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XITBOBOTTXOI

The a w t popular among tho epioee i s  the dried 
matured whole berry o f  tho evergreen perennial elimbing 
v ine , black pepper known botanieally  as Finer nigrum 2>«
The stout glabrous olimbing herb is  indigenous to  tho 
Malabar ooaat o f  Kerala preferring a humid trop ioa l 
clim ate.

The Indian pepper enjoyed monopoly in the world 
market t i l l  the turn of the nineteenth century when 
Indonesia and other countries a ls o  entered the pepper 

trade. 2n India, pepper is  an export-oriented erop 
contributing half the country's foreign  exchange earnings. 
Xn 19$$ the country 's production was 40 per cent o f world1 
popper output while the ether pepper producing oouatriee 
like  Indonesia, Malaysia and B rasil accounted fe r  only 
2$, 24 and 1 per eent respective ly . The corresponding 
figures for the year 1901 were 20, 22, 20 and 32 per eent 
resp ective ly . Productivity o f blaek pepper in India f e l l  

fron  246 kg/hm in 1949-90 to  243 kg/ha in  1980-81• These 
figures p ro ject the sad picture o f  Ind ia 's present day 
situation  in black pepper production. Though India can 
boast o f  i t s  top most position  in cu ltivated  area under 

blaek pepper (1.11 lakh ha), i t  comes only fourth in 
production in  tho world contributing 27,000 tonnes of 
black pepper. B rasil which had barely started production
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in  tli« 1950* s ha* gen* up ia  produetion substantially  
and today, i t  loads both in  prsdse-tlon and expert*
India * tbs w orld 's top asst producer o f  blaek popper foe 
centuries, has than boon relegated to  the stature o f  aa 
ordinary producer*

Seventy nino par oont o f  tho t o ta l  production of 
popper in India to  from Kerala with 90 per oont o f the 
to ta l  area which is  indioativo o f tho importance of tho 
crop in the s ta te 's  economy. The aw era go y ie ld  o f  popper 
in Kerala is  estimated to  bo 279 kg/ha as againat 4067 kg/ha 
in m laysia* One o f  the reasons often attributed to  the low 
productivity o f the vines in Kerala ia the sparse use o f 
fe r t i l is e r s *  F ertilise rs  being tho most expensive input 
in crop production* their Judicious management assumes 
importance from the point o f  view o f economy*

A knowledge o f  the root a c t iv ity  pattern i s  a valuable 

pre-requ isite  fo r  developing a s c ie n t i f ic  wethod o f  f e r t i l i 
ser application  to  any crop* The tra d ition a l methods of 
studying the root d istribution  are based on physical exami
nation o f  the roote  a fte r  exeavation« use o f dyes ao tracers 
etc* Such techniques, apart from being laborious* can only 
provide a picture of tho t o t a l  root d istribu tion  (a ctive , 
dormant and dead roots)*  Xn contrast* iso top le  techniques 
o ffe r  a quick and re lia b le  means o f  determining either the 
d istribution  o f  active  roots or the to ta l roots* The former
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1* studied by s o i l  in jection  o f  ft radiotracer while the 
la tte r  la  studied through plant in je ction  technique. 
Information ob the d istribution  o f  aotive roots aad tho 
s o i l  sonoft o f  aft x l sum nutrient absorption 1ft o f  value 
la  formulating a ra tion a l method of f e r t i l i z e r  applloatlOB.
Ib blaek popper bo work has been so fa r  done on these ftftpootft. 
I1 he present study was, therefore, designed with the follow ing 

objectives*

o fe  examine in  d e ta il  the d istribution  patterns
o f  aetlve roots 1b black pepper r is e s  tra iled  
on l iv e  standard (erythrina) and on teak pole 
(dead support).

o ?o evaluate the density o f  a otive  roots o f
erythrina 1b the rhisoaphere o f black pepper.

# ’f© assess the magnitude o f root competition for

applied-? between the vino and the l iv e  standard.

e lo  compare the nutrient removal by the vine and
erythrina and

e So examine whether the climbing roots  o f the
vine are capable o f  nutrient absorption.
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REVIEW 07 LUSH Af ORB

Research on root system io  o f  particu lar import

ance aa roots are responsible fo r  tho uptake o f  water 
and nutrienta besides providing anchorage to  the plant.
An understanding o f the root density, their la te ra l and 
v e r t ic a l  spread is  essen tia l fo r  developing a sc ien ti
f i c  a lly  sound and e ffic ie n t  aethod o f  f e r t i l i z e r  use in 
crop gardens, litera tu re  relevant to the root d istribution  

pattern o f esp ecia lly  tree ©rope is  b r ie fly  revived bare*

£ .1 . hoot d istribution  pattern o f perennial tree  crons

The c la s s ic a l methods o f  investigating root systems 
Include excavation, needle board method, monolith method 
e tc . Such methods have been in  vogue to  study the overa ll 
root d istribution  patterns o f  crop plants irrespective o f  
the type and function o f  the ro o ts . Despite the cumber
some and often time-consuming nature o f  the methods, root 
systems of several fru it trees  and plantation crops have 
been studied.

2 .1 .1 . Fruit trees

v 'e rtifica l d istribution  o f roots  upto a depth o f
2.3 m was recorded from an excavation study o f  mature 
Baldwin apple on a well-drained s o i l  (Oskamp, 1952).

Seet (1932) observed a deeper root penetration in  better 
drained s o i l .  In young trees, the root system spreads
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v e r t ic a lly  faster than tha crown aad nay extend to  
1 . 5m beyond it*  Under favourable s o i l  conditions,tha 
roots say fro daap upto 1 a with age (Vuoriaen, 1958)* 
Sxoavation o f  root ayataa a f 26 year old trae o f  Jonathan 

0JS sv lv estr ls  (Tanasi, 1959) io  a sandy s o i l  revealed
that tha diaaatar o f tha root system was 1*9 tia a s  that

2o f  tha oxoan* fhe araa occupied hy tha roots  was 154 a
2and that occupied by the crown was 44 fit with 69 par oant 

o f  tha roots located under the crown spread. Sremeev 
(1960) opined that in dry s o i l  the absorbing roots o f  
apple are very short (2 to  4 am) with a reddish brown 
co lou r. Basinova (1960) reported that 5̂n 14 to 40 year- 
old apple trees about 30 to  60 per cent o f  the roots ars 
within a depth o f 20 to  40 on and that s o i l  moisture 
content declined with increasing ^oot density in a givsn 
layer* The excavation studies on the 'extent and habit o f  
root growth of 1 to  4 year-old Jonathan ap ;le  on terraced 
lo e ss  s o i l  indicated that the roots grew 75 oa v e r t ica lly  
and 75 cm ra d ia lly  in one-year-old trees while the 4 year- 
old ones showed v e r t ic a l and horizontal spread o f  355 and 
482 om respectively  (D oll, 1961)* According to  Kolesnikov 
(1962), depth o f  root penetration nay vary with s o i l  typo, 
variety o f  the apple tree and the root growth depends 
largely  on e o i l  moisture condition* Studies conducted



6

by Waller (1966) indicated the highest density o f 
absorbing roots near to  the tmnk in  Boekoop and 
Goldparaane apple trees* Soot d istrib u tion  studies 
in three apple va rie ties  (2erebeov, 1966) shoved that 
root penetration depended on the s o i l  depth at vhioh 
the isperseahle layer occurred and i t e  mechanical 
oospositlon . Xn irriga ted  p lote o f  AzerbaJdzau at an 
elevation o f  600 to 700 utmost o f the roots o f  apple 
trees vere distributed in the 20 to 75 on soitiayev 

(Babaev 968). Studies o f  Babuk (1971) indieated 
that most o f  the roots c f  young transplants wars con
fined to  0 to  40 cm layer and that o f  older trees in 
the 80 to  100 cm s o i l  layer.

Studies near Catania in  3 ic i ly  on the roots  o f  

Sour orange by Baldini (1957) revealed that most o f  ths 
roots -vrero found, between 10 to 20 cq la te ra lly  at a 
depth o f 40 to  70 cm. .Montenegro (1960) reported that 
drought sen sitiv ity  in citru s was dependent on feeder 
root d istribution  but was probably related to the laok 
o f xeromorphic featijres in roots and lca re c . fen year- 
old Hamlin orange or t r i fo l ia t e  orange had 90 per cent 
o f  the root system within 90 o k  of the surface. Cahoon 
et a l .  (1961) concluded that 0 to 10 cm depth o f the s o i l  
contained majority of the roots and that irr iga tion  had 
a pronounced e ffe c t  on the percentage o f roots  in  saoh 
s o i l  depth. Under the s o i l  and clim atic conditions
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M istin g  in Coorg, the coot system o f  one and a half 
year-old  healthy Oooxg Ifendarins were found to extend 
10*2 out v e r t ic a lly  and 160 an horizontally  (Aiyappa and 

Brlvastava, 1965). The experiment conducted on a Eumona 
eandy loan with fa ir  to  good in tern a l drainage led 
Gaboon and Stolsy (1966) to  oonelude that by increasing the 
Interval between irr iga tion  or by reducing water in filtra t io n  
the root density can be increased in  the s o i l  p r o f i le .
Aiyappa and Srivastava (1963) studied the root system o f 
healthy and oh lorotio  trees o f  two and a half year-old  
mandarin orange in  Coorg. The roots were found to penetrate 
224 on v e r t ica lly  and 551 out la te ra lly  in  healthy ones as 
against 199 and 179 am in  severely ch loro tic  trees . The 
heaviest concentration of feeder roots in a three and a 
h a lf year-old  mandarin was found in the top 60 cm s o i l  
column, a greater part o f the root system being constituted 
by la tera ls  (Aiyappa et a l . , 1968).

Burba and Bulkarni (1920) from a study of guava 
roots opined that the average spread o f  roots das to  
110 cm with a v e r t ic a l d istribution  upto 20 ora below the 
s o i l  3urfaoe.

G off (1897) isolated the root system o f nine 
year-old grape vine In Wisconcin and found that very few 
roots are shallower than 20 cm and that the roots descended
2.4 ® in a sandy s o i l  below lig h t clay loam. Boot
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excavation o f  •Conoord* vine la  a terraced vine yard in 
Iona (B oll, 1953) shoved that on f e r t i le  s o i l ,  the vines 
had a maximum root extension o f  6.6 m with v e r t ica l 
spread o f  5*9 a as against i t s  la te ra l and v ertloa l 
spread o f  7*25 and 2*85 a respectively  in a less  fe r t i le  
so il*  The concentration o f  roots vas maximum in the sur
face 30 oa. Mlhaoea and Puri (1938) reported that in the 
vine growing centre o f  Teremia,the root system o f  filparla 
Gloria vine extended 1.5 to  2 m la tera lly  and to  a depth 
o f over 4 a v e r t ic a lly  with most o f  the la tera l roots 

situated at about 30 to  60 cm from the surface* Stoev 
and Eangelev (1969) from their observations on the root 
system o f  Muscat iiougs vines grown on th e ir  own roots 
and on other root stocks found that on i t s  own ro o ts , the 
vines developed the fewest feeding roots reaching to a depth 
o f  60 om whereas on other root stocks they penetrated to  
75 cm. Excavation studies conducted by Chelam (1974) at 
the A gricultural College, Coimbatore, on the root system 

o f  eleven year old grape vine v a r ie t ie s  indicated that 
magy o f  the growing roots were located at a depth o f 
90 om o f which a greater part was in 20 to  40 cm depth*
The root growth varied among d ifferen t ou ltivars depend
ing upon the vigour*

Bojappa and Singh (1975) studied the feeder ro«* 
d istribu tion  patterns o f  young and old mango trees by the



••11 ta g it  eaapllng at the Indian A gricultural
i l N M l h  Institute* m  BiUd* They found the highest 
ooioentratlOB o f  feeder roots  in  tho oono olooo  to  tho 

tree  (60 on) at tho top  15 on layer o f  noil*  About 
09 to  90 pen oont o f  feeder roots  were within th o port* 
pberal 100 on*

In poor trooof tho greatest root oonoontratlon rao 
found hotvoon 60 and 240 on A na tho trunk (Aldrieh, 1955). 
Assorting to  l l a l  (1965)* tho roots o f  poaoh trees ia  i 
n o il  cu ltivated  to  a depth o f  20 on were oonoentratod 
bolow that non# and ohowod l i t t l e  hsanohlng. Oookroft 
ant Wallbrink (1966) roportoO that tho root d lotrlhn tloo  
o f  poaoh oat poor trees in  shallow s o l i  oas ooafiaod to  
tho top 90 oa o f  so il*  Boot length woo aaxinaa in  sorfaoo 
so il*

The otodloo on ehleneeie • susoeptible and rooistant 
plan trees  revealed that the susooptlble onss had aoot o f 
their roots in  tho 25 to  60 oa lapor o f  s o i l  while tho roots 
o f  the rooistant onoo ooso found in i t ia l ly  la  tho top 20 on 
layer o f  s o i l  aad la to r  in  tho 10 to  50 on lapor 

(Moleanov* 1966).

Luposoo (1961) ohoorvod that the vertioal. roots  o f  
aprieot oar* Pavlot grafted on d iffs rsa t  root etseko 
reached to  a depth o f  2*89 t o  3*9 a with aoot o f  the roots 
lying in the ouporfLoiaX layero between 0 to 20 on*
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In Quo to  5 year-eld trees , moot o f  tho roote wore In
tho 11 to  40 cm layer (fam es!, 1970) and tho coot spread
in one year-old  apricot trees  on wild apricot root stock

2planted in  a clayey o o l l  was In an area o f  1*91 m •

In 24 year-old  Valent trees , 60 per cent o f the 
roots were aeon at a depth between 40 to  60 oa (Maliga 
and famaei, 1957)* Chernobai (1971) reported that moot 
o f the roots o f  walnut trees spread horizonta lly  in  the 
30 to 80 cm deep s o i l  layer and occupied an area o f 
2.6 to  6.7 times larger than the crown.

2 .1 .2 . Plantation crops

i'he investigation by Bavappa and ,'urthy (1961) 
revealed that in areo&nut, the roots were concentrated 
within 60 to 90 cm round the base o f  the palm. Bhat and 
lee la  (1969) pointed out that in 8 year-old arscanut 
palms, 61 to 67 per cent o f a l l  typos o f roots and 
51*3 to 6fc.6 per cent o f xine roots were concentrated 
within a c ir c le  o f 50 cm radius around tho pain. >4ore 

than 00 per cent o f a l l  root types we.ro within 1 to 1.25  *  

from the trunk, the greatest rooting depth being 2.6

Both healthy and oadang-oadang e ffe c te d  coconut 
palms growing on a sandy loam s o i l  had most o f  the 
primary and secondary roots at 30 to  90 cm from the tree
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bsss to  a depth o f  60 t o  90 oa (Ifcgnsye, 1969)* Boot 
at«4 ioo la  oooeaot oarried oat at Yeppankulaa (Anon,
1970) «ho«o4 that a groat sa jo r ity  o f  roots  voro eon- 
flood  to  16 to  60 oa lays* o f  so il*  Kushvah a l .
(1975) froa  th o lr  otadloo ob tho oeoooot rooting 
pattern opined that pals* zseetvlag regular ou ltlvatloo  
and assuring produced tho highest aoahor o f  rooto*
About 74 par east o f  tho roots prodoood did not have 
la tora l sproad beyond 2 a froa  tho trank and aoat o f  
tho roots  vozo oonflBod to  120 oa s o i l  dopth*

Bxeavatlon o f  ths root oyotoa o f  eo ffeo  In Paorto 
Rico revealed that nearly 95 por oont o f  tho root systea 
by weight aas present in tho nppor 50 oa o f  tho so il*  
Troos haring heaviest tops wars found to  havo tho 
hoariest rooto and tho extent o f  root ayotem van best 
indicated by tho trunk dlaaotsr (A rrillaga  and aoaos, 

1940)* Aooording to  Hatort (1998)» in  Kobusta oo ffoo  
tho tap root reached a length o f 90 oa while tho super* 
f i o i a l  la tera ls  and other secondary roots foraed a large 
nass around the tree  orsr an area o f  7 -  8 a2* She 

root d istribu tion  pattern aas nore irregular with age due 
to lo o a l noorools* Boot oyatoa o f one-year-old oo ffeo  
plants in nureery in  Salvador lo&ay sand indicated nearly 
a l l  roots being concentrated in  tho top 50 oa s o i l  layer 
(Do Castro* I960).
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Me Greary gj, al* <1945) studied the root d is t r i 
bution o f  oaoao growing on d if fe r  out a o i ls  o f  Srinldad 
by excavation method* fhe main la tera ls  were numerous 
and evenly disposed around the 'top root* A ll tha atoat 
la tera ls  were found in the top 50 oa layer but numerous 

la te ra ls  oaae o f f  at 50 to  55 om depth* Hardy (1944) 
reported that in nutrient d e fic ien t compact aeid olaya 
ox in  aanda having high Hater table* the root syeten o f 
oaeao nan eharaotexleed by a lengthy tap root* a aparae 
but widely distributed su p e r fic ia l roots and a w ell 
marked fibrous surface root aat*

In tea* the density o f absorbing roots  decreased 
with depth and reached a nininun in the 50 to  60 om s o i l  
layer* fhe greatest number o f conducting roots was at a 
depth o f  10 to  50 om and tho absorbing roots increased 
with distance from the stem (Pmtaxava* 1968)*

Trerada and Chiba (1971) recorded the root 
development o f  black pepper vines in B ra sil and found 
that 85 to  90 per cent o f the feeder roots  were confined 
to  upper 50 em«

2.2. Boot MrtlTltr of t r « .  prop*

fhe trad ition a l methods are su itable only fo r  
investigating a few plants because o f the labour involved 
in digging p ro file s*  tracing and sapping the roots etc*
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Staoh techniques a pari from being laborious oan only provide 
a picture o f  t o t a l  root d istribu tion  without distinguishing 
aotive , doraant aad doad roo ts . Iaotopa techniques, ia 
contraat, offax  a qulok aad re lia b le  aoaao o f  determining 
tha d istribu tion  pattaxn o f  b oots . Two methodologies have 
baen adoptad. One i s  plant in je ction  teohnique(iiacz at a l . , 
1967) and tho other, s o i l  In jeotion  technique (B all f t  a l . .
1953) • The former i s  applicable only in  small plants fox 
studying the root d istribution  pattern while the la tter  
i s  suitable with any plant fox studying the d istribution  
of active roots which axe d ire ct ly  responsible fo r  water 

and nutrient absorption from s o i l .  The s o i l  in jeotion  
technique has been extensively used for  studying the root 
a c t iv ity  patterns o f tree crops. The aethod involves s o i l  
in jection  o f traoer at various depths and ra d ia l distances 
from tho plant followed by determination o f  the absorbed

•550
rad ioactiv ity  by the plant. Gunerally, f , a hard beta ' 
emitter is  used fo r  th is purpose as tracer because o f  i t s  
convenient half l i f e  (14.3 days) and ease o f  measurement, 
even though many others including stable Isotope o f U(***H), 
86Rb and non radioactive Sr (IAEA, 1975; E llis  and Barnes, 
1973| Eox and Llppe, I960) were sometimes used. Tho radio
a c t iv ity  reoovered in the plant from a particu lar s o i l  zone 
depends on the proportion o f  a ctive  roots in that zone.
In small plants such as cerea ls , to ta l rad ioactiv ity
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absorbed by tha plant oan be determined* However, when 

tha balk o f  tho plant la  toe  large aa in  troo ezops, tho 
dotozaination o f  t o ta l  rad ioactiv ity  aboozbod by tho plant 
v iU  bo a d i f f i c u l t  pzopoaition. In anoh oasoo, IABA (197$) 
zoeoaaondod tho zadioaaoay o f  a su itable plant part to  
evaluate tho uptake o f tho applied la b e l from varioua 
root zones*

2*2*1. Fruit trees
Ulrich ot a l* (1947) from a study on the root 

a c t iv ity  o f grape vine in  a zed loam* 6aliforn ia* employing 
radiophosphorus reported an irregular d istribu tion  o f  roote 
about the vine* Ninety per cent o f the roots  sore observed 
within a radius o f 60 cm from the base though some latera ls 
were found at a distance o f  only 2*5 cm from the v ines.

Pev et al* (1971) on studying the p ro life ra tion  o f  roots 
occurring at d ifferen t depths in three v a r ie t ie s  o f  grapos 
by s o i l  in jection  technique found that roots occurring at 
d ifferen t depths from 31 to 56 cm absorbed more J P and 
henoe had more a ctiv ity  in the roots at that region*

Using labelled superphosphate* Bojappa and Singh 
(1973) found that the maximum root a c t iv ity  o f mango was 
upto 2.4 m la tera lly  and 30 om v e r t ic a lly  in  the so il*
About 77 per cent o f root a c t iv ity  was observed upto 60 oa 
in one t r ia l  and i t  was 85 per oent upto 30 cm depth in 
another tr ia l*  Absorption from the peripheral eons o f  
3 m was 88 per csnt in both experimsnts*



By se le ctiv e  placement o f  52P within rooting 

volume* Atkinson (1974) studied tho d istrib u tion  o f  root 
a c t iv ity  in  applo troes and concluded that in  2 year-old 
trees o f  ou ltivar Cex/M9, aaxiaun absorption o f  tho radio* 
la b e l was from 30 oa dipth as against 90 oa depth in 25 

year*eld trees o f ou ltivar Fortune/119*

Experiments oarried out in  30 year-old orange troes 

to  study the root a c t iv ity  pattern in  su b b o x  and spring in 
a fin e  sandy clay loam o f  Spain (IAEA* 1975) revealed that 
during summer months* the highest a ct iv ity  was at 2 to  3 a 
distance from the tree and 4t 30 cm depth* Early in spring* 
high root a c t iv ity  was observed near the tree (50 oa distance) 
at 60 and 30 cm depths* In mature 30 year-old  trees* tbe 
sone o f highest root a c t iv ity  was farther away from the tree  
than in younger trees o f 14 years (IAEA* 1975)* From an 
experiment with 8 and 12 year-old o itru s trees in falwan*

IABA (1975) reported that in the former,the highest root 
a c t iv ity  was seen at 100 cm la tera l distance/10 om depth 
in spring season and fo r  the la tte r  in the winter season* 
the a c t iv ity  was higher near the s o i l  surface within the 
100 to  200 cm la tera l distance*

2*2*2* Plantation crops

Vet and dry season experiments in fru itin g  co ffee  
trees in  Columbia (IABA* 1975) Indicated that In wet seamen 
root a ct iv ity  a t 30 oa dlstaneo/15 om depth was eignifiaantly
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than at any other a o il  zones teat ad. In dry 
season, no indication  vaa obtained o f tho zones o f  high 
and loo  root a c t iv it ie s .  Uptake vaa lo o  in dry season. 
Experiments at Konya on the root a c t iv ity  pattern o f 
oo ffee  (IABA, 1979) revealed two zones v i z . , near the 
s o i l  surface opto a dlstance o f  82.9 on from the tree 
base and in  the 49 to 79 on depth at a distanee o f  30 oa 
from the tree . Experiments with one year-old  ooffee  plants 
growing on Salvador loany sand, ( IASI, 1979) pointed oat 
that nearly a l l  roots vere concentrated in  the top layer 
o f  30 cm. In 2 year-old plants, the la te ra l spread o f  the 
roots  was upto 80 cm and fo r  adplt trees , i t  was 130 cm.

Wot and dry season experiments carried  out on oaoao 
at Ghana using traeer technique (IAEA, 1979) revealed highest 
root a c t iv ity  in the upper 2.9 om s o i l  layer. In both vet 
and dry seasons, the O ffset o f  distance on root a c t iv ity  
was not s ig n ifica n t, but there was an indioation o f  high 
root a c t iv ity  near the s o i l  surface at a distance o f  90 to  
190 cm.

Prom a study on the root a ct iv ity  pattern o f  oooonut 
employing Balakrlshnamurthy (1971) suggested that maxi
mum uptake occurred from 1 a distance from the palm at a 
depth o f  12 om. Ihe greatest root a c t iv ity  was observed 
in the upper 0 to  30 cm layer o f s o i l  close  to  the palm 
(within 190 cm) and Intensity was more in wet season.
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Studies conducted la Sri Lanka using radiotracer on the 
e ffic ie n cy  o f fe r t i l iz e r  u tilisa tio n  by coconut palms 
(IABA# 1975) shoved that nutrient uptake was maximum at 
a la tera l distance o f  50 oa and a decrease vas ohserved 
vith  increase in rad ia l distance. A ctiv ity  use very high 
vlthln  a radiue o f  2 a within a depth o f  10 to 45 om*
Result a o f  the expertaents on the root a c t iv ity  patterns 
o f  15 and 60 year-old oooonut trees ( t a l l  v a r .Laguna typ ica l 

in the Philippines in vet and dry seasons were reported 
by IABA (1975). The highest zone o f  root a c t iv ity  was at 
1 to 2 m distance and upto 15 cm depth. Lesults o f  experi
ments carried out in wet and dry seasons in 50 year-old 
cooonut' palms in sandy loam a o il  in Sri Lanka (IAEA* 1975) 
indicated that root a ctiv ity  in wet season was highest at 

1 m distance and 10 cm depth. In dry season, root a ctiv ity  
was highest at 0.5 o distance at 10 cm depth. A ctiv ity  at 
lower depths and greater distances was high in the dry 
season.

Phosphorus-32 in jection  experiments were carried out 
tc  study the root a ctiv ity  pattern o f young, 7 year-old 
and bearing o i l  palms in vet and dry seasons in Malaysia 
and Ivory coast (IABA# 1975)* In Malaysia during the 
wet season, the highest root a c t iv ity  was found at ths 
s o i l  surface at a distance o f 3 * from the tre e . About 
70 to  80 per cent o f  active roots were within 0 to  20 cm



depth. Ia Ivory coast, highest seat a c t iv ity  vac observed 

at 0 to  20 oa dopth. Vot ssason a e t lv ity  vaa aoro latoaoo
aad confined to  tho surfaoe onlike  ia  dry season where tho 
a c t iv ity  showed a stoop declin e with depth.

Soong £t a l .  (1971) studied the P uptake o f Havea
«2brasilien a ie  seedlings by ^ P  s o i l  in je ction  technique

and subsequent analysis o f  the leaves and la tex , 'hximuB
root a c t iv ity  was found in a la tera l distance o f 3*6 a
from the trees . Phosphorus uptake by nature rubber trees
froa  the s o i l  by using ^2P s o i l  in jection  technique was
investigated by Silva et a l . (1979). R adioactivity  in the
la tex , a re lia b le  assay for determining d istribution  of

52aotlve roo ts , was higher when P application  was done 
at a la te ra l distance o f 0*75 a from the tree and at 15 os 
s o i l  depth.



MATERIALS AND METHODS



KATIRXAL8 ATO KRfHODS

AH the expezlaents were son ducted at the Collage o f  
Horticulture# Vsllanikkaza whleh i s  situated at aa a ltitude 

o f  22*25 a above MSL at latitude 10*32'N aad longitude 
76*10*1 aad enjoys ty p ica l huald wax* tro p ica l o lia a te .

3 .1 . 8011 aad experlaontal material

Shs Physico-chemical ch araoteristics  o f  the s o i l  at 
the sxpezlaental s ite  are furnished in Table 1. The s o i l  
i s  aoid le  la te z lte  fa ir ly  rich  In organic matter with high 
oontent o f available P aad K. Black pepper v&r. Panniyur-1 
was Invariably used for a l l  the exper&taents. These plants 
belonged to  an existing  f ie ld  experiment on the a ffe ct  o f  
spacing# variety  and type o f  standard on the growth and 
y ie ld  o f black pepper vines. The t r ia l  was established 
in 1979 under the Kerala Agricultural Develop*ant Project 
and the vines were four years old whan they were sade use 
o f  fo r  the present study.

3.2. 8gg|JMLtAgA3g , J»tt*Sag,.o.Oi£qj£, V*ETGT- 
vine and erythrina standard

3 .2 .1 . Absorption o f  soliUapplied ^2P by the vine
In order to  examine how fast the applied radio

a c t iv ity  was absorbed by the v is e , ^2P solution  was injeoted 
in to  s o i l  holes at a depth o f  10 on • along tho oirouafereaoe 
o f  a eon ioixcle  (P ig .3) o f  15 o». radius facing the vino and
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ths stiiwrtlTttjr M « o v « n i  1b tha 1«t«i at a oanopy
height o f 1.5 ■ vaa determined at Intervals o f  5, 15. 30,
60 and 120 ain a f t  ox placement. there were two
rep lication s for  each treatBent.

3 .2 .2 . Standardisation o f  le a f  campling procedure
fo r  rad ioactiv ity  measurement In black pepper 
tvo o e l l  treatment*! o f ra d ioa ctiv ity  at 13 and 30 on 

rad ia l distances away fron the vine aad at a depth o f 10 on 
wore coopered in th is  experiment. the vines spaoed at 3 a 
and tra iled  on dead wood supports (teak poles) were selected
fo r  the study, the lay out o f th is experiment is  sim ilar to
tho R eplication I I I  as shown ia  Y lg. 1. the rad ioactiv ity  
wao applied oa 13th June, 1983 in to  6 s o i l  holes taken on 
the oirounferenoe o f  tho sem icircle facing the vine (P ig .3) 
to  give 2.3 mOi/plant/txeataent (9.23 x i G^iq)• ihere were 
s ix  rep lica tion ! fox eaeh treatment, le a f  samples were 
oolleeted  from each vino separately from throe oanopy 
positions namely top , middle and bottom a fter  d ividing tho 
to ta l oanopy height into three equal parts . ihree separate 
samples from oanopy sides facing '' P applied area, opposite 
side o f the applied area and from a l l  around the plant wore 

co lle cted  from each o f the canopy p o s it io n s♦ fhus the number 
o f  samples co llected  from each vine was nine ( l e . , 3 positions 
on tho oanopy x 3 methods o f  sampling). She samples were 
co llected  10 and 24 days a fte r  application  for radioassay.



Table 1 - Physioo-chomioal ch a ra cteristics  o f  the s o i l  basine 
o f  the vine at the experimental f ie ld .

S o il 
charaoteristlo

Pepper on teak pole Pepper on erythrina
S o il depth (cm) S o il depth (om)

0-10 10-20 20-40 0-10 10-20 20-40

Organic Carbon ($) t.42 1.31 1.23 1,21 1.26 1.10
p i 5 .8 5 .6 § .5 6,0 5 .8 5.9
Available ?  (ppm) 390 200 235 210 229 136
Available K (ppm) 580 440 460 340 140 450
Exchangeable Ca 

(■•/100 g ) 5 .8 4.1 2.1 4.2 5.9 3.9

Exchangeable Mg 
(me/100 g j 0.73 0.42 0.30 0.40 1.2 0.49

Mechanical ara lysia ' 
o f  0-40 cm s o i l  
layer

p  Sand -  57•5 * b i l t  - 16.5 t 0lay — 26.0



3 .2 .3 . Boot a c t iv ity  studios

Tho quantitative estimation e f  root a c t iv ity  was 
based on the absorption e f  applied **2P at d iffe ren t dept he 
and la te ra l dietanoee from the plant. She ra d ioa ctiv ity  
recovered in the leaven ao a resu lt e f  absorption from 
d ifferen t root sonso vsrs ooapared to  arrive at the root 

sons o f  maximum absorption e f  the applied la b e l (IABA, 1975)* 
The experiment oensimted e f  12 treatments (3 depths x 4 
la tera l dietanoee). She la te ra l dietanoee were 15, 30, 60 

and 120 on from the vine and the depths were 10, 20 and 40 eu. 
Saeh treatment was rep licated  th r ice . Single trees were need 
ae experimental unite. The pattern e f  root a c t iv ity  was 

studied with pepper vines tra iled  on both liv e  (erythrina) 
and dead (teak pole) standards selected  from an existing 
f ie ld  t r ia l  which was laid out with two v a r it le s  o f  blaek 
pepper (Shrlmunda and Panniyur-1) ,  three spacInga (2 a x 2 a)
2.5 m x 2.5 a and 3 a x  3 a) and three standards (Teak p o le - 

daad standard, IrjtJjrtna t i t i e  »■* <*»£«> EUlgSa -  Xi’ « 
standards) In fa c to r ia l RBD with four rep lica tion s . For 
the present study on the root a c t iv ity  o f  blaek pepper, 
only the plants o f  var. Panniyur-1 tra iled  on erythrina 
( l iv e )  and teak polo (dead) supports were oade use o f .
She three epacings e f the ongoing f ie ld  t r ia l  formed the 
the three rep lication s o f  the present study (F ig .!)*
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For studying the root a c t iv ity  e f  erythrina (liv e  
standard) f bo separate experiment m e conduoted. Instead, 
tho lo a f  samples voro oo llootod  froa  thoao planto a lee at 
oaeh time vhen the leaves e f  popper vines voro sampled.

Thor o f  ore , tho la te ra l diotanooo o f  ^2P applioatioa  
referred to  la  tho to r t  voro a l l  la  ro la tloa  to  tho v ino . 
Sinoo tho popper vine vae planted 30 oa away from tho 
standard, la  o f  foot | tho la te ra l diotanooo froa  tho via# 
▼ ia., 15* 30, do aad 120 oa do not oorroapond to  a la lla r  
diotanooo froa  tho standard.

3 .2 .4 . S o il in jection  o f  solution
An in jection  device developed fo r  the purpose e f  

applying desired volume o f  ^2P solution  at a given depth 
lo  dlagramatleally presented in  P ig . 2. I t  consists o f  
a Lumao Dispensette f it te d  to  a 1 1 glass reservoir bottle  
o f  3 rao thickness embedded in paraffin  wax in a suitable 
p la stic  bucket (20 om dia x 19 om h t).

WsMolten paraffin  wax poured in to  an empty p la s tic  
bucket to  give a wax layer o f 2.9 cm thickness. Upon 
co d in g ,th e  reservoir b ottle  vae f i l l e d  vlth  cold vater aad 
placed cen tra lly  on the vax layer in  the bucket. She b o ttle  
vae kept in such a way that the end position  o f  the grooves 
at the mouth o f the b ottle  (vhen dispenser i s  fix ed ) vas at 
right angles to the bucket handlp. In th is p os ition , vhen 
the dispenser vae attached, the bucket handle was free  to  
move vhen l i f t e d ,  without touching the delivery  tube e f  tho
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dispenser. Molten wax m s again poured in to tho meant 
•pace hotooon the reservoir b o ttle  and the backet u n til 
the b o ttle  vae completely Immersed upto the neck. It  vaa 

then allowed to  stand overnight fo r  the s o lid if ic a t io n  o f 
the war# She water froa  the b o ttle  vaa removed and the 
ra d ioa ctiv ity  in  the supplied stock v ia l  was transferred 
in to  tho reservoir b o ttle  through a funnel. She v ia l  was 
washed fiv e  to  s ir  tin es  with 1000 ppm ca rr ier  P solution 

< S V 0 4) and the washings were poured into the b o tt le , 
f in a l ly  enough carrier solution was added in to tho b ottle  
to  give 78 uCl (2.88$ r  10*Bq) o f  ^ f /m l  o f  the solu tion . 
Finally a ’ lumao Olspensette* (ca librated  plunger for 
repeated delivery  o f desired volume o f the solution  upto 
5 ml) with 50 om long polythene delivery  tube was attached 
to  the reservoir b o ttle .

fhe s o i l  application  o f  solution  was done in a 
sem icircle teeing the vine as shown in f i g .  5* Squally 
•paced 8 holes to  the required depth along the circumference 
e f  the sem icircle o f a particular radius (ra d ia l distance 
from the vine) were prepared a day in advance o f  
applioatioa  uaisg a s o i l  auger o f  2 eta d ia . She holes vsrs 
plugged with wooden rods to  prevent f i l l i n g  up during the 
ra ins. At the time o f ^2P application* the wooden rod was 
removed from the hole and an aeoess tube made o f  g lass 
(8 am dia) was introduced in to  the hole, ihe delivery tube 
o f  the dispenser was then introduced into the access tube.
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fhe aoeoso tab* was raised  to  g iro  a elsaranee o f  f os at 
tho bottom o f  tho hole and 4 s i  o f  tho rad loaotlro  eolation 
was dloponsod Into each holo. The ra d ioa ctiv ity  remaining 

on tho Sidoo o f  tho aeooaa tuho was washed down with a jo t  
o f  ahoot 5 s i  d io t i l lo d  rator using a wash bottle*  tho 
t o ta l  a o t ir ity  thus sosrosyond to  2*5 sOi (9.25 z 107Bq)/ 
plant* Soon a fte r  the application  o f  radioactive solu tion , 
tho holes were f i l l e d  back with the s o i l  resored fron  it*

3*3* A bsorp tion of 32*  b y the vino iM  erythrina
atandard as in f luenced by tho ssthod o f  a gg lica tls iu  
In order to  study the uptake o f  *^P in relation  to  

tho method o f  app lica tion , an ozporlsont was conducted with 
pepper vines tra iled  oa taak polo aad on erythrina* Three 
methods o f application  voro tr ie d  In th is  ozporlsont 
(fig*  4)* They worst-

a* Applioatioa o f  tho txaeer in sem icircle facing 
the vine*

b* Applioatioa o f the traeer in  B en icircle  opposite 
the vine and

o* Applioatioa o f  the traoor in f a l l  c ir c le  around 
tho vino*

The ra d ia l distance froa  the vino was kept constant 
at 30 om fo r  f  application  while two depths namely 20 aad 
40 cm were included as treatments* Thaa the t o ta l  namber o f 
treatments compared in th is  study was s ix  ( a l l  combinations 
o f  two depths and three sethods o f  a p p lica tion ). Bach treat
ment was rep licated  t  hr lee with one plant/treatm ent/replication
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la  tha ease o f app H eat Ion o f  ra d loa etlv lty  la  seml- 
e&relep, the aethod already deecrlbed taadex 8eetlea 3 .2 .4 . 
vae follow ed. However, fo r  the applioatioa  o f  rsd leaetiv ity  
ia  f a l l  o ir o le , the to ta l  aaount e f  applied la b e l 2.9 adi 
(9.25 x  1O^Bq), was diepeaeed into 16 equally spaced holes 
around the plant at the rate o f  2 a l  ^2P eolation  (in  1000 
ppn oarrier P )/h o le . £herefore, the amount o f  rad ioactiv ity  
dispensed per hole is  half the amount received by a s o i l  
hole ia sem icircular app lica tion , fhe ra d ioa ctiv ity  was 
applied on 4th August, 1984. Leaves were sampled for 
radioaseay and to ta l P determination at 15* 30, 45, 60 and 
75 days a fter app lioatioa .

3 .4 . Leaf sampling

fhe standardisation o f  le a f sampling procedure for  
ra d ioa ctiv ity  measurement ferns & part o f the present work 
(Seetion 3 .2 .2 .)  as there is  no published report available 
on th is  aspect. F irst fu lly  nature leaves from fru itin g  
branches o f  the lower two th ird oanopy were co llected  from 
a l l  sides around the vine. From each vine 6 leaves were 
eo lleeted  to form a sample. This procedure o f le a f  sampling 
was based on ths resu lts obtained from studies conducted 

ae given under section  3 .2 .2 . (see a lso  Sections 4.3 and 
5*2). fhe method was follow ed in a l l  the experiments.

In the oase o f  erythrina, recently  matured t r i f o l ia t e  
leaves were considered fo r  sampling. A fter co lle ction  o f
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tho leaves, the p etio les  wore removed aad only the le a f  
laminae were need fo r  radioassay and t o t a l  P determination.

3.3. M L n iw  at Imt mmtUt

7 .x  th . d.X nr a l nation e f  ®27 n ativ ity  in the I n f

samples, the aethod developed by Vahid gt a l  (1985) was 
follow ed, fhe method i s  based oa the determination o f  
■*2P a c t iv ity  by Cereakov counting technique. B rie fly , the 

prodedure involves wet digestion of oven dried (75°C!) and 
fin e ly  out leaves with 1ft pereh lorlo~oitrio  aold mixture 
and determination o f  ra d ioa ctiv ity  in  the d igest. One 
gram le a f sample was weighed into a 250 ml oonioal flask 
follow ed by addition of 15 ml d iacid  mixture, fhe flask  
with i t s  oontents were then heated on a hot plate at a low 
temperature u n til the in i t ia l  frothing subsided, fhe 
digestion was continued a t increased temperature u n til the 
digest became clear and i t s  volume xeduoed to  2 to  5 ml.
She fla sk  with i t s  oontents was then cooled  and the co lou r- 
less  digest vae quantitatively transferred into a 20 ml 

g lass  s c in t illa t io n  counting vi& l with g lass d is t i l le d  water 
upto a f in a l volume o f  20 ml by repeated washings o f the 
fla sk , fhe rad ioactiv ity  was determined a fte r  4 h in a 
microprocessor controlled  liqu id  s c in t illa t io n  system 
(Kaokbeta o f 1KB Vallaa, fin land) adopting channel settings 
and the programme recommended for  tritium  counting by 
liqu id  s c in t illa t io n  technique.
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3 .6 . S p ecific  a c t iv ity  determination

S p ecific  a o tiv ity  e f  in the le a f  samples vae e s t i 
mated as follows* A fter the radioassay e f  the sample, an 
a liquot < 2 a l)  e f  the le a f  digest was removed from s c in t i
lla t io n  v ia l  for  the determination o f  to ta l P by the vanado- 
aolybdate aethod (Jackson, 1958)• The sp e c if ic  a c t iv ity  o f  
the ^2P sample was then calculated ae the ra tio  o f ”*2P content 
per unit weight o f  P and expressed aa cpw/mg P.

3.7* Percentage root a ct iv ity

The percentage root a c t iv ity  was computed Independently 
fo r  the pepper vines tra iled  on teak pole , on erythrina and 
fo r  tho liv e  etanaard employing the follow ing equation.

Badloactivity recovered in tho loa f 
Percentage ) ton a particular distance and depth (opm)
root a c t iv ity  ;  ------------------------   ■----  x  too

Total rad ioactiv ity  recovered from a l l  
the distances and depths (cpm)

5 .8 . Boot competition fo r  a p p lie d 32!
In order to examine th© magnitude o f  root competition 

for  applied ^2P between the vine and the l iv e  support- 
erythrina, sp eo iflo  a c t iv ity  ra tios  were compared. Per th is  
purpose, the mean sp e c ific  a c t iv it ie s  obtained at d ifferen t 
intervals of sampling fo r  the le a f camples co lle c ted  in 
experiment 3.3* were made use o f .  The sp e c ific  a c t iv ity  

ra tio  is  given ty  the equations
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S p ecific  a c t iv ity  (opa/«S *) o f  the leaves o f  pepper 
vino tra iled  on exythrina
S peolflo  a c t iv ity  ( w / m  *)  « f  *b« U i t t i  o f  pepper 
vino tra iled  oa took polo*

3*9* B adioaseayof berry end naoM i

Eighteen ^2P-treated popper vines o f  tho root a ct iv ity  

experiment (Section 3 *2 .5 .) selected  at random voro harvested 
In January. 1984* fho horrloo and th o ir  raohla voro separated 
fox each vino* Subsanplss e f  each vox# dried in an oven at 
75*0* After drying* they voro ooparatoly radioassayed 
follow ing tho oaao aethod ao deeoribod fox tho determination 
o f  ra d ioa ctiv ity  in  tho lo a f  ( Seetion 9*5)*

3*10. Phoaphorna-52 absorbing  power Of cljm bin* rooto

Another expariseat vaa conducted to  ex&aine vhethex 
the climbing roots are capable o f  nutrient absorption. Pox 
th is  purpose* pepper euttingo o f  var. r&nniyur-1 vox# gxovn 
in  poto for s ix  months* Coir xopee arranged v e r t ic a lly  to  
a height o f 2 a vers used as supports* She branches o f  tho 
vino were cut at about 10 oa from the growing point to  give 
one nodal point at tho centre with fresh climbing roots and 
one fu lly  opened leaf*  1'he vine cutting was placed on a 
beaker containing '  P solu tion  in such a way that about 
three-fourth  o f  the length o f the climbing roots vers 
laanexsed in the solution . Care vas taken to  see that tho 
stem portion o f  the cutting* the le a f  and the growing point;
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v « »  net oontahinatsd. She abeorption e f  52*  l»y the 
ollmblng roots la  th le  manner wee studied at tee concentra

tions namely 20 (0*74104) aad 100 ttCX (3*7 MBq)* She out tinge 
were allowed te  absorb ^2F fe r  on© h. At the end e f  th le  
period, the le a f  at the node as w en  as the immature leaves 
at the growing point were removed aad radieassayed separately*

yqtrleat removal by peeper vine a ad erythrina

g la & te l

3.11*1.C olleotion  o f plant saaples aad proeeseiag

Three erythrina trees with the pepper vinos (war* 
?anniyur-1) at the harvest stage, were out down at ground 
level* The vines were separate cl froa  the support plants 
fe r  the determination o f  dry matter and nutrient removal*

The to ta l  dry matter and nutrient removal by pepper 
vine tra iled  on erythrina tree were worked out an follows*
The vine wao divided into four parts namely berry, raohls, 
le a f and stem* Brythrina plant was divided invo le a f , 
p etio le  and stem. Fresh weight was taken for  each part 
a fte r  chopping Into small pieces* A known quantity e f  
samples co lle c ted  from each o f  the saaples was used fer 
determination o f dry weight and mutrient concentration*

She plant aa sip lee  were oven dried at 75 °0, powdered 
in a a l l l  with sta in less s te e l blades and stored In 
polythene b ottles  fox chemical analysis*



3 .t 1 ^  .Qheaioal analysis o f  plant sanplss

The plant sanplss wars analysed fo r  major and 
mioronutrients. fa ta l  nitrogen wae determined by micro 
KJeldahl notbod (Jaekeon, 1958). Zn th is  nethod a l l  fo rm  
o f  nitrogen in  tbs sample were converted in to  sulphate o f 
ammonia by digestion  with Sulfuric and sa l toy l i e  acids in 
tha presence o f  sodium sulfate as an e leotxolyte  and 
selenium as ca ta lyst. Ths digest was mads upto a known 
volume with d is t i l le d  water. An a liquot o f  the resulting 
solution was d is t ille d  with excess o f  a lk a li and the 
d is t i l la t e  was co llected  in  4% borlo acld -ind lcatox  mixture, 
fhe amount o f ammonia evolved was determined by t itra tion  
with standard su lfu r ic  M id .

The analysis o f  other nutrients v i z . . P, I ,  Ca, Mg, a,
Fe, Mn, in  and On was dona a fte r  dlaeld  digestion o f  ths 
samples as described under Seotlon 3*6 and transferring the 
digest to  100 ml volumetric fla sk , fhe d igestion  flask  was 
washed 3 to  4 times with glass d is t i l le d  water and volume 
waa amde upto 100 ml. Aliquots froa  th is  solution  were taken 
fo r  the analysis o f  the nutrient elements.

Phosphorus was estimated co lorim etrica lly  by ths 
vanadomolybdo-phosphoric yellow colour method (Jackson, 1958). 
Potassium was determined in a flame photometer (BBL make). 
Calcium, Mg, Fa, Mn, 0h, and Co wore determined using an 

atomic absorption spectrophotometer (Instrumentation 
Limited, USA). For ths determination o f  Ca and Mg, 8rG12

31
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(1000 ppa 3r f in a l  concentration)waa used as the 
releasing agent.

Sulfur in the plant digest was determined 
t  u rb ld iaetria lly  follow ing barina ch loride method 

(Jaetson, 1958)

3*12. g^..,A«ft3agAff

For the determination o f  physico-chem ical chara
c t e r is t ic s  o f the s o i l  at the experimental s i t e ,  s o ils  
were co llected  from the basins o f  three randomly selected 
pepper vines representing both liv e  and dead etandarde.
Proa each basin, s o i l  cores were removed at three points 
50 om away from the plant from depths 0 to  10, 10 to  20 and 
20 to  40 cm. The s o i l  samples co llected  from each depth 

from the 3 points o f  oach basin were pooled to  give a sample 
fo r  particular depth. The s o i l  sampling was done in February, 

1984.

Bull moisture was determined lamedlately a fte r  sample 
c o lle c t io n . a portion o f each sample was transported to
the laboratory In tared aluminium can fo r  fresh  weight deter
mination. I t  was then kept in  an oven at 105°0 u n til a 
constant weight was obtained. She loan in weight o f  the s e l l  
before and a fte r  oven drying was expressed as moisture 
percentage.
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Another lo t  waa a ir  dried and sieved through 2 bb 
mesh fo r  phy s l c o -c hemical analysis* S o il pH was determined 

using a pH meter (112.5 scil-w ater ra tio }*  Organic oarbon 
was estimated by valkley and Black method deeoribed by Piper 
(1942)* Available phosphorus was determined in the Bray l o . l  
extract o f  s o i l  by the ohloro-stannoue reduced molybdo- 
phosphoric blue eolour method in hydrochloric acid  medium 
(Jackson,1953). Available £ , exchangeable Oa and Kg 
CS HH^OAc.pH 7) were a lso  determined follow ing the methods 
suggested by Jackson (1998)* JSeohanlcal analysis mao 
carried  out follow ing International Pipette i-iethod (Piper, 1942)*

3*13* Biometric observations

At the time o f harvest,the plant height, g irth  and 
y ie ld /p lan t were recorded separately for  the 36 plants each 
on teak pole and erythrina standards which were used fo r  
root a c t iv ity  studies*

3*14* S ta t is t ica l analysis

Ihe data rela tin g  to the absorption o f ^2P by ths 
peppsr vine and erythrina analysed by applying the 
analysis o f  variance technique, suggested by Panse and 
Sukhatme (1967} fo r  fa c to r ia l experiments in Bandomised 
Block Design*
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4 .1 . S e ll in jection  o f  52P ig lg t jofl

A method o f  in jectin g  desired volume o f  P solution 
in to  the root zone o f  crop plants was developed. Shis 
method makes ass o f  a device fabricated for  f ie ld  operation.
It  consisted o f  a ‘ Luaac Dispensette* connected to  a reservoir 
b ottle  which in turn was embedded in paraffin  wax contained 
in a p la stic  bucket (F ig .2 ). A detailed account o f the 
device was given under ‘ Materials and Methods* (Section 
3 .2 .4 ) .  The f ie ld  operation o f  th is s o i l  in jection  device 
is  shown in Plate 1. The reservoir b ottle  o f the apparatus 
can hold 1 1 of the radioactive so lu tion . The ra d ioa ctiv ity  
requirement/plant in a l l  the experiments was 2.5 *831 which 
has to  be equally distributed in to  either 16 or 8 s o i l  holes. 
The rad ioactiv ity /m l solution used in these experiments was 
78 uCi (2.886 x 10^Bq) whloh would necessitate dispensing 
of 2 or 4 ml so lu tion /so ld  hole corresponding to  16 and 8 
s o i l  holo applications to give the required rad ioactiv ity /p lan t. 
To dispense 4 ml o f  radioactive solution  containing 312 uCi 
^2P (1.54 x 107Bq), the volume adjusting knob was loosened 
and it s  pointer brought to the 4 ml mark on the plunger*
By smooth up and down motion o f  the plunger, the set volume 
o f solution could he accurately dispensed in to  the access tubs. 
At an In jection  dose o f  2.5 mCi (9.25 x 107B q)/plant, the 
requirement o f  ra d ioa ctiv ity  fo r  16 plants is  40 mCi 
(14.8 x 1O^Bq) in 512 ml o f  oarrier solution  (1000 ppm P).



Plate -  1

S o il in jection  o f  ^2?  eolation



P l a t e  -  1
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The radiation doee o f this solution at the outer surface o f 
the bucket was found to  be lees than 10 mR/h. The variations 
in the successively  dispensed volumes o f  the solution was 

found to  be less  than 5 per cent.

4 .2 , Absorption « f  so Unapplied 32P by the, vine

The pattern o f  **2P absorption by the vine as a function 
o f tine i s  depicted in  F ig .5. Xn th is preliminary experiment,
^2P was placed at 15 oa rad ia l distance from the vine at a 
s o i l  depth o f  1C cm. Detectable amounts o f rad ioactiv ity
were obtained in the leaves as early as 5 mln a fte r  application .

32During a period of k h, the absorption o f   ̂ P was found to bs 
nearly lin ear. The ra d ioa ctiv ity  recovered in the lea f 
increased from about 9 at 5 min to 85 epn/g at 2 h.

4.3* Standardisation o f  le a f  sampling procedure for 
32J P assay

The data pertaining to the ra d ioa ctiv ity  recovered in
32the leaves follow ing s o i l  in jection  of " r  in relation  to  

le a f  position  on the canopy and method o f sample co lle c tion  
are presented in Tabic 2. The s t a t is t ic a l  analysis o f the 
data are presented in Appendices X and I I .  The resu lts showed 
that the rad ioactiv ity  recovered in the leaves was not 
influenced by their re la tiv e  position  on the canopy as
evidenced from the lack o f s t a t is t ic a l  sign ificance in the

32variation  o f   ̂ P content o f leaves sampled from various canopy 
heights v i s ., top, middle and lower one-th irds. Radieaseay o f 
the leaves was conducted 10 and 24 days a fte r  ^2P placement. On
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beth sampling dates, id en tica l resu lts  sere obtained.
Mush e la lia s  th is  observation, the absorption o f  the 
la b e l mas a loo  not e ffe cted  by the aethod o f  sampling.
Vhao, the d lffosoaoo  la  **2P count sates among lo a f  samples 
ee lleeted  fsoa  oanopy oldoo feeing the appUod area, opposito 
o ldo o f  tho applied asoa and fsoa  a l l  around tho Tine were 
not e ta t lo t lo a lly  s ig n ifica n t.

4 .4 . t o t  apt jo l t y  pattern Of black pepper

4 .4 .1 . Pepper vino tra iled  on teak pole

The absorption pattern o f ^2P by the vine froa  various 
s o i l  depths and z&dlal distances are presented in Tables 5 
to  6 . In view o f the large variation  observed in  the uptake

<m.oof i ,  the s ta t is t ic a l  analysis was carried  out a fter 
logarithmic transformation o f  the data. The analysts Of 
variance are given in Appendix I I I .  The absorption o f  tho 
radiolabel varied s ig n ifica n tly  with ra d ia l distance froa  the 
v ine. It was found that the amount o f rad ioactiv ity  taken 
up by the plant from 15 and 30 oa rad ia l distances was 
appreciably higher than that from farther distances, 60 and
120 cm. This trend was observed at a l l  sampling in terva ls .

32^avertbless, the absorption of ?  was found to  be higher 
froa  15 cm la te ra l distance than from 50 cm At 50 days.

32Uptake o f J P was found to  be more froa  40 oa than 
froa  10 oa s o i l  depth at 50 and 60 days o f application 
while the d ifferences in  **2P recovery from these depths were
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net s ta t is t ic a l ly  sign ifican t at 15 and 45 day* sampling 
in terva ls . The interaction  between depth and distance 

vas absent.

, She d istribution  pattern a f a ctiv e  roots  in various
s a i l  sense expressed as percentage o f  tha t o ta l  root a c t iv ity  
Is  given in Table 7. The data revealed that acre than 50 per 
eent o f  the a ctiv e  roots were located within 15 oa froa  the 
vine* She percentage root a c t iv ity  increased fro a  51.6 at 

15 days to  68*5 &t 50 days a fte r  a p p lica tion . Not auoh 
d ifferences were observed in the percentage root a c t iv ity  
beyond th is  period upto 60 days* About 20 to  30 per oent 
o f the functional roots wore found to  rosldo at 50 oa froa  
tho v ino. The variation  in percentage root a c t iv ity  at th is  
distance vas not auoh at various sampling Intervals. At 

distances beyond 50 oa froa  tho v ino , tho root a c t iv ity  
decreased to  le ss  than 5 per oent.

The v e r t ic a l d istribution  af active  roots in s o i l  
varied with sampling in terva l. I n it ia l ly  (at 15 days a fte r  

application ) 45 .2  per eent o f  the to ta l feeding roots 
were found to  concentrate within 10 cm s o i l  depth. However* 
tbe root a c t iv ity  at th is s o i l  zone declined to  2 2 .3  per oent 
60 days a fte r  placement• Sim ilarly at 20 on s e l l  depth* 
a decrease froa  51.3 to 15.6 per eent was observed during the 
sane period. On tbe contrary, there vas a gradual increase is  
root a c t iv ity  at tho lowest depth tr ie d  (40 cm) froa  22.9 to  
61.2 per cent.



fafcl*  2. R adioactivity  recovered la  the vine lo a f  (e p ^ c )  aa influenced
by Ito  p osition  on the canopy.

Raya a f t  or
32p

placement

O*no»r aide
in M ia tion
to 32P applied

area

Radial 
dJartaneo 
froa  tha 

vine

le a f  poaition on the oanepy

*0P Kiddle Bottom

Facing the 15 1567 1140 1957
applied area 30 1126 1743 2948

Opposite to 15 1303 1151 2193
applied area 30 3739 5559 572
A ll  aeound 15 1346 921 1378
the vine 30 1198 572 1545
Feeing the 15 8932 34988 22643
applied area 30 4026 10883 10100
Opposite to 15 11393 12412. 32409
applied axes 30 4554 7178 4729
A ll around 15 15787 31631 27212
the vine 30 6671 11241 8822

Rotes D ifferences in  counts among various le a f  p os ition s in  ths canopy 
are not s ftd ile t lo e lly  sign ificant*



Table Recovery e f so Unapplied ^2P la the leaves (opa/g) of tho vines trailed
oa took polo a ft  or 1 5  days o f application (log-transforaed values)

Depth Lateral d istance (cm)
(oa) 15 50 60 120 lean

10 5.525
(5556.7)

2.449
(231.0)

1.766
(58.5)

2.505
(319.8)

2.561
(363.6)

20 5.045
(1105.4)

5.452
(2705.9)

1.226
(16.8)

1.972
(93.7)

2.418
(261.8)

40 5.292
(1958.2)

2.965
(918.5)

2.275
(188.5)

2 .136
1136.7)

2 .666
(463.9)

Mean 5.286
(1951.9)

2.948
(837.0)

1.755
(56.9)

2.204
(160.0)

£ for  la te ra l distances 
C®(0.05) comparison o f  
Lateral distance 
Depth
Lateral distance x depth

* 0.205 
*-
I 0.602
s liot s ign ifica n t 
; liot sign ifican t

SEf-I £  fo r  depths s 0.178

Parentheses denote retransfer Bed rallies.



Table 4 • Recovery of soil-applied -*2p in ths leaves (ops/g) of ths vines
trailed on teak polo after 30 days of application (log-transforaed
values)

Depth Lateral distance (ca)
(oa) 13 30 60 120 !*ean

10 4.167
(14683.1)

3.039 
( 1228.6)

2.490
(309.0)

1.905
(80.4)

2.313
(318.1)

20 3*453
(2902 . 6)

3.656
(4527.5)

2.051
(112.4)

2.392
(246.8)

2.890

40 4.101
(12604*6)

3.749
(5612.5)

2.989
(973.9)

2.725
(531.4)

3.391
(2459.»)

Mean 3.910
(8129.1)

3.498
(3148.3)

2.510
(323.4)

2.341
(219.3)

SB ft t  fo r la te ra l distances : 0 . 140 S£H ± for depths : 0.121

CD 0̂ . 05 ) *or ooepariscn o f  t -

la te ra l distance : 0.410
Depth z  Lateral distance ; Not s ign ifica n t

Depth : 0.333

Parentheses denote retransforaed values.



Safe!* 5 . Reoorery o f eoH-applled ^2P in the leaves (epn/g) ef the Tina* trailed
on teak pole after 45 days of application ( log-traneforaed valoee)

Depth Lateral distance (oa)
lee) 15 30 60 120 Mean

10 4.232
(17077.3)

3.359
(2283.5)

2.398
(994.6)

2.473
(297.4)

3.266
(1842.9)

20 3.653
(4500.1)

4.063
(11554.8)

2.197
(157.5)

2.353
(225.7)

3.067
(1165.9)

40 4.278
(18987.3)

3.637
(4333.5)

2.950
(391.0)

3.111
(1290.1)

3.494
(3118.6)

Mean 4.055
(11342.3)

3.686
(4853.7)

2.715
(518.7)

2.646
(442.4)

SBK i  fo r la te ra l distance s 0.195 SSK 1  for depths t 0.169

* ^ ( 0 . 0 5 ) ? o x  e f

Lateral distance
Depth
Lateral distance x depth

s -

s 0.572
! Not s ig n ifica n t 
t Not s ign ifica n t

Parentheses denote retransferred vnlnee.



Table 6* Kecr.very o f acil-eppXied in the leaves (cpa/tf) o f the vinee trailed
on teak pole after 60 days o f application ( log-tranefoar*ed values)

Depth Lateral distance (cm)
(ob) 15 50 60 120 Mean

10 4.129
(15454.8)

3.619
(4157.2)

3.056
(1137.8)

2.743
(553.2)

3.387
(2435.9)

20 5.641
(4574.5)

3.895
(7821.1)

2.292
(195.9)

2.478
(300.4)

3.076
(1191.2)

40 4.504
(51949.5)

3.973
(9392.5)

3.128
(1341.7)

3.177
(1502.3)

3.695
(4959.3)

Mean 4.091
(12542.3)

3.328
(6734.1)

2.825
(668.7)

2.799
(629.7)

8KH 1  for la tera l distances i 0.146 SB;-. £ for depths s 0.126

°®(0.05) fc r  
la te ra l distance 
Depth
Lateral distance x  depth

* -

s 0.427 
s 0*570
s Net s ign ifica n t

Parentheses denote tstxansforned dalose.



Table 7* Percentage root a c t iv ity  o f  black pepper tra iled  on teak pole

Days a fte r  
32p

application

Latera 1 distance (c» ) Depth ( cm )

15 30 60 120 10 20 40

15 5U6 27.0 1.7 19.8 45.2 31.8 22.9

30 63.5 >'4.5 4.8 2.1 31.4 19.4 49.3

45 77.3 16.8 3.2 2*6 15.6 21.7 62.7

60 64.5 28.7 3.9 2.9 23.3 15.6 61.2

Co
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4 .4 .2 . Pepper vine tra iled  oa erythrina
She log-transformed ”*2P absorption data and their 

analyses o f varianoe are furnished in Sables 8 to  11 and 
Appendix IV respectively . As in the previous oase, the 
absorption o f  rad iolabel wae found to  be the highest froa  
the laaeiAate v ic in ity  o f the vine i e . ,  within and 30 eas 
distance froa  the vine* She least absorption o f  **2P 
occurred at 120 oa froa  the vine* as regards s o i l  depth, 
the d ifference in  the recovery o t  i  were not found to  be 
s t a t is t ic a l ly  sign ificant* Interaction between distance 
and depth vas not sign ificant*

D istribution o f  active roots in various s o i l  zones 
expressed as percentage e f  the to ta l a c t iv ity  is  given in 
Sable 12* It was sesn that there v & b  a aarginal decrease 
in the root a c t iv ity  froa  15 to  50 on la te ra l distance 
beyond which there vas a sharp decline* Less than 5 per cent 
o f the feeder roots were found to  be located beyond 60 oa froa  
the vine* In gfcneral, the preponderance o f  a otivo  roots at 
d iffe ren t s o i l  dopths upto 40 oa waa found to  bo aore or loss  
the sane*

4 .5 . l* c t aotlTity tatt.CT. of fnrttela*
Tho absorption pattern o f   ̂ P by tho liv e  standard 

( Brvthrina indloa) from the s o i l  zones corresponding to  tho 
rad ia l distances from the pepper vine has a lso  been studied*



fib li 8 • BMovtqr «f ooiJp-oppliod ^*1 ia !•«?•• (epo/d) «f tho 
f iM i IxalXal mi M yHilBft » n * t  15 lay* o f application 
(log-txoaofOrM d vmlMo)

if

Lotoxol dlBtOBOO (mi)
•5 30 40 120 mao

10 3.713
(5140*2)

2*894
(787.4)

1*854
(71.4)

0.708
(5*1)

2*292
(194.1)

to 2.447
(444.1)

2*989
(975.4) UEb 1*477

(30.0)
2*259

(181.7)

40 2.527
(045*9)

2.432
(428*8) 2.404

(401.4) 8 8 ? 2.288
(194.1)

3*100
(1245.3) <*«£?>

2.121
(132*0) W5 )

ttJi ♦ fte U lta il H i Hm m  t 0*501 BS ♦ H i Aiylto t 0 .2 0

C®(0.05) *°* <»«f**tOOB of 
£*«oxal dlotoaoo
B t f f i
lotoxol dlotaaco s dopth

*•
t 0*810
t M l oioBiflcaot 
t Sol olgalflaftBt

Ifcrostfeoooo donoto Mtn&iforwd valMoa.



Sabi* 9 . Recovery o f  so il-a p p lied  ^2P is  the leaves (opm/g) o f  the
▼ino# tra ile d  on erythrina a fter  20 day* o f  application  
( log-transforaed value*)

Depth Lateral distance (on)
(<*P) 15 30 60 120 Mean

10 4.306
(20210.1)

3*581
(3811.5)

2.458
(286.8)

2.076
(119.1)

3.105
(1273.5)

20 2*938
(972.3)

3.584
(3834,0

2.783
(606.1)

1.988
(97.2)

2.835
(684.5)

40 3.806
(6402.8)

3.552
(3566.0)

2.282
(1913.6)

1.848
(70.5)

3.122
(1324.7)

Mean 3*700
(5010.9)

3.572
(3735.2)

2.841
(692.9)

1.970
(93.4)

88K t  fo r  la te ra l diatanca*

013 (0*05) fo r  comparison o f

Lateral distance

Depth

la te ra l distance z  depth

s 0*205 mm t  f©* depth* t 0*177

*-

* 0.601

1 Wot s ig n ifica n t 

s Wet s ig n ifica n t

Parentheses denote retransformed values*



Tafcla 10* Recovery of coil-applied 2̂P in the leaves (cpm/g) o f  tho
vines trailed on erythrina after 45 day* o f application
(l©g-4raunformed values)

Depth Lateral dictance (ok)
(cm) 15 30 60 120 Jfean

to 4.199
(15801.9)

3.661
(4579.2)

2.534
(341.8)

2.161
(144.9)

3.139
(1376.1)

20 5.180
(1513.2)

3.776
(5975.7)

3.120
(1319.0)

2.051
(112.5)

3.032
(1076.3)

40 4.005 
(10113.3)

3.723
(5279.6)

3.659
(4558.0)

1.934
(85.8)

3.330
(2137.7)

JHean 3.794
(6250.2)

3.720
(5247.2)

3.104
(1271.3)

2.049
(111.9)

SBM t  fo r  la te ra l distances 

CD (o#05) fo r  o f

Lateral distance 

Dopth
Lateral distance z depth

* 0.255 
*-

t 0.684
t Not s ig n ifica n t 
t Not s ig n ifica n t

SBH £ fo r  depths t 0.202

Parentheses denote re transformed raises.



table 11 . fiecovery e f eoil**applied la the leavee (opn/g) o f the
vines trailed  on erythrina after 60 daye of application
( log-traneforaed values)

Depth Lateral distance (oa)
(oa) 15 30 60 120 Mean

10 4.206
(16071.2)

3.558
(3966.2)

2.689
(488.7)

2.336
(216.8)

3.207
(1612.1)

20 3.376
(2 3 ?8 .f)

3.751
(5638.6)

2.877
(752.6)

2.250
(177.8)

3.063
(1157.4)

40 4.059
(11453.2)

3.584
(3836.0)

3.450 
(2816.5)

1.128
(13.4)

3.055 % 
(1135.6)

Mean 3.880
(7593.3)

5.644
(4410.4)

3.005
(1011.9)

1.905
(80.3)

SBM + fo r la te ra l distances s 0.243 SIX & f o r  depthe s 0.211

CD(0. 05) *or oonparlsen o f  *-

la te ra l distance s 0*713

Depth « Hot s ig n ifica n t

Lateral distance z  depth s Hot s ig n ifica n t

Parentheses denote xetzanaferaed values.



Table 12 . Percentage root a c t iv ity  o f  blaok popper tra iled  on erythrina

Days a fte r  
32P

application

Lateral distance (cm) Depth (om)

15 30 60 120 10 20 40

15 41.6 52.3 5.8 0.21 27.3 55.0 17.7

50 58.7 35.2 5.6 0.54 37.3 31.0 31.7

45 78.5 17.6 3.7 0.20 10.5 76.5 13.0

60 50.1 41.8 5.8 1.6 28.6 46.3 2 5 .0
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S ta t ls t lo e l analysis e f  tho data (Sables 13 to  16 and 
Appendix V) revealed that absorption e f  ^2P by tho l iv o  
support wao almost sim ilar upto a la te ra l dietanoe o f 
60 out away froa  the vine* However, tho uptake o f  ^2P by 
the support plant froa  a dlstaaoe o f 120 oa froa  the vine 
was auoh sm aller. I n it ia l ly  the absorption o f  ^2P by tho 
support plant was net influenced by the depth o f  plaoeasat 
o f  the rad iolabel. But there was a considerable reduction 
in the uptake o f  ^2P from s o i l  depth lower than 20 on a fte r  
30 days of app lica tion . I t  was a lso  observed that during 
th is  period there was a sign ifican t distance x depth 
interaction  influencing the absorption o f  the applied lab e l, 
the absorption being maximum from 20 cm depth at 30 and 60 oa 
away froa  the v ine,

The data re la tin g  to tho percentage .coot a c t iv ity  
o f  erythrina in various s o i l  zones are given in fab le 17. 
Approximately 97 per cent o f  the erythrina roots were 
confined to  60 cm from the vine. As regards s o i l  depth, 
about 90 par cent o f  the roots were found within a depth 
o f  20 cm from the surface.

The moan count ra to /g  lo a f as w oll as tho sp e c ifio  
a c t iv ity  (opo/og le a f P) fo r  black popper oa teak pole and 
erythrina and fo r  the l iv e  standard (erythrina) are presented 
as a function o f tia e  in P igs, 6 and 7* She resuite indicated 
that the ra d ioa ctiv ity  recovered in erythrina le a f  expressed
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on dky matter basis was considerably nor# than that 
found fa r tho pepper vine tra iled  oa e ith er teak pole 
or erythrina (Fig, 6 ) .  Oeaerally speaking, ra d ioa ctiv ity  
reoevered in the vine on erythrina increased upto 45 days 
a fte r  application  and declined thereafter* At 45 days, 
the pepper Tine tra iled  on teak pole vas found to  contain 
a higher anouat o f  than the vine tra ile d  on erythrina*
When the sp e c if ic  a c t iv it ie s  were compared, the pattern 
o f  ^2P uptake presented »  d ifferen t picture (P ig . 7)*
In th is  case, the pepper vine on to&k pole had ths highest 
s p e c if ic  a c t iv ity  compared to  the vine tra iled  on erythrina 
or the erythrina standard* There sag a gradual increase 
in the s p e c if ic  a c t iv ity  o f  the vine loaves upto 45 days 
•which decreased thereafter irrespective  o f the type o f 

standard on vhloh they were tra ile d .
T O4*6. Absorption o f  v P hy the vine and liv e  standard in 

re la tion  to  nethod of application

The data presented in Tablea 16 to  22 and Appendix TZ 
indicated that the recovery o f rad ioactiv ity  in the le a f  mao

TOnet influenced by '  P application in sem icircle  either 
facing toe vine or opposite tha vine, ana depth ox placement 
(i'ig . 4 ). iloaever in the case o f planvs tra ile d  oa erythrina,

TOa sign ificant decrease in the recovery o f  - 1 was observed 
when the ra a ioa ctiv ily  was applied in f u l l  c ir c le  as compared 
to  sem icircular application , at three sampling dates v i s . «
15, 45 and 75 days a fter  application  (fa b les  23 to  27 and
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xoAppendix V II ). Differences In the absorption o f P  from 
20 to  40 om s o i l  depths were, however, not found to  be 
s ig n ifica n t, the data given in fables 28 to  52 and 
Appendix VIII showed that absorption e f so il-ap p lied  
^2P by erythrina was influenoed neither by the depth 
o f placement nor by the method o f  app lication .

When the ra d ioa ctiv ity  was expressed on dry matter
b a s is , the absorption o f  ^2P vas found to  be the highest 
in erythrina standard followed by pepper on teak pole and 
the least by pepper tra iled  on erythrina (P igs. 8 to 10). 
Xhis trend was observed irrespective o f  the method o f 
app lication . Nevertheless, when sp e c ific  a c t iv it ie s  were 
compared, the highest a o tiv ity  in the le a f  was found in 
plants tra ile d  on teak pole (P igs. 11 to  13)» while there 
was not much d ifferen ce in the s p e c if ic  a c t iv it ie s  between 
the vines tra iled  on erythrina and the erythrina plant 
i t s e l f .  Sventhough i t  nay be observed that there was a 
considerable decrease in  the to ta l  ra d ioa ctiv ity  absorbed 
by the three plants when the application  o f ^2P was mads 
in f u l l  c ir c le  compared to  sem icircle app lica tion , 
s t a t is t ic a l  sign ificance was obtained only in case o f 
pepper vines tra iled  on erythrina as already described 
above (Appendix V II).



t-LQsS RECOVERY OF RADIOACTlViTY IN THE VINE AND
ERYTHRINA LEAVES FOLLOWING SOIL APPLICATION 
OF 3 ?p IN SEMiCIRClE. FAONG THE VINE,
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rio_n SPECIFIC ACT!V;TV OF VINE AND ERYTHRINA LEAVES
FOLLOWING SOIL APPLICATION OF 3Sp in  FULL CIRC 1J..



32fab!* 13 . Absorption ©f P by orythriaa (opm/g) from ths s o il  basins
o f blaok poppor vino aftor 1 5  days o f  application
(log-transformed vainos)

Dspth
(om)

Lateral distances in re la tion  to
pepper vine (oa)

black

15 30 60 120
10 3.500

(3162.1)
4.002

(10038.4)
2.792

(619.7)
1.960

(91.2)
3.063

(1157.2)

20 3.072
(1180.3)

3.835
(6835.6)

4.268
(10526.9)

1.119 
(13.1)

3.073
(1183.9)

40 2.984
(963.4)

2.225
(167.8)

2.354
(225.8)

1.438
(27.4)

2.250
(1T7.9)

Moan 3.185
(1532.0)

3.354
(2258.3)

3.138
(1373.8)

1.506
(32.0)

3SM t  for  la t e r a l  distances t 0.318 SEM + for depths 1 0*276

C5(0.05) for  comparison o f » -

Lateral distance ; 0.934
Dopth s Lot s ign ifica n t
Lateral distance x  depth t Lot s ig n ifica n t

Parentheses denote retransforned values.



Sam* 14 • Absorption o f  ^2P by erythrina (cpa/s) f » »  tho o o il basins
of bl&ok pepper vine after 30 days of application
(logvtranefsraed values)

Depth
(cm)

Lateral distances in 
pepper v ir

relation  to
io (ere)

black

15 30 60 120 Mean

10 4.185
(15307.1)

4.187
(15335.4)

3.061
(1150.8)

3.301
(1999.6)

3.683
(4824.9)

20 3.755
(5689.4)

4.441
(27575.7)

4.533
(34111.8)

1.930
(85.1)

3.663
(4619.7)

40 3.983
(9619.6)

3.401
(2520.3)

3.051
(1123.5)

2.050
(112.3)

3.121
(1322.4)

Mean 3.974
(9426.9)

4.010
(10225.7)

3.548
(3533.2)

2.427
(267.3)

SBM ± f0£ la tera l diotances s 0.240 SBK ♦ for depths t 0.208

CB(o#o*>) fo * coaParSun s*

la te ra l distance : 0.703
Depth i Uct s ig n ifica n t
Lateral distance x depth : Not s ign ifica n t
Parentheses denote tetrareformed values.



up
fable 15 . Absorption of '  P by erythrina (cpm/g) from tbe s o il  basine

of black popper vine after 45 dayo o f application
(log-transformed values)

Depth
(cu)

Lateral distances in 
vl

reliition  to  
ns (cm)

black pepper

15 30 60 120 Mean

10 4.261
(18254.8)

3.997
(9942.4)

3.387
(2439.7)

7.739
(5478.2)

3*846
(7017.9)

20 4.344
(22061.5)

4.493
(31126.4)

4.794
(62299.1)

2.299
(199.1)

3.983
(9607.8)

40 4.062
(11525.7)

3.463
(2903.2)

3.313
(2057.7)

2.239
(173.3)

3.269
(1858*6)

Mean 4.222 
(16681.2)

3.984
(9649.3)

3.832
(6787.6)

2.759
(573.9)

SKM i  fo r  la te ra l di stance* : 0.213

CD^o#05) for comparison o f

la te ra l distances : 0.626

Depth * 0.542
Lateral distance x depth » 1.084
Parentheses denote retransformed values.

SEM 1  fo r  depths t 0*185



32Sabi* 16. Absorption o f 'B by erythrina (cpm/g) from the Boil basins
o f black pepper vine a fter 60 days o f application
(log-transformed values)

Depth
(cm)

Lateral distances in re la tion  
vine (cm)

to black pepper

15 30 60 120 riean

10 4.005
(10113.4)

3.865
(7328.4)

3.269
(1859.5)

3.595
(3939.8)

3.684
(4827.2)

20 4.160
(14445.4)

4.568
(36949.7)

4.687
(48671.4)

2.093
(123.9)

3.877
(7532.5)

40 4.121
(13217.0)

3.419
(2626.1)

2.822
(663.9)

2.441
(276.0)

3.201
(1568.1)

Kean , 4.095 
(12451.8)

3.951
(8925.7)

3.593
(3916.8)

2.710
(512.7)

SBM t  fo r  la te ra l distances: 0.188 SBM ±  for depths j 0.163

CD (QmQCj) fo® comparison o f  *-

la te ra l d i e i a n c e e  : 0 .5 5 1

Depth i 0.477
Lateral distanoe x Depth i 0.954
ferentheees denote retransforaed values.



Table 17* Percentage root activity of the support plant* erythrina

Days after
52,

applies ties

lateral lietaw M  la relation 
to hlaek poppor vino (oa) Depth (oa)

15 50 <0 120 10 20 40

15 17#2 53.5 29.2 0.24 30.4 43.0 4.4

39 28*5 45.7 23.9 2*1 23.1 45.0 11.9

45 24*© 37.3 34.2 2.4 23.3 44.4 12*2

€0 25*9 43.5 20.4 2.3 17.1 48.5 14.4

ur
-3



fable 18 • Recovery o f soil-applied ^2P in the leaves (opn/g) of pepper vine
tra iled  on teak pole ae influenced by method o f  application
( log-transformed data for the 15th day after application)

Methods o f application
Dopth

(oa) Sealolecie 
facing 

the vino
S ea icircle  

opposite 
the vine

P ull c i r c le
Mean

20 3.063
(1154.9)

2.748
(559.3)

2.897
(789.7)

2.903
(799.0)

40 3.1C7
(1278.6)

2.657
(454.4)

2.738
(547.2)

2.334
(682.5)

Mean 3.085
(1219*2)

2.703
(504.1)

2.818
(657.4)

SEX + for  method o f application i 0.245 881 + fo r depths 0.200

®d(G«05) fo r  comparison o f  t -

Method o f  application  i Rot s ig n ifica n t
Depth s hot s ig n ifica n t
Method o f application  z  Depth t Rot s ig n ifica n t

Parentheses denote retranaformed values.



Sable 19 « Recovery o f sell-applied is  the leaves (epv/g) of pepper vine
trailed  on teak pole ae influenced by method of application
( log-transf orated data for the 30tb day after application)

Depth
(oa)

Methods o f  application
S eaio ircle  

facing 
tho vine

Seaioirole 
opposite 
the vine

Pull o lro le
Mean

20

40

3.479
(3016.3)

3.479
(3013.9)

3.479
(3015.1)

3.533
(3410.0)

# 3.373 
(2360*8 )

3.453
(2837.3)

3.410
(2570.0)

3.264
(1838.5)
3.337

(2173.7)

3.474
(2978.9)
, 3.372
(2356.2)

O X  + fo r  eat hod e f  application  t 0.220 

® (0 .f i5 )  fee ooaparieon e f  t -

8BM ♦ fo r  depth i  0.179

Method e f  application  t hot s ig n ifica n t
Depth t hot s ign ifica n t
Method e f  app lication  z  depth i hot s ig n ifica n t

Parentheeee denote xetranefocaed values.



Table 20. Recovery o f  soil-applied io  the leaves (cpm/g) o f pepper vice
trailed on teak pole as Influenced by method of application
(log-transformed data for the 45th day after application)

Depth
(cm)

Method o f  application
Sem icircle 

facing 
the vine

Sem icircle 
opposite Ju 
the vine

11 c ir c le
Mean

20 3.602
(4001.9)

3.371
(2347.3)

3.587
(5859.4)

3.590
(3309.7)

40 3.771
(5905.4)

3*605
(4025.5)

3.626
(4223.5)

3.667
(4647.8)

Mean 3.68?
(4861.4)

3.488
(3073.9)

3.606
(4037.4)

SBM t  fox  method o f  app lication  t 0.226 SEM t  fo r depths i 0.184

CD{q.05) *or comparison o f  i -

Method o f  application  : hot s ig n ifica n t
Depth : Wot sign ifica n t
Method o f  application  x  depth ; Wot sign ifican t

Parentheses denote retransformed values.



fable 21. Recovery o f  soil-applied **2P in the ]*«t m  (opn/g) of pepper vine
t n lU d  on teak polo so influenced bp not bod o f application
(log-transformed data fox tho 60th dap after application)

Depth
(oa)

Methods o f  application
S ealelrcle  
feeing 
the vine

Seaieixele 
opposite 
the vine

f u l l  o ix o le
Mean

20 3.820
(6602*4)

3.590
(3887.2)

3.627
(4240.6)

3.679
(4774.5)

40 3.821
(6628*6)

4.C4C
(10962.9)

3.453
(2836.4)

3.771
(5907.1)

Mean 3*821
(6615*5).

3.815
(6528.1)

3*540
(3468.2)

9SM £  fox method o f  app lication  t 0*197 SBM * fox dopth s 0*161

CD(0.G?) *oas coffiParison °*  *•

Method o f application  s Not s ig n ifica n t
■epth a i«ot s ig n ifica n t
Method o f app lica tion  x dopth : Not s ign ifica n t

Parentheoeo denote retransfermod values.



Sable 22. Recovery of soil-applied ^2P in the leaves (apm/g) o f  pepper vine
trailed on teak pole as Influenced by net hod of application
(log-traneforaed data for the 15th day a fter application)

Method o f  application
iiO F i Q *'
(oa) S ea lo ircle  

facing 
the vine

Sem icircle 
opposite 
the vine

P u ll c ir o le
llean

2 0

*5VO 
-<t

• 
ov

JO
’'*-

3.710
( 5 1 2 6 . 6 )

3.561
(3642.9)

3.655
(4521.0)

40 3*842
(6S5o.3 )

3.539
(3460.5)

3.704
(5054*6)

3.695
(4955.3)

Mean 3*768
(5865.7)

3.625
(4212.8)

3.633
(4291*1)

SBM 1  fo r  method o f  applications 0. <83 SBM 1 fo r  depth s 0*149

ca (0.05) fox ^eaPer icon o f  t -

Method o f app lication  s Not s ig n ifica n t
Depth t Not s ig n ifica n t
Method o f  applioation x depth s aot s ig n ifica n t

Parentheses denote retransferred values.



Table 23* Beeevery o f soil-applied ^2P in the leaves (cpa/g) o f pepper vise
trailed  on erythrina as influenced by method of application
( log-transformed data for the 15th day after application)

Methods o f applioation
Dopth

(oa) Sem icircle 
U sin g  

the vine
S eaioircle  

opposite 
the vine

P o ll o ir c le
Sean

20 2.704
(506.1)

3.071
(1177.1)

2.018
(104.3)

2.596
(396.1)

40 2.176
(150.1)

2.503
(318.3)

1.799
(62.9)

2.159
(144.3)

Mean 2.440
(275.6)

2.787
(612.1)

1.906
(80.9)

SBX t  fo r  method o f  app lication ! 0.208

C®(0.05) fo r  oollPa r i®o,a i«

Method o f  applioation  t 0.655
Depth : Not s ig n ifica n t
Method o f  appftioation x depth ; Not s ig n ifica n t

Parentheses denote retraneforaed values.

8111 ♦ for  depth s 0. tfO



Table 24. Recovery of eoil-applied 2̂P In tho loaves (cpm/g) of popper vine
trailed on erythrina ae influenced by method of application
(log-traneforaed data for the 30th day after application)

Depth
(ca)

Methods o f application
Semicircle 

facing 
tbe vine

Seraidrole 
opposite 
the vine

F ull c ir c le
Mean

20 3.301
(2295.6)

3.508
(3222.3)

3.289
(1947.4)

3.586
(2433.1)

40 3.132
(1355.5)

3.193
(1557.0)

2.344
(220.7)

2.889
(775.3)

Mean 3.246
(1763.9)

3.350
(2240.4)

2.817
(655.6)

SEM ♦ for m e th o d  o f  applications 0*172 

° ® ( C . 0 5 )  * * *  cowp&x±aon o f  * -

M eth od  o f  app lica tion  t M ot s i g n i f i c a n t

Depth i 0.413
M e th o d  o f  a p p l i c a t i o n  % d e p t h  t Mot s i g n i f i c a n t

Tarentheaes denote retranafarmed value®.

8&M £ fox depth s 0.141



Table 25. Hecovery o f eoil-applisd 2̂P la tho leaves (epa/g) o f  pepper vino
trailed  oa erythrina as Influenced by nethod of application
( log-transferaed data for the 45th day aftox application)

Method o f  application
Depth

(oa) Sealeiaele 
facing 

the vine
S ealeirole  

eppoaite 
the vine

P u ll oixole
Mean

20 3.720
(5242.3)

3.653
(7131.1)

2.896
(787.0)

3.490
(3087.2)

40 3.496
(3132.6)

3.487
(3067.9)

2.817
(655.8)

3.267
(1847.1)

Mean 3.606
(4052.4)

3.670
(4677.4)

2.856
(718.4)

SBM ♦ fox eothod o f  app lication  s 0*209

CD^o.o5) *or comparison o f  i -

Ifothod o f  application  
Depth
Method o f  application  x depth

»M  ♦ fo r  depth t 0.171

* 0.659
g Hot s ig n ifica n t 
t Not s ig n ifica n t

Parentheses denote retransforaed values.



fab le  26. Recovery o f  eo ll-a p p lied  in the Heavee (opm/g) o f  pepper Tine
t re ilea on erythrina as influenced by method o f  applleatlon
( log-transformed data for the 60th day a fter  app lica tion )

Depth
(oa)

Method o f  application
Sem icircle 

feeing 
the Tine

S eeio iro le  
opposite 
the vine

P ull c ir c le
Mean

20 , 3.715 
(5191.5)

3.949
(8894.1)

3.508
(3219.9)

# 3.724 
(5297.6)

40 3.498
(3147.5)

3.604
(4019.8)

3.017
(1038.8)

,  3.373 
(2359.8)

Mean , 3.407 
(4042.3)

3.777
(5978.6)

, 3.262 
(1828.9)

SSM + fo r  method o f  application * 0.139 3SM t  fo r  depth » 0.114

*®(0.05) *cr  comparison o f  * -

Method o f  application  * Hot S ign ificant

Depth t Mot s ig n ifica n t
Method o f application  x  depth s Mot s ign ifica n t

Parentheeee denote retranaforasd Talnee.



Table 27, Eeocvery o f soil-applied ^2P in the leaves (opa/g) o f poppor Tine
trailed  on erythrina ao influenced by set hod of application
(log-transformed data for the 75th day after application)

Depth
(on)

Methods o f  application
Semicircle 

facing 
the trine

Semlcirole 
opposite 
the trine

P ull c ir c le
Mean

20 3.432
(2704.5)

4.047
(11132.4)

3.215
(1638.7)

3.564
(3667.7)

40 3.676
(4744.5)

3.842
(6957.8)

3.118
(1310.9)

3.545
(3510.8)

Mean 3.554
(3582.1)

, 3.945 
(8800.9)

3.166
(1465.6)

SIN * fo r  aethod o f  app lica tion  » 0.173

^ (0 .0 5 )  *0r °oaparison o f  * -

Method o f  app lica tion  
Depth
Method o f  application  x dopth

8BM ♦Z fo r  dopth t 0.141

* 0.545
* Not s ign ifica n t 
t Not s ig n ifica n t

Parentheses denote retransforned values*



Table 28* Absorption o f  **2P by erythrina (opa/g) froa s o il  basins et the vine
as influenced by method of application
(log-transformed data for the 15th day a fter application)

Methods o f  app lication
Ut3jp vfl

(cm) S ea lcircle  
facing 

the vine
Sem icircle 
opposite 
the vine

F o il o lro le
x

Mean

20 3.334
(2156.5)

3.059
(1144.3)

2.452
(283*1)

2.948
(887.3)

40 2.171
(148.3)

3.345
(2212.8)

2.956
(904.3)

2.824
(667.0)

Mean 2.752
(565.5)

3.202
(1551.3)

2.704
(505.9)

SEM £  fo r  aethod o f  application  s 0.516 ABM £  fo r  dopth t 0.258
0^ (0. 05) fo r  comparison o f  t -

Method o f  application  i Not s ign ifica n t

Depth s Not s ig n ifica n t
Method o f application  z  depth : Not s ig n ifica n t

Parentheeee denote retraneforaed values.



1ftVI* 29. Abaorption o f ^2P by erythrina (cpra/g) fxoa s o i l  totin t o f tho vino
&• influenced by net hod of application
(log-traneforaed data for tho 30th day aftor applioatlon)

Tidin'fcVi
Method Of application

vJU
(oa) Settle ir o i*  

fftcing 
tho ▼ins

SoBiclxclo 
opposite 
tho vino

Pull c i r c le
Mean

20 3.630
(4269.9)

3.825
(6684.1)

3.295
(1972.5)

3.583
(3832.6)

40 2.766
(583.2)

3.863
(7300.6)

3.379
(2393.4)

3.336
(2167.9)

Moan 3.198
(1577.9)

3*844
(6985.5)

3.337
(2172.8)

m l  f « method o f applications 0.226 S8M * fo r  depth t 0.185

®°(0.05) *oc COBP®’r i Bon o f  i -

Nothod o f  applioatlon  t Hot s ig n ifica n t
Bepth s Hot s ign ifica n t
Mot hod o f application  x dopth t Not s ig n ifica n t

Parenthoses donoto ret ran s f  armed values.



Table 50 m Absorption e f  ^2P by erythrina (cpa /e) fzoa  s o i l  basis* o f  the Tine 
as influenced by method o f  applioatlon
( log-transformed data for the 45th day a fte r  application )

Depth
(oa)

Methods o f application

Sem icircle 
facing 

the vine
Semicircle 
opposite 
the vine

Fall c ir c le
Mean

20 4.087
<12204.5)

3.834
(6823.5)

3.329
(2132.9)

3.750
(5621.2)

40 2.948
(887.9)

3.890
(7755.9)

3.676
(4741.1)

3.505
(3 1 »« .t )

Mean 3.517
(3291.8)

3.862
(7274.8)

3.502
(3179.9)

SHI £ fo r  method o f  applioatlon  t 0.292 

C®{0.05) *or comparison e f  t -

■sthod o f  applioatlon  t Not s ig n ifica n t
Depth t Not s ig n ifica n t
Method o f  applioatlon  z  depth s Not s ign ifica n t
Parentheses denote retransformed values.

SBM t  fo r  depth « 0.238



Table 31 .  AtaorptIon o f  ^2?  by erythrina (opa/g) fxoa  e o i l  baalno o f  the v ine
ae influenced by aethod o f  application  
( log-traneforaed doba for  the 60th day a fta r  app lica tion )

Dopth ?fethod o f  application
(oa) Soaioixole 

feeing 
tho vino

Soaioixole 
oppoaite 
the vino

f u l l  c i r c le
Mean

20 4.053
(11310.8)

3.809
(6437.9)

3.589
(3878.2)

3.817
(6560.8)

40 , 3.548 
(3529.9)

3 .855 
(7157.1)

3.652
(4486.5)

, 3.685 
(4839.5)

Roan 3.801
(6318.7)

3.832
(6788.0)

3.620
(4171.3)

8BX * tog  aethod o f  application  t 0*248 SIR ♦ fox  depth t 0*202

**(0*05) fo r  toopazloon o f  » -

Method o f  app lica tion  s Hot s ign ifica n t
D^pth a Hot s ign ifica n t

Method o f  application  x dopth t Not s ig n ifica n t

Parantheaee donot xetxansforued value*.
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4 . 7 .  i H w M a g  P— » > « *  « — 4*

The radioassay o f the samples co lle cted  froa  the 
pepper cuttings which were allowed to  feed through d ish in g  
roots froa  ^2P solution did not reweal a s ign ifica n t uptake 
o f P through climbing roo ts . The count rates observed in 
le a f  samples froa  these vine cuttings was le s s  than 10 op ^ g  

during 1 h absorption period.

*•8. s l  asm & ai 32i  > i  .r im
tra ile d  on erythrina

?2The re la tiv e  uptake o f  P based on the equation 
given under Section 5 .8  vas worked out to  assess the root 
competition between the pepper vine and the liv e  support, 
erythrina (Table 53)* The data revealed that when *^P 
application  vas made in  the sem icircle facing the vine,
( f i g . 4) there was a gradual inoroase in the sp e c ific  
a c t iv ity  ra tios  upto 45 days beyond which th* d ifference 
was only marginal. At the end o f  75 days o f  ^2P absorption 
by the vine, the sp e c if ic  a c t iv ity  ra tio  obtained was 0,74* 
In the case o f application  o f  in sem icircle opposite 
the vine, the in i t ia l  s p e c if ic  a c t iv ity  ra tio  at 13 days 
was 0.92 which declined to  0.43 at 30 days and then
increased to 0 .6? at 45 days. The variation in sp eo ifie

%2a ct iv ity  ra tio  beyond 45 days o f  ̂ P absorption was l i t t l e .  
At 75 daya, tha ra tio  was 0.77* When the application o f  
-*2P was done in f u l l  c ir c le , the s p e c if ic  a c t iv ity  ra tio  
Increased froa  0.22 at 15 days to  0.82 at 75 days.



fa b le  33. S p ecific  a c t iv ity  ra tios  o f  black pepper leaves*

3aapllng Interval (days)
Methods « f  applioatlon  -----

15 30 45 60 75

ths1? ^ # 1* fe03ja6 0.22 0.26 0.57 0.68 0.74

8*»lsiro2* sppsslts 0.92 0.43 0.67 0.71 0.77

F a ll c ir c le  0.22 0.55 0.27 0.71 0.82

* Coapated by dividing the mean: s p e c if ic  a c t iv ity  o f le a f  o f  the vine 
on erythrina by that on teak pole.
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4 .9 . H«la-tlon»hl»« « » » m  *2f  o o a f  ate o f  various p la it  » » r f
32A comparison o f  tho re la tiv e  o cm oent ration  o f  '  P in 

le a f , berry and raahis (fa b le  34) indicated that the accumu
lation  o f  absorbed ^2P sas nose in le a f  as compared to  spike*

*2On dry natter basis , berry oontained more P than i t s  raohls. 
However when sp aoifio  a c t iv it ie s  were compared, a  reverse 
trend was observed* The oonnt rates (epq/g dry matter) 
observed in  berry, le a f and raohis were highly correlated 

(fa b le  34)* The correlation  co e ff ic ie n ts  were m uch higher 
when the sp e o ifie  a c t iv it ie s  o f  the r e s p e c t i v e  p a r t s  were 
considered* An • r*  v a l u e  o f  0 . 8 3 * *  w as o b t a i n e d  between 
the sp e c ific  a c t iv it ie s  o f berry and l e a f  w h i l e  t h e  

corresponding correlation  between r a c b l s  a n d  l e a f  was 0.79**.

4 * io .  jB tea m *
B io m a s e  p r o d u o e d  (rootse x c l u d e d )  by bearing pepper 

v i n e  a n d  t h e  p a r t i t i o n i n g  o f  t o t a l  d r y  matter into various 
p a r t s  are given in T a b l e  35* T h e  v a l u e s  w e r e  t h e  means for  
three p l a n t s  w i t h  an a v e r a g e  y i e l d  o f  4 * 6 3  Ig green pepper*
She dry matter content of the whole plant was 6.16 kg o f 
which 60 per cent was accounted fo r  by the stem* The spike 
(berry and rachie) contributed about 24 per oent while,
16 per cent o f the to ta l dry matter was due to  le a f  production*

She d istribution  of nutrients in  various parts o f  ths 
plant as well as ths t o ta l  nutrients removed by the whole 
plant are given In Table 36* Berry vas found to be the major 
accumulator o f N and P in terns o f  nutrient oontent per g dry
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aattez (2,66  and 0.15 psr •*»* re sp ect iv e ly ). However, 
whan the whole plant was considered, about 50 pex oent 
o f  the t o ta l  s  and ?  removed h j the plant were recovered 
in the etea. Potassium ahoezhed by the plant was 

oonoentzated mainly la  the xaehlo (4 .2  pex oent) followed 
by le a f  (2 .9  pex oent) while Oa, 8 Mid Mn wexe accumulated 
more la the le a f  (2.25 pex oent. 0.11 pex oent and 711 ppa 
resp ectiv e ly ). In the oaee o f  .Mg, stem wae found to  be 
the major accumulator. Oaloiua content o f  raohls was the 
highest among the four plant parts studied. Sluo was 
d istributed  almost evenly in the stea and caohia but i t s  
concentration was cooperatively less in  le a f  and berry, 

i s  In the case o f H and P, major portion o f  absorbed 
K. Chi, 3, Po, Za and Cu wove recovered in the stem 
when the to ta l  dxy Batter production was considered.

bey matter production o f  the support plant, erythrina, 
and i t e  nutrient removal are prosentod in  fab les 57 and 58 
respective ly . About 96 per oent o f  the to ta l  dry matter 
produced (18.5 kg) wae accounted foe by the stea while only 
4 pex cent was due tc  le a f  production. The le a f  was found 
to  contain the highest concentration o f  a l l  major and 
stiicronutriants in erythrina. Despite th is , the to ta l 
quantities o f  the various n u t r i e n t s  recovered In the stsa  
wexe aueh higher than in other pAact parts.



fa b le  34.  Correlations (r )  u on g  **2P o o a t n t i  o f  plant parts

Plant part <*ps/s 
dry aattex opa/ag P

Berry and le a f 0.53** 0.83**

Raohls and le a f 0.73** 0.79**

leery  and Bachia 0.71** 0.92**

** Sign i f  leant at 1jf le v e l 

d l  ■ 16
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Table 5 5 . Partitioning e f dry matter in black pepper vine trailed  oa erythrina

Plant part metier (Xg) Percentage 
o f  the t o t a l

nachis 0*188 3*04

Berry 1.234 20*85

Stea 3.635 59.74

Leaf 1.005 18.32

Total 8.180 100*00



table 36. Mattie nt removal by blaok pepper vise trailed oa erythrina

Mutrlent
Plant part

Borry Bio hie Loaf Stoa

" f -
M 34.60 3.97 23.07 60.69 122.33<2.66) (2 .10 ) (1 .61) (1.08)
P 2.07 0.13 1.32 3.40 6.92

(0.15# (0.07) (0 .12) (0.08)
K 28.50 8.20 30.30 90.40 157.40

( f  10) (4 .20) (2.90 (2 .20)
Oa 12.85 2.04 22.26 45.88 83.05

(0.88) (1 .10) (2 .25) (1 .30)
m 12.48 1.26 10.03 33.41 57.18

(0 .52 ) (4 .43) (0 .64) (1.27)
8 1.24 0.13 1.20 1.97 4.54

(0 .09 ) (0.11) (0.05)
-n r - •

70 125.50 95.01 280.52 692.84 1191.87
(96.20) (506.90) (279.10) (188.10)

Hn 137.00 27.98 714.62 605.18 1484.78
(106.70) (149.30) (711.00) (164.30).

Zn 22.06 6.12 22.40 134.40 185.00
(17.20) (32.70) (22.30) (36.50)

Cu 35.80 11.34 37.28 113.40 197.82
(27.90) (60.50) (37.10) (30.80)

Motet Values are aeane o f  throe plants*
Parentheses denote nutrient concentrations expressed as percentage 
dry aatter for  aajor nutrients and a s  ppa fo r  a lerenutrlento.



Sable 37. Partitioning of dry oat tor in the support plant, erytbrina

Plant past Dry mat tax* (Kg) Percentage 
o f  the to ta l

Leaf 0,476 2.57

P etiole 0.191 1.04

Stow 17.928 96.39

to ta l 18.495 100. CO

00
o



fabls 58 reMval by t l»  support plant, srythrina

Nutrient
Plant part

IrOSf P otlo lo Stos
• * V  vM m

f
S 21*40 4.35 354.50 380.25

(4.15) (2.30) (2.00)
* 0.82 0.12 10.32 11.24

(0.17) (0.07) (0.05)
K 4.54 1.96 150.54 157.08

(1.11) (1.07) (0.83)
Oa 14.20 5.90 290.20 310.30

(2.80) (3 .10) (1 .40)
I4g 17.47 2.72 194.93 215.12

(1.55) (0.59) (0.53)
3 0.724 0.07 5.35 6.143

(0.14) (0.04) (0.03)
-B g-

To 118.25 13.15 4425.10 4756.50
(248.30) (48.80) (371.40)

m 449.70 359.15 2814.90 3825.73
(1344.30) (1878.70) (158.00)

Sa 10.23 2.73 240.70 253.66
(21.50) 0 4 .3 0 ) (13.50)

o« 12.57 1.42 174.70 188.89
(24.40) (8.50) (9.80)

lo ts *  T«3«m  M i  mmmm o f Hamm p lants.
Parsnthssss dsnsts nutrlsnt eonosntrations szprssssd as psresntags 
dry sa ttsr  fo r  sa jor  nntrionts and as pps fo r  a icron u trion ts.
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4 .t1 . B l w t r H  r t w r o t t u

Significant d ifferences were seen in plant height,
g irth  and y ie ld  ©f blaok pepper between the vines tra iled
on daad and l i t #  ataadarde • She oean values fox these three
characters wexe higher fex the vine tx a lled  ob dead wood
support thaa that tra iled  on l iv e  staadard (Sable 3 9  obd 
Plata 2 ).



Sabi* 39. Comparieon o f  vegetative characters and y ie ld  between 
the vine tra iled  on teak pole and on exythrina

Peyper Pepper t
os teak pel® on erythrina (0.05)

Height (cm) 4.44
(13.40)

2.90
(?9 .?0 )

Si*

Girth (aw) 1.54
(27.90)

1.33
(34.50)

Sig

T ield  o f
green pepper

5.53
(63.20)

1.96
(110.00)

Sig

Phosphorus ) ^ 
content ) *

0.1555
(27.20)

0.1388
(25.00)

NS.

Note* Valuae are means o f  36 plante

Parentheses denote C oefficien t o f  variation  {%) 
Slg* S ignificant 
HS. Hot eignifL oairt



Blaek pepper t Im a  (ea r . Panniyur-1) tr a ile d  on dead (teak p o le ) and l ir e
(Brythrlna ia d lca )standard*.

Plato -  XI
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DISCUSSION 

J . i .  a « ll ln i.rt lo a  of 32r

In studies o f  root a c t iv ity  patterns o f  tzso  crops, 

the requirement of ra d ioa ctiv ity  la enormous primarily 
due to  the greater d ilu tion  o f  the absorbed and trans
located la b e l In eueh crops. In order to  get countable 
ra d ioa ctiv ity  in the plant part sampled (generally, le a f ) ,  
a higher amount o f  applied rad ioactiv ity  la  required* She 
resu lts  o f  the studies on root a c t iv ity  patterns o f  tree 
crops conducted by the IAEA (IAEA, 1975) showed that 
application  o f 5 ®Ci (1.35 x 10® Bq) o f  ^2J?/plant was 
necessary fo r  obtaining countable ra d ioa ctiv ity  in plant 
samples* In the present study, however, 2.5 mCl/vine was 
found to  y ie ld  countable ra d ioa ctiv ity  In le a f  samples* 
Depending on the number o f  treatments involved in an 
experiment, the to ta l  ra d ioa ctiv ity  required could be very 
large to  the extent o f  causing health hazard to  the handling 
personnel. To overcome th is , the IAEA recommended application 
o f  ^2P in sealed glass v ia ls  by dropping them (one v ia l/h o le )  
into the desired s o i l  depth and crushing the v ia l  with a 
m etallic 'crusher* to  release the ra d ioa ctiv ity  in to  the 
s o i l ,  as the fa c i l i t i e s  fo r  preparing sealed glass v ia ls  
containing radioactive solution  are not generally available 

in an ordinary radiotracer laboratory, a procedure for  s o i l  
in jection  o f ra d ioa ctiv ity  using an applicator (Pig.2 and 
Plate 1) was developed* A detailed account o f  the device
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and the method o f  application wsrs presented la  
Sections 3 .2 .4 . and 4 .1 . It was observed that tha 
radiation dose rats at tha outer euxfaoe o f  tha p laetio  
bucket was Isas than 10 mR/h fox 40 mCi in §12 ml 
aqueous solu tion  o f  1000 ppm ca rr ier  p. Obviously, tha 
shielding o f  tha radiation bp tha quantity o f  water, tha 
glass b o tt le , paraffin  wax and tha p la s tic  bucket was 
e f fe c t iv e . These shielding aataria ls ware chosen because 
they do not produce Bremsetrahlung, non-characteristic 
X-rays produced whan high energy beta p a rtic le s  such aa 
that emitted by "*2P (iSnax «  1.71 MeV) strike  a heavy metal, 
The in i t ia l  surface dose rate (10 oR/h) was found to  
decrease gradually with decrease in the volume c f  the 

solution contained in the b o ttle  as the s o i l  in jection  
progresses, Normally, a single operator can complete tha 
s o i l  In jection  o f  ̂ f  solution  into 120 s o i l  holes o f 
15 plants with 8 s o i l  holes/plant provided, a l l  the 
preparations ia the f ie ld  including in sta lla tion  o f  
access tubes were r»de in advance. The rep rodu cib ility  
o f  the dispensed volume o f the solution was a lso  satis* 
factory  as evidenced from tha very low co e ff ic ie n t  o f 
variation  o f  the order o f lees than 5 per cent observed 
fo r  s ix  successive d e liveries  in  a preliminary standardi
sation work* Washing the access tube with a jet o f  
d is t i l le d  water (about 5 ml) was suggested to drain o f f
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any ra d ioa ctiv ity  atioking on the inside o f the aeooaa 

tube in to  the s o i l  depth as fax as p ossib le . Moreover, 
aa the applications were made to  8 or 16 s o i l  h oles/p lant, 
the to ta l ra d ioa ctiv ity  reoeived by a plant nay be 
reaaonably constant.

Extension o f  the delivery  tube o f  tho 'Lumac Dispensette* 
to  more than 50 on was found to  cause problems during 
operation. I t  may be noted that the delivery tube w ill 
remain f i l l e d  with the solution  between successive opera
tion s , I f  the delivery tube is  longer than 50 om, tho 
quantity o f  the solution  remaining in  the delivery tube 
was found to  cause a downward pu ll to  make the outlet 
valve o f  the dispenser open resulting in the dripping o f  
the solution even a fter  the downward stroke o f  the plunger 
had been completed, Tor th is  reason, a delivery tube o f  
le ss  than 50 om length la recommended* In the present 
study, a delivery tube o f 50 cm length was invariably used. 
Inclusion of the carrier (1000 ppm P) in  the solution  i s  
important to  reduce the fixa tion  o f  **2P by the s o i l  
esp ecia lly  o f  high phosphate fix in g  power such as la te r ite  
through laotop lo  exchange. I t  may be expected that the 
fix a tion  o f  **2P atoms w ill be n eg lig ib le  compared to  that 
o f  ^1P atoms (ca rrier) due to  the predominance o f 
atoms over ^2P atoms in the solu tion  (IAEA, 1975)*
Therefore, the s o i l  aval la b i l i t y  o f  the applied radiolabel 
w il l  be l i t t l e  a ffe cted .



5 .2 , Leaf gaggling technique fo r  32P assay

She s o i l  in jection  teohnique for studying the root 
a c t iv ity  patterns o f  plants was f ir s t  introduced by 
Hall et a l ,  (1955). Consequent on th is , several reports 

have appeared in the litera tu re  on the root a c t iv ity  
patterns o f  esp ecia lly  short duration f ie ld  erops such 
as grasses (Lipps et a l , ,  1957), sorghum (Me Cluxe and 
Harvey, 1962), tomatoes (Dejong and Otinkrang, 1969) ete*
In these erops the determination o f  root a c t iv ity  can be 
made based on the uptake o f  the rad iolabel by the whole 
plant. However, in perennial tree crops, th is  method o f  
assessing root a c t iv ity  i s  not feasib le  owing to  the very 
bulk o f the plant I t s e l f ,  A more convenient method 
suggested by the IA2A (IA2A 1975) involves comparison o f  
ra d ioa ctiv ity  recovered in a plant part generally , le a f  

follow ing s o i l  in jection  o f  a suitable radioisotope inte 
various s o i l  sones, The r e l ia b i l i t y  o f  th is  approach has 
been tested in many perennial tree crops suoh as o i l  palm, 

oooonut, cocoa and c itru s , The adoption o f  th is  technique 

in the study o f  active  root d istribution  in  black pepper 
necessitates prior standardisation o f  the plant part for 
sampling and subsequent radioassay, as no work has been 
conducted so fa r  in th is  crop on these aspects,

The resu lts  o f preliminary studies eonducted fo r  
standardising le a f  sampling procedure for assay (fab le  2) 
revealed that the d ifferences in the radieaetivlty  content
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o f  tho Xmtm M ip U i either from various canopy positions 
or from d iffe ren t aides o f  the plant (canopy sides facing 

the applied area, opposite side o f  the applied axes and 
from a l l  around the plant) usre not s ta t is t ic a l ly  sign i
fica n t. This would nean that the uptake and d istribu tion  
o f  ^2f  was fa ir ly  rapid throughout the canopy. In fa o t, 
the applied radiolabel was detected In the le a f  as early 
as *5 Kin a fter  i t s  application  in s o i l  (P ig .5)* In sany 
crops, however, th is  is  not the ease. For example, studies 
conducted with citru s in Taiwan showed higher content 
in the leaves o f  lower part o f  the canopy than in the leaves 
o f upper pert o f the canopy (IABA, 1575). Besides, in 
certain  orope, le a f  type x root position  interaotion was 
f o u n d  to  be sign ifican t indicating s p e c if ic  pathways 
during transport o f  the absorbed from root to  top .
The le a f  type here means the leaves sampled from canopy 
s i d e s  f a c i n g  the applied area, opposite side o f the applied 
area a n d  from a l l  around the plant. Plants such as apple 
a n d  citru s were found to  have such a type o f interastlen  
while in cocoa and and c itru s , th is phenomenon was absent 
(IASA, 1975). Eventhough i t  i s  d i f f i c u l t  to  ascertain  the 
exact position  o f  the le a f on the vine in re la tion  to  
treated /opposite s o i l  area because o f the very olimbing 
mature o f the plant around the support, a te s t was, 
nevertheless, made in the present study to  examine the



89

presence o f  sueh an in teraction . The ra d ioa otiv ity  
recovered in the le a f  samples oolleoted  from canopy sides 
facing  the applied area and opposite side o f the applied 
area sere praotioa lly  the same and the variations in oonnt 
rates sere s ta t is t io a lly  not s ig n ifica n t (Appendices 1 and 
2) indicating thereby the translocation  o f  sas uniform 
and not Influenced by the position  o f  the le a f  in relation  
to  ^2P applied s o i l  area. Sim ilarly, ^2P content o f the 
leaves co lle cted  from a l l  around the plant was a lso  not at 
variance. Pron these resu lts , i t  may be concluded that 
le a f  samples co llected  from any side o f the vine and froa  
any height o f  the canopy w in  be su itable fo r  radioassay. 
However, sampling o f the leaves from lower two-third 
portion o f  the canopy is  recommended here fo r  convenience 
and th is has been the procedure followed in a l l  the sub
sequent experiments reported herein. The resu lts a lso  
Indicate that the method o f  le a f  sampling adopted for  
nutrient analysis (de Waard, 1969) i s  equally Applicable 
fo r  ^2P assay in black pepper.

5 .3 . Root a c t iv ity  pattern o f  blaok pepper
The a ctive  roots o f  blaok pepper vine tra ile d  on 

teak pole (died support) were found to  reside mostly within 
30 cm s o i l  area (Table 7)* Over 90 per eent o f  the absorbing 
roots are found in th is  region. I n it ia lly , absorption from 
surfaoe layers upto 20 cm accounted for a s ign ifica n t portion
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o f  the t o ta l  ra d ioa ctiv ity  recovered in tho loaf*
However, with tin e  there vao a perceptible decrease la 
the absorption o f  52P from surface e o i l  layers with a 
conoomitant increase in  tho absorption from lower 
layozo (40 on)* Such a tread could ho expected with aa 
increase in atoistnxe oontent la  deeper s o i l  layers during 
the la ter h a lf o f  the experiment. The s o i l  moisture data 
co lle cted  in December coinciding with the last sampling 
date (fa b le  40), however, did not indicate variations in 
the s o i l  moisture with depth. It  may he pointed out that 
the s o i l  at the experimental s ite  is  a gravelly  la te r ite  
and therefore, the determination o f  s o i l  moisture by 
gravim etric method may not y ie ld  re lia b le  resu lts . Per 
th is  reason, the ra in fa ll data fo r  the experimental period 
(fab le  41) may be considered a better index o f  moisture 
a v a ila b ility  in the B oil. It was seen that the ra in fa ll  
during the experimental period (from 4th October to  5th 
December) decreased from 149*3 in the month o f October te  
60,2 mm in the month o f  November. Bvidently, the availab i
l i t y  o f  moisture in  the s o i l  would be more during the 
in i t ia l  stages o f  the experiment than during the la ter 
periods* Consequently, the variation  in the s o i l  moisture 
content o f the surface and lower layers may be expeeted to  
be marginal. Hence, the absorption pattern o f rad ioactiv ity  
from various s o i l  sonee during the in i t ia l  period o f  the



fable 40. S oil M iituz* oonent {%) la  the vine basins st ths tins s f harvest

la te r a l distance 
(ea)

Depth
(o»)

Pepper tra ile d  
on teak pole

Popper tra ile d  
on erythrina

15 10 7.2 7.1
20 7 .0 6.8
40 8.5 7.5

30 10 6.7 7 .0
20 7.6 5.8
40 7.6 6.4

60 10 5.9 6.0
20 5.5 5.5
40 6.1 6.0

120 10 5.7 6.6
20 4.S 5.540 5.6 6.1

;#at)S o f  t h r e e  r e p l i c a t e s .



m ule 41. A M «k uf m ilt fc ll { ■ )  m d v H  during thu • M fxtm m tm X ported

Month 1983 1984

Juno 387.2 853.1
July 880*6 730*4
Angus* 754.7 260.2

auytuufcu* 494.6 158*6
Ootobo* 149.8 323.7
hoveubox 60*2 7 .8
Ttoounrtnr 24.4 16*4



fable 40. S ell ooleture oonent (jt) in tbs vine basins at the time o f harvest

la te r a l  distance 
(ea)

Depth
(cm)

Pepper trai led 
on teak pole

Popper tra ile d  
on erythzina

15 10 7.2 7.1
20 7 .0 6.8
40 8.5 7.5

30 10 6.7 7 .0
20 7.6 5.8
40 7.6 6.4

60 10 5.9 6.0
20 5.5 5.540 6.1 6.0

120 10 5.7 6.6
20 4.8 5 .540 5.8 6.1

Notes Tallies are means o f  three rep licate® .



Zeble 41. Amount o f  a l l f t l l  (■§} i t n l T t i  d n la g  tbe ezperlmeetal period

Moot* 1965 1964

fo o t 367.2 655*1
July 960*6 750.4
U g l l t 754.7 260.2
September 494*6 156*6
Ootobex 149*6 525.7
November 60*2 7*6
December 24*4 16*4
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experiment tru ly  r e f le c ts  the preponderance o f  the feeder 
roots  in these s o i l  zones* With the recession  o f  the 
monsoon season by the end o f  the experiment, moisture 
lo s s  doe to  evapotransplration from the surface layers 
pay be drastic esp ecia lly  when the rate o f  repliniehoent 
o f  eater into e o i l  through rains diminishes* Suoh a 
situation  w il l  lead to  the development o f  a d is tin ct 
moisture gradient in the s o i l  p ro file  with more moisture 
in the deeper layers* This could have bean, perhaps, 
responsible fo r  the higher uptake o f   ̂ P by the vino from 
deeper layers than from the surface layers during the la tte r  
part o f  the experimental period* Therefore, the pattern o f  
^2P absorption observed at latex Intervale need not nseessa
r i  ly  indicate the proportion o f  feeder roots in various s o i l  
layers, instead i t  13 a measure of. the root a c t iv ity  as 
Influenced by the moisture regimes prevalent in various 
s o i l  layers* These resu lts imply that the vine i s  o&pable 
o f  exploiting deeper s o i l  layers with the cessation o f rains* 
In several orops suoh as apple (Atkinson, 1974) and cooonut 
(Balakrishnamurthy, 1971) sim ilar trends in root a o t iv it is s  
with change in s o i l  moisture le v e l were observed*

The pattern of root a ct iv ity  o f pepper vine tra iled  
on erythrina was found to  be almost id en tica l to  that 
tra iled  on deadwood support with respect to  la te ra l distance 
(Table 12)* In th is  case a lso , over 90 per cent o f  the
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roots  were found within 30 om ffO a tho Tins, In the 
osso o f  orythriaa, tho roots voro found to  traverea upto 
o  dlotanee o f  €0 oa fr o o  tho v iae  (Zable 17). Z f on 
ostlosto  is  » d o  o f  tho proportion o f  aotivo roots of tho 
l iv e  standard within 30 oa away from tho vino whieh i s  tho 
moot aotivo root aeae o f  tho poppor v ino, i t  w ill  ho soon
that 80 por omit o f  tho foodor roo ts  o f  orythriaa aro
lying in th is  region indicating thoroby that orythriaa 
has a more extensive root system than the v ine. As 
compared to  the vine on teak p o le , the a ctive  roots o f  
tho vino oa erythrina wore more or lo s s  evenly distributed 
along tbo s o i l  p r o f i le , further, the resu lts dc not indi* 
oato an increase in tho root a c t iv ity  o f the vine in deeper
layers with time as observed in  the case o f the vines
tra iled  on teak p o lo . Comparison o f the active root 
d istribution  o f  the liv e  standard with that o f the poppor 
vino tra iled  on i t  suggeats that the support plant aad 
the vine explore to  almost same extent the various s o i l  
layers as svidsnoed from the sim ilar percentage o f  root 
a c t iv ity  o f  tho two plant species a t various s o i l  depths • 
When tho two erop systems v is ., pepper on erythrina and 
poppor on teak pole are evaluated in terms o f  moisture 
depletion from the a o l l  column, i t  w ill be apparent that 
tho loos o f  water in the former i s  tbe resu lt o f  combined 
evapotranspiration from both plants as against the loo s  
o f  water duo to  evapotranspiration from the vine alone
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in  the la t te r . In no far an the soot a c t iv ity  patterns
o f  the two plant npeoian are almost sim ilar along the 
rhizosphere p r o f i le ,  there would be lean ohance o f  a 
sharp moisture gradient with depth. Perhaps, thin would 
explain the fa ilu re  te  obtain greater recovery o f  ^2P 
from deeper layers (below 20 oa) during the end o f the 
monsoon season. Considering a l l  these aspeots, the root 
a c t iv ity  pattern o f black pepper vine may be diagramsti
cs a lly  shown as in P ig . 14* Shore was no evidence to  show 
the avoidance o f  feeding sons o f  erythrina by the vine as 
reported for other mixed culture situations (W illey, 1979). 
She root exploratory area o f  the vine when grown in a ssoci
ation with erythrina was found to  bo ion flaed  to  30 oa 
la tera l distance while the roots o f  support plant wore found 
to  traverse upto 60 cm from the v ine. She re la tiv e ly  

unexplored area by the support plant in tho feeding zone 
o f  the vine is  at about 15 cm from tho vine where tho 
concentration o f  vine roots i s  more. On the contrary, the 
vine was found to  explore deeper s o i l  layers (below 20 oa) 
e f f ic ie n t ly  when i t  was tra iled  on dead wood. She data 
co llected  from these studios are , however, not adequate 
to  explain the d if fe r e n t ia l pattern o f  root a o t iv it io s  o f  
the vine in these two situ ation s.

Prom the foregoing discussion , i t  i s  clear that tho 
maximum absorption o f  the applied nutrient takes place
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within a s a i l  coluua af 30 on* radius fron  tha vina.
In view o f  tha re la tiva  abandonoa a f tha fesdtr soot a 
(20 to  30 pas eaat) within to  oa a a ll dspth, thara ia  every 
obanoe af root pruning i f  tha f e r t i l i s e r  app lica tion  ia  
dona in opanad basins. i t  ia  auggaatad, th erefore , that 
broadoaating a f tha fa r t ilia a ra  and aubaaqaant laoerpera- 
tien  l a t *  the a o il  by raking any ba prafarrad to baaln 
application  aa tha foraar would avoid excessive root daaaga.

The raaulta a f tha praaant atudy alao indioata the 
p oa a ib ility  af adoption o f  a t i l l  eloaar planting than tha 
raeoanandad spaaing a f 3a x 3a. A eloaar spacing down to  
la  between plants does not aaaa to  causa overlapping o f 
tha exploratory araa o f  the roots batwaan adjacent vines. 
Moraever, tha root a c t iv ity  o f  the l iv e  standard, erythrina, 

beyond 60 on fron  tho v ine ia alao n eg lig ib le . Ha in fe r -  
nation ia praaantly available aa to the e ffe o t  o f high 
density cropping on the growth and y ie ld s  o f pepper v laee. 
Investigations an these aspects are worth taking up.

Conventionally, In atudlaa on root a c t iv ity  patterno 

o f  crop planta, application  of ra d loa etlv lty  la done into 
equally spaced holes around the plants. The aethod followed 
for the present atudy was to  in jse t  radloaetlv lty  lata  a o i l  
holes taken in a sem icircle facin g  the vine (F ig . 3 ) . This 
dethod was followed because the vine was tra ile d  on a 
support. When the support ia  another plant, erythrina in



97

th is  ease, i t  i s  lik e ly  that the root aotiw ity  sb either 
•ids o f she v is t  8*7 not ho tho asio  hoosnss o f  tho 
probable in terference o f tho support plant i s  tho eeal- 
c ir o lo  opposits tho Tins owing to  i t s  e loser proximity 
to  tho stsndoxd (P ig .4 ) . I t  i s  fo r  th is  reason, s  
•oporato experiment was oonduotod to  u ftk ias whothor thoro 

i s  any d ifforonoo in tho proportion o f a ctive  roots  hotvosn 
tho two opposing sem icirc les . In th is  experiment, however, 
not a l l  tho treatments already dissnsssd (4 ra d ia l distan
ces z  3 depths) wore compared. Vho ooaparison was oonfinsd 
to  only the aost aotive root aoao naaoly 20 and 40 oa dopths

T}2a t  a r a d ia l  d is ta n c e  o f  30 oa* The rooow ory o f  y t  in  tho 

le a v e s  in  r e la t io n  t o  i t s  placem ent a t  th roe  s o i l  b o m s  

a lo n g  th o  c lrcu m feren oo  o f  th e  a e a ie i r o le  f a d n g  th o  T in e , 

o p p o s ite  th o  v in o  and a ls o  f u l l  o i r o l e  around th o  v in o  

(P ig* 4) was evaluated  (T a b le  18 t o  32). She oon oen tra tion  

o f  a o t iv e  r o o t s  was found t o  he s i a i l a r  ia  both  sonic ire  lea  

on e it h e r  s id e  o f  th o  T in e , i r r e s p e c t iv e  o f  th e  ty p e  o f  

standard on whioh th e T ine was t r a i le d *  T h is  in d ic a te *  

th a t  r o o t s  emanating f r o a  the T in s  a r c  u n iform ly  d i s t r i 

buted r a d ia l ly  around the T in e , how ever, Ih  th e  oaee o f  

pepper T ine t r a i l e d  on e ry th r in a  th ere  was a narked 

d ecrease  in  th e  a b so rp t io n  o f  when th e  oane amount « f

r a d lo a e t lv l t y  was a p p lie d  in  f u l l  o i r o l e .  Suoh a tren d  was 

not observed in  th e  ca se  o f  T in es t r a i l e d  on teak wood
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(H b U i 18 t© 22). Bespit© *b© lack o f  s ta t is t ic a l  
s ign ifica n ce , the m u  values o f  count rates expressed 
oa dry natter basis as w ell as sp e o ifio  a c t iv ity  revealed 
that there was a general decrease la  the absorbed radio* 
a c t iv ity  by these plants irresp ective  o f  the type o f 
standard (P igs. 8 to  13). Perhaps the fa ilu re  to achieve 
s t a t is t ic a l  sign ifican ce in  the case o f  vines tra iled  on 
teak pole could be due to  large plant to plant variation 
in the uptake o f ^2P as evidenced fr o *  the sign ifican t 
block e ffe c t  (Appendix V I). Bxletenee o f  such large 
v a r ia b ility  in  root a c t iv ity  between plants was reported 
in tree crope (IABA, 1975). Under re la tiv e ly  un ifors s o i l  
and other environmental conditions, the error component 
due to  variation  between indiv idual treea was attributed 
to  (a) d ifference in vegetative characters auoh as g irth , 
height, fo lia g e  and fru itin g  capaeity and (b) d ifference 
in  probability  o f  in jected  *̂2P strik ing  the roo ts . The 
large v a r ia b ility  in ^2P uptake among individual plants 
tra iled  on teak pole as observed in the present study 
may be explained by the d ifferen ce  in  the probab ility  o f 
in jected 52P strik ing the roots rather than the d ifferen ces 
in vegetative characters o f the plant because variation in 
the growth characters o f  these plants wore not marked 
(Sable 39). Eventhough increasing the number o f  re p li
cations may seem the only lo g ic a l  solution  fo r  reducing
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sueh v a r ia b ility , i t s d l t i  r ith  Tivoli trees had eh own that 
avail with fear re p lica t io n ! the ooO ffioleat o f variation  
aaoBg tha rep lica tes  ran aora tha a 100 par oant. therefore , 

i t  my ha considered aa tha in tr in s ic  v a r ia b ility  o f  tha 
plant i t s e l f  rathnx than tha lia ita t io n  o f  tha teohnique 
(XABA* 1975)* the dacraaaa la  absorption o f ^2P by tha 
vine when tha ra d ioa ctiv ity  was appliad in  f a l l  o iro la  
as compared to  sem icircle  application  im plies that tha 
nutrient concentration availab le  par root is  moro import a at 
in enhancing the absorption. From these considerations, 
i t  may be suggested that in the case o f  pepper via# tra iled  oa 
erythrina the re s tr ic t io n  o f f e r t i l i s e r  application  to  a 
sem icirole w ill  be more e ffe c t iv e  fo r  tha bettor a t i l i 
es t Ion o f the added nutrients. For convenience, tho 
sem icircle (30 cm radius) facing tha vine may ha preferred 
fo r  fe r t i l is e r  app lica tion . The eame method o f  f e r t i l i s e r  
application  is equally applicable to  vines tra iled  oa teak 
polo a lso .

32Tho absorption o f  P by the vine was found to  in
crease I n it ia l ly  and than decrease (F igs. 6, 7 and 8 to  13)•
It  was observed that the decline occurred a fte r  45 days
o f ,/*,P application* Such a trend in  absorption o f  tho
radiolabel may be due to  the extension o f roota beyond 

32the  ̂ P-applied zone resu lting in  a reduced rate o f  uptake 
(IAEA 1975).
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§•** Relative absorption o f  ^ fg o p g a r  vineo tra iled  
ea teak p o lo . erythrina and hr the liv e  standard,
erythrina

80 fa r , the discussion tea been cantered around 
tha root a c t iv ity  pattern o f  individual oaees namely, 
poppas Tina oa took pole, on erythrina and tha standard, 
erythrina. Coaparison o f the a ffaots  of dead and l iv e
standards oa ^2P uptake was not aada s ta t is t ic a l ly  since

32the error naan squares fo r  ?  data vara not homogeneous 
for experiment a using erythrina and teak p o le . 1'he re for a,  

a d ifferen t methodology based on tha re la tiv e  uptake e f  
applied 52P vas follow ed fo r  ascertaining whether there is  
any advantage or disadvantage due to the us e o f erythrina 
as support plant* In other words, i t  measures the degree 
o f  in terferenoe/ooapetition  between the two plant species 
for the applied radiolabel when grown side by side with 
each other • <

The two situations v is .  tra ilin g  the vine on teak 
pole and on erythrina may be considered as monoculture and 
mixed culture respectively  with respeot to  the vine* 
According to  de Wit (1960), any two pda at species growing 
in the same space would divide a constant environment 
leading to either b en e fic ia l (complimentary) or harmful 
(com petitive) interaction between eaeh other. In order to  
arrive at the magnitude o f  suoh in teraction , a simple



mathematical expression involving comparison o f tho 
re la tive  uptake o f ^2P was derivedi

R elative uptake o f  the applied la hoi (BOA) by the vino
tra ile d  on erythrina nay be expressed as

«b
  (D

32Where and denote the to ta l aaount o f  '  P absorbed
by the vine tra iled  on erythrina (b) and that on teak
pole (a) respectively* I f  th is  ra tio  is  unity, i t  mean* 
that there is  no competition between the two plant speeies 
while values less  than or greater than unity indicate 
competitive and b en e fic ia l in teractions respectively*

The to ta l  quantity o f *̂2P taken up by the plant 
can be determined i f  ^2P content/g plant dry natter or 
s p e c if ic  a ct iv ity  o f  the plant is  known* By multiplying 
these quantities by to ta l dry matter or t o ta l  P uptake 
ia  g respective ly , Q can be found out* That i s

Q «  (opm/g dry matter) x TDM (2)
or

Q at SAP X TP (3)
Where TDM is  the to ta l dry matter content of the 

plant, TP is  the to ta l P uptake by the plant and SAP is  the 
s p e c if ic  a ct iv ity  o f the plant (cpm/g P ). In the present 
study, neither the ^2P concentration/g dry natter nor the
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s p e c if ic  a c t iv ity  o f  the plant ie  ava ilab le . However, 
radios,s',ay o f  various parts o f  the plant revealed that 

the count ra ies /g  dry matter of various plant parts as 
wall as th eir  respective s p e c if ic  a c t iv it ie s  were highly 
correlated , Thm ^2P contents o f  le a f  and spike which 
fora  the major f-accum alatisg organs o f the vine were 
lin early  correlated (fab le  34), Out o f  these, highest 
correlations were obtained aaong the s p e c if ic  a c t iv it ie s  
o f the plant parte which indicates that s p e c if ic  a c t iv ity  
o f le a f may be considered as a good index o f the sp e c if ic  
a c t iv ity  o f the plant, Therefore, s p e c if ic  a c t iv ity  o f 
the lea f was considered for computing an estimate o f 
to ta l **2P uptake by the plant. Bquation (3) Hay be, 
th erefore , modified as*

Q ’ -  S il l  x  2?P ( 4 )

W h ere  Q* i s  t h e  e s t i m a t e  o f  t o t a l  u p t a k e  b y  t h e  p l a n t  

a n d  SAL i s  t h e  s p e c i f i c  a c t i v i t y  o f  t h e  le a f . S u b s t i t u t i n g  

t h e s e  q u a n t i t i e s  i n  e q u a t i o n  ( 1 ) ,  a n  lads* o f t h e  r e l a t i v e  

u p t a k e  o f  t h e  a p p l i e d  l a b e l  (RUA*) m y b e  w o r k e d  out a s  

f o l l o w s *

Q»b (SAL x TP)b
RUA1 *   «    (5)

Q'ft (SAL x 2P)a
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<w )b
Since tin  ra tio

< « ) »
nay bo a a ioM l to  bo constant

i t  fo l lo w s  thatt

<«>

Tho r a t i o  o f  tho o p o e i f i o  a c t i v i t i e s  o f  tho le a s e s  o f  

th e  T inea t r a i l e d  oa  e ry th r in a  and on tea k  p o le  v oa ld

by the T in e  when grown in  a s s o c ia t io n  w ith  ery th r in a  

a s  compared t o  pure crop  or m onoculture*

should  be l e s s  than 1 a s  oou ld  bo in fe r r e d  froa  th e  higher 
dry m atter p rod u etion  and a la o e t  s im ila r  l e a f  B con ten t 

o f the T in es  t r a i l e d  on tea k  p e ls  a s  compared t o  th e  T ines 

on e ry th r in a  ( f a b le  J f  )• T h e re fo re , th o  BUA'  T alue computed 

f r o a  th e  s p e e l f i o  a e t iT i t y  r a t i o s  o f  tho leaTea (eqn*5) 

should  in d ic a t e  th e  ninlmua c o n p e t it io n  (n e g a t iv e  in t e r 

a c t io n )  between th e T ine and th e  l i v e  standard I f  the 

Talue l e  le a s  than un ity* A p e r u s a l o f  th e  BUA* data 
p resen ted  in  Table 33 reT sa led  th a t  th e  uptake o f  ^2P by 
th e  T ine was a d T eree ly  a f f e c t e d  when i t  wao grown la

asaooatlon with erythrina* The aagnitude o f  th is  o ffs e t
■5J2

w an t o  redace P u p t a k e  by t h e  T i n e  by more t h a n  20 p er e e a t

thus proT ide a sea sure o f  th e  r e l a t i v e  uptake o f

<**)*
The T a l u e  o f  t h e  c o n s t a n t i n  th e  p r e s e n t  experineat

(TP),
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an evidenced from the a c t iv ity  ra tio  o f  about 0*8 
observed during tho ooeond h a lf o f tho «zparirontal 
period* Tho degree o f  oompetit ion between tho Tin# and 
orythsina remained unaltorod Irrespective o f  tho method 
o f  application  o 1thor in  ooa io iro lo  or in  f u l l  o ir o le .

Coaparioon o f  U n a i s  predueod by tho two plant 
opoolos revealed that the dry aattor produced by the vino
tra iled  on erythrina was about one-third o f  that produced 
by ita  eupport p lant. She vino produced on an average 
6.16 kg o f dry natter as against 18*5 kg produced by 
erythrina. when partition ing o f  the dry aattor vao eade, 
i t  vaa soon that o?er 96 pox cent o f  tho t o t a l  dry *ntter 
produced by the support plant van u tilis e d  for tho produ
ction o f  stem while about 50 per oent of tho t o t a l  dry 
natter produced was accounted fox  by tho aten in tho oase 
o f  pepper v ine. The quantities o f  nutrients removed by 
the pepper vine was found to  bo loan than that removed by 
erythrina. The comparison la  more glaring in  tho oaoo o f  
N, P, Ca, Mg, Ft, Kn, and Zn. Among those nutrients, 
per Imps the competition fox nitrogen between the two 
plants say not be cru cia l as the support p lant, erythrina 

being a leguminous plant, i s  capable o f f ix in g  li2 in  their 
roo ts . I t  is  important to  note that because o f  d e fo lia tion  
o f the support plant during summer months, there i s  an annual 
recycling o f about 0.7 kg dry matter which to  some extent
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eonpeneates fo r  the nutrient removed l>y the p lan t. Ilia 
annual input o f nutrients in to  tha s o i l  through lo a f 

f a l l  tfaiao amounts to  25.7 g 8# 0.94 g P, 6 .5  g K* 20 g 
eaoh o f  0a and Hg, 0 .3  g S, 151.4 ife Po» 1008 ag Mn,
15 ag 2a and 14*2 ag On/plant.

Tha antagon istlo o ffo e t  o f erythrina on tho grodfch 

and y lo ld  o f poppor Tina (fa b le  39» Anon., 1984., Manen 
at a l . .  198?) nay not ha viewed purely as a result o f  root
ooapetit ion between the two plants for s o i l  nutrients.
The s o i l  analysis indicated that the concentrations o f  
available nutrients are more than adequate to meet the 
requirements o f both vine and liv e  standard at a t in s .
The high a o i l  concentrations esp ecia lly  o f P and K nay 
be due t c  the regular application o f  P and & fe r t il is e r s  
to  the vine basins. Root competition fo r  a nutrient say bs 
expected when i t s  supply in tha s o i l  is  not adequate to  
most the demands o f  the two p lants. Perhaps qualitative 
and quantitative d ifferen ces in the chemical and micro
b io log ica l composition o f  the rhizosphare o f  tho vine 
when grown as ptrre crop (on dead wood) and in association  
with erythrina (on liv e  standard) may be responsible fo r
tho observed trends in via® growth and consequent uptake 

32o f  '  P in these two situations.
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I f  «b attempt la  Bade to  compute tho manual exhauot 
o f  nutrient* through harvest o f  1 .2 8 4  kg dry pepper, I t  my ho 
ho boob that tho to ta l quantities o f  tho nutrients removed 
annually f r e e  tho oyotoa fo l lo w s  tho decreasing order 

I  (38.5 g) «  I  <3«.7 g) >  8a (14.9  g) >  Hk (13.7 g ) >
P (2 .2  g) >  3 (1.57 g ) .  fho quantltioo o f s  and P 
removed by tho vino agree w ell with that roportod hy 
P i l la i  and 3a slims® ran (1976) fo r  the v a rie ty , Panniyur-t 
with an average y ie ld  o f  1 Kg black pepper. However, tho 
annual removal o f £ was found to  be higher than that roportod 

by these authors. In view of the high build-up Of P in 
the s o i l  follow ing annual application  o f 1 fe r t iH e o rs  and 
the very low requirement o f th is nutrient hy the v ino , i t  
8teas possible that P application  can be skipped ©boo a 
good build-up o f a o il  P has been attained. Such aa approach 
has been found applicable in coconut (Wahid et a l . . 1975f 
Vahid et a l . ,  1977; Khan et a l . ,  1933).



SUMMARY



SUWJUST

An investigation or the root a c t iv ity  pattern of 
black pepper v ice  (Pi pox nigrum I*.) and a llie d  aspect a was 

eonduoted dazing 1985*64 in  the College o f  H orticulture, 
7eUanikkaza4 She major ob jectives o f  the experiments were 

to  determine the s o i l ,  zone o f  maximum nutrient absorption 
the vines tra iled  on erythrina and teak p o le , to  assess 

the root density o f  erythrina in th® rhie©sphere o f  blaok 
pepper, to  evaluate the soot competition between tho vine 
and the liv e  standard for  applied P, to  compare the nutrisnt 
removal by the vine and erythrina and a lso  to  examine whether 
the olimbing roots o f  the vine are capable o f nutrient absorption.

Zn studies with black pepper, var. Panniyur»t was 
invariably used* For root a c t iv ity  stu d ies, r&diophesphorous 
was employed as the tracer and radioassay o f  plant samples was 
done based on Cezenkov counting technique* For the chemical 
analyses o f  s o i l  and le a f samples speotrophotomatrio, flams 
photometric and atomic absorption methods were adopted*
She sa lien t findings froa  these studies are summarised below.

A method o f  s o i l  in je c t io n  o f  desired volume o f  **2P 
solution eepeoia lly  suitable fox root a c t iv ity  studies with 
perennial crop plants was developed. The method makes use o f  
a MLumac Dispensevte* (or any other suitable automatic dispenser)

m; pconnected to  a reservoir b o ttle  containing '  1 solu tion  which 
in turn is  embedded in paraffin  wax in a su itable p la s tic  
bucket* The method is  rapid and the radiation  hazard to  the

\



108

operating p e re o n n e l ie  minimal a t  th e  le v e l  o f  radio
a c t iv ity  <recerelly required in root a c t iv ity  experiments.

A lo a f  sampling technique for a a say In black

pepper was developed. Sampling o f  tho loavoo from lower 
two-third position  o f  tho canopy was rooommonded for thia 
purpose.

The absorption o f  applied P hy the v ise  m s found to  
ho vary fa a t . Detectable amounta o f  a o i l  applied radio

a c t iv ity  maa recovered in the lo a f at a height o f  1.5 m 
within 5 mln o f  application .

Par tho vine* tra iled  on either erythrina or on teak
3 2polo, tho mono of aoxiiaum absorption of applied P mao found

32to ho within 30 oa from vino, Absorption o f J P was found to  
ho higher when i t  was applied in sem icircle rather than in 
f u l l  c i r c le .

The v ises  trailed  on teak polo wore found to  have tho 
capacity to explore deeper layers than the vinos tra iled  os 

erythrina. This trend was noticed with the recession o f  
mansoon sop, con.

The active root system o f erythrina was found to  ho 
more extensive than the v ine. High density o f a ctive  roote 

o f  erythrina was observed upto 60 cm from the vine* However, 
i t  i s  re la tiv e ly  wore o f a surface feeder compared to  the vino.

Hel&tive absorption o f  applied hy the vines tra iled  
on erythrina as compared to  tho vines tra ile d  on toak pole 
indicates that the absorption o f  the applied nutrient was 
less  whan the vine I a tra iled  on erythrina. Sventhough i t
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would appear to  bo due to fo o t  competition between the two 
plant speoies fo r  the nutrient, the e ffe c t  o f  a lteration* in 
the chemical and m icrobiologica l make up o f the vine rh iaoe- 

phere when grown in association  with erythrina o&nnot he 

ruled out*
In general, at least 20 per oent xeduotion in the 

absorption o f  phosphorus by the vine could be expected i f  
i t  i s  tra iled  on the liv e  standard*

The to ta l  nutrient contents o f the whole vine with an
annual y ie ld  o f  1*284 kg black pepper were much le ss  than
that of i t s  support plans, erythrina* She differences were 
more marked with respect to to ta l content o f  IT, P, &, Ca,

Mg, f t ,  Me and 2a.
Computation o f  annual exhaust o f nutrients through 

harvest o f 1*284 kg dry pepper indicated that 38.5 g IT,
36.7 s  K, H .9  g Ca, 15.7 g Mg, 2.2 g P, 1.57 g S, 218 mg Pe,
155 mg Mn, 28 mg Zn and 47 mg Cu v e r s  a n n o h lly  removed from
the plant system*

Annual recycling  o f  about 0.7 kg dry matter containing 

25*7 g H, 0*94 g P , 6*5 *  £, 20 g each o f  Oa and Mg, 0*8 g 8, 
151*4 mg Fa, 1008 mg Mn, 15 mg Zn and 14*2 mg Cu oould be 
expected from the d e fo lia tion  o f erythrina plant during summer 
months*

32The absorption o f   ̂ P by the climbing roots o f the 
vine was found to  be inaignifleant*
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the resu lts  obtained fro *  tha stadia* reported 
haraln halp to  formulate tha follow ing recommendations 

and suggestions.
( i )P e r t i l is o r  application  1* blank pappax gardena 

should ha restr icted  to  a sea io lro le  af radius 
30 oa fSolng tha vino irrespective  o f  tha type 
o f  ataadard for thd aazlaoa u t ilisa t io n  o f  tha 
addad inputs.

(11 )In view o f tha preponderance o f  feeder roots 
o f  tha Tina within 10 oa from the solX surface, 
applloation  o f  f e r t i l i s e r  in basins is  lik e ly  
to  damage the feeder roots , Therefore, i t  is  
suggested that broadcasting tho fe r t i l i s e r  and 
raking in  fo r  th e ir  incorporation into the s o il  
would be a more meaningful approach.

(114.)Presently 3 m x 3 a spacing ia  followed in
planting o f  the v ines. Since the aotive root 
syatera o f the vine is  limited to  an area o f 
30 cm from the vine the likelihood  o f  over- 
lapping o f  the roots o f the adjacent vines 
is  very leas even I f  apaced 1 m apart. Bxperl* 
mente on the e ffe c t  o f  c loser planting on the 
growth and yield  o f the pepper vines are worth 
taking up.
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Analysis o f  variance o f  lo a f  *^P -  recovery data a fte r  tec days o f  
32P applloation

i. !**!—£

Bogroeo Mean sum o f  squares
Source o f

freedom
19 cm la tera l 

distance
50 em la tera l 

distance

Block 5 42247812.20* 7619042.60*
Loaf position  
oa tho canopy 2 2696597 .90 4094087.90

Area e f
applloation 2 582019 .50 5426529.40

Interaction 4 297098 .90 10289708.8
Error 40 955658 .80 11891101.9

•Signifleant at 5$ le v e l



A x h m n  -  x i
V

Analysis o f  variance o f loa f ^2P -  recovery data a fter 24 days o f ^2P applloation

S oares
15 oa  l a t e r a l  d is ta n ce 30 cm l a t e r a l  d is ta n ce

D egrees
freedom

o f  Mean sum
o f  squares

D egrees o f  
freedom

Mean sum 
o f  squ ares

B io  ok 4 10725737413.1** 5 226244263.0*

l e a f  p o s it io n  
on th o  canopy 2 95138621.6 2 99970728 .0

Area o f  a p p l ic a t io n 2 54065939.3 2 60535643 .1

I n te r a c t io n 4 382550342 .9 4 14413467 .8

E rror 32 380494963.6 40 40823152 .6

** Significant at leve l

* Significant at 5* level
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Analysis o f  variance o f  log-transformed lo a f  op* values fo r  the experiment 
ob d istribn tion  o f  root a c t iv ity  o f  b la ck  pepper tra ile d  oa dead wood.

Soares

Mean sum o f squares
Degrees o f  

freedom Sampling in terva l (day e )

15 50 45 60

Block 2 1 .7 5 5 1 * 8 .2 7 7 5 2 .5 9 0 2** 0 .7762*

Distance 3 4 .3 5 3 0** 5 .2 0 2 8** 4 .4 5 9 3 ** 4 .0563**

Depth 2 0 .18 6 4 0 .9 5 91* 0 .5485 1 .1512**
Interaction 6 0.5874 0 .3493 0 .4 3 1 5 0 .1773
Error 22 0.3791 0 .17 6 0 0 .3417 0 .1 9 0 9

** Significant at tjfc leve l
* Significant at 53* level
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Analysis o f  variance o f  log-tran sfor as d le a f  opm values fox the experiment 
on d istribu tion  o f  root a c t iv ity  o f blaok popper tra iled  on l iv e  standard.

Sobroe Degrees o f 
freedom

ilsaa sum of squares
Sampling in terva l (daye)

15 30 45 60

Bleak 2 0.2561 0.2649 0.5962 0.8622
Distance 3 7.5245** 5.7030** 5.8623** 7.0282**
Depth 2 0.0039 0.3104 0.2736 0.0878
Interaotion 6 0.6568 0.5250 0.5344 0.7862
Brrox 22 0.8315 0.3779 0.4898 0.5318

** S ignificant at fjt le v e l

* S ign ificant at 33* le v s !



A n a lys ie  o f  v a r ia n ce  o f  l o g - t  sen o f  oa; nod l e a f  opoi v a lo e e  fa s  th o  on p port p la n t , 
a sy th r ln a

Source

Mean ana o f aquares
D egreee o f  

freedom Sampling I n t e r v a l  (d a y o )

15 30 45 60

B lock 2 0.5021 1 .2976 2 .2036 0 .5994

B ifitance 3 6 .7 34 2**  4 .9 1 3 6** 3 .7701** 3 .4 79 7**
Depth 2 2.6781 1 .2229 1 . 7 2 1 2 * 1 .4549*

Ia te n a c t io n 6 1.3321 1 .2356 1 .1302* 1 .4233**
I r r o r 22 0 .9 H 7 0 .5 1 7 2 0 .4095 0.3171

** Significant at 1ff> level 

* Significant at 5# level
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A n a ly s is  o f  v a r ia n c e  o f  lo g - 't r a n e f  armed l e a f  opa v a lu e s  f o r  popper v in o  

t r a i l e d  on teak  p o le  in  r e la t io n  t o  method o f  a p p llo a t io n

Mean sum o f  squ ares

S ou rce  D?|eedom0 f  Sampling in t e r v a l  (d a y s )

15 30 45 60 75

B lo ck 2 0 .74 2 9 1.2666* 1.4634* 0 .3 1 6 0 1.1268*

Bdptfe 1 0.0211 0 .0467 0 .0 9 7 9 0 .0385 0.0071

Method « f
a p p l i c a t io n 2 0 .2305 0 .0343 0 .0 6 0 2 0.1541 0.0591

I n t e r a e t io c 2 0.0160 0 .0 1 1 7 0 .0148 0 .1557 0 .0 5 0 0

I r r o r 10 0 .3 5 9 4 0.2893 0.3051 0 .2326 0.2001

*  S ig n i f ic a n t  a t  5 *  l e v e l



Am sm r  Y U
Analysis o f  variance o f  log-traneformed lo a f opa value* fo r  poppor vine tra ile d  
ob srythrina in re la tion  to  method of applica^Jon

Sean sub o f squares
Source Degree* o f  

fieoodoa Sampling in terva l ( da ye)
—  15 30 45 60

Block 2 0 .31 1 4 0 .4 4 1 t 0.6338 0 .4 6 86 0.2782

Depth 1 0*8655 1.1102* 0 .2239 0.5551 0 .0016

Hot hod o f 
applioatlon 2 1 .1745* 0 .48 0 4 1 .2304* 0.4121 0 .9 0 9 4*

Interaction 2 0 .0544 0 .2 2 9 6 0 .0309 0 . 0232 0 .0822

Brrer to 0 .2595 0.1778 0.2621 0 .1 1 65 0 .1796

•Significant a t 5£ lev e l



abm w ils. i m
▲halyslii o f  variance o f  log-transformed le a f  opn values fo r  tho support p lant, 
erythrina as influenced by method o f app lication

Mean sub  o f  squares

Source Degrees o f
freedom ^Sampling in te r v a l (d a ys)

15 50 45 GO 75

Bloc*
Depth

2

1

0,8925

0.0691

0 .8 6 0 ?

0.2755

0.6591

0.2706
0.4896
0 .07 8 6

0 .17 3 0

0 .7260

Method o f 
applloation
Interaction
Brror

2

2

10

0-4519

1.2*515

0 .5 98 9

0 .6959

0 .42 9 3

0.3067

0 .24 8 0

0 .9288

0 .5110

0.0782

0.1571
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*

An investigation  on ths root a c t iv ity  pattern o f 
blaok popper vine and a ll ie d  aspects wae conducted employ
ing Phosphorus-52. She resu lts indioated that ths active 
root sons o f black pepper v ise  tra iled  e ith er oa erythrina 
or on teak pels la  in a s e l l  eoluan o f  30 oa radius around 
the v in e . It  i s  suggested that f e r t i l i s e r  application  to  
pepper vines easy be done in a sem icircle o f  30 oa radius 
facing ths vine for the most e ffe c t iv e  u tilisa tio n  o f  
the added nutrients. Growing ths vine la  association  
with erythrina as support was found to  reduce the uptake 
o f ^2P by at least 20 per oent as compared to  that grown
on teak p o le . She active  root system o f erythrina wae
found to be sore extensive than the virm reaching upto 
60 oa froa  the pepper p lant. The absorption o f  ^2P by 
the eliabing roote o f  ths vine vas found to  be in sign ifica n t.

A method o f  le a f sampling for  ^2P assay in blaok

pepper vine ae w ell ae a method o f  s o i l  in jection  o f  
solution in to  root sone o f  or op plants was developed.

Annual exhaust o f nutrients by way o f  harvest o f  

1*284 kg dry pepper wae found to  be 38.5 g N, 36.7 g K,
14.9 g Ca, 13.7 g Mg, 2.2 g V, 1.37 g S, 218 mg Fe,
155 mg Mn, 28 mg Zn and 47 mg o f  Cu.

- From the d e fo lia tion  o f  erythrina, an annual
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re ay o lin g  a f 0 .7 kg dry matter containing 25*7 g H* 
0.94 g P, 6.5 g I ,  20 g eeeh o f  Ca and Mg, 0 .8  g S, 
131.4 ag ?e, 1008 ag Mb, 13 ag Zn and 14.2 ng Ca nay 
be expected.




