv e s  m ore o r le ss  th e  c o r re c t  p ic tu re  

o f th e  e x te n t o f a c t iv e  ro o t zone.

In  th e  case o f te a k  p o le  t r a i le d  v in e s , th e  m ethod  o f

a p p l ic a t io n  d id  n o t s ig n i f i c a n t l y  in f lu e n c e  th e  u p ta k e  o f  3 2 P on

30th  day a f te r  a p p lic a t io n .  But th e  re c o v e ry  was s ig n if ic a n t ly

in flu e n c e d  by  th e  la te r a l  d is ta n c e s  t r ie d  (T a b le  4 3 ) .  When 32P

was a p p lie d  in  th e  a rea  o f 30 cm fro m  th e  v in e ,  maximum re c o v e ry  
32

Of P (m ore  than  80%) co u ld  be o b ta in e d , w h ic h  c le a r ly  in d ic a te d

th a t  th e  maximum c o n c e n tra tio n  o f fe e d in g  ro o ts  was in  t h is  zone

(T a b le  45) . T h is  is  in  c o n f ir m ity  w ith  th e  f in d in g  o f Sankar e t a K

(1 9 8 8 ). The data  fo r  60 th  day o f a p p lic a t io n  in d ic a te d  th a t  th e

a p p lic a t io n  o f  ra d io la b e l in  f u l l  c i r c le  around th e  v in e  enhanced 
32

th e  u p ta k e  o f  P (T a b le  4 4 ) .  Here too  th e  m axim um  re c o v e ry  in  

th e  le a ve s  was made when 32P was a p p lie d  w ith in  a la te r a l

d is ta n c e  o f 30 cm . A com parison  o f v a r io u s  tre a tm e n ts  re v e a le d  

th a t  a p p lic a t io n  o f 32P in  f u l l  c i r c le  o f ra d iu s  30 cm around  th e  

v in e  re c o rd e d  th e  m axim um  re c o v e ry  o f r a d io a c t iv i t y  in  th e  p la n t .

When E ry th r in a  in d ic a  was used as th e  s ta n d a rd , n e ith e r

th e  m ethod o f a p p lic a t io n  n o r th e  la te r a l  d is ta n c e  was found to



146

in f lu e n c e  P u p ta k e  by th e  v in e  (T a b le s  46 and 47) . Sankar e t a l .

(1988) found  m ore o r le s s  u n ifo rm  d is t r ib u t io n  o f fe e d e r  ro o ts  when

th e  v in e s  w ere  t r a i le d  on E ry th r in a  in d ic a  s ta n d a rd , as com pared  

to  tho se  t r a i le d  on te a k  p o le . C o m p e tit io n  fo r  n u tr ie n ts  and a lso

th e  in te ra c t io n  between th e  s ta n d a rd  and th e  v in e s  m ig h t be th e  

p ro b a b le  re a son s . When l i v e  s ta n d a rd  is  used i t  a ls o  becomes a 

com ponent fo r  c o m p e tit io n  and th u s  in flu e n c e s  th e  a b s o rp t io n  o f

th e  n u tr ie n t  by th e  v in e  as is  e v id e n ce d  in  th e  p re s e n t s tu d y .

- 32
A com parison  o f th e  le a f  P c o n c e n tra tio n  in  th e  tw o

c a te g o rie s  o f v in e s  in d ic a te s  th a t  th e  to ta l  u p ta k e  o f 32P by th e

v in e s  oh E r y th r in a  in d ic a  was c o n s id e ra b ly  le s s  tha n  th a t  o f th e

v in e s  on te a k  p o le . The o v e r a l l  means o f le a f  32P co n te n ts  o f v in e s

t r a i le d  on te a k  p o le  and E ry th r in a  in d ic a  w ere  193.4 and 38.7  cpm ,

r e s p e c t iv e ly .  T h is  may be due to  th e  in c re a se d  ro o t p ro d u c tio n

in  v in e s  t r a i le d  on te a k  p o le  a n d /o r  th e  ro o t c o m p e tit io n  f o r  th e

a p p lie d  la b e l between th e  v in e  and s u p p o r t  t re e .  The  v in e  t r a i le d

on te a k  p o le  can be v is u a lis e d  as m o n ocu ltu re  and th e  v in e s  t r a i le d

on Er y t h r i n a jx id ic a  as m ixe d  c u ltu re  sys te m s . D if fe r e n t ia l  u p ta k e

o f n u tr ie n ts  is  g e n e ra lly  c o n s id e re d  as due to  c o m p e t it iv e

in te ra c t io n  between th e  com ponent sp ec ies  in  m ixe d  sys tem s (W il le y ,

1979) . C o m p e tit iv e  in te ra c t io n  between tw o  p la n t sp e c ie s  s h a r in g

th e  same space  can be e xp e c te d  when th e  n u tr ie n t  in  q u e s tio n  is

in  s h o r t  s u p p ly  and in a de q ua te  to  meet th e  demand o f bo th  th e

s p e c ie s . The d ecreased  u p ta k e  o f 32P atom s by th e  v in e s  t r a i le d

32
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on E r y th r in a  in d ic a  as com pared  to  v in e s  t r a i le d  on te a k  p o le ,

m ay be  d u e  to  th e  f a s t e r  r a te  o f  d e p le t io n  o f  3 2 P a to m s  in  th e

m ixe d  sys tem  than  in  th e  m o n ocu ltu re  s itu a t io n ,  due to  th e  s h a r in g

o f th e  space by th e  ro o ts  o f bo th  th e  v in e  and th e  s u p p o rt t re e .

C onsequen tly  th e  a v a i la b i l i t y  o f 32P p e r ro o t o f th e  v in e  a lso  gets

32
re d u ce d . As a re s u lt  P u p ta ke  by  th e  v in e  t r a i le d  on E ry th r in a  

in d ic a  d e c re a se s .

The fo re g o in g  d is c u s s io n s  on th e  re s u lts  gene ra te d  fro m  th e  

p re se n t s tu d ie s  in d ic a te d  th a t  th e re  w ere  c o n s is te n t d if fe re n c e s

in  th e  m agn itude  o f response  to  a p p lie d  n u tr ie n ts  between bush 

p e p p e r and v in e  p e p p e r ,  e s p e c ia lly  w ith  re g a rd  to  N, K, Ca, Mg

and S. The v in e  p e p p e r re q u ire s  m ore q u a n tit ie s  o f these  n u tr ie n ts  

com pared to  bush p e p p e r consequent to  th e  g re a te r  b iom ass p ro d u c t

io n . E venthough th e  n a tu re  o f response  com pares w e ll between th e  

tw o  ty p e s ,  bush p e p p e r is  no t a good s u b s t itu te  fo r  v in e  p e p p e r 

as an e x p e r im e n ta l m a te r ia l fo r  in v e s tig a t io n s  o f n u tr ie n t  re q u ire m e n t 

and f e r t i l i z e r  re sp on se . N e v e rth e le s s , bush p e p p e r can be used

as a m a te r ia l in  s tu d ie s  o f f e r t i l i t y  s ta tu s  and n u t r ie n t  s u p p ly in g

pow er o f th e  s o i ls  in  re la t io n  to  b la c k  p e p p e r n u t r i t io n .  The

q u a n t ita t iv e  n a tu re  o f response  o f the se  tw o  ty p e s  to  a p p lie d  

n u tr ie n ts  p o in ts  to  such a p o s s ib i l i t y .

C o n s id e ra b le  v a r ia b i l i t y  among v a r ie t ie s  c o u ld  be n o tic e d  

in  d r y  m a tte r  p ro d u c t io n ,  f e r t i l i z e r  P u t i l iz a t io n  and n u tr ie n t
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co n ce n tra tio n  and u p ta k e  by b la c k  p e p p e r .  T he  f in d in g s  in d ic a te d  

th e  need fo r  c o n s id e r in g  m ic ro n u tr ie n ts  a ls o  in  th e  n u t r i t io n  o f 

b la c k  p e p p e r .  In  a p e re n n ia l c ro p  l i k e  b la c k  p e p p e r , long  te rm  

f e r t i l i z e r  t r i a l s  s h o u ld  a lso  be based on v a r ie ty  and f e r t i l i z e r  

so u rce .

I r r e s p e c t iv e  o f th e  ty p e  o f s ta n d a rd  used in  b la c k  p e p p e r ,  

th e  a p p lic a t io n  o f f e r t i l i z e r s  may be re s t r ic te d  to  a la te r a l  

d is ta n c e  o f  30 cm in  f u l l  c i r c le  a rea  a round  th e  v in e  in  o rd e r  to  

have  b e tte r  a b s o rp tio n  and u t i l iz a t io n  o f a p p lie d  n u t r ie n ts .  I t  is  

a lso  im p e ra t iv e  to  s tu d y  th e  ro o t d is t r ib u t io n  o f common l iv e  

s ta n d a rd s  o f b la c k  p e p p e r ,  in  o rd e r  to  u n d e rs ta n d  th e  c ro p -s ta n d a rd  

com p e t i t iv  e in te r a c t io n .





SUMMARY

In v e s t ig a t io n s  p e r ta in in g  to  th e  n u t r i t io n a l a sp e c ts  o f b la c k  

p e p p e r ( P ip e r  n ig rum  L . )  w e re  c a r r ie d  out a t th e  C e n tre  fo r  A dvanced  

S tud ie s  on Hum id T ro p ic a l T re e  C ro p s , C o llege  o f H o r t ic u ltu re ,

V e lla n ik k a ra ,  d u r in g  th e  p e r io d  fro m  May 1986 to  May 1988 and” fro m  

J u ly  1989 to  A p r i l  1990 and a t th e  Banana R esearch S ta tio n , Kannara, 

from  A ugust 1987 to  O c tob e r 1987. T he  m ain o b je c t iv e  of' th e  t r i a l

was to  s tu d y  th e  p a tte rn  o f g ro w th  and n u t r ie n t  u p ta k e  in  bush 

p e p p e r and , v in e  p e p p e r .  Pot c u ltu re  s tu d ie s  w e re  u nd e rtake n  in  

th e  h y b r id  P a n n iyu r-1  e m p lo y in g  d i f fe r e n t  le v e ls  o f N, P , K , Ca, 

Mg and S. A n o th e r o b je c t iv e  was to  e v a lu a te  th e  r e la t iv e  e f f ic ie n c ie s  

o f b la c k  p e p p e r v a r ie t ie s  in  th e  u t i l iz a t io n  o f a p p lie d  P.

P ho sp h o ru s -3 2  la b e lle d  f e r t i l i z e r s ,  n a m e ly , n it ro p h o s p h a te ,  am ophos 

and s u p e rp h o s p h a te  w e re  u sed . In  a d d it io n ,  th e  s o i l  zone o f 

maximum n u t r ie n t  a b s o rp tio n  in  p e p p e r v in e s  t r a i le d  on dead and

. l iv e  s ta n d a rd s  w ere  a ls o  a s c e r ta in e d . The  s a lie n t  f in d in g s  o f th e  

s tu d y  a re  sum m arised  b e lo w .

E ffe c t o f N on th e  g ro w th  and n u tr ie n t  u p ta k e  in  bush p e p p e r

as w e ll as v in e  p e p p e r was e v id e n t .  In  bo th  th e  ty p e s ,  p la n ts

w h ic h  d id  no t re c e iv e  a p p lic a t io n  o f N p ro du ce d  t y p ic a l  N d e f ic ie n c y
$

sym p tom s. T he  a b s o rp t io n  o f N in c re a s e d  w ith  in c re a s in g  le v e ls  o f
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a p p lie d  N. A p p lic a t io n  o f N. in c re a se d  th e  u p ta k e  o f no t o n ly  N bu t 

a ls o  P, K, Ca, Mg and Mn in  bush p e p p e r and th a t  o f a l l  th e  

n u tr ie n ts ,  i e . ,  N, P, K, Ca, Mg, S, Fe, Mn and Zn, in  v in e  p e p p e r .

P ho sp ho ru s  a ls o  in flu e n c e d  th e  g ro w th  o f b o th  th e  ty p e s  o f 

p e p p e r . When no P was a p p lie d ,  th e  g ro w th  c h a ra c te rs , in  g e n e ra l, 

w ere  s ig n if ic a n t ly  re d u c e d . H ow eve r, th e  c o n c e n tra tio n s  o f n u tr ie n ts  

w ere  not s ig n if ic a n t ly  a ffe c te d ,  e x c e p t th a t  o f Fe . P ho sp ho ru s

a p p lic a t io n  a t h ig h e r  le v e ls ,  enhanced th e  u p ta k e  o f a l l  th e  

n u tr ie n ts  s tu d ie d ,  e x c e p t th a t  o f Mn and Zn, in  bush p e p p e r and 

v in e  p e p p e r .

Among th e  g ro w th  p a ra m e te rs , to ta l  le a f  a rea  and d ry  m a tte r

p ro d u c tio n  w e re  m a rk e d ly  im p ro v e d  by th e  h ig h e s t le v e l o f  K , in

bush p e p p e r as w e ll as v in e  p e p p e r . H ow eve r, K c o u ld  not in flu e n c e

th e  n u tr ie n t  c o n c e n tra tio n s  in  d i f fe r e n t  p la n t p a r ts ,  e i th e r  in  bush

p e p p e r o r in  v in e  p e p p e r .  As to  th e  u p ta k e  o f n u tr ie n ts ,  th e

q u a n tit ie s  o f K and Ca in  bush p e p p e r and K, Ca and Mg in  v in e

p e p p e r w e re  a p p re c ia b ly  im p ro v e d  a t th e  h ig h e s t le v e l o f a p p lie d

K.

A l l  th e  ro o t c h a ra c te rs  w ere  im p ro v e d  w ith  Ca a p p lic a t io n  

to  th e  p la n ts  (b o th  bush p e p p e r and v in e  p e p p e r ) .  T he  c o n c e n tra t

ions o f n u tr ie n ts  in  d i f fe r e n t  p la n t p a r ts  and t h e i r  u p ta k e  w e re  a ls o  

not in flu e n c e d  by  th e  d i f fe r e n t  le v e ls  o f Ca used .
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In flu e n c e  o f Mg on b iom ass p ro d u c tio n  was d is c e rn ib le ,  b o th  

In bus.li p e p p e r and v in e  p e p p e r . Illyhebl levels o l My a p p lic a t io n  

re s u lte d  in  re m a rk a b ly  b e t te r  p e rfo rm a n ce . E ffe c t o f Mg on th e  

n u tr ie n t  co n ce n tra tio n  in  d i f fe re n t  p la n t  p a r ts  was not s ig n if ic a n t ,  

e x c e p t in  th e  case o f P , in  v in e  p e p p e r .  F o l ia r  P co n ce n tra tio n  

was c o n s id e ra b ly  reduced  in  p la n ts  th a t  d id  not re c e iv e  Mg a p p l ic a t 

io n . In  bush p e p p e r , h ig h e s t Mg le v e l re s u lte d  in  m axim um  u p ta k e  

o f  P, K, Mg and Fe, w h e re a s , in  v in e  p e p p e r , N, P, Ca, Mg and 

Fe responded  w e ll to  th e  above  tre a tm e n t.

V e g e ta tiv e  g ro w th , in  g e n e ra l, was reduced  b o th  in  bush

p e p p e r and v in e  p e p p e r when no S was a p p lie d .  A t th e  inc re ase d '

le v e ls  o f S, co n ce n tra tio n  o f S was h ig h e r  bo th  in  th e  stem and

in  th e  le a f  w h ile  th a t  o f P was lo w e r in  th e  stem o f bush p e p p e r

and le a f o f  v in e  p e p p e r . H ig h e r le v e ls  o f S a ls o  in c re a se d  th e

u p ta ke  o f Mg and Fe in  bush p e p p e r , N and Ca in  v in e  p e p p e r and

K and S in  b o th  th e  ty p e s .

■ In  th e  o v e r a l l  co m p arison  between th e  tw o  ty p e s ,  v in e  p e p p e r 

was found to  be m ore v ig o ro u s  in  te rm s  o f h e ig h t ,  num ber o f le a ve s  

and ro o ts .  Bush p e p p e r ,  h o w e v e r, com pensated th e s e  p a ra m e te rs  

to  a g re a t e x te n t b y  p ro d u c in g  m ore  num ber o f b ra n c h e s , la rg e r  

le a ve s  and lo n g e r ro o ts .  In  bo th  th e  ty p e s  th e  to ta l b iom ass 

p ro d u c tio n  is  a good in d ic a to r  o f th e  response  to  a p p lie d  f e r t i l i z e r s
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as re v e a le d  fro m  th e  re s u lts  o b ta in e d  fo r  N, P, K, Mg and S

a p p lic a t io n .  In  Ca, no response  was re g is te re d  e ith e r  fo r  th e  d ry

w e ig h t o f a e r ia l  p a r t  o r fo r  th e  to ta l  d r y  w e ig h t.  A lth o u g h  th e

ro o t c h a ra c te rs  w e re  s ig n if ic a n t ly  in flu e n c e d  by  th e  Ca le v e ls ,

th e  tre n d  o f v a r ia t io n  between bush p e p p e r and v in e  p e p p e r d id

not change. .As to  th e  u p ta k e  o f n u tr ie n ts ,  th e  c o n s is te n c ie s  o b s e rv e d

in  th e  response  between th e se  tw o  ty p e s  o f p la n ts  a re  m ore

consp icuous and m a rk e d . Thus i t  may be s ta te d  th a t  q u a l i t a t iv e ly

th e  com parison  o f th e  response  to  a p p lie d  n u t r ie n ts ,  n a m e ly , N,

P, K, Ca, Mg and S, betw een bush p e p p e r and v in e  p e p p e r h o ld s  

g o o d .

Two m a th e m a tica l m ode ls , l in e a r  and q u a d ra t ic ,  w e re  t r ie d  

m o rd e r  to  exam ine  w h e th e r th e  responses  o f bush p e p p e r and v in e  

p e p p e r in  re la t io n  to  a p p lie d  n u tr ie n ts ,  n a m e ly , N, P, K , Ca, Mg 

and S, a re  q u a n t i ta t iv e ly  s im i la r .  T he  responses o f bush p e p p e r and 

v in e  p e p p e r to  N, P, K, Mg and S fo r  d r y  m a tte r  p ro d u c tio n  (a e r ia l 

as w e ll as to ta l)  and n u t r ie n t  u p ta k e  co u ld  be b e t te r  e x p la in e d  by 

th e  q u a d ra t ic  m o d e l.

Q u a d ra tic  re g re s s io n  m ode ls  u s ing  dummy v a r ia b le s  was f i t t e d  

to th e  d a ta  to  e v a lu a te  th e  d if fe re n c e s  in  response  to  a p p lie d  

n u tr ie n ts  m  bush p e p p e r and v in e  p e p p e r ,  in  te rm s  o f d ry  m a tte r  

p ro d u c tio n  and n u t r ie n t  u p ta k e . The  m ode ls  e x p la in e d  th e  v a r ia b i l i t y  

between bush p e p p e r 'a n d  v in e  p e p p e r in  d ry  m a tte r  p ro d u c tio n  and
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n u tr ie n t  u p ta k e . The a d d it io n a l responses o f v in e  p e p p e r o v e r bush

p e p p e r w e re  h ig h ly  s ig n if ic a n t  to  a l l  th e  n u tr ie n ts  a p p lie d ,  in  th e

d ry  m a tte r  p ro d u c t io n . The d if fe re n c e s  in  u p ta k e  between bush

p e p p e r and v in e  p e p p e r w e re  h ig h ly  s ig n if ic a n t  in  re s p e c t o f N,

K, Ca, Mg and S, w h e re in  th e  a d d it io n a l e ffe c t o f v in e  p e p p e r was 

e v id e n t .

r

E venthough th e  n a tu re  o f response  to  a p p lie d  n u tr ie n ts  

com pares w e ll between th e  tw o  ty p e s ,  th e  m agn itude  o f response  

d i f f e r s .  Hence bush p e p p e r is  not a good s u b s t itu te  fo r  v in e  p e p p e r 

as an e x p e r im e n ta l m a te r ia l f o r  in v e s t ig a t io n  o f n u t r ie n t  re q u ire m e n t 

and f e r t i l i z e r  re sp on se . N e v e rth e le s s , i t  can be used in  th e  s tu d ie s  

o f th e  f e r t i l i t y  s ta tu s  and n u tr ie n t  s u p p ly in g  p o w e r o f th e  s o i ls
.  * t

in  re la t io n  to  b la c k  p e p p e r n u t r i t io n .

A l l  th e  e leven  b la c k  p e p p e r v a r ie t ie s  d i f fe r e d  s ig n if ic a n t ly  

w ith  re s p e c t to  th e  g ro w th  p a ra m e te rs  such as le n g th  o f th e  v in e , 

num ber o f .  le a v e s , to ta l  le a f  a rea  and d ry  m a tte r  p ro d u c t io n , th e  

maximum in  th e se  c h a ra c te rs  be ing  re c o rd e d  by  K a rim u nd a , K u tc h in g , 

N ee lam undi and A im p ir ia n ,  r e s p e c t iv e ly .  The to ta l  d ry  w e ig h t o f 

th e  v a r ie t ie s  ranged fro m  7 .1 4  to  11.16 g / Pla n t .  T he  pe rcen tage  

c o n tr ib u t io n  by  th e  stem  and th e  le a f  ranged fro m  42.51 to  60.12 

and 39 .88  to  5 7 .4 9 , r e s p e c t iv e ly .  O f th e  th re e  so u rces  o f P ( n i t r o 

p h o s p h a te , am ophos and s u p e rp h o s p h a te ) ,  s u p e rp h o s p h a te  was found
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to  be th e  b es t and i t  was s ig n if ic a n t ly  s u p e r io r  to  th e  o th e r  tw o  

sources in  th e  b iom ass p ro d u c t io n .

S ig n if ic a n t d if fe re n c e s  in  th e  s p e c i f ic  a c t i v i t y  o f a b so rb e d  

P in  th e  stem o r le a f  among b la c k  p e p p e r v a r ie t ie s  co u ld  not . be 

o b ta in e d . H o w e ve r, th e  s p e c i f ic  a c t i v i t y  in  th e  w h o le  p la n t d if fe re d  

d is t in c t l y ,  re c o rd in g  th e  h ig h e s t va lu e  fo r  A im p ir ia n  (933 .2  cpm /m g P) 

and th e  lo w e s t fo r  K a n jira m u n d i (186.1 cpm /m g P) . The sources o f 

f e r t i l i z e r  P w ere  a ls o  found  to  have  in flu e n c e  w h e re in  amophos 

re co rd ed  th e  maximum s p e c i f ic  a c t i v i t y  (5 7 3 .4  cpm /m g P) .

V a r ia b i l i t y  among th e  v a r ie t ie s  c o u ld  be n o tic e d  in  th e  f e r t i 

l iz e r  P u p ta k e  and P u t i l iz a t io n  by  b la c k  p e p p e r . M axim um  q u a n t ity  

o f f e r t i l i z e r  P (2 .09  m g /p la n t)  was a b s o rb e d  by  K u th ir a v a l ly  and 

th e  lo w e s t (0 .37  m g /p la n t)  by  K o t ta k k o d i.  U t i l iz a t io n  o f P fro m  

th e  a p p lie d  P sources ranged fro m  1.18 p e r cent fo r  K o tta k k o d i 

to  7 .05  p e r cent fo r  K u th ir a v a l ly .  When th e  to ta l P a b so rb e d  was 

c o n s id e re d , K u th ir a v a l ly  d e r iv e d  40 .37  p e r cent fro m  f e r t i l i z e r  

w hereas K u tch in g  d e r iv e d  o n ly  11.60 p e r c e n t. In  g e n e ra l, th e  

v a r ie t ie s  met 5 9 .3 3 -8 8 .4 0  p e r  cent o f th e  P re q u ire m e n t fro m  s o i l  

P so u rces . When f e r t i l i z e r  P sources w e re  co m p a red , s u p e rp h o s p h a te  

and am ophos w ere  found to  be p re fe r re d  by b la c k  p e p p e r .

V a r ie ta l d if fe re n c e s  w ere  not s ig n if ic a n t  w ith  re s p e c t to  th e  

co n ce n tra tio n  o f m a c ro n u tr ie n ts  l i k e  N, K and S w h e rea s  P, Ca and
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Mg d i f fe r e d .  F o l ia r  P co n ce n tra tio n  was th e  h ig h e s t in  K arim unda

(0.191%) and th e  lo w e s t in  P a n n iyu r-1  (0 .096% ). The co n c e n tra tio n  

o f Ca in  th e  stem was th e  h ig h e s t in  K arim unda  (1.67%) and was

on p a r w ith  K u th iy a n ik k o d i (1.59%) and K u tch in g  (1 .52% ). In  th e

le a f ,  K u tch in g  had s ig n if ic a n t ly  h ig h e r  ' Ca c o n c e n tra tio n  (2 .74% ).

As re g a rd s  Mg c o n c e n tra tio n , in  th e  s tem , Kottanadan re c o rd e d  th e

h ig h e s t v a lu e  (0.90%) and K o tta k k o d i th e  lo w e s t (0 .81% ). L ea f Mg 

co n ce n tra tio n  was th e  h ig h e s t in  K o t ta k k o d i (0.73%) and th e  le a s t 

in  Kottanadan (0 .59% ). In flu e n c e  o f P sources on th e  co n c e n tra tio n  

o f n u tr ie n ts  such as Ca and Mg in  b la c k  p e p p e r was s ig n if ic a n t .

B ut In th e  case o f N, P, K and S th e  d if fe re n c e s  w e re  not d is t in c t .  

Among th e  P so u rce s , s u p e rp h o s p h a te  was s ig n if ic a n t ly  s u p e r io r  to  

th e  o th e r  sources in  in f lu e n c in g  th e  co n c e n tra tio n  o f Ca In  th e  stem 

and in  th e  le a f  o f b la c k  p e p p e r .  N itro p h o s p h a te  s ig n if ic a n t ly  enhanced 

th e  Mg co n ce n tra tio n  in  th e  stem w he reas  s u p e rp h o s p h a te  and n i t r o -

phospha te^ in  th e  le a f } o f  b la c k  p e p p e r .

Among th e  m ic ro n u tr ie n ts ,  Mn and Zn c o n c e n tra tio n  in  th e

stem and in  th e  le a f  o f b la c k  p e p p e r v a r ie t ie s  v a r ie d  c o n s id e ra b ly .  

V a r ie ty  A im p ir ia n  had th e  h ig h e s t Mn c o n c e n tra tio n  in  th e  stem 

(69 .44  ppm ) and Kottanadan in  th e  le a f  (507 .78  p pm ) . The c o n c e n tra t

ion  o f Zn in  th e  stem was s ig n if ic a n t ly  m ore in  P a n n iy u r-1  (49 .18  

ppm ) and th e  lo w e s t in  P oon jarm unda (3 6 .2 9  p p m ). In  th e  le a f ,  th e  

h ig h e s t co n ce n tra tio n  o f  Zn was re c o rd e d  by  N ee lam undi (43 .12  ppm )
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and th e  lo w e s t by K u th iy a n ik k o d i (3 4 .8 9  p p m ). Among th e  P so u rces , 

amophos and s u p e rp h o s p h a te  w ere  s ig n if ic a n t ly  s u p e r io r  to  n it ro p h o s 

p ha te  in  th e  stem c o n c e n tra tio n ' o f Mn w h e re a s , in  th e  le a f 

co n ce n tra tio n  o f Mn am ophos was s ig n if ic a n t ly  s u p e r io r  to  th e  o th e r  

tw o  sources.. The c o n c e n tra tio n  o f Zn in  th e  stem was s ig n if ic a n t ly  

enhanced by  s u p e rp h o s p h a te  and th a t  in  th e  le a f  by  n it ro p h o s p h a te

and am ophos. ■

On d ry  m a tte r  b a s is ,  th e  c o n c e n tra tio n s  o f N, K, Ca, S, Fe

and Mn w ere  m ore  accum ula ted  in  th e  le a f  (2.33% , 2.82%, 2.31%,

0.151%, 454 .32  ppm and 411 .80  ppm , re s p e c t iv e ly )  and P and Mg

in  th e  stem (0.133% and 0.85%, r e s p e c t iv e ly ) .  Not much d if fe re n c e  

was n o tic e d  w ith  re g a rd  to  th e  co n c e n tra tio n  o f Zn in  th e  stem and 

in  th e  le a f .

None o f th e  v a r ie t ie s  s ig n if ic a n t ly  in flu e n c e d  th e  u p ta k e  o f

m a c ro n u tr ie n ts  l i k e  N, K, Ca and Mg, b u t th a t  o f P and S d if fe re d

■ s ig n if ic a n t ly .  Maximum P u p ta k e  was re c o rd e d  by  K arim unda  (15.21

m g /p la n t)  and m inim um  b y  K u th iy a n ik k o d i (9 .0 6  m g /p la n t) . As

re g a rd s  th e  u p ta k e  o f  S, A im p ir ia n  had th e  m axim um  v a lu e  (13 .23

m g /p la n t) .  In flu e n c e  o f P sources on th e  u p ta ke  o f m a c ro n u tr ie n ts ,

n am e ly , Ca, Mg and S was e v id e n t .  O f th e  th re e  sources  t r ie d ,

s u p e rp h o s p h a te  was s ig n i f ic a n t ly  s u p e r io r  fo r  Ca and S u p ta k e . F o r

Mg u p ta k e  s u p e rp h o s p h a te  and n it ro p h o s p h a te  w e re  s ig n if ic a n t ly  

s u p e r io r .  .
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V a r ia b i l i t y  in  th e  u p ta k e  o f m ic ro n u tr ie n ts  such as Fe, Mn 

and Zn was o b s e rve d  among v a r ie t ie s .  A im p ir ia n  re c o rd e d  th e  maximum 

u p ta k e  o f Fe (A .30 m g /p la n t)  and K ottanadan and P oon jarm unda th e  

maximum Mn (3 .1 2  m g /p la n t ,  e a c h ). N ee lam undi re c o rd e d  th e  maximum 

Zn u p ta k e  (0 .4 5  m g /p la n t)  and was s ig n if ic a n t ly  s u p e r io r  to  

K o tta k k o d i (0 .3 2  m g /p la n t)  and K u th iy a n ik k o d i (0 .2 8  m g /p la n t) .  

Among th e  th re e  sources o f P, s u p e rp h o s p h a te  was s ig n if ic a n t ly  

s u p e r io r  fo r  th e  u p ta k e  o f Zn, w he reas i t  was am ophos fo r  Mn,

w h ic h  was on p a r w ith  s u p e rp h o s p h a te .

On an a ve ra g e , a n in e  m onth o ld  p e p p e r v in e  rem oved 0 .1 8 g N ,  

12.00 mg P, 0 .2 3  g K, 0 .1 7  g Ca, 0 .0 7  g Mg, 10.45 mg S, 3 .42

mg Fe, 2 .25  mg Mn and 0 .3 9  mg Zn. N u tr ie n t  re m o va l by  b la c k

p e p p e r was in  th e  o rd e r  K >  N >  Ca ,> Mg P >  S >  Fe Mn 

>  Zn.

32
R ecovery  o f s o i l  a p p lie d  P in  th e  le a v e s  in d ic a te d  a c t iv e

a b s o rp t io n  o f th e  ra d io la b e l u p to  a la te r a l  d is ta n c e  o f 30 cm in

f u l l  c i r c le  around th e  v in e ,  in  th e  case o f p e p p e r v in e s  t r a i le d

on te a k  p o le . When E r y th r in a  in d ic a  was used as th e  s ta n d a rd ,

n e ith e r  th e  m e thods o f a p p lic a t io n  no r th e  la te r a l  d is ta n c e s

c o n tr ib u te d  any s ig n if ic a n t  d if fe re n c e s .  I t  is  suggested th a t ,

i r r e s p e c t iv e  o f th e  ty p e  o f s ta n d a rd  u sed , th e  f e r t i l i z e r  a p p lic a t io n

to  b la c k  p e p p e r may be r e s t r ic te d  to  a la te r a l d is ta n c e  o f 30 cm 

in  f u l l  c i r c le  a re a 'a ro u n d  th e  v in e . .
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APPENDIX I 
Wen then da la  o f the  e x p e rim e n ta l s ite s

Year Month T o t a l

r a i n f a l l

(mm)

I. College of Horticulture, Vellanlkkara 
1985

1986

May
June

Ju ly  *

A u g u s t

Septem ber

O ctober

N o v e m b e r

f»nf'f>rnJ mi

116.6

669.9

381.4

356.7

296.3

421.3 
176,2

m. n
m it

F e b ru a ry 0 .0
M arch 0 ,0
A p r i l 13.3
May 95 .5
June 837.7
Ju ly 336.5
August 388.4 ’
Septem ber 174 .0
O ctober 280.4
Novem ber 224.4
December 64 .6
January 0 .0
F e b ru a ry 7 .8
M arch 37 .9
A p r i l 145.4
May 242.6
Ju ly 562.0

1989 

August 

Septem ber 

O ctober

. Novem ber

December

1990 - January

* F e b ru a ry -

March 

A p r i l

2 . Banana Research S ta tio n , Kannara 

August 

Septem ber .

O ctober -

319.9 

180, 1 
116,6 

8.1 

0.0 

3 .5  

0 .0  

4 .4 

38 .6

408.0 

214,8

262.0

Number 
o f ra in y  
da ys

R e la t iv e
h u m id ity

(*)
Mean te m p e ra tu re  

(°C )

Maximum Minimum

Source: M e te tro io g ic a l o b s e rv a to r l

7 72 34 .2 24,7
20 84 30 .0 23.1
16 B4 29 .5 23.2
12 83 29 ,4 22 .7
10 81 30 .5 22 .7
11 80 3 1 .8 22 .9
9 71 31 .2 22 .0
1 no V/ r. > I

!, ! ) "l .
i - . t

0 52 3 5 .0 22.4
0 55 36 .4 22 .2
T 64 36 .2 25 ,3
3 66 36.1 24 .3

21 B3 • 30 .7 23 ,7
17 84 30 .3 23 .5
22 T 87 29 .8 23 .5

8 79 31 .5 23 .9
16 79 3 1 .9 23 .9

6 77 31 .6 22 .8
6 70 31 .6 23.3
0 56 32 .4 22 .0
1 56 35 .8 23.1
2 67 35 .7 24 .4
9 70 35.1 24.3
6 76 3 3 .7 25 .4

17 86 29.1 23 .3
19 83 29.5 23.1
15 82 29.9 23.1
16 SO 31 .0 23 .0
2 63 32 .5 22 .7
0 60 32 .7 23 .2
0 50 33 .5 2 0 .8
0 58 34.9 21 ,9
1 64 36 .0 23 .8
2 68 3 5 .8 25.4

21 89 20 .8 22 .0
10 78 31 .2 ?3 .4
13 79 30 .8 '22.1

es a t V e lla n lk k a r a  and  K a n n a ra , r e s p e c t iv e ly



APPENDIX H

P h y s ic a l and ch e m ica l p ro p e r t ie s  o f th e  s o i l  o f th e  e x p e r im e n ta l
s ite s

V e lla n ik k a ra Kannara

A . P h y s ic a l p ro p e r t ie s  

Sand (%) 1 

Silt (%)

C lay  (%)

B . C hem ica l p ro p e r t ie s  

O rg an ic  ca rbon  (%) 

T o ta l N itro g e n  (%)

• A v a i la b le  P (ppm ) 

A v a i la b le  K (ppm ) 

E xchangeab le  Ca (ppm ) 

E xchangeab le  Mg (ppm ) 

’ S o il pH

57 .50

14.50 

28 .00

1 .32 

0 .18  

14 

• 68 

254 

20 

5 .8

52 .50

5 .3 0

42.20

1.31

0.16

19

61

226

44

6.1



A na lyses o f va ria n ce  fo r  g ro w th

APPENDIX I I I

p a ram e te rs  In  bush p e p p e r and 
by N, P and K fe r t i l iz a t io n

v in e  p e p p e r as In flu ence d

C ha rac te r
Bush p tip p u r V ino  p o p p e r

T reatm ent
mean squares

E r ro r  mean 
squares

Trea tm ent 
mean squares

E r ro r  mean 
squares

(Degrees o f freedom  ' 4 15 4 15)

E ffe c t o f N

P la n t h e ig h t 58.60 35.44 30043.19 1271.22**

Number of p r im a ry  b ranches 1.69 1.04 - -
Number o f secondary  b ranches 18.69 3 .5 3 ” - -
Number o f leaves 166.58 39 ,65* 1422.24 280.88*®

T o ta l le a f area 1857571,98 529222.76” 2047672.03 628120.25*

Number o f ro o ts 16.40 7 .1 6 12.43 71.75
Root leng th  . 322.70 955.53 2066.32 902,63*
Root d ry  w e ig h t 6.69 7 .6 2 30.83 51.53
Stem d ry  w e igh t 19,09 5 .3 2 * 510.73 24.42*®
Leaf d ry  w e ig h t 41.76 7 .0 1 ” 344.32 52 .61 “
S p ike  d ry  w e igh t 36.00 10.20® - -
D ry w e igh t o f a e r ia l p a r t 402.13 118.62® 1599.17 9 5 .39 ”
T o ta l d ry  w e igh t 398.81 101.22* 1988,77 148.0u”

E ffe c t o f P

P lan t h e ig h t 61.81 32.60 17116.31 5140.03®
Number o f p r im a ry  b ranches 1.56 0.53® - -
Number o f secondary , b ranches 4 .50 4.08 - -
Number o f leaves 207.43 58.43® 3135.24 840.50*
T o ta l le a f area 1482752.08 424857.30* 8807039.26 2480856.1*
Number o f ro o ts  ' 0 .52 7.95 134.60 24 .54 ”
Root leng th 564.48 195.95* 754.64 202.86*
Root .d ry  w e igh t 28.39 7 .5 1 * < 12.19 12.46
Stem d ry  w e ig h t 16.42 4 .6 1 * 360.23 105.33*
Leaf d r y  w e igh t 94.51 26 ,47* 333.29 8 4 .3 7 *
S p ike  d r y  w e ig h t 3 ,84 22.77 - -

D ry w e ig h t o f a e r ia l p a r t 217.92 56 .6 * 1321.47 355.23*
T o ta l d r y  w e igh t 396.85 101.50* 1453.44 367 .02”

E ffe c t o f K

P lan t h e ig h t . ■ 60.10 29.04 10898.00 6227.73
Number o f p r im a ry  b ranches 1.38 0 .95 - -

Number o f secondary  b ranches 7 .09 4,70 - -

Number o f leaves  ■ 39.30 46,40 751.62 741.58
T o ta l le a f area 2918040.28 297546 ,65** 2994472.03 878144.28*
Number of ro o ts IS , 39 :V 2 .1 5 ” 29 .26 20.16
Root leng th 7928.25 1825.03 126.43 314.. 75
Root d ry  w e ig h t 31 .07 20.82 . 16.76 ' 6 .15
Stem d ry  w e ig h t 9 .62 12.91 129.58 167 .'28
Leaf d r y  w e ig h t 89.39 92.79 200.71 382.47
S p ike  d ry  w e ig h t 7 .7 8 7 .4 2 - -

D ry w e igh t o f a e r ia l p a r t . 207.59 63 .96* 553.56 139.09*
T o ta l d ry  w e ig h t 242.89 58.24” 689.70 212.21*

*  S ig n if ic a n t a t f iv e  pe r cent le v e l 
* * 5 ig n if le a n t  a t one pe r cent le v e l



APPENDIX IV

A na lyses o f . va ria nce  fo r g ro w th  pa ram e te rs  in  bush p e p p e r and
by Ca, Mg and S fe r t i l iz a t io n

v in e  p e p p e r as in flue nced

C h a ra c te r
Bush p e p p e r V ine pe p p e r

T reatm ent 
mean squares

E r ro r  mean 
squares

Trea tm ent 
mean squares

E r ro r  mean 
squares

(Degrees o f freedom  ■ 4 15 4 15)
E ffe c t o f Ca

P la n t h e ig h t 56,44 31.59 4663.81 12074.89
Number o f p r im a ry  b ranches 1.00 0.68 - -

Numbe* of secondary b ranches t .54 1.95 - _
Number of leaves 124.76 27 .07* 549.66 808.24
To ta l le a f area 934136.01 259483.77* 248623.99 4134169.58
Number o f ro o ts 3.06 0 .4 9 * * 13.73 3 .8 3 *
Root leng th 2269.13 632.88* 188.57 47 .50*
Root d r y  w e ig h t 46.97 13.26* 14.33 4 .8 6 *
Stem d ry  w e igh t 21.36 27.38 90.68 316.82
Leaf d ry  w e ig h t 47.99 141.77 49.74 62.12
S p ike  d r y  w e ig h t 18.84 7.88 _ _
D ry w e igh t o f a e r ia l p a r t 64,23 359.82 296.31 589.32

' T o ta l d ry  w e igh t 131.49 402.58 ' 209.06 709.89

. E ffe c t o f Mg

P lan t h e ig h t 31.88 22,12 ' 11686.13 5679.43
Number o f p r im a ry  b ranches 0,85 0.42 - _

Number o f secondary  b ranches 10.7? 1 .42 ** _  . _

Number o f leave s 4 b .01 27,07 696,72 662.73
T o ta l le a f area 590456.01 556529.05 51432.00 257804.27
Number o f ro o ts 12.58 4.28 15.23 13.30
Root leng th 162.33 479.37 1409.68 371.37*
Root d r y  w e ig h t 13. ’ 3 12.30 24.57 6 .6 0 *
Stem d ry  w e igh t ■ 26.54 14.35 209.26 54 .49*
Leaf' d r y  w e ig h t 104.78 34.65 24 .82 ' 75 .40
S p ike  d r y  w e ig h t 13.12 11 .54 .
D ry w e igh t o f a e r ia l p a rt 282.35 8 6 .7 5 * 404.39 108.71*
T o ta l d r y  w e ig h t 254.27 64 .86* 410.93 248.45*

E ffe c t o f S '

P la n t h e ig h t . 23 .16 24,61 3175.38 933.94*
Number o f p r im a ry  b ranches ‘ 0 .54 ' 0 .97 _

Number o f secondary  b ranches 11.37 2 .0 2 ** _

Number o f leaves 97.24 62.64 831.95 361.56
T o ta l le a f area 1086770.00 285767.95** 192266.00 351404.29
Number of ro o ts 6.89 4.04 2 .02 6.17
Root leng th  • 750.70 191.80* 332.57 577.75
Root d r y  w e igh t 53.41 15.10* 17.65 7 .5 4
Stem d ry  w e igh t 12.54 24.58 243.65 4 7 .5 8 **
Leaf d ry  w e ig h t 63 .50 44.02 31 .86 232.64
S p ike  d ry  w e igh t 32.28 16.55 _

D ry w e ig h t o f a e r ia l p a r t 174.07 52 .47* 424.75 108.91*
T o ta l d ry  w e ig h t 392.16 102.31* 584,82 144.04*

* S ig n if ic a n t a t f iv e  p e r cent le v e l 
“ S ig n if ic a n t a t one p e r cent le v e l



C o rre la t io n  c o e ff ic ie n t and
APPENDIX V

re g re ss io n  equa tion  fo r  th e  biom ass p ro d u c tio n
In b lack  p e p p er

Variab les
y vs  x

Type of 
p lant

R egression equation

R*
D ry w e ig h t o f 
a e r ia l p a rt vs
I w o  I d  i  j I  h j

T o ta l d ry  w e ig h t 
vs le v e ls  o f N

Dry w e igh t of 
a e r ia l p a rt vs 
le v e ls  o f P

T o ta l d r y  w e igh t 
vs  le v e ls  o f P

O ry w e igh t o f 
a e r ia l p a r t v s  
le v e ls  o f K

T o ta l d ry  w e ig h t 
vs  le v e ls  o f K

D ry  w e ig h t of 
a e r ia l p a r t  vs 
le v e ls  o f Ca

T o ta l d ry  w e ig h t 
vs  l.eve ls  o f Ca

D ry w e ig h t of 
a e r ia l p a r t  v s  
le v e ls  o f Mg

T o ta l d ry  w e ig h t 
vs le v e ls  o f Mg

D ry w e ig h t o f 
a e r ia l p a r t  vs  
le v e ls  o f S

T o ta l d r y  w e igh t 
vs le v e ls  o f S

BP y = 39 .927990+0 .14600x
y -  4O.019177i 0,00<i.ri74x 4 .0(10495* 2 

VP y -  48.940006+0,4 167x
y = 5 1 .015043+0,278895x+0.001l48x2

BP y “  49 .979991+0 .170334x .
' y = 50.519981 + 0 . 134336x+0.000300x?

VP y *  61.189985+0.465200x
y = 61.955518+0.414160x+0.000425x2

BP y “  52.634015+0.280866x
y = 49.535098+ 0 .6 94025x-0 .005886x2 

VP y = 58.324003+0.72800x
y = 54.288067+1.250703 X + -0 .008968x 2

BP y -  63.343992+0.377334x
y = 59,121198+0. 940381x-0,009384x2 

VP y = 68.090004+0.768133x
y *  64. 158143+1,2923T9x-0 .008736x2

BP y = 53 .745989+0.0505x
y = 60 .055 631 -0 .370162x+0.003506x2 

VP y = 6 9 .530+ 0 .2201x
y = 75 .2T 11 5 7 -0 .158654x+0.003156x2

BP y a 6 2 .1 3 2 + 0 .103367x
y = 6 7 .730 584 -0 .269870X+0.003 T1 Ox2 

VP y = 7 9 .038 + 0 .262733X
y = 8 3 .877 315 -0 .059927x+O.002689x2

Bp y = 57.247991-0.065266x 
y = 56.222372+0.003114x-0.00057x2

Vp y = 108.346921-0.I00134x 
y = 107.879757-0.069079x-0.000259x

Bp y = 69.065990-0.014200X-97,048 
y = 69.787192-0.110377x+0.001603x2

Vp y = 118.799972-0.126799X , 
y = 118.982386-0,151166x+0.000406x'

Bp y = 54.2039914+0.126734x 
y = 62.068023-0.92I828x+0.017476x2

Vp y = 83.211984+0.318467x 
y = 83.112792+0.331629x-0.000219x2

Bp y = 6 a .791999+0.128267X 
y = 76.603202-0.913251X+0.017359X2

Vp y = 95.514001 + .342133x 
y = 93.939132+0,552059 X-0.003498X 2

Bp y = 57.256798-0.130907 
y = 56,227369+0.006326x-0.002267x2

Vp y = 78.456001+0.394867X 
y “  81 . 503086-0 .0114l5x+0.00677lx2

Bp y = 57.324018+0.417466x 
y = 54 .590093+0.780899x-0.006057x2

Vp y = 87.676010+0.480267x 
y -  9 0 .912885+0.048656x+0.007194x2

0,884
0.097
0.977
0.985

0.890
0.894
0.979
0.980

0.814
0.968
0.863
0.906

0.807
0.964
0.909 

. 0.946

0.132
0.934
0,791
0.996

0.417
0.893
0.881
0.998

0.820
0.898
0.333
0.335

0.029 
0.148

0.163
0.183

0. 128 
0.895
0.888
0.889

0.146
0.986
0.909
0.939

0.820
0.899
0.824
0.900

0 .863
0.921
0.886 
0.948



APPENDIX VI '
A n a ly s e s  o f v a r ia n c e  f o r  n u tr ie n t  d i s t r ib u t io n  In b u sh  p e p p e r  end v in e  p e p p e r  o s  In flu e n c e d  b y  N )P a n d  K f e r t i l iz a t io n

N u tr ie n t
c o n ce n tra tio n

■ E ffe c t o f N

Bush pepper

E ffe c t o f P

V ine pepper Bush ‘pe ppe r

T rea tm ent 
mean squares

E rro r  mean T rea tm ent E r ro r  mean Treatm ent 
squares mean squares squares mean squares

E r ro r  mean 
squares

V ine  pe ppe r 

Trea tm ent E rro r  mean

. E ffe c t o f K

Bush pe ppe r 

T reatm ent E rro r  mean

V ine pe ppe r 

Treatm ent E r ro r  mean

(D egree o f freedom  4 15 4 15 4 15 4 15

• * —  • ■

4

squares

15

mean squares 

4

squares

15)

N

Stem 0,009 0 .0 10** 0 .067 • 0 .012“ * 0.042 0 .5 60 0.061 0.1 46 0.014 0.146 0 . 132 0.108
Lea f 0 .190 o .o ie * * 0 . 179 0.051* 0.070 0 ,150 0 .017 0 . 132 0.077 0.249 0.092 0.152
S p ik e '  0 .049 0.067 - - 0.086 0.153 - - 0 .030 0.067 - .

P

Stem 0.0010 0,0003* ' 0.0005 0.0001* 0.0010 0.0004 9.001 U.001 0.0004 0.0004 0.001 0.001
Le a f 0.0004 0.0010 0.001 o .o o i 0.0010 0.0010 0.001 0.0005 0.0004 0.0004 0.0004 0.0003
S p ike 0.0004 0.0004 - . - 0.0003 0.0004 - - 0.0004 0.0005 -

K

Stem - 0 .073 0.074 0.028 0,082 0.004 0.071 0,014 0.028 0.026 0.073 0.022 0.0S4
Leaf 0 .0 46 0.103 0.007 0.058 0 . 180 0 .1 78 0.085 0 .2 09 0.015 0 .072 0.0111 0.073
S p ik e • 0 .023 0.167 - - 0 .014 0.064 - - 0.112 0 .090 -

Ca

Stem 0.016 0.020 0.032 0.108 0.050 0.0 T 3* 0 .009 0.029 0.004 0.036 0.017 0.034
Lea f 0 .003 0.024 0.001 0.025 0.002 0.0 40 0.004 0 .034 0.011 0.087 0 .009 0.162
S p ik e 0.0 08 0.023 - - 0 .006 0.018 - - 0.002 o .r - io - -
Stem 0.0 03 0.029 0.013 0.019 0.002 0.0T1 0.004 0.014 0.002 0.022 0.005 0.024Mg Lea f 0 .010 0.055 0.004 0.007 0.006 0.0 49 0 .0 06 0.029 0.006 0.0 40 0.075 0.075
S p ik e 0,016 0.108 - - 0.007 0.041 - - 0,070 0.064 -

S
Stem 0.001 0.001 0.001 0.001 ' 0 .002 0.002 0.002 0 .002 0.001 0.001 0.001 0.001Le a f 0.001 0.001 0.0004 0.0004 0.001 0.001 0.0004 0.0004 0.001 ,0 .001 0.0004 0.0004
S p ik e 0.0004 0.0004 - - 0.0004 0.0004 - - 0.001 0.001 -

Fe

Stem • 11169,438 5789.417 17259.563 24080.851 7143.63 2184.60* 13816.56 3664.90* 2273.437 4367.100 4603.375 32752.020Le a f 12703.001 17422.132 7220.000 25454.533 11321 .50 3189.15* 5382.13 1582.97* 11603.250 9304.934 11021.249 15334.033
S p ik e 709.875 2046.283 - - 593.187 836.100 - - 447.812 1569.433 -

Mn

Stem 45.730 242.217 18.920 84.883 24.721 297.932 25.184 49.501 14.219 186.812 6 .658 80.802L e a f 19763.626 14234.049 14321.625 5549.883 3649.000 5986.401 576.375 12003.902 7155.313 13770.233 10745.500 17144.517S p ik e 109.193 ' ‘ 64.447 - - 12.331 41.994 - - 10.272 50,060 -

Zn

Stem 11 .098 128.292 69.443 147.118 41.773 149.028 20.982 155.889 40.889 488.042 21.195 610.117L e a f 14.623 92,478 11.934 49,689 72.108 42.523 16.667 27.997 110.895 114.427 0.580 54.711

------
S p ik e 5 .5 48 13.644

"

- 24.929 11.179 - - 16.302 9.068

•  S ig n if ic a n t a t f iv e  p e r cent le v e l 
• • S ig n if ic a n t  q t one p e r cent le v e l



APPENDIX VII
A n a la y s e s  of v a r ia n c e  f o r  n u tr ie n t  d i s t r ib u t io n  In b u sh  p e p p e r  a n d  v in e  p e p p e r  a s  In flu e n c e d  b y  Ca, Mg a n d  S f e r t i l i z a t i o n

N u tr ie n t
co n ce n tra tio n

Bush pepper

E ffe c t o f Co

V ine pe p p e r

E ffe c t o f Mg E ffe c t o f S

Bush p e p p e r V in e  p e p p e r Bush p e p p e r V ine c e p p e r
T reatment 

mean squares
E rro r  mean 

squares
Trea tm ent E r ro r  mean 

mean squares squares
T reatm ent 

mean squares
E r ro r  mean 

squares
T rea tm ent 

mean squ a res
E r ro r  mean 

squ a res
T rea tm ent 

mean squares
E r ro r  mean Treatm ent 

squ a res  m ran squares
E r r o r  mean 

s q u a re s
(Degree o f freedom 4 15 4 15 4 15 4 15 4 15 ' 4 15)

Stem 0.266 0.131 ■ 0 .029 . 0 .306 0.075 0.368 0 .1 99 0 .208 0.116 0 .244 0.215 0 .3 1 9N L e a f 0.T24 0.149 0.006 0.135 0.121 0 .070 0 .0 2 5 0 .150 0.025 0 .193 0..111 0.201
S p ik e 0.030 0.168 - - Q.027 0.101 - - 0 .0 20 0.0 67 -

Stem 0.0004 0.0010 0.001 0.001 0.0010 0.0010 0.0004 0.0003 0.0003 0.00006* 0.001 0 .001
P Le a f 0.0004 0.0010 0.001 0.001 0.0010 0.0010 0.00125 0.00031 *  0 .0020 0.0010 0.00225 0 .0 0 0 7 *

S p ik e 0.0004 0.0010 -  , - 0.00040 0.0010 - -  : 0 .0004 0.0010 - _
Stem . 0.025 0.093 0.024 0.035 0.014 0.033 0 .0 07 0.085 0.005 0.041 .' 0.048 0 .081

K Leaf 0.045 0.069 0.104 0.129 0.020 0.082 0 .0 20 0 .0 58 0 .015 0.074 0.029 0 .0 8 3
S p ik e 0.023 0.051 - 0 .072 0.111 - - 0.071 0.144 - _

Stem 0.030 0.029 0.004 0.030 0.002 0.024 0.003 0 .026 0.002 0.026 0.004 0 ,0 3 0Ca L e a f 0.011 0.066 0.029 0.088 0.004 0.027 0.0 03 0 .057 0.020 0,135 0.015 0 .0 6 7
■ S p ik e ' 0.011 0.012 - - 0 .010 0.015 - - 0 .023 0.017 -

Stem 0.001 0.021 0.005 0.049 0.003 0.017 0 .0 06 0.015 0 .003 0.017 0.009 0 .0 2 7Mg Lea f 0.001 0.035 0.002 0.037 0.003 0.119 0 .0 0 9 0.091 0.012 0.0 40 ■ 0.004 0 .0 3 9
S p i ke 0.006 0.060 - - 0 .118 0 .079 - - 0.029 0 ,0 93 -

Stem 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0 .002 0 .0 0 0 4 ** 0.003 0 .0 0 0 4 **S Leaf 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0.001 0 .002 0 .0 005 * 0.003 0 .0 0 0 6 **
S p ik e 0.0004 0.0004 - - 0.0004 0.0004 - - 0.0004 0.0004 -

Stem 7828 ..876 3380.817 7957.938 31348.714 19446.311 25874.350 25245.561 17049.083 14505.000 62323.942 654,562 4654.683Fe L e a f 3899.501 19053.934 9159.001 22591.664 29857.501 25246.133 6548.876 9688.433 25514.752 J2512.004 28046.453 18149.066
«

S p ik e 739.750 371.000 - - 202.938 670.083 - - 1088.188 2669.750 -

Stem 129.496 114.531 35.838 53.572 6.586 247.882 8 .4 73 ■ 99 .898 79.326 89 .599 80.574 44.081Mn L e a f 2362.000 6758.550 427.813 20046.098 2014.312 2257.067 6830.875 14988.801 6695.000 8833.100 889.663 6045.751
S p ik e 29.692 42.113 - - .22.825 26.085 - - 15.102 58.419
Stem 39.758 94.048 31.688 90.003 45.799 265,379 26.568 332.699 223.586 132,041 44.643 269.081Zn Le a f 11.767 23.959 24.288 23.844 17.774 34.381 69 .845 113.232 , 22 .900 121.713 9,199 61 .218S p ik e 4.415 12.826

'

~ ’ ■ 2.210 19.131 - - 4 .608 10.246

•  S ig n if ic a n t a t f i v e  p e r cen t le v e l 
* #S ign iflcan1  a t one p e r ce t le v e l



APPENDIX VIII

Analyses of va r ia n ce  for  nu tr ien t  u p ta k e  by bush p e p p e r  and vine
p e p p e r  as  influenced by N, P and K f e r t i l i z a t i o n ____________

Bush p e p p e r Vine p e p p e r
N u tr ie n t T re a tm en t E r r o r  mean T rea tm en t E r r o r  mean
u p ta ke mean squa res squa res mean squa re s squa res

(Degree o f  freedom  4 15 4 15)

E ffe c t o f N

N 0.048 0 .0 1 3 * 0 .059 0 .0 1 9 **
P 328.000 88 .8 90 * 2387.930 628 .480*
K 0 .218 0 .0 6 7 * 0 .280 0 .0 4 8 **

Ca 0.185 0 .0 5 2 * 0 .326 0 .0 4 5 **
Mg 0 .068 0 .0 1 6 * 0.161 0 .0 2 6 **
S 857.140 494.260 4412.310 1240.100*
Fe 71.270 122.410 753.780 102 .570**
Mn 107.030 30 .0 60 * 158.160 1 2 .7 9 0 **
Zn 0 .540 0.689 8 .130 1 .2 4 0 **

E ffe c t o f P

N 0 .234 0 .0 6 1 * 0 .376 0 .0 1 4 *
P . 217.060 63 .370* 635.320 198.530*
K 0.151 0 .0 3 8 * 0 .784 0 .0 3 7 **

Ca 0 .043 0 .0 1 2 * 0.251 0 .0 5 4 **
Mg 0 .058 0 .0 1 8 * 0 .133 0 .0 3 9 *

S 887.830 266 .600* 3014.420 6 1 2 .6 9 0 **
Fe 76.640 23 .580* 313.820 7 1 .0 0 0 **
Mn 59.199 38.912 73.023 74.468
Zn 0 .818 0 .984 6.437 3 .356

E ffe c t o f K

N 0.079 0 .078 0.211 0.315
P 467.557 606.167 552.473 747.578
K 0 .156 0 .0 3 6 ** 0 .445 0 .1 1 7*

Ca 0 .1 1 0  ■ 0 .0 2 8 * 0 .095 0 .0 2 6*
. Mg • 0 .073 0 .042 0.032 0 .0 1 2 *

S 403.199 557.060 224.560 1048.042
Fe 77.710 66.750 201.305 . 242.243
Mn 12.599 33.238 43.453 75.653
Zn 0 .335 1 .501 3.033 3.707

’̂ S ig n if ic a n t a t f iv e  p e r cent le v e l
* *  S ig n if ic a n t a t one p e r cent le v e l



APPENDIX IX

Analyses of v ar ia nce  for  n utr ien t  u p t a k e  by bush p e p p e r  and vine
p e p p e r  as  influenced by Ca, Mg and S f e r t i l i z a t i o n

N u tr ie n t
u p ta k e

Bush p e p p e r
Treatment E r r o r  mean

mean squa res squares

V ine  p e p p e r 
T re a tm en t E r ro r  mean 

m ean , squa re s  squa res

(Degrees o f freedom  4

E ffe c t o f Ca

N
P
K

Ca
Mg

S
Fe
Mn
Zn

E ffe c t o f Mg

N
P 
K 

Ca 
' Mg 

S 
Fe 
Mn 
Zn

E ffe c t o f S

' N ‘
P
K

Ca
Mg

S
Fe
Mn
Zn

15 15)

0 .004 0 .146 0 .096 0 .282
56.484 781.945 834.891 1413.525

0.113 0.191 0 .290 0 .430
0 .009 0.065 0 .040 0 .108
0 .015  ' 0 .066 0.021 0.091

189.809' 731.951 1007.133 1634.912
11.993 106.231 78.619 197.921
14.537 19.178 131.834 226.405
0 .066 1 .266 1.309 2 .654

0.179 0 .078 0 .268 0 .0 7 7 *
1123.260 329 .400* 2808.610 210 .600*

0 .147 0 .0 4 7 * 0 .135 0.147
0 .072 0 .038 0 .058 0 .0 1 8 *
0 .067 0 .0 2 0 * 0 .042 0 .0 1 1 *

501.148 286.299 350.711 988.613
250.840 5 1 .7 8 * 226.030 63 .850*

13.734 9 .054 27.922 39.721
0 .845 0 .595 1.025 2.648

0 .185 0 .116 0 .246 0 .0 6 3*
42.305 587.647 180.398 1387.902

0.281 0 .0 1 3 ** 0 .154 0 .0 0 5*
0 .055 0 .054 0 .079 0 .0 0 2 *
0 .040 0 .030 0 .035 0 .056

1554.508 172.480** 3692.735 885 .433*
116.069 3 6 .2 4 0 ** 64.718 190.259

■ 28.755 15.790 16.193 46.647
1.233 0.587 2 .807 1.887

^ S ig n if ic a n t a t f iv e  p e r cent le v e l
* *  S ig n if ic a n t a t one p e r  cent le v e l



' APPENDIX X
C o rre la t io n  c o e ff ic ie n ts  and re g re ss io n  equ a tion  fo r  n u tr ie n t  u p ta ke  in  b la c k  

' p e p p e r

V a r ia b le s  T ype  o f R egress ion  equa tion  . 2
y vs x p la n t

N u p ta ke  vs Bp y 0 .6 6 0 + 0 .0032x 0 .910
le v e ls  o f N y = 0 .6 4 0 0 + 0 .0 0 4 5 3 3 x -0 .00001x 0 .924

Vp y _ 0 .6 2 8 + 0 .0081x 9 0 .976
y = 0.649428+0.006671 x + 0 .000012x 0 .978

P u p ta ke  vs Bp y _ 71.414017+0 .328866x 0 .419
le v e ls  o f P y 63.666596+1. 3 6 1 8 2 9 x -0 .017216x 0 .779

Vp y — 68.078031+0.873466x 0 .709
y = 60.934405+1.825872x-0 .015873x 0 .860

K u p ta ke  vs Bp y — 1.4200+0.002133x 0 .270
le v e ls  o f K y = 1 .5 8 2 8 4 6 -0 .008724x+0. 000090x 0 .883

Vp y 1.700001+0.005367x 0 .743
y = 1.858561-0 .005205x+0 .000088x 0 .996

Ca u p ta k e  vs Bp y _ 0 .9 3 0 -0 .000933x 0 .505
le v e ls  o f Ca y = 0.884283+0.002114 x - 0 . 000025x 0 .976

Vp y = 1 .5 8 8 0 -0 .0 0 1 1x 0 0.285
y = 1.563705+0.000519 x -0 .0 0 0 0 1 3x 0 .338

Mg u p ta k e  vs BP y _ 0.678000+0.001733 0 .096
le v e ls  o f Mg y = 0 .8 0 9 4 2 5 -0 .0 1 5790x+0. 000292x 0 .952

Vp y = 0 .824000+ 0 .003467x 0 .817
y — 0 .809710+ 0 .005372x- 0 . 000032x2 0 .839

S u p ta ke  vs Bp y = 5 9 .24002+ 0 .775066x 0.861
le v e ls  o f S y = 55.033845+ 1 .3 3 5 8 3 3 x -0 . 009346x2 0.901

Vp • y — 90.318012+1 .23666x 0 .893
y 83.917951+ 2 .090007x-0 .0 1 4222x 2 0 .930

Bp : Bush p e p p e r ; Vp : V ine p e p p e r



APPENDIX XI

A n a lyse s  o f v a r ia n c e  fo r  g ro w th  p a ra m e te rs  in  b la c k  p e p p e r 
as in flu e n c e d  by v a r ie ty  and P source

Mean squa res

Source d f
V ine

Num ber 
o f 

le a v  es
T o ta l le a f  

a rea

D ry m a tte r y ie ld

le n g th Stem L ea f T o ta l

V a r ie ty 10 1206.250 78.091 162804.794 3 .404 6 .809 11.332

Source 2 954.250 87.344 22656.002 5.832 4 .018
*

15.676

V a r ie ty  x 
Source 20 334.400 15.454 17187.601 1 .919 1 .040 3 .942

E r r o r 64 556.785 24.384 44204.311 2.372 1.969 4.661

* Significant  a t  f i v e  per  cent le v e l
^ S i g n i f i c a n t  a t  one p e r  cent lev el



APPENDIX XII

Ana lyses  of v ar iance  for  t h e  concentration and u p ta k e  of P in b la c k
p e p p e r  as  influenced by v a r i e t y  and R source

Source d f

Mean squa re s  

P co n c e n tra tio n  p u p ta k e

Stem Lea f Stem Lea f T o ta l

V a r ie ty 10 0 .003 0.0060 13.647 6 .343 32.704

Source 0.001 0 .0020 20.914  4 .3 0 6  39.879

V a r ie ty  x 
Source 20 0 .002  0 .0015 . 10.668 4 .083  22.165

E r ro r 64 0 .002  0.0010 10.002 3.081 15.617

*  Significant  a t  f i v e  p e r  cent le v e l
'  ^Signif icant  a t  one p e r  cent le v e l



APPENDIX XIII

A na lyse s  o f v a r ia n c e  fo r  th e  s p e c i f ic  a c t i v i t y  o f a b s o rb e d  P and f e r t i l i z e r  P u p ta ke  by  b la c k  p e p p e r
as inTiueniced dv  v a n e tv  ana r  soui 

Mean

rce
sq ua re s

Source d f
S p e c if ic  a c t i v i t y

S t  em L e a f
W hole
p la n t P d f f P d fs

F e r t i l i z e r  
P u p ta k e

P
u t i l iz a t io n

V a r ie ty 10 868465.614 394103.841 305273.008 783.119 778.856 2 .376
* *

2 5 .6 09

Source 2 3276556.253 18364.000 807804.012 126.742 122.906 1.959 18.827

V a r ie ty  x 
Source 20 733533.811 418223.571 168439.402 482.529 489.444 0 .3 9 0 4 .5 1 4

E r r o r 64 927911.281 329238.009 140756.311 408.353 407.676 0 .538 6 .2 2 5

* Significan t  a t  f i v e  p e r  cent  lev el
"^Signif ic ant  a t  one p e r  cent le v e l



APPENDIX XIV

Analyses  of va r ia n ce  for  th e  concentra tion of n u t r i e n ts  in b la ck
p e p p e r  as  influenced by v a r i e t y  and P source

Mean squa res

N u tr ie n t co n ce n tra tio n  V a r ie ty  S o u rc i V a r ie ty "  E r ro r
x

  sou rce

(D egree o f freedom  

N
Stem
Lea f

K

Ca

Mg

Stem
L ea f

Stem
Lea f

Stem
Lea f

10

0 .006
0 .008

0 .007
0.012

0 . 199* *  
0 .2 2 4 *

0 .0 0 8 **
0 .0 1 8 **

0.012
0.002

0.001
0.018

0 .4 1 6 * *
0 .3 4 9 *

0 .0 1 3 **
0 .0 1 9 **

20

0 .004
0.018

0 .004
0 .015

0 .2 6 3 * *
0 .3 9 9 *

0 .0 1 9 **
0 .0 1 5 **

64 )

0 .013
0.025

0.028
0.023

0.027
0.111

0.002
0.002

Fe

Mn

Zn

Stem
Leaf

Stem
Lea f

Stem
Lea f

Stem
Lea f

0.0002
0.0002

0.0005 
0.0005

0 .0003
0.0002

0.0002
0.0003

1770.950 517.250 1076.525 747.406
11600.999 7091.000 7572.001 6114.813

6 6 3 .2 5 3 **  6 6 7 .9 0 6 **  474 .79 8 * 196 097
39235.198*129513 .001* 28118.300* 4768.094

1 1 6 .95 0 ** 7 8 8 .2 3 4 **  2 0 5 .6 4 8 **  30 616
.5 5 .4 8 1 **  1 05 .695 ** 145 .49 8 ** 1o ! s 67

* 4 ? n i f i cant a t f iv e  Pe r  cent le v e l 
S ig n if ic a n t  a t one p e r cent le v e l



APPENDIX XV

Mean, s t a n d a r d  devia t io n  and range of n utr ien t  concentra tion in stem
and leaf  of b la ck  p e p p e r

N u tr ie n t Stem Leaf

N (%) ' 1 ,38 ± 0 .12  
(1 .3 3  -  1 .4 3 ) * * *

2 .3 3  ± 0 .03  
(2 .2 9  -  2 .38)

P (%) 0 .133  ± 0 .022 
(0 .1 0 8  -  0 .167 )

0 .124  ± 0 .022 
(0 .0 9 6  -  0 .191)

K (%) 1.97 ± 0 .32  
(1.9?, -  2 .02 )

2 .8 2  ± 0 .09  
(2 .7 1-; - 2 .fi7 )

Ca (%) 1.40 ± 0 .38  
(1 .2 5  -  1 .67)

2.31 ± 0 .12  
(2 .2 0  -  2 .74)

Mg (%) 0 .85  ± 0 .09  
(0 .81  -  0 .90 )

0 .65  ± 0 .06  
(0 .5 9  -  0 .7 3 )

s (%) 0 .0 6 6  ± 0 .006  
(0 .0 5 8  -  0 .072 )

0 .151 ± 0 .017 
(0 .1 0 6  -  0 .163)

Fe (ppm ) 259.97  + 13.36 
(237 .22  -  289.22)

454 .32  + 34.28 
(3 99 .89  -  511 .78)

Mn (ppm ) 54.57  ± 8 .17  
(4 1 .5 6  -  65 .56)

411 .80  ± 62.95 
(2 9 8 .8 9  -  507.78)

Zn (ppm ) 42.51 ± 3.41 
(3 6 .2 9  -  49 .18)

38 .65  ± 2.44 
(3 4 .8 9  -  43.12)

Mean
* *  S tan d a rd  d e v ia t io n  
* * *  Range



APPENDIX XVI

Analyses  of va r ia n c e  for  t h e  n u t r i e n t  up ta k e  by b la ck  p e p p e r
as influenced by v a r i e t y  and P source

N u tr ie n t u p ta k e
Mean squa res

V a r ie ty Source V a r ie ty
. X

Source

E r ro r

(D egrees o f freedom 10 2 20 64)

N 0 .003 0 .005 0.003 0 .004

K 0.015 0 .035 0 .013 0 .018

Ca 0.005 0 .0 2 9 * 0 .002 0 .003

Mg 0.0005 0 .0 0 15 * 0 .0004 0.0004

S 2 2 .3 9 6 ** 2 6 .2 25 * 4 .808 7.081

Fe 2 .8 2 3 ** 1.600 1 .097 0.983

Mn A .353** 3 .8 9 3 * * 1 .1 3 9 ** 0 .460

Zn 0 .0 2 6 * * 0 .0 7 5 ** 0 .013 0.011

*  Significant  a t  f iv e  p e r  cent le v el
^ 'S ig n i f ic a n t  a t  one p e r  cent le v e l



APPENDIX XVII

Mean, s ta n d a rd  d e v ia t io n  and range v a lu e s  o f th e  uptake
o f  m it r  ionic;  b y  h l n r k poppor -

N u tr ie n t T o ta l u p ta k e /p la n t

N (g)

P (mg) 

K (g)

Ca (g) 

Mg (g)

S (mg) 

Fe (mg) 

Mn (m g) 

Zn (mg)

0 .1 8  
(0 .1 4

12.00
(9 .0 6

0 .23
(0 .1 7

0 .17
(0 .1 4

0 .07
(0 .0 5

10.45
(7 .9 9

3 .42
(2 .41

2 .25  
(1 .24

0 .39
(0 .2 8

± 0 .04  
-  0 . 20 )

± 1.82
-  15.21)

± 0.01
-  0 .2 7 )

+ 0 .03
-  0 . 20 )

± 0.01 
-  0 .08 )

± 1.83
-  13.23)

± 0 .53
-  4 .3 0 )

± 0 .63
-  3 .1 2 )

± 0 .03
-  0 .4 5 )



APPENDIX XVIII

A na lyse s  o f v a r ia n c e  fo r  th e  re c o v e ry  o f r a d io a c t iv ty  in  th e  le a ves  
o f p e p p e r v in e s  as in flu e n c e d  by la te r a l  d is ta n c e  and m ethod o f

a p p lic a t io n

Mean squa res

Source , d f P e p p e r v in e  
on tea k

t r a i le d
p o le

P e p p e r v in e  t r a i le d  on 
E r y th r in a  in d ic a

Days a f te r  ^ P a p p lic a t io n Days a f te r 3 2 „
P a p p lic a t io n

30 60 30 60

L a te ra l
d is ta n c e 2 2 .8 1 1** 3 .0 8 3 ** 0 .048 0 .014

M ethod o f 
a p p lic a t io n 2 0 .577 0 .5 0 3 * 0 .073 0 .008

L a te ra l 
d is ta n c e  x 
M ethod  o f 
a p p lic a t io n

4 0 .183 0 .170 0 .225 0 .010

E r ro r 16 0 .307 0 .112 0 .253 0.028

*  S ig n if ic a n t a t  f iv e  p e r cent le v e l 
^ S ig n i f ic a n t  a t one p e r cent le v e l
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ABSTRACT

E x p e rim e n ts  on th e  n u t r i t io n a l a spe c ts  o f b la c k  p e p p e r w ere  

c a r r ie d  out a t th e  C e n tre  fo r  A dvanced  S tu d ie s  on Humid T ro p ic a l 

T ree  C ro p s , C o llege  o f H o r t ic u ltu re ,  V e lla n ik k a ra  and a t th e  Banana 

R esearch S ta tio n , K annara, d u r in g  1986-1990. The p a tte rn  o f g ro w th  

and n u tr ie n t-  u p ta ke  in  bush p e p p e r and v in e  p e p p e r ,  th e  r e la t iv e  

e f f ic ie n c ie s  o f b la c k  p e p p e r v a r ie t ie s  in  th e  u t i l iz a t io n  o f a p p lie d  

P and th e  s o i l  zone o f maximum n u tr ie n t  a b s o rp tio n  in  p e p p e r v in e s

t r a i le d  on dead and l i v e  s ta n d a rd s  w ere  in v e s tig a te d .

A l l  th e  n u tr ie n ts  t r ie d ,  n a m e ly , N, P, K, Ca, Mg and S,

had in f lu e n c e  on one o r m ore  o f th e  g ro w th  p a ra m e te rs  o f bush

p e p p e r as w e ll as v in e  p e p p e r . A p p lic a t io n  o f Ca im p ro v e d  th e

ro o t c h a ra c te rs  m a rk e d ly .  V ine  p e p p e r had s u p e r io r i ty  in  te rm s  

o f h e ig h t ,  num ber o f le a v e s  and num ber o f ro o ts .  Bush p e p p e r

p ro du ce d  m ore num ber o f b ra n ch e s , la rg e r  le a ve s  and lo n g e r ro o ts .  

In  bo th  th e  ty p e s ,  th e  to ta l  b iom ass was a good in d ic a to r  to

-a p p lie d  n u tr ie n ts .

Among th e  n u tr ie n ts  a p p lie d ,  o n ly  N and S in c re a se d  t h e i r  

c o n c e n tra tio n s  in  th e  stem and le a f  o f bush p e p p e r and v in e  p e p p e r .

In  bo th  th e  ty p e s ,  tre a tm e n t d e v o id  o f N p ro d u ce d  t y p ic a l  N

d e f ic ie n c y  sym p tom s. T he  n a tu re  o f  response  in  u p ta k e  was m ore 

o r le ss  s im i la r  in  a l l  th e  tre a tm e n ts . 1



The v a r ia b i l i t y  in  b iom ass p ro d u c tio n  and n u tr ie n t  u p ta k e  

in  bush p e p p e r and v in e  , p e p p e r co u ld  be e x p la in e d  b y  q u a d ra tic  

m ode ls  f o r  a l l  th e  n u t r ie n ts ,  e x c e p t Ca. On com p aring  th e  q u a d ra t ic  

responses In  b iom ass p ro d u c tio n  betw een th e  tw o  ty p e s  o f p la n ts ,  

v in e  p e p p e r re v e a le d  an a d d it io n a l response  o v e r bush p e p p e r .  

The d if fe re n c e s  in  n u t r ie n t  u p ta ke  betw een th e  tw o  ty p e s  o f p e p p e r 

w e re  a ls o  h ig h ly  s ig n if ic a n t ,  e x c e p t f o r  P . Hence, bush  p e p p e r 

cannot be used as a s u ita b le  s u b s t itu te  fo r  v in e  p e p p e r , fo r  

p u rpo se  o f  in v e s tig a t io n s  on n u tr ie n t  re q u ire m e n ts . H o w e ve r, in  

th e  c o n te x t o f s tu d ie s  on f e r t i l i t y  s ta tu s  and n u tr ie n t  s u p p ly in g  

pow er o f s o i ls ,  th e re  is  scope fo r  us ing  bush p e p p e r as 

s u b s t itu te  fo r  v in e  p e p p e r .

C o n s id e ra b le  v a r ia b i l i t y  e x is te d  among b la c k  p e p p e r v a r ie t 

ie s  w ith  re s p e c t to  g ro w th ,  f e r t i l i z e r  P u t i l iz a t io n  and n u tr ie n t  

u p ta k e . O f th e  e leven  v a r ie t ie s  e va lu a te d ', b iom ass p ro d u c tio n  was 

th e  lo w e s t in  K u th iy a n ik k o d i and th e  h ig h e s t in  A im p ir ia n .  S u p e r

p h o sp h a te  was found to  be th e  b es t P sou rce  fo r  b iom ass p ro d u c t io n . 

U t i l iz a t io n  o f P fro m  a p p lie d  . P sources was th e  lo w e s t in

K u th iy a n ik k o d i and th e  h ig h e s t in  K u th i r a v a l ly .  When th e  to ta l

P a b so rb e d  was c o n s id e re d , K u th ir a v a l ly  d e r iv e d  40 .37  p e r cent 

o f i t s . P re q u ire m e n t fro m  th e  f e r t i l i z e r  w hereas o th e r  v a r ie t ie s  

met 11.60 to  32.27 p e r  c e n t. Among th e  f e r t i l i z e r  P so u rces , s u p e r

p h o sp h a te  and am ophos w e re  found to  be p re fe r re d  by b la c k  p e p p e r.

V a r ie t ie s  d if fe r e d  s ig n if ic a n t ly  w ith  re s p e c t to  th e  concent

ra t io n s  o f P , Ca, Mg, Mn and Zn. K arim unda  re c o rd e d  m ore P



f o l ia r  Ca c o n c e n tra tio n . Magnesium co n c e n tra tio n  in  th e  le a f  was 

h ig h e r  in  K o tta k k o d i and th a t  in  th e  stem in  K o ttanadan . Lea f and

stem c o n c e n tra tio n s  o f Mn was m ore in  A im p ir ia n  and K o ttanadan , 

r e s p e c t iv e ly ,  w hereas th o s e  o f Zn w e re  m ore in  P a n n iyu r-1  and 

N ee lam und i, r e s p e c t iv e ly ,  P sources a ls o  in flu e n c e d  th e  c o n c e n tra t

ions o f Ca, Mg, Mn and Zn.

S ig n if ic a n t d if fe re n c e s  w e re  o b s e rv e d  in  th e  u p ta k e  o f P, 

S, Fe, Mn and Zn among v a r ie t ie s .  In flu e n c e  o f P sources was a lso

e v id e n t in  th e  u p ta k e  o f Ca, Mg, S, Mn and Zn in  b la c k  p e p p e r .

S u p e rp h o sp h a te  e x a lte d  th e  u p ta k e  o f Ca, S and Zn; b u t i t  was 

on p a r w ith  n it ro p h o s p h a te  fo r  Mg u p ta k e  and am ophos f o r  Mn

u p ta k e .

Lea f was found to  be a b e t te r  a ccum u la to r fo r  N, K, Ca, 

S, Fe and Mn in  b la c k  p e p p e r w he reas  P and Mg w ere  m ore

accum ula ted  in  th e  s te m . C o n ce n tra tio n  o f Zn d id  no t d i f f e r  in  bo th  

th e  p a r ts .  The o rd e r  o f n u tr ie n ts  rem oved  by  b la c k  p e p p e r was 

K >  N >  Ca >  Mg >  P >  S >  Fe >  Mn >  Zn .

. . 32 .
R ecove ry  o f s o i l  a p p lie d  P in  th e  le a ve s  o f p e p p e r v in e s

in d ic a te d  th a t  i r r e s p e c t iv e  o f th e  ty p e  o f s ta n d a rd  u sed , f e r t i l i z e r  

a p p lic a t io n  in  b la c k  p e p p e r is  to  be r e s t r ic te d  to  30 cm w id e  

bas in  a round  th e  v in e .

concentration in th e  le af  and Ca in t h e  stem . Kutching had more


