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INZRODUGTION

The mest populaxr among the epicee is the dried
satured whole Perry of the evergreem perennial olimbing
vine, blasck pepper known botanieally as 2iper nigrum L.
The stout glabrous olimbing herd is indigenous to the
Malabaxr coast of Kerala preferring a humid tropiesl
climate.

The Indian pepper enjeyed monopoly in the world
narket tilil the turn of the nineteenth ¢entury when
Indonesia and other countries also ontered the pepper
trade, In India, vepper is an export-oriented exrop
contributing half the country’s foreign exchanze earnings.
In 1955 the country’s production wae 40 pexr cent of world's
pepper output while the ether perper producing oouﬁtriot '
like Indomesia, Malaysia and Bragil aocounted fer only
2%, 24 and 1 per gent respectively. The corresponding
figures for the year 19681 were 20, 22, 20 and 32 psr cent
respactivaly. Producsivity of dblaek pepper in Indin fell
from 266 kg/hg in 1949+50 to 245 kg/ba in 1980-81. These
fizures project the sad picture of India's present day
situation in black pepper production. Though Indis ean
beast of its top most position in cultivated area undexr
blaek pepper (1,11 lakh ha), 4% comes only fourth in
production in the world contridbuting 27,000 sonmes of
black pepper. Braszil whick had barely started production



in the 1950's has gome up im produetisn substantially
and today, 1t leads both in production and export.
India, the world's top most producer of black pepper fer
eonturies, has thus been relegated to the stature of an
ordinary producer.

Seventy nine per gent of the total production of
pepper in Indis ie from Kerala with 90 per oont of the
total area which is indiontive of tho importance of tho
cxop in the state's economy. The averago yield of pepper
in Kerala i{s estimated to De 279 kg/im as against 4067 kg/he
in Malaysia., One of the reasons eften dﬁributad to the low
produotivity of the vines in Kerala is the sparse use of
fertilizers. Feartilizers being the most expensive input
in crop produciion, their Jjudicious mn geusnt assunes
importance from the point of view 0f economy.

A knowledge of the root aotivity patternis a valuable
pre-roquisite for developing a scientific wethod of fertili-
sear application to ary crop. The traditional methods of
studying the root distribution are based on phyesical exami-
nation 0f the roots after exeavation, use of dyes as tracers
etc., Such techniques, apart from being laborious, cen only
provide 3 picture of the total root dimtrihution (active,
dormant and dead roots). in contrast, isotopic techniques
offer a quick and reliable msans of determining either the
distribution of active roots or the total roots. The former



is studied by soil injection of a radiotracer while the
lattexr is studied through plant injection technique.
Information on the distribution of aotive rocts and tho

soil zones of maximum nutrient sbsorption is of value

in formulating a rational method of fertilizer applimtion.

In blaek popper no work has been so far done on these aspects.
1he prescnt study was, therefore, designed with the following

objectives:

o Te examine in detail the distribution ratterrs
of aetive rootz in black pepper vines trailed
on ilve sitendard (eryinrina) and on teak pole
(dead wupport).

o To evelmts the density of astive rootse of

exythrina in the rhisosphere of black peppor.

) To assess the magnitude of root competition fox

applied=P between ithe vino snd the live ctandard.

e To compare the nutrient removal by the vine and

erythrina and

e To exemnine whethsr the climbirgs vroote of the

vine sxe bapablo of nutrient abso:ption.
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REVIEY OF LITERATURB

Research 2n root system ie of particular import-
anee &8 roots are responsible for the uptake of water
and nutrients besides providing anchorage to the plant,
An understanding of the root density, their lateral and
vertical spread is essential fer developing a sgclenti-
fically sound and efficient acthod of fertilizexr use in
crop gardene., Literature relevant tc the reot distribution
rattern of especially tree orops is briefiy reviwed Lere,

2.1. Loot distxribution pattern of percnnjal tree crops

The classiczl methods of investicating root systems

include excavation, needle board method, monolith method
eto. Such methods have been in vogue to study the overall
root distribution patterns of crop plants irrespective of
the type and function of the roots. Despite the cumber-
some and often time-~consuming nature of the methods, root
systems of several fruit trees and plantation crops have
heen studied.

2.1e1. Fruit Strecs

Vertifical distribution of rocts upto a depth of
.5 m was recorded from an excavation study of mature
paldwin apple cn a welledrained soil (Oskamp, 1932).
Seet (1933) obssrved a deeper root penetration in better

drained soil. In young trees,the rovt system spreads



vartically faster than the orown and may extend to

1.5 m boyond it, Undex favourable soil conditione, the
roots may go deep upto 1 m with age. (Vuoriaon.‘1958).
Bxoavation of root system of 26 year o0ld tree of Jonathan
on Malue sylvestris (Temasi, 1959) in a sandy soil revealed
that the diameter of the root system wag 1.9 times that

of the orown, The area occupied by the roots was 134 -2
and that ococupied by the crown was 44 m2 with 69 per cent
of the roots loocated under the crovn spread. JRremeev
(1960) opined that in dry soil the absorbins roots of
apple are very short (2 to 4 mm) with a »»diish brown
colour. Pasinova (1960) reported that 4n 14 %0 40 year-
old apple trees about 30 to £0 paer cent of the roots ars
within a deptk of 20 to 40 2m and that soil moisture
content declined with 1ncroal1§g root Aensity in a given .
layer, The excavation studies on ths =xtent and hadit of
root growth of 1 to 4 year~o0ld Jonathan ap:.le on terrased
10es8 801l indicated that the roots grew 75 ou vertically
and 75 cm radially in one-year-old treas vhilec the 4 year-
0ld ones showed vertical and horizontal spread of 335 and
482 om respectively (Doll, 1961). According tn Kolesnikov
(1962), depth of root penetration may vary with soil type,
variety of the apple tree and the rcot growth depends
largely on soil moisture condition. Studies conducted



by Weller (1966) indicated the highest density of
absorbing roots near to the trunk in Boskocop and
Goidparmane apple trees. Root Aistribution studies
in three apple varietios (Zexebeov, 1965) showed that
root penstration depended on the soil depth at whioh
the impormeabls layer ocourred and its mechanioal
oomposition. In irrigated plote of Azerba jdzau at an
elevation of 600 to 700 m,most of the rcots of apnle
trees were distributed in the 20 to 75 cm Sou 1ayex
(Babaev , 1968). Studies of Babuk (1971) indicated
that most of the roots cf young trancplants were con-
fined to 0 %o 40 cw layer and that of older trees 4in
the 8C to 100 c¢m soil layer,

Studies near Catania in Sicily on the roots of
Sour omange by Baldini (1957) revezled that most of the
roots were found between 10 tc 20 cun laterally at a
depth of 40 to 70 cm. Hontenegro (13¢0; reported that
drongh* senaitivity in citrus was depancdent on feedor
root distribution but was probully relzted to the lack
of xaromorphic features in rootg cond leuvec., Ten yeare
0ld Hamlin oransa orn trifoliate ormigée had 30 per cent
of the root ergtenm withivn 90 om of the surfage. Cahoon
et al. (1961) concluded *thet O to 10 cu depth of the soil
contained me jority of the roots a&nd that irrigation had
a pronounced effect on the percentege of rcots in each

801l depth., Under the soil and climstic conditions

e



existing in Coorg, the zoot system of one and a half
year-0ld healthy Coorg Mandarins were found to extend

10,2 om vertiocally and 160 amr horizontally (Aiyappa and
Srivastava, 1965). The experiment conducted on a Rumona
sandy loam with fair to good internal drainage led

Cahocn and Stolsy (1966) to oonelude that by increasing the
interval between irrigation or by reducing water infiltration
the root density can be increased in the soil profile.
Aiyappa and Srivastava (1968) atudied the root system of
healthy and ohlorotio trees of two and a hnlf year-old
mandarin orange in Cooxrge. 4Hhe roots were found %0 penetrate
224 om vertically and 351 om lateralliy in healthy ones as
aguinst 199 and 179 om in severely chlorotic trecs. The
heaviest concentration of feeder roots in a three and a

half year-old mandarin was found in the top €0 cm soil
column, & ereater part of the root sysiex teing constituted
by laterals (siyappa st al., 1968).

Burbs and Kulkarni (1920) from a situdy of guava
roois opined that the average spread of roois #as to
110 end with a vertical distribution upto 20 cm below the
soil surface,

goff {1897) isolated tha root system of nine
year-old gzrape vine 1n Wisconecin and found that very few
roots are shallower than 20 cm and that the rocts descended

2.4 m ip a sandy soil below light olay loam. koot



excavation of 'Conoord® vine in a terraced vine yard in
Iowa (Doll, 1958) showed that on fertile soil, the vines
had a maximum root extension of 6.6 m with vertical
spread of 5.9 m as against its lateral and vertioal
spread of 7.25 and 2.8% m respectively in a less fertile
soil. The conoentration of roots was maximum in the sur-
face 30 om. Mihacea and Puri (1968) reported that in the
vine growing centre of Teremia,the root system of Liparia
Glorie vine extended 1.5 to 2 m laterally and to a depth
of over 4 m vertically with most of the lateral roots
situated at about 30 to 60 om from the surface. Stoev
and Rangelev (1969) from their observations on the root
system of Muscat iouge vines grown on their own roots
and on other root stocks found that on its own roots, the
vines developed the fewest feeding roots reaching to a depth
of 60 cm whereas on other root stocks they penetrated to
75 cm. BExoavation studies conducted by Chelam (1974) at
the Agricultural College, Coimbatore, on the root system
of eleven year o0ld grape vine varieties indicated that
mayy of the growing roots were located at a depth of

90 om of which a greater part was in 20 to 40 cm depth.
Phe root growth varied among different cultivars depend-
ing upon the vigour.

Bojappa and Singh (1975) studied the feeder ront
distribution patterns of young and old mango trees by the



soil auger sampling teshnique at She Indian Agricultursl
Kesearch Institute, New Delhi. They foumd the highest
concentration ¢of feeder reots in the sone elose te the
tree (60 em) at the Sop 135 om layer of meil. About

89 te 90 per econt of feeder »00te wexre within the peri-
phexal 180 om.

In peax trees, the greatest root eoncentration was
found betwesn 60 mnd 240 em from the trunk (Aldxich, 1935).
Accerding to Bini (1963), the reots of peach trees iu (
801l cultivated te a depth of 20 on were concentrated
belov that some and showed little dranching. Cookreft
and ¥allbrink (1966) weported that the root distridbution
of pench and pear trees in shallew s0il was cenfined te
the tep 950 on of soil. Reot length was maximum in surfaee
soil.

The studies on shloxesis ~ susoeptible and resistant
plun trees revealsd that the suseeptible ones kad most of
their roots im the 25 to 60 om layer of soil while the rzoote
of the zosistant enec were found initially in the top 20 om
layex of 801l and later im the 10 to 50 em layex
(Koloanov, 1966).

Lupescu (1961) observed that the vertical roots eof
aprieot var. PFPavieot grafted on different root stocke
reached %0 & depth of 2.8% t0 J,9 m with most of the roots
lying in the superficial layexs detween 0 to 20 en.
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In one to 5 year-old txees, most of the roots were in
the 11 te 40 cm layer (Tamasi, 1970) and the root spread
ir one year-old apricot trees on wild apricot root stock

planted in a clayey soil was in an area of 1,91 nz.

In 24 year-old Walnut tress, 60 per cent of the
roots were seenr at a:depth between 40 to 60 om (Maliga
and Tamaei, 1957). Chernobai (1971) reported that most
of the roots of walnut treas spread horizonsally in the
30 to 80 cm daep 801l lnyer and occupied an ~rea of

2.8 $0 6.7 times larzer than the crown,
2¢1.2., Plantation crops

fhe investigation by Bavappa znd urthy (1961)
revealed that in arecanut, the roots wers ccncentrated
within 60 to G0 cm round the base of the pzlm, Xhat and
Leels (1969) poinied out that in 8 yeaiu-o0ld arscanut
palmeg, 61 to 67 per cent of all typue of roots and
51.3 to 6r.6 per cant of <ine roois were concentrated
within & circle of 50 em radius around the ralm. More
than 80 per cent of all root types were within 1 to 1.25 m
from the trunk, the greatest rooting dspth being 2.6 m.

Both healthy and ocadang-eadang affected coconut
ralms crowines on a sandy loam s0il had most of the

primry and secondary roots at 30 to 90 cr frox the tres



11

base t0 a deyth of 60 %0 90 om (Mgnaye, 1969). Roos
studieo in ocoeonut ecarzied ous at Veppankulam (Anon,
1970) showved that a great ma joxity of roots were con-
fined to 16 to 60 om layex of soil. Xushwah ¢f al.
(1973) from their studies on the eocomus rooting
pattern epined that palms reseiving regular eultivatioen
and manuring producsed She highest numbor ef reoto.
About 74 per sent ef the xeots prodwood 4id not have
lateral apread doyond 2 m from tho trunk and mest of
the roote wero eonfined to 120 oa soil depth.

BRxecavation of the oot systoa of coffee in Puerte
Rico revealed that nearly 95 per oent of the root system
by weizht was present in the upper 30 om of the soil.
Trees having heaviest Sops were feund €0 have tho
heaviest roote and tho sxtent of root aystem was Lest
indicated by the trunk diameter (Arrillaga and iomes,
1940). Aecording to Hatexrs (1958), in Hobusta ocoffee
the tap root reached a length of 90 om while the supexr-
fioial laterals and other eccondary roots formed a large
nass around the tree over an ares of 7 - 8 w. The
root dissributien pattern was more irregular with age due
to local necresis. L00% aystem ef one-year-0ld ooffeo
plants in nureery in Salvador loamy sand indicated nearly
all reots being concentrated in tho top 30 cm soil layex
(De Castro, 1960).
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Mo Creazy gt al. (1943) studied the root distri-
bution of cacao growing on differont soils of Trinidad
by excavation method. The main laterals were numerous
~and evenly disposed around the tap root. All the stout
latexals were found in the top 30 om layer but numerous
laterals onae off at 30 t0 35 om depth. Hardy (1944)
zepoxrted that in nutrient deficient compact acid olays
or in sands baving high watexr tadble, the root system of
cacao was characterised by a lengthy tap root, a sparse
but widely distributed superficial roots and & well

marked fidbrous surface root mmt.

In tea, the density of absorbing roote deoreased
with depth and reached & minimum in the 50 to 60 om soil
layexr. The greatest number of conducting rocts was at a
depth of 10 %0 50 om and tho absorbing roots increased
with distance from the stem {Patarava, 1968),

Trerada and Chida (1971) recorded the root
development of black pepper vines in Brasgil and found
that 85 %0 90 pexr cent of the feeder roots were confined
to uppexr 30 em,

2e24 Root assivity pattexrns of tree grops

The $raditional methods are suithble only for
investigating a few plants because of the labour involved
in digging profiles, tracing and mapping the roots e*oc.
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Such tschniques apart from being laborious can only provide
a pioture of total reot distridbution without distinguishing
active, dormant and dead r»oots. Isotope technigues, in
contrast, offer & guick and reliable means of determining
the distribution pattarn of Roots. ZTwo methodologies have
been adopted. One is plant injection teohnique(hacs et al.,
1967) and the other, soil injection technigue (Ball e% al.,
1953). The former is applicable only in small plants for
studying the root distribution patterm while the lattex

is suitable with any plant for studying the distribution

of active roots which are directly responsible for water
and nutrient absorption from soil. The eoil injeotion
technique has been extensively used for stulyinz the reot
agtivity patterns of tree crops. The method involves soil
injection of trzoer at various depths and radial distances
from tho plant followed by determination of the absorbed
radioaetivity by she plant. Gnnorally,32P, a hard beta °
emitter is used for this purpose as tracer because of its
convenient half life (14.3 days) and ease of measurement,
~eventhough many others including stable isotope of n(‘sn).
86Rb and non radiocactive Sr (IABA, 1975; Ellis and Barnes,
19733 Fox and Lippa; 1960) were sometimes used. The radio-
activity recovered in the plant from a particular soil zone
depends on the proportion of active roots in that sone.

In smll plants such as cereals, total radioactivity



aSzorbed by ths plant oan be determined. However, when

the bulk of the plans is toec large as in tree creps, the
deteraination of total radicactivity absorbed by the plant
will bo a difficult proposition. In such cases, IAEA (1975)
recommonded tho isdiounnly of a luitabls plant part to
evaluate tho uptake of the applied label from various

root zones,

2.2+1. Fruit treess

Ulrich et al. (1947} from a study on the root
activity of grape vine in a red loam, 6alifornia, employing
radiophosphorus reported an irregular distribution of roots
about the vine. Ninety per cent of the roots were observed
within a radius of 60 cm frox the base thouch some laterals
vere found 2t a distance of orly 2.5 cm from the vines.
Dev et al. (1971) on studying the proliferation of reots
occurring at different depths in three varieties of grapes
by soil injection technique found that roots oecurring at
different depths from 31 to 56 c¢cm absorbed more 32P and
hence had more sctiviiy in the roots at that region.

Using 32?—1abellad superphosphate, Bojappa and Singh
(1973) found that the maximum root sctivity of mange was
upto 2.4 m laterally and 30 om vertiecally in the soil,
About 77 per cent of root activity was observed upto 60 ca
in one trial and it was 85 per cent upto 30 cm depth in
another trial., Absorption from the peripheral zons of
3 m was 88 per csnt in both experimente.



By selestive placement of ~°P within rooting
volume, Atkinson (1974) studied the distribution of root
activity in apple trees and concluded that in 2 year.old
trees of oultivar Cox/M9, maximum absorption of tho radio-
label was from 30 coa 4dpth as against 90 om depth in 25
year-cld trees of oultivar Forhune/M9,

Bxperimonts carried out in 30 year-0ld orange trees
to study the root activity pattern in summor and spring in
a fine azndy clay loam of Spain (IAEA, 1975) revealed that
during summer months, the highest activity was at 2 %0 3 m
distance from the tres and 4t 30 cm depth. Early in spring,
high root activity w2e observed near the tree (50 oa distance)
at 60 and 30 ¢m depths. In mature 30 year-olid trees, the
gzore of highest root activity was farther away from the tree
than in younger trees of 14 years (IAEA, 1975). From an
experimert with 8 and 12 year-old citrus trees in Taiwan,
IABA (1975) reportei that in the former,the highest root
activity was seen at 100 cm lateral distance/10 om depth
in spring season and for the latter in the winter season,
the activity was hizher rear the 801l surface within the
100 0 200 cm lateral distance,

20202+ Plantation crops

Wet and dry season experiments in fruiting coffee
trees in Columdbia (IABA, 1975) indicated that in wet season
root activity at 30 om distanco/15 om depth was signifisantly
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higher than at any other soil zones tested. In dry
seasnn, no indication was obtained of the zones of high
and low rbot aotivities. Uptake was low in dry season.
Bxperiments at Kenya on the root activity pattern of
ooffee (IABA, 1975) revealed two zones viz., near the
soil surface upto a distance of 82,5 om from the tree

base and in the 45 to 75 om depth at a Aistance of 30 om
from the tree. Experiments with one year-eld ocoffee plants
growing on Salvador loamy sand, (IABA, 1975) pointed out
that nearly all roots were concentrated in the top layer
of 30 cme In 2 year-o0ld plants, the lateral spread of the
rooets wvas upto 80 cm and for adylt trees, it was 1350 cm,

Wot and dry season experiments carried out on oaocso
at Ghana using tracer technigue (IAEA, 1975) revealed highest
root activity in the upper 2.5 om soil layer. In both vet
and dry seasons, the €ffect of distance on root activity
was not significant, but there was an indication of high
root activity near the soil surface at a distance of 90 to
150 om.

From a study on the root activity pattern of coconut
enploying °°P, Balakrishnamurthy (1971) suggested that maxi-
mum uptake occurred from | m distance from the palm at a
depth of 12 ome The reatesi root activity was observed
in the uppsr 0 to 30 cm layer of soil close to the palm

(within 150 cm) and intensity was more in wet season.
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Studies conduoted in Sri lanka using radiotracer on the
efficisncy of fertilizer utilisation hy ecoconut palms
(IABA, 1975) showed that nutrient uptake was maximum a$
a lateral distance of 50 om and a decrease was observed
with increase in radial distance. Activity was very high
within a radive of 2 m within a depth of 10 to 45 on.
Results ol the exporiments on the root activity patterns
of 15 and 60 year-old ocooonut trees (tall var.laguna typiea)
in the Philippines in wet and dry seasons were reported
by IABA (1975). The highest gzone of root activity was at
1 to 2 m distance and upto 15 cm depth. zesults of experi-
ments carried out in wet ard dry sesasons in 50 year-old
cooonut palms in sundy loam soil in Sri Lanka (IAEA, 1975)
indicated that root activity in wet season was highest at
1 m distance and 10 om depths In dry seasor, root activity
was highest &t 0.5 o distance at 10 en depth. Activity at
lover depths and greater distances was hich in the dry
s6aBon. _

Phosphorus=32 injection experiments were carried out
tc study the reet activity pattern of young, 7 yvear-eld
and bearing 0il palms ir wet =2nd dry seasons in Melayeis
and Ivory coast (IA®A, 1975). In Malaysia during the
wet season, the highest root activity was found at the
804l surface at a distance of 3 » from the tree. .About

70 to 80 per cent of active roots were within O to 20 om



depth. In Ivory ceast, highest root activity wae observed
at O t0 20 om depth. Vet season agtivity was more intonse
and senfined %0 the surface unlike in 4ry season vhere the
activity showed a steep decline with depth.

Soonz gt al. (1971) studied the P uptake of Hovea
bragiliersis seecdlings by 52p o1l injection technique
and subssquert analysis of the leaves and latex., ‘aAxioum
root activity was found in & lateral distance of 3.5 m
from the troes., Phosphorus uptake by mture rubber trees
from the soil by using 522 s0il injection technique was
investigated by Silva et al.{(1979). kadiowciivity in the
iatex, & reliable assay for deternining distribuition of
active roots, was higher whan 52? appliostiopn wes done
at a lateral distance of 0,75 m frcm the tree and at 15 om
soil derth.



MATERIALS AND METHODS



MATERIALS AND NETHODS

All the experiments were eonducted at the College of
Horsieulture, Vellanikkars which is situated at an altitude
of 22,25 m adove MEL at latitude 10°32°'K and longitude
76°10'Y and enjoys tyrioal humid warl tropical climmte.

Fele ]l and exper b 1

The Physieo~chenical charmoteristics of the soil at
the experimenial site are furnished in Table 1. ‘he soil
is acidie laterite foirly rieh ir organic matter with high
oontent of available P and K. Blagk pepper viur. Panniyur—t
was® invariably uwed for all the experiuments. These plants
belongsd to an existing field exporiment on the stfect of
spaeing, variety and type of etandard on the grecwth and
yield of black pepyer vines. The trial was established
in 1979 under the Xerala Agriocultural Development Projeot
and the vines wex: four years 914 whan they were made use

of for the present study.

3.2. Reoot sctivity patternms of bluck peppex
vine and erythrine standari
3.2.1. Absorption of soil-appliel 32! by the vine

In order to sxamine how fast the aprlied radio-
ectivity was abscrbed by the vine, ’22 solution was injected
into soil holes at a depth of 10 om. along the oircumference
of & senioircle (FPig.3) of 15 om. radius faeing the vine and
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she radicactivity recovered in tha leaves at a oenopy
height of 1.5 m wae determined at intervals of 5, 15, 30,
60 and 120 min aftex 52! placement. There were two

replications for eagh treatment.

Be2.2. Hinndardisation of leaf sampling procedure

for radioastivity reasurement in black pepper

Two 80il treatments of radiocaetivity at 15 and 30 om
radial distances away from the vine and at a depth of 10 om
wore ecompared in this expexriment. ZThe vines spaoced at 3 m
and trailed on dead wood supports (teak polies) wexre selected
foxr the atudy. The lay out of this experiment is similar to
tho Replication III as shown in Fig. 1. The radioactivity
wao applied om 15th June, 1983 into & soil holes taiten on
the oiroumference of the semicircles faging the vine (Fig.3)
to give 2.5 aCi/piant/treatment (9.25 x 107Eq). ihere weze
six replications for each treatment. Leaf samples were
collected from each vine separately from throe canopy
positions namely top, middle and bottom aftexr dividing tho
total canopy height into three equal parts. 7Three separate
samples from canopy sides facing 32? applied area, opposite
side of the applied ares and from all cround the plant wore
¢oliected I{rom each of the canopy poaitioﬁs. fhus the numbex
of samples collected from each vine was nine (ie., 3 positions
on tho oanopy x 5 methods of wampling). The ssmples were
‘sollected 10 and 24 days after 32? application for radicassay.



Table 1. Physioco-chemical characteristics of the soil basins
of the vine at the experimental field,

Pepper on teak pole Popper on erythrim
charaggggistic S0il depth (cm) Soil depth (om)
0-10 10=20 20-40 0=10  10=20  20=40
Organic Garbon (%) 1,42 1,31 1.2 1,21 1.26 1,10
pﬁ 5.8 5.6 5.5 6.0 5.8 5.9
Availabdle P (ppm) 390 200 235 210 z29 136
Available K (ppm) 380 440 460 340 140 450
e/ 1008y 5.8 41 2.1 42 5.9 3.9
(g’.‘;‘,';gﬁ:"“ e 0.73  0.42  0.30 0.40 1.2 0,49
Mechaniocal aralyeis
g! O=40 cm soil % S5and = 5.5 3 511t = 16,5 1 Clay = 26,0
ayer '

1¢
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3¢2.3. Root activity stwdies

The quantitative estimstion of root activity was
based on the absorption ef applied “2P at different depths
and lateral distanceo from the plant., The radicactivity
resovered in the lsaves as a result of absorption from
different root sones wvere compared $0 arrive at the root
sone of maximum adsorption of the applied label (IAEA, 1975).
The expexriment consisted of 12 txeatments (3 depths x 4
lateral distances). The lateral distanocee were 15, 30, 60
and 120 om from the vine and the depths were 10, 20 and 4b om,
Baeh treatment was replicated thrice. BS8ingle trecs were ueed
ae experimental unite. The pattern of root activity was
studied with pepper vines trailed on both live (erythrina)
and dead (teak pole) standards selected from an existing
field trial wvhich was laid out with two varities of blaek
pepprer (Karimunda and Panniyur-1), three spacings (2 m x 2 mj
2,5mx 2,5 mand 3 a x3 m) and three standards (Teak peole-~
dead standard, Beythrima indige and Garyge pinmata - live
standards) in factorial RBD with four replications. Fer
the present study on the root activity of black pepper,
only the plants of var. Panniyur-{1 $railed on erythrina
(live) and teak pole (dead) supports were made use of,

The three spacings of the ongoing fleld trial formed the
the three replications of the present study (Fig.!)e
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For studying the root masivity of erythrina (live
gtandard), no separate experiment was cenducted. Instead,
tho leaf samples were eollectod from these plants also at
oach time vhen the leaves of peppsr vines were sampled.
Therefore, the lateral distances ef >2P applicasien
referred %o in the text vere all in relation %o the vine.
Sinoe the pepper vine was planted 30 om awvay frem the
standaxd, in effect; tho lateral distanceo from the vine
viz., 15, 30, 60 and 120 om do not coexrrespond to simllar
distancos frea the standard.

3e2.4. Soil injoofion of >2p golution

An injection device developed for the purpose of
applying desired volume of 322 solution at a given depth
is disgramatically presented in Fig. 2. It consicts eof
a Lumao Dispensette fitted to a 1 1 gless reservoir bettle
of 3 mm thickness embedded in paraffin wax in & suitable
plastic bucket (20 om dis x 19 om ht).

Molten paraffin wax?%oured intc an enpty plastie
bucket to give a wax layer of 2.5 cm thickness. Upon
cooling ,the ressrvoir bottle wae filled with cold water and
placed centrally on the wax layer in the bucket. The bettle
wae kept in such & way that the end position of the grooves
at the mouth of the bottle (when dispenser is fixed) was a$
right angles to the bucket hamdlp. In this position, when
the dispenser was attached, the bucket handle was free to
move when lifted, without touching the delivery tube ef the
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dispenser. Nolien uax was sgain poured into the vacant
spuce between the reserveir bottle and the bucket until
the bottle wae compistely immexrsed upto the neck. I%5 was
then allowed to stand overnight for the solidification of
the wvax. The water from the bBotile was removed and the
zadioactiviiy in the supplied stook vial was transferred
into the reservoir bottie through a funnel. The vial was
wvashed five to 3ix tires gith 1000 ppm carrier P solution
(Kné!04) and the wweshings were poured inin the bottle.
Finelly enough carrier soluilon was added into the bottle
to give 78 wCi (2.886 x 1063q) of 322/!1 of the solution.
Pinally & 'Lumao Dispensette' (calibrated plunger for
zepeated delivery of desired velume of the solution upto
5 ml) with 30 om long polythene delivery tube was attached
t0 the reservoir bottle.

The soil application of 32? solution was done in a
senicircle facing the vine as shown in Fig. 5. Equally
spaced 8 Loles to the required depth along the circumference
~ of the semicircle ¢f a particular radius (radial distance
from the vine) vere prepared a day im advance of 32?
application using a svil auger of 2 gm dia. The holes wsrs
plugged with wooden rods to prevent filling up during the
rains. At the iime orv32r apriication, the weod‘n rod was
removed from the hole and an agcesa tube made of glass
(8 mm dia) was introdaced into the hole. Ghe deliivery tube

of the dispenszexr was then introduced into the access tube.
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The 200080 tudbe was reised %0 givo a clsarance of 1 om at
the botiom of the hole and 4 ml of the radiocaotivo solution
was dispensed inte each hole., The radicactivity remdining
on the sides of the acooss tubo was washed down with a jot
of about 5 ml distilled water using a wash bottle. Tho
total aotivity thus worrespond %0 2.5 m0i (9.25 x 10'Bq)/
plant. 8Seon after the application of radiocactive solution,
$he holes were filled back with the soil removed from 1%,

3.3, Absorption of 2°P by the vine and erythrina

MAREG & LY RenGeea B ERe BEShod O0F Aapp.iiCoasion

In order to study the uptake of 32? in relation to

the method of application, an oxperiment was oonducted with
pepper vines trailed on teak pole amd on erythrina. Three
methods of application woro tried in this experiment
(Fig. 4). They worej~
a. Appliontion of tho trager in semicircle facing
the vine.
b. Application of the tracer in semicirale opposite
the vine and
6. Appliication of the tracor in full oircle areund
the vine.
The radial distance from the vine was kept constant
at 30 on for 32p application while two depths namely 20 and
40 om were included as treatments. Thus the tetal number of
treatments compared in this study wae six (all eomdinations
of two depths and three methods of application). BRach treat-
mont was replicated thrice with one plant/treatment/replicatioen.
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In the case of applicatior of radiocmetivisy in semi-
cireleg, the methed already described under Seotlon 3.2.4.
wae followed. HoOwever, for the applioation of radiecastivity
in full cirole, the total amount ef applied label 2.5 mCi
(9.25 x 107Bq), wvas dispensed inte 16 equally spaced holes
aromd the plant at the rate of 2 ml J°P selution (in 1000
ppr carrier P)/hole. Thersefore, the amount of radioactivity
dispensed per hole is half the amount received by a soil
hole in semicircular application. The radiomctivity wms
applied on 4th August, 1984, lLeaves were sampled fexr
radlioaseay and total P dstermination at 15, 50, 45, 60 and
7% days after applioation.

3040 &“f ”321g£

The standardisation of leaf sampling procedure for
radioactivity measurement forus & part of the precent work
(8eetion 3.2.2.) as there is no published report available
on this aspegt. First fully msture leaves from fruiting
branches of the lower two third canopy were collected from
all sides around the vine. ¥rom each ving € leaves were
eollested to form a sample. This procadurs of leaf sampling
was based on the results obtained from studies condueted
ae given under section 3.2.2. (mee slsc Sectiors 4.3 and
5.2)« The method was followed in all the experiments,

In the oume 0f erythrine, recently matured trifeoliate

leaves were considered for sampling. After collection of
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4ho leaves, the petioles were removed and only the leaf
daminae were used for radicassay and total P determinasion.

3.5. [Eadiosssay of lea? gamples

For the determination of 2P activity in the leaf
samples, the method developed by Wahid ¢t al (1985) was
followed. The mothod is besed on the deternination of
32p aotiviiy by Cerenkov counting technique. Briefly, the
prodedure invoives wat digostioh of oven dried (75°C) and
finely cut leaves with 131 perchloric=nitrio acid mixture
and determination of radioactivity 4in the digesi. Une
gram leaf sample was weighed into a 250 ml conioal flask
followed by addition of 15 ml diacid mixture. The flaek
with its oontents wvere then heated ¢n a hot plate at a low
tenporature until the initial frothing subsided. The
digestion was continued at inoreased temperaiure until the
digest became Jleax and its velume reduced to 2 %o 3 ml,
The flask with its contents was then cooled and the colour-
less digest vwae guantitativcly transferred into a 20 ml
glass scintillation eounting visl with glass distilled watex
upto a final volume of 20 ml by repeated washinge of the
flask. The radiomciéivity was dstermined after 4 h in a
miereprocessor controlled liguid seintillation system
(Rackbeta of LKB wsallas, Finland) adopting chennel settings
and the programme recommended for tritium counting by
liquid seointillation technigue.
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Jebe 20 8 vit 0.

Bpecific aotivity of J2P in the leaf samples was esti-
mmted as follows, After the radioassay of the sample, an
aliquot ( 2 ml) of the leaf digest was removed from scinti-
llation vial for the determination of total P by the vanado-
molybdate method (Jsekson, 1958). The mpecific nctivity of
the 2% sample was then onloulated ae the ratio of 32p content
per unit weight o7 ¥ and expressed as opw/mg P,

30T Percentago xroot agtivity

*he perceniage root nctivity was eomputed independently
for the pepper vines trailed on teak pole, on erythrina and
fos the live stanaard employving the following equation,

Radiosctivity recovered in the leaf
Fercentage } for a particular distonce and deptk (opm)

root activity x 100

Total radioactivity recovored from all
the distances arnd depths (cpm)

5.8, Root gompetition for applied °°F

In order to examine the magnitude of rcot competition
for appliaed 32 betvween the vine and the live support-
exrythrina, specifio aotivity zatics were oomparod.. Fer this
purpose, the mean specific sctivitice obtained at Aifferent
intervois of sanpiing for the leat gamples collectsd in
expeoriuent 3.%. were rade uvuse of, The spacific mciivity

ratio is given by the egynation;
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Specific activity (epm/mg P) of the leaves of pepper
vine trailed on exythrims

Specific activity (opm/mg P) of the leaves of pepper
vine trailed on teak pels.

3¢9, Radigessay of berry apd xechis

Bighteen 32p_trented pepprer vines of the reot aetivity
experiment {Bection 3.2.35.) seleoted at random wore harvested
in January, 1984, Tho berriee and their rachis wero seyarated
for each vina, Subsanples ef each were dried in an oven a¥
7500, Aftexr drying, they wore meprarately radioassayed
following the same method ao desoribed for the determination
of radiosctivity in the leaf (Seetion 3.5).

3.10. Phosphorus=-32 ahsorbing power of c

Another expsriment wap comducted to examine whether
the climbin, roots ars capable of nutrient abserption. For
thiz purpose, peprer cuttings of var, ramniyur-! were grown
in pots for Six montha, Coir ropes arranged vexrtieally to
" a height of 2 m were used as supparte. The Wranches of the
vine were cut at about 10 om from the grouing pednt to give
one nodal point at the centre wilh fresh e¢limbing roots and
one fully opened leaf, The vine cutting was placed on a
beaker containing - 2P solution in such a way that abous
three~feurth of the length of the climbing rocts were
immexrsed in the solutior. Care was taken to see that the
stenm portion of the cutting, the leaf and the gruwing point
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wvere not contakimmted. The absorption of 32p by the

olimbing roots in this manner was studied at tve soncentra-
tions numely 20 (0.74MBq) and 100 uoI (3.7 MBq). The outtings
were allowed to abserb ~2P for onc h. A% the end ef this
pexried, the leaf at the node as well as the immature leaves
at the growving point were removed and madioassayed separately.

3.11. Nutzient removal by pepper vine apd erythrima
standazd

S.11.1.00llection of plant samples and proeeseing

Three erythrine treer with the peprer vines (var.
Panniyur«1) a% the harvest stage, were ocut down at ground
level. The vines were separated from the surport plante

for the determination of dry matter and nutrient remeval,

Tne botal dry m=tter and nutrisnt removal by pepper
vine trailed on erythrina tree were worked out as follows.
The vine wags divided inio four parts naumely berry, raohis,
leaf &nd stom. Erylhrins plant was divided into leaf,
patiole and stem. Fresh weight was itaken for each part
aftexr chopping inio ssall pieces. A kmown guantity ef
sanples collected irom each of the samples was used fer
deternination of dry weight ancd mutxient conoentrxation,

The plent sampiee wers coven dried at 75°C, powdered
in a mill with stainless steel blades and stored in
polythene bottles foxr chemical analysis.
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3.f%§é.chcnleu1 uuglvili of plant samples

The ylant samples were anmnlysed for major and
mioronutrients. %Total nitregen was determined by mioro
Kjeldahl mothod (Jaekson, 1958). In $his method all forms
of nitrogen in the sample wexre converted into sulphate of
ammonia by digestion with dulfuric and salioylie acids in
the preassnce of sodium sulfate &8 an sleotrolyte and
seleniun as catalyst. The digest was made uprto & known
volure witk distilled water. An aliquot of the resulting
solution was &istilled with oxéeaa of alkaly and the
distillate was collected inm 4% borio acid-indicator mixture.
The amount of ammonie evolved was determined by titration
with standard saulfurie secid.

The analysis of other nudrients viz., P, kK, Ca, Mg, 8,
Fo, Mn, Zn and Cu was done after discid digestion of the
sc2mples as dssoribed under Section 5.6 and transferring the
digeat to 100 ml volumetric flask. The digestion flask was
washed 3 to 4 times with glass dictilled water and volume
was made upto 100 ml, Aliguotes froa this solution were taken
for the annlysis of the nutrient elements.

Phoaphorus was entimated colorimetrically by ths
vanadomolybdo~phosphoric yellow colour method (Jackson, 1958).
Potaseium was deternined in a flame photometer (Bih.luko).
Caleiun, Mg, Fe, Mn, #h, and Cu were determined using an
atomioc absorption spectrophotometer (Instrumentzation
Limited, USA). For the determimatien of Ca and Mg, s=312
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(1000 ppm 3r final concemtration)was used as the

releasing agent.

Sulfur in the plant digest was determined
turbidimetrially folleowing barium chloride method
(Jackson, 1958)

3.12.  go4l Analysis

For the determination of physico~chemical chara-
octeristics of the soil at the experimental site, soils
were oéllocted from the basing of three randonly selected
peppsr vines representing both live and dead etandarde.
¥rom each basin, 30il cores were wemoved at three points
30 om awvay from the nlant from dedths O to 10, 10 to 20 and
20 to 40 om. The s20il samples collected from each depth
from the 3 points of each basin were pooled to give a sample
for partioular dsrth. The soil sampling vas Aone in Pebruary,
1984,

fuil moisture was detcrmined immediately after sample
golieciion. A portion of each sample was transported to
the ladormtory in tared aluminiun can for rresh weight deter-
mination. It was then kept in &n oven at 105°C until a
constant weight was obtained. The losn in weight of the seil

before ard ater oven drying wae exyrossed as moisiure

percantaga.
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Another lot wvas air dried a2nd sieved through 2 mm
mesh for physico-chemical analysis. 8Soil pH was determined
using a pH meter (112.5 soil-water ratio). Organic carbon
vas estimated by Walkley and Black method described by Piper
(1942). Available phosphorus was determined in the Bray Ko.t
extraet of soil by the chloro-stannous reduced molybdo-
phosphoric blue eolour method in hydreschloric acid medium
(Jackson,1958). available X, exchangeable (a and Mg
(X NB4OAc,pH 7) were also deterinined following the wethods
suggested by Jackson (1958). Hechanical analysis was
carried out following International Pipette lMethod (Pipexr, 1942).

3.13. Biomeitric obssrvations

At the time of harvest,the plant height, girth and
yield/plant were recorded separately for the 36 plants eash
on teak pole and erythrina standards which vers used for

root activity studies.

3.14. giatisiloal analysis

The data relating to the absorption of 32? by the
peprer vine and erythrina were analysed by applying the
analysis of va:.iance technique, suggested by Panse and
Sukhatme (1967) for factorial experiments in Randomised
Block Design,
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ERSULTS
4.1, Beil injeetion of 2P solutjon

A methed of injecting desired volume of 32? solution
into the root zone of crop plants was developed. This
method makes uss of a device fabricated for field operation.
It consisted of a2 *‘Lumac Dispenseite' connected to a reservoir
bottle which in turn was emledded in paraffin wax contained
in a plastic buckset (Fig.2). A detailed accounié of the
device was given under 'liatarials and Methods' (Section
%e2.4). The field operation of this soil injéction device
is shown in Plrte 1. The roservoir botile of the apparatus
can hold 1 1 of the radioactive solution. The radioactivity
requirement/plant in all the experiments was 2.5 MC4 which
has t0 be scually distributed into either 16 or 8 soil holes,
The radicactivity/ml solution used in these experiments was
78 wCi (2.886 x 109]Bq) whioh would necessitate dispensing
of 2 or 4 ml solution/sold hole corresponding to 16 and 8
soil holo apyiications tc give the required radicactivity/plant.
To dispense 4 ml of vadioasctive solution containing 312 uCi
1"21’ (1.54 x 107Bq), the volume adjusting knob was loosened
'and its pointer bmought toc the 4 ml mark on the plurgex,
By smooth up and down motion of the plunger, the set volume
of =olution could he accurately dispensed into thd access tubs.
At an injection dose of 2.5 mCi (9.25 x 1O7Bq)/plant. the
requirement of radioactivity for 16 plants is 40 mCi
(14.8 x 10”Bq) in 512 ml of oarrier solution (1000 ppm P).



Plate « 1

Soil injection of 32? sodution



Plate - 1
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The radiation dose of this solution at the outer surface of
4he bucket was found to be lees than 10 mR/he The variations
in the successively dispensed volumes of the solution was

found to be less than 5 per cent.

4.2, Absorption ef soil-applied 2P by the vine

The pattern of 32! absorption by the vine as a funetion
of time is depicted in Fig.%. In this preliminary experiment,
32p was placed at 15 om radial distance from the vine at a
s0il deptn of 10 cme Detectable amounts of radioactivity
wsre obtained in the leaves as early as 5 min after application.
During a peorioc of ¢ h, the absorpsion of 32P was found to be
nc2rly linsaw, Tre radioactivity recovered in the leaf

increased fcom aboui 8§ at 5 min to 85 epm/g at 2 h.

4.3. gtandardisation of loaf sampling procedure for

32P agsay

The data pertaining %0 the radiocctivity recovered in
the leaves following soil injection of 32P in relation to
leaf position on the canopy and method of sample collecction
are presented in Table 2. The statistical analysés of the
data are presentsd in Appendices I and II. The results showed
that the radioactiviiy recovered in the Jeaves was not
influenced by thelr relative position on the canopy as
evidenced from the lack of statistical significance in the
variation of 32P content of leaves sampled from various osnopy
heights vig., top, middle and lower one-~thirds. Radiomssay of

the leaves was sonducted 10 and 24 days aftex 322 placement. On
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beth sanpling dates, identioal resulss were ebtained.

Mugh similar 30 this edssrvatien, the absoxption of the
label was also net affected by the method of mampling.

Thus, the difforeme¢e in ’23 gount rates among lesaf samples
eollected from canepy eides fmae¢ing the mpplied area, opposite
side of the applied area and from all areund the vine were
not statistiocally significant.

4.40 a % 4t bla @
4.4.1, Pepper vine “railed on teak pole

‘he absorption pattern of 323 by the vine from various
80il depths and radial distances are presented in Tables 35
%o 6. In view of the large variation observed in the uptake
of 322, the statistical anilysis was carried vut aftex
logazithmioc transforwation of the data. The analysés of
variance are given in Appendix III. The absorption of the
radiolabel varied significantly with radial distance from the
vine. it was found that the ameunt of radicaogtivity taken
up by the plant from 15 and 30 em radial diséances was
appreciably higher than that from farther distances, 60 and
120 cm. 7This trend was observed at all sampling intervals,
Naverthlecss, the absoxpuion eof 32? was found to be highex
from 15 om lateral distance than from 30 om &t 30 dayms.

Uptake of 32P vas found t0 be more froa 40 oa than
from 10 om soil depth at 30 and 60 days of -°P application
while the di fferenoccs in 32? recovery from these depths were
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not statistioally signifioant at 15 and 45 days sampling
intervals, The interaotion between depth and distance

wvas absent,

R The distribution pattern of active roots in various
soil sonse expremsed as percentage of the total root agtivity
48 given in Teble 7. 7The data revealed that more than 50 per
aent of the agtive roots wexe looated within 15 cm from the
vine. The percentage root aativity inoreased from 51.6 ad

15 daye to 68,5 at 30 days sfter 32p applioation. Not muoh
differences were observed in the percentage root activity
beyond this period upto 60 days. About 20 to 30 per oent

of the functional zoots wore found to resido at 350 om froa
tho vine. The wvariation in percentage root activity at this
distance wvas not muoh at various sampling intervals. At
distances beyond 30 om from the vino, $ho root activity

decreased to less than 5 pex oent.

The vertical distridution of active roots in soil
varied with eampling interval, Initially (at 15 days after
52p application) 45,2 per cent of the total fesaing weots
were found to concentrate wikhin 10 om soll depth, Howevex,
the root activity at thic moil zons declined to 22,3 per cent
60 days after 2P placement, Sizilarly at 20 om soil depth,

a decresass from 31.8 to 15.6 per cent was observed during the
same period, On the contrary, there was a graduwal increase in
root agtivity at the lovest depth tried (40 om) from 22,9 to

£1e2 per ceont.



Tabls 2, Radiocaotivity recavered in the vine leaf (ocpm/g) as influenced
by its position on the ocanopy.

' side Eadial Leaf position on the oanoj
Days aftexr Mtion dtstanece : d
placement area
10 Faeing the 15 1567 1140 1957
applied aree 30 1126 1743 2948
Opposite to 15 1303 115 2193
applied axea 30 3739 5559 572
All ssound 15 1346 921 13718
the vine 30 1198 872 1545
24 Faging the 15 8932 34988 22643
applied area 30 4026 10883 10100
Opposite to : 15 11393 12412. 32409
applied azea 30 4554 7178 4729
All around 15 15787 31631 72%2
the vine 30 6671 11241 8822

Note: Differences in 32]? counts amorg various leaf positions in the canopy
are not askeiietioally significant.

g€



Table 3. Recovery of soil-applied 52p 1n the leaves (opm/g) of the vines trailed
on teak pole sftexr 15 days of application (log-Sransformed values)

lateral distance (om)

Depth
(om) 15 30 60 120 Mean
'0 30523 20449 10_766 2.505 2.561
(3336.7) (231.0) (58.3) (319.8) (%53.€)
20 %043 Jed32 1.226 - 1.972 2.418
(1103.4) (270%3.9) (16.8) (9%.7) (261.8)
(1958.2) (918.5) (188.3) J136.7) (463.9)
5286 2,948 1.755 2.204
Mean (1931.9)  {887.0) (56.9) (160.0)
SR ¥ for lateral disiances $ 0.205 SEM & Tfor depths : 0.178
cn(o.os) foxr comparison of S
Iatersl distance 1 0.602
Depsh s Liot zignifiocant
Iateral distance x depth s ot significent

Parentheses denote retransformed values.

6€



Table 4.

Recovery of soil-applisd >2P in the leaves (opm/g) of the vines
trailed on teak pole after 30 days of aprlication (log-transformed

values)
Depth Lateral dimstance (ca)
(om) 30 60 120 Mean
10 4,167 3.089 2.490 1.905 20913
(14683.1) ( 1228.68) (309.0) (8C.4) (818. 1)
(2902.6) (4527.5) (112.4) (246.8) (177.0)
40 4.101 3.749 2,989 24725 34391
(12604.6) (5612.5) (973.9) (531.4) (2459.9)
Mean 3.910 $.498 2.510 24241
(8129.1) (3148.3)  (323.4) (219.3)
SEM & for lsteral distances 1 0.140 ScM + for deptns s 0.12%
cD(O.OS) for oconperiscn of te
lateral distance : 0.410
Depth x lateral distance : Not significant

Parentheses denote retransformed values.

0%



Table 5. Recovery of soll-appbied 5""1’ in the leaves (epm/g) of the vines trailed
on teak pela after 45 days of applioation (log-transformed values)

Lateral distance (om)

Depth —

(om) 15 30 60 120 Mean

10 4.252 3359 2.398 2473 3,266
(17077.3) {2283.5} (094.6) {297.4) (1842.9)

20 50657 4,065 Z2.197 2.%53 3,067
(4500.1) (11554.8)  (157.5) (22547) {1165.9)

40 4,278 34637 2.950 3,111 % o494
(168987.3) (423%.5) {591.0)  (1290,1) (3118.6)

Nean 4.05% 3¢ 686 2,715 2.646
(11%42.3) (4853.7) (518.7) (442.4)

g8M £ for lateral distance : 0,195 SRM t for depths ; 0,169

@(0'05) for comperison of t-

Lateral distance t 0.572
Depth : Not significant
Iateral distance x depth t Not mignifioent

Parcenthasas denots retransfcrned values,.

1%



Reccvery of socil-applied 522 in the leaves (cpm/g) of the vines trailed

Teble 6.
on teak pole after 60 days of application (log-transformed values)
Depth Iateral distance (cm) _
(om) 15 20 60 120 Hean
10 4.129 3.619 3.056 <.T743 363587
(1%454.8) (4157.2) (1137.8) (553.2) (2435.9)
20 3.641 3.89% 2,292 2.478 3.076
(4374.53) (7821.1) (195.9) (300.4) (1191,2)
40 4,504 3.97% 34128 3.177 %.695
(31949.3) (9392.5) (1341.7) {1502.7) (4959.3)
Mean 4.001 3.328 2.,82% 2.799
(12342.3) (6734.1) (668,7) (6729.7)
8B ¥ for latersi dishtances 3 0.145 g~ 2 for depthm : 0,126
GB(O.OB) far comvarison of 3=
Iateral distoence : 0.427
mth H 00370

Lateral distance x depth

[ 4

Not significant

Parentheses denote setransformed dalues.

27



Tadble 7.

Percentage root activity of tlack pepper trailed on teak pole

Day;zatter Lateral distance (cm) Depth (cm)

appl:liut ion 15 3C 60 120‘ 10 20 40
15 51.6 27.0 LY 19.8 45,2 Tl.8 22,9
36 63,5 4.5 4.8 2.1 31,4 19.4 49,5
45 TTe5 16.8 el 2.8 15.€ 1.7 62.7
60 6445 2847 3¢9 2,% 233 15,6 61,2

E%
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4.4.2, Pepper vine trailed on exythrina

The log.transformed 32? abaorption data and their
amlyses of variance are furnished in Tables 8 to 11 and
Appendix IV respectively. As in the previous ocase, the
absorption of radiolabel was found to be the highest from
the immeddate vicinity of the vine ie., within 15 and 30 oms
distance from the vine. 7The least absorption of 32P
ogourred at 120 on from the vine. As regaxrds soil depth,
the difference fn the recovery of 32} were not found to be
statistiocally significant. Interaction between distance
and depth wvas not significant.

Distribution of active roots in various soil zones
expressed as percentage ef the total aotivity is given in
Fable 12. It was sesn that there was a marginal decrease
in the root activity from 15 to 50 on lateral distance
beyond which there was a sharp deecline. Less than 5 per cent
of the feeder roots were found to be located beyond 60 oa from
the vine. In ghmexral, the prepondexance of agotive roots at¢
different soil dopths upto 40 om was found to be more or less

the same.
4.5. Reot sotivity pat¥erm of eryihrima
The absorption patternof 2P by the live standard

(Bzythrina indica) from the soil zones corresponding to the
radial distances from the papper vine has also been studied.



Table 8. Reoovery of soil-applied ”r in the leaves (opm/g) of the
vines Srailed on erythrinma after 15 days of spplimmtion
(log~tmansforned values)

-

Depth Iateral distance ”Sru)
(om) 15 %0 60 120 Nean
3.713 2.896 1.854 «708 2.292
to (5160.2) (787.6) (T1.4) ?5.1) (196.1)
2,667 2.989 1,905  1.477 2.2%9
20 (464.1)  (975.6) (80.3) (30.0) (181.7)
2.927 2.632 2,604 0.989 2.2688
40 (845.9)  (428.8)  (401.4) (9.7)  (194.1)
30'“ 20.’, 20'2‘ t IS
eas (136.3)  (6ho.7) (13200 (i1o)
88Xt fer latewml distances : 0.304 Bt for depths 3 0.283
“(&05) for comparison of T
iateral distance : 0.00%
Pepth s Not significanmt
latexal distance x depth 3 Eot signifioant

Farentheses denote retransformed values.

g%



Table 9. Recovery of soil-applied 321’ Ain the leaves (opm/g) of the

vines trailed on erythrina after 30 days of application

(log-transformed values)

Depth Lateral distance (om)
(op) 15 30 60 120 Mean
10 4,306 3581 2.458 2.076 34105
(20210.1) (38%11.5) (286.8) (119.1) (1273.5)
20 2,968 3,584 2.783 1.988 2835
(972.3) (38%4,0 (606.1) (97e2) (684.5)
(6402.8) (3566.0) (1913.6) (70.5) (1324.7)
3700 Je572 2.841 1.970
Nean (5010.9) (3735.2)  (692.9)  (93.4)
SEM £ for lateral distances 3 0,205 SBM *  for dopths & 0.177
CD(0,05) for comparison of t 8
Iateral 3distance 3 N.601
Depth ¢ Not significant
Jateral distance x depth s Net significant

Parentheses dencte retransformed values.

9%



Tabdle 10. Recovery of soil-applied 32p in the leaves (cpm/g) of the
vines trailed on erythrima after 45 days of application
(log-Sransformed values)

Depth Lateral dictance (om)
(cm) 15 30 60 120 Hean
10 4.199 3661 2574 24161 3139
(15801,.,9) (4579.2) (341.8) (144.9) (1376.1)
20 3,180 3.776 3.120 2,051 34032
(1513.2) (5975.7)  (1319.0) (112,5) (1076.3)
40 4,005 3,723 3.659 1,934 3,330
(1C113,3) (5279.6) (4558.0) (85.8) (2137.7)
Mean 3794 3.720 3.104 2.049
(6230,2) (5247.2) (1271.3) (111.9)

S8EM £ for lateral Aistances s 0.233 SEM & for depths 3 0.202

¢ (0.05) for comparison of -

Iateral distance : 0,684

Depth + Not significant

ILateral distance x depth ¢ Not signifioant

Parentheses denote retransformed values,

L7



Table 11. Recovery ef soil~applied 32, 4n the leaves (opm/g) of the
vines trailsd on erythrina after 60 days of application
(log-transformed values)
Depth Lateral aistance (cm)
(om) 15 30 60 120 Mean
10 4.206 3.598 2.689 2.336 %207
(16071.2) (3966.2) (488.7) (216.8) (1612.1)
53376 3.751 2.877 2.2%0 3.063
20 (2378.8) (5638.6)  (752.6) (177.8) (1157.4)
4.059 3.584 3.450 1.128 5.05%
40 (11453.2) (3836.0) (2816.5) (13.4) (1135.6)
5.880 S.644 3005 1,805
Nean (7595.3) (4410.4)  (1011.9) (80.3)
SAN * for lateral distances : 0.243 SEX I for depths 1 0.211
03(0.05) for comparisen of
Iateral distance 2 0.713

Depth

Lateral distance x depth

Parentheses denote retransformed values.

3 Not significant
s Hot significant

8%



Table 12.

Peicontage root activity of black pepper trailed on erythrina

Daygzzftcr Lateral distance (om) Depth (om)
applicatien 15 30 60 1z 10. 20 40
15 41.6 52,3 5.8 0.2 273 5%.0 17.7
30 5847 3542 5.6 0.54 373 31.0 31.7
45 7845 176 347 C.20 10,5 76,5 13,0
60 501 41.8 5.8 1.6 28,6 46,3 25.0

6%
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Statistical analyeis of the data (Tables 13 %0 16 and
Appendiz V) rzevealsd that absorption of 2°P by the live
support wae almost similar upto a latersl distance eof

60 ou away from the vine, However, the uptake of 52p by
the support plant from a distanoce of 120 om from the vine
was auch smaller, Initially the absorption of 32p by tho
support plant wan not influenced by the depth of placement
of the radiolabel. But there was a considerable reduction
in the uptake of 32? from soil depth lower than 20 cm aftex
30 days of application. It was also observed that during
this period there was a significaent distance x depth
interactiorn influencing the absorption ¢f the applied labeld,
the absorption being maximm from 20 cm deoth at 30 and 60 em

away from the vine.

The dauta relating o the percentage csooi activity
o0& erythrina in various soill zones are given in Table 17.
Approximately 97 per cent of the erythrina roots ware
confined to 60 om from the vine. AS regards soil depth,
about 90 par cent of the roois were found within a depth

of 20 en from the surface.

The mean count rate/g leaf as well as the specific
activity (opm/mg leaf P) for black pepper on teak pole and
erythrine and for the live standard (exrythrina) are presented
as & function of time in Figs. 6 and 7. ZThe resulte indicated
that the radiocactivity recovered in erythrina leaf expressed
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on diy maiver basis was comsiderably more than that

fourd for the pepper vine trailed on either teak peole

or erythrinma (Pig. 6). OGenerally speaking, radicactivity
recoverei in the vine om erythrina increased upte 45 days
after application and declined thnzoaftcz. At 45 days,
the peprer vine iralled on teak poles was feund $o contain
a higher amount of 322 than the vine trailed on exrythrine.
vhen the specific activities were compared, the patterm
ot >2p uptake prasented a different pioture (Fig. 7).

In this case, the pepper vine on tesk vole had the highest
spefific aotivity compared to the vine trailed on erythrina
or the exythrina standard. There was a gradwml increese
in the srecific activity of the vine lesves upto 4% days
which decreased thereafter irresvective of the tvve of

standsrd on whioh they were trafleid.

4.6. Absopption of >2P hy tho vine end live standard inp

Eelation to nethod of aprlioation

The data precented in Tables 18 t0 22 and Appendix VI
indfcated that the recovery ¢f radioactivity in the leaf was
not infiuencsad by 32? appslication in senicircle either
fucing 1oe vine or opposite the vine, and depth of placement
(Fic. 4)e dowever in the cave of rlanvs tzailed on erythrim,
8 eignificant decreuse in the vecovery of 32: was observed
vhen the radicactiviiy was aprlied in fuid circle as compared
t0 denicircular apolication, 2t three sanpling dates vig.,

15, 45 and 75 days after applicatior {Tadbles 23 to 27 and



Appendix VII). Differences in the absorption of >2P from
20 to 40 om soil depths were, however, not found to be
significant. %he data given in Tables 28 to 32 and
Appendix VIII showed that absorption ef soil-applied

32p by erythrina was influenced neither by the depth

of placement nor by the method of application.

When the radiocmsctivity was expressed on dry matter
hasis, the absorption of <P vas found to be the highest
in erythrina standard followed by pepper on teak pole and
the least by pepper trailed on erythrina (Figs. 8 to 10).
This trend was observed iirespective of the method of
application. Hevertheless, when specific activities were
compared, the highest aotivity in the leat was found in
plants trailed on teak pole (Pigs. 11 to 13), whilas there
was not much difference in the specific activities between
the vines trailed on erythrina and the erythrina plant
itself. DBventhough it may be obmerved that there was a
considerable decrease in the total radieactivity absorbed
by the three plants when the application of 32? was made
in full circle compared to semicirele application,
statistioal significance was obtained only in case of
Pepper vines trailed on erythrina as already described
above (Appendix VII).
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Table 135. Absorption of 32

P by erythrina (cpm/g) from the s0il basins
of black pepper vine after 15 days of application

{(log~transformed values)

ILateral distances in rolation to bleck

Depth peprer vine (em)
(c.) - — DU
15 30 60 120 Mean
10 54500 4.002 2.792 1.960 3063
(3162.1) (10038.4) (619.7) (91.2) (1157.2)
20 3.072 3.835 4.268 1.119 2073
(1180.3) (6825.6) (18526.9) (13.1) (1183.9)
40 2,984 7225 2354 1.478 2.250
(963.4) (167.8) (225.8) (27.4) (177.9)
3.185 Je354 3.138 1.506
Mean (1532.0) (2258.3) (1373.8) (3220)
aBM ¥ for Astereal Aistances 1 0,318 SEM r for depthe 3 0,276
“D(o.os) for comparison of t
Iateral distance : 0.934
Depth : Lot slignificaat
Iateral distance x depth s hot significant

Parentheses denote retransformed values.



Table 14. Absorption of 32? by exrythrina (ocpm/g) from the soil basins
of black pepprer vine after 30 dayse of application
(logetransformed values)
- Ilateral distances ip relation to black
Depth repper vina (om)
(om)
15 30 60 120 Mean
10 4,185 4,187 3.061 34301 %0683
(15307.1) (15385.4) (1150.8) (1999.6) (4824.9)
20 34755 4.441 4,527 1.930 3.66%
(5689.4) (275T5.7) (34111.8) (€5.1) (4619.7)
40 5983 3.401 3.051% 2.050 3121
(9619.6) (2520.2) (1123.9) (112.3) (1322.4)
3.974 4,00 J+548 c.427
Mean (9426.9) (10225.7) (3553.2)  (267.3)
SEM ¥ for lateral dietances 31 0.240 SEM + for depths ¢ 0,208
09(0.05\ for comparson of =
Lateral distance : 06703

Depth

Lateral distance x depth

: Nct significant
s Not signiiicant

Parentheses denote teirarsformed valves,
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Table 15. Absoxrption of 321’ by eryithrina (cpm/g) from the soil basins
of black peprer vine after 45 days of apvlication
(log~transformed values)
lateral distancez in zclation +0 black pepper
Depth vine {ca)
{om)
15 30 60 120 ¥ean
10 .. 4e 261 %997 3387 7739 %846
118254.8) (9942.4) (2439.7) (»478.2) (7017.9)
20 . 4.344 4.495 4.794 24299 3.983%
{22061.5) (31126.4) (62289.1)  (199.1) (9607.8)
40 4,062 4046€3% 36313 2.239 3.269
{11525.7) (290%.2) (2057.7) (173.3) (1358.6)
, 40222 3.984 3.832 2.759
Mean (16681.2) (9649.%) (6787.8) (573.9)
SEM  tor lateral digtances : 0.213 SEM } for depths 0.185
OD(O.OS) for comparison of
latersl distancss 1 D626
BOPth H 0.542
Lateral distance x depth : 1.084

Parentheses denote retransformed values,
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Table 16. Absorption of >2F by erythrins (cpm/g) from the soil basine

(log=trans formed values)

of black pepper vine after 60 days of application

Leterml distances in relaticn to black peppex

Depth vine (cm)
(cm) - — -
15 30 60 120 Mean
10 4.005 3,865 3,269 3,595 3. 684
(10113.4) (7328.4) (1859.5) (3939.8) (4827.2)
20 4.160 4.568 4.687 2,093 3,877
(14443.4) (36949.7) (48671.4 (123.9)  (7532.5)
4,121 34419 2,822 2.441 3,201
40 (13217.0) (2626.1) (663.9) (276.0)  (1588.1)
4.095 3.951 3,595 2,710
Meaa (12451.8) (8925.7) (3916.8) (512.7)
SBM ¥ for lateral distances: 0.188 &8M X for depths : 0,163

Ch (0.05) for comparison of

leteral dietances

Depth

Lateral distance x Depth

C.551
0.477
3 00954

*»

Barentheses denote retransformed values.
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Tadble 17. Pexoentage root activity of the support plant, erythzina
iateral distances in relation

ky;z;ﬁu te black pepper vine (om) Depth (em)

apriiontion 15 30 60 120 10 20 40
15 17,2 535 29.2 0.26 30.4 63.0 6.6
30 28,9 45.7 25.9 204 a5.1% 5.0 11.9
45 24.0 57.3 56.2 2.4 23.3 64.4 12,2
60 25.9 43.5% 28.4 2.3 17.% 68,5 14.4

LG



Table 18 . Recovery of soil-applied 52? in the leaves (opm/g) of pepper vine
trailed on teak pole as influenced by method of applicmtion
{log=transformed data for the 15th day after appliomtion)

sethods of application
D g:‘)‘ Semioimele Semicircle
facing oppoaite Full circle
the vino the vine Mear.
20 3. 063 2,748 2.397 2,903
(1154.9) (559.3) (789.7) (792.0)
40 3.1C7 2,657 24728 24834
(1278.6) (454.4) (547.2) (682.5)
2085 2,703 2.818
Mean (1215.2) (504.1) (657.4)

SEX ¥ for method 5f application 3 0,245 SEM + for depth: 0,200

OD(O.Oﬁ) for coupariaon of g

liethod of anplicetion s Not significant

Depth 3 nolL migniiicant

Method of sapvlication x Depth ¢ Not significant

Parentheses denote retranasformed values.
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Tabls 19, Recovery of seil-applied 32p in the leaves (epm/g) of pepper vine
trailed on teak pole as in{luenced by method of application
(log-transformed data for ths 30th day after applimtion)

Methods of application

Depth - -
{om) Semicircle Semicircls
facing cpposite Full oirole
the vine the vine fean
20 3.479 3.533 %.410 3474
(3016.3) (3410.0) (2570.0) (2978.9)
40 3479 3373 30264 3372
(3013.9) (236038) (1838.5) (2356.2)
3.479 Je453 3337
¥oan (3015.1) (2837.3) (2473.7)
SBX ¥ for method of application s 0.220 SEM L for depth 1 0.179
“(o.os) for ocomparison ef 3=
Method of application t Not sign;ficant
Depth s Not significant

NMethod of application x depth s Not significant

Parentheses dencte retransformed velues,

6G



Table 20. Recovery of soil-applied ’zr in the leaves (cpm/g) of pepper vine
trailed on teak pole as influenced by method of application
(log~transformed data for the 45th day after application)

Method of application

Depth
(em) Semicircle Senicircle
facing oppcsite Full cizcle
the vine the vine Mean
20 3.602 33718 %587 3.520
(4001.9) (2347.3) (3859.4) (3309.7)
(5905.4) (4025.5) (4223.5) (4647.8)
Mean 3.687 3.488 3.606
(4861.4) (3073.9) (4037.4)
SEX * for aethod of application : 0.22€ SEM 2 for depths : 0.184
OD(O.os) for comparison of 1=~

Method ¢f application
Depth
Method of application x depth : Not significant

L]

Not significant
Not significant

Parentheses denote retransformed vslues.

09



Table 21. Recovezry of soil-applied 52p 4n the leaves (cpm/g) of pepper vine
trailed on teak pole as influenced by methold of mpplication
(log-transformed dasa for the 60%h day after application)

Methodes of application
1(’:5"‘ Semicirele Semicirele
facing opposite Full cirole
the vine the vine Mean
20 3.820 3.590 3627 3.€79
(6602.4) ' (5887 2) (4240.6) (4774.5)
m 30821 400 L 50453 5.77‘
(6628.6) (10962.9) (2856.4) (5907.1)
J.821% 3.815 3.540
Nean (6615.5) . (6528. 1) (3468.2)

SEX * for methed of applieation : 0.197 SBM for dopth 3 C.161

‘”’(0.05) foz coxparison of =~ '

Method of application 3 Not stznift cant

Bepth 3 nobt eignificant

Method of application x depth 3 Not asignificans

Parentheses denote retransformed values.

19



Table 22« Reeovery of soil-applied 322 in the leaves (cpm/g) of pepper vine
trailed on teck pole zs influenced by method of application
(log=transformed data for the 35th day after application)

Method of aprlication

Depth =
(om) Semicircle Semicirele
facing opposite Full eirale
the vine the vine Maa
20 3.694 3710 J+561 3655
(434€.1) (5128.6) (3642.9; (4521.0)
40 3.842 34539 3704 3.695
(6556.3) (3460.5) (5054. €} (4955.53)
Mean 3.768 J. 625 3.633
“ (5865.7) (4212.8) (4291.1)
SEM It for method of appliontions 0.i83 aEM 2 for depth 3 0.149
09(0005) for vcemparison of Lo
Method of application s Not aignificant
Depth s Not significant

Method of application x depth $ N0% @ignilicant

Parentheses denote retransferred values,

29



Tadble 25. Recovery of soil-applied 321’ in the leaves (cpm/g) of pepper vine
trailed on erythrina as influenced by method of applicmtion
(log~transformed data for the 15th day sfter application)

Metheode of appiicntion

Depth

s Semicircle Semioircle
Daoing oppoaite Pull circle
the vine the vire Nean
20 2,704 3.071 2,018 2,598
(506.1) (1177.1) {104.3) {(396.1)
2.176 2.50% 1,799 2.159
40 (150. 1) (318.3) (62.9) §144.3)
2.440 2.787 1.908
Mear (275.6) (612.1) (80.9)
BN * for method of applicaticns 0.208 - gmu ¢ for depth 3 O.Wé
09(0.05) for comparison of t-
Nethod of applioation t 0.655
Depth : ot significant

Method of appkieation x depth Not significant

-«

Parentheses denote retransformed values.

£9



Table 24 . Recovery of soil-applied 32p in the leaves (cpm/g) of pepper vine
trailed on erythrina ae influenced by method of application
(log~transformed data for the 30th day after application)

Methods= of application

Depth -
(cm) Semicircle Senicirole
facing opposite l'ull circle
the vine the vine Mean
20 Ze3061 25.508 2289 3.3586
(2295.6) (3222.%) (1947.4; (2433.1)
40 Ze132 2193 20744 2.889
(1355.5) (1557.8) (22007) (775.3)
Z¢246 34350 2.817
Meun (1763.9) (2240.4) (655.6)
gEM * for method of applications 0.172 BN & for depth 3 0.141
GB(O.OB) for compariaon of 2
Hathod of applioation t Not significant
Dapth 3 O.443

Msthod of appiication x dAepth ¢ Not significant

Parentheses Jenote retransnformed values,

%9



Table 25. Recovery of soil-applied 32y in the leaves (opm/g) of pepper vino
trailed on erythrina as influenced by method of appidication
(log=transformed data for the 45th day afier applicatien)

Method of application

sy Semicircle  Semieirole
faolng epposite Full oircle
the vine the vine Mean
20 J.720 3.853 2,896 3.490
(5242.3) (7131.1) (787.0) (3087,2)
(3132.6) (3067.9) (655.8) : (1847.1)
3.608 3,670 2,856
Mean (4052.4) (4677.4) (718.4)
SEM t for method of application 3 0.209 BN * for depth 3 0.17%
05‘0.05) for comparison of § -
Method of application 31 0.659
Depth s Not significant

Mathod of application x depth 8 Not significant

Parentheseas denote retransformed values,

G9



Table 26, Recovery of soil-applied 322 in the Deaves (opm/g) ©f pepper vine

tralied on exrythrina as influenced by method of application
(log=traneformed data for the 60th day after application)

Mathod of applicntion

Depth -
{om) Semicirale Semioircle
facing opposite Full gircle
the vine the vine Mean
20 3.T15 34949 2508 JeT24
(5191 «5) (834, 1) (3219.9) (5297, 6)
40 24498 Je 5604 3.017 3.373
(3147.5) (4018.8) (1038.8) (2959.8)
3,607 3.T77 3.262
Hean (4042, 3) (5378. 6) {(1828.9)
SEN * for method of applioation 3 0.139 SN * for Adepth s 0.114

nn(o.os) for comparison of

Mothod of application

Depth

Hethod of applicaition x depth

;_

¢t Not significant

8 Hot significant

s ot mignificant

Parentheses denote retransformed values,

99



tahh 27, Reoevery of soil-applied 32p in the leaves (cpm/g) of pepper vine
trailed on erythrina as influenced by method of application
(log~transformed data for the 75th day after application)
Nethods of application
Depth - - -
(om) Semicircle Senicirole
facing opposite Pull ecircle
5 the vine the vine Mezan
20 Je432 4,047 3.21% D564
(2704.5) (11132.4) (1638.7) (3667.7)
3.676 J3.842 3.118 J+545
40 (4744.5) (6957.8) (1310.9) (3510.8)
J.554 D¢ 945 3.166
Mean (3582,1) (8800.9) (1465.6)
SEM * for method ef application 3 0.173 SBM * oy depth ¢ 0.141

Methed of application
Depth

Method of appliocation x dopth

s 0.545

st Not elgnificant
t Not significant

FParentheses ddnote retransformed valuess
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Table 28¢ Absorption of 32? by erythrina (opm/g) from soil basins of the vine
as influenced by method of application
(log-transformed data for the 15th day after application)

Methods of application

Depth - .
(om) Semiocircle Semicircle
faging opposite Pull ctircle
the vine the vine Mean
J3¢334 J.059 2.452 2,948
20 (2155.5) (1144.3) (283.1) (887.3)
40 2,171 3345 2,956 2,824
(148.3) (2212.8) {904.3) (661.0)
2.752 Je 202 2.704
Nean (565.5) (1591.5) (565.9)
M for method of applicatien 3 0.316 M+ for depth 3 0.258
65(0.05) for comparison of 3=
Method of application t Not significant
Dapth : Not signifiocant

Method of application x dopth s Not significant

Parentheses denote retransformed valuu;

89



Bable 29, Absoxrption ef 32p by exrythrina (cpm/g) from 20il bdasins of the vine

as influenced by method of application
(log-transformed data for the 30th day after appliocstion)

Method of applicaiion

Depth

(on) Bemicirole Semicircle
faaging opposite Fall circle
the vine the vine Mean
20 3630 .825 36235 3.583
(4269.9) (6684.1) (1972.5) (3832.6)
40 2.766 3.863 3379 50336
(583.2) (7300.6) (2393.4) (2167.9)
3.198 J.844 3337
Nean (1577.9) (6965.5) (2472.8)
#2M * for method of applications 0,226 SEX * gor depth 3 0.185
@(0.05) for comparison of g
Method of application ¢t Not aiznificant
Deyth + Not signifiocant

Method of application x derth ¢ Hot significant

Parentheses dencto retransformed values,

69



Table 30, Absorption of 321’ by erythrina (epm/g) from soil basins of the vine
as influenced by method of application
(log-trensformed data for the 45th day aftexr application)
Methods of application
Depth —
(om) Semicirole Semicirole
facing opposite Full circls
the vine the vine Mean
4.087 S.E34 Je3529 3750
20 (12204.5) (6823.5) (2132.9) (5621.2)
2.948 3.£90 3.676 J.505%
40 (687.9) (7755.9) (4741.1) (5196.1)
3.517 J3.862 J.502
Mean (3201.8) (7274.8) (3178.9)
88 ! for method of appliocation 3 0.292 8™ * for depth : 0.238
03(0.05) for comparison ef L

Hethod of application

Depth

Method of application x depth

t Not signifiocant
t Not signifiocant
t Not algnificant

Parentheses denote retranaformed values.
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Table 31. Absorption of ~2P by erythrirms (opw/g) from soil basins of the vine
as influenced by method of application
(leg~txansformed datas for ithe 60th day after applioation)
Depth Method of appliocation
(om) Bemicircle Semicirole
faging oprosite Full e¢ircle
the vine the viane Maan
20 4,053 3.809 3.589 3817
{11310.8) (6437.9) (3878.2) (6560.8)
40 3548 J <855 3.652 3. 685
(3529.9) (7157.1) (4486.5) (4839.5)
3801 3.832 3620
Hean (6318.7) (6788.0) (4171.3)
gEX ' for method of spplication 3 0,248 SEM * for depth 1 o.zoé
”(0.05) for comparison of g
Method of application t Not mignifficant
Dapth ¢ Not significant

Method of application x depth t Not significant

Parentheses denot retransforwed values.

1L



Tadle 32+ Absoxptien of J2P by sxythrina (epn/g) frem seil dasins of the vinme
as influenced by methed of application

(leg~txansfoxned data for the 758k day afSer spplication)

Nethed of applisatien

(om) Senteixéde Semicirels
faaing oppenite Full cirocle
the vine the vime Mean
o265 4.117 3.595 3.992
20 :23 5) (13097.7)  (5920.7) (9815.2)
3.697 S.552 3.590
40 351 (4978.8)  (5568.5) (383106)
5.893% u «573
Hean (7813.2) 3)  (5780.9)
R * fer msthod of applionsion: 0.352 SBX 2 for depth 3 0.206
auac-omw for eomparxrison of g~
Nethed of aprlication z Nc3 signifioant
Depth

s Het significant
Mathod of appliontion x depth 3 Net significant

FPareathwseses denotes retrensforasd values.

¢l
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4.7

The radioassay of the samples collected from the
pepper cuttings which were allowed to feed through climbing
roots from 2P solution did not reveal a significant uptake
of 72p through climbing roots. The count rates observed in
leaf samples from these vinec ocuttings was less than 10 cpm/g
during 1 h absorption period.

4.8 Relative uptake of applied 32! by the vine

trailed on erythrina
The relative uptake of 329 based on the equation

g€iven under Section 5.8 was worked eut to assess the root
competition betwaen the pepjar vine and the live support,
exythrina (Table 33). The datea revealed that when 32?
application was made in the semicircle faoing the vine,
(Pig.4) there was a gradual inorease in the specific
activity ratios upto 45 days beyond which th~ difference
was only marginal.,. At the end of 75 days of 32? absorption
by the vine, the specific activity ratic obtained was 0.74.
In the case of application of 322 in semicircle opposite
the vine, the initial specific aetivisy ratio at 15 days
was 0,92 which declined to 0;43 at 30 days and then
increaged to 0.67 at 45 days. The variation in specific
activity ratio beyond 45 days of 52} absorption was little.
At 75 days, th2 ratio waa 0.77. When the application of
32P was done in full circle, the specific aetivity ratie
increased from 0.22 at 15 days to 0.82 mt 75 days.



Table 33, Specific aetivity ratios of black peprer lepves*

Methods of appliomtion

Sampling intervel (aays)

13 30 45 60 (4]
Sexicircle facing
the vine 022 0,26 0457 0,68 074
Semicirole opposite
the vine 0. 92 Oe 45 0. 67 Q. 71 0.77
FPull circle 0.22 055 027 071 0.82

#» Computed by dividing the mean: spacific zctiviiy of leaf ¢f the vine

on exythrina by that on teak pole,

YL
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leaf, berry and rachis (Table 34) indiocated that the accumu-
lation of absorbed 52? was more in leaf as compared to spike.
On dry matter basis, berry oontained more 32? than its rachis.
Bovever when speoifioc activities were compared, a reverse
trend was observed. The count rates (epm/g dry matter)
observed in berry, leaf and rachis were highly correlated
(T7able 34). Tho correlation coefficients were much highez
when the specifie agtivities of the respective partis were
considered. An *r' value of 0.875%* yas oblained between

the specific agtivities of bexry and leaf while {he
corresponding correlation between rachis and leaf was 0,79%%,

4.10. MNutxrient removal by the r vine and live gtand

Biomass produoced (rootsexcluded) by bearirg pepper
vine and the partitioning of total dry matter into various
parts are given in Tabie 35. The values were the means for
three piants with an average yield of 4.65 g green pepper.
?he dry matter content of the whole plant was 6,16 kg ef
which 60 per cent was accommted for by the stem., The spike
(bexrry and rachis) contributed about 24 per cent while,

16 per cent of the total dry matter was due to laaf production.

The distridbution of nutrienis in various parts of the
plant as well as ths total nutrients removed by the whole
plant are given in Table 36. Berxy was found to be the nnjbr
accumulator of N and P in terms of nutrient oontent per g axy



76

matter (2,66 and 0.15 poxr oent respectively). However,
when the whole plant was considered, about 30 per cent

of the total 5 and P removed By the plant were recovered
in the stem. Potassium adsorded by the plant wes
concentrated mainly in the rachis (4.2 per cent) fellowed
by leaf (2,9 per cent) while CGa, 8 and Mn were acoumulated
more in the leaf (2.25 per cent, O.11 per cent and 71{ ppm
respectively). 3In the camse of Mg, sten wae found to be
the ma jor accumulator. Caloium content of rachis was the
kighest among the four plant parts studied. 2Zinc waws
distriduted aluost evenly in the stem and rmohis but its
concentration was comparatively less in leaf and berry.

A8 in the case of N and P, wajor portion of absorbed

K, Ca, ¥, 3, Po, Zi and Cun weve recovered in the stenm

when the total dry mtier production was aonsidered.

Dry matter production of the support plan%, erythrinma,
and 1te nutrient removal are presentad in Tables 37 and 38
respectively. About 96 per oent of tga total dry matter
produced (1&.5 kg) was accounted for by the stem while enly
4 per cgent was due tc leafl production. The leaf was found
to ocontain tihe highest ecncentration of all me jor and
micronutrisnte in arythrina. Despite thie, the tosal
quantitises of ths various nutrient® reccovzred in the stem

were much aigher than in other plart parts,



Table 34. Cerrelations (r) among ”r contents of plant pttl‘

opa/g
Plant pars dry matter opn/mg P
Berry and leat 0.53 %% 0.85%+
Rachis and leaf O 738+ 0. T9un
Bexry and Rachis O Ti8% Q. 928

segignificant at 1% level

ar = 16

LL
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Table 35. Nrtitioning of 4dry matter in black pepper wine trailed on exrythrim

I
EIRS

Pantpert  my wtier () DR,
rnachis 0.188 3,04
Bexry 1.234 20.05%
Sten 3.633 59.74
Leat 1.005 16.52

8L



Table 36. Nutfient removal by black pepper vine trailed on erythrims

Plant part
KNutrient ‘ Total
Berxy Rtonis Leaf Stem
-g-
K 34.60 J3.97 23,07 60,69 122.33
«66) 2.10) (1.61) (1.08)
P « 07 0. 43 1.32 5.40 6.92
(0. 15§ (0.07) (0.12) (0.08)
K 28.50 8.20 30.30 90.40 157.40
(?.10 (4.20) (2.90 (2.20)

Ca 2.8 «04 22.26 45.88 83.0%
« g Gl B fae
(0.52) (4.43) (0.64) (1.27)

3 02‘ OJS '.20 ‘,.97 ‘054

- (0. 09) §0.08) (0.14) (0.05)
-ig- ,
) ] 123.50 95501 280,52 692.84 1191.87
595.20) (506.90) (279.10) (188,10
¥Mn 37.00 27.98 714.62 605,18 1484,78
(106.70) (149.50) (711.00) (164.30
Zn 22,08 22.40 134.40 185.00
(17.20) (32.?0) (22.,30) 536.50
Cu 35.80 11.%4 37«28 13.40 197.82
(27.90) (60.50) (37.10) {30.80)

Parentheses denote nutrient concentrations expressed as percentage

Note: Values are means of three plants,

dry matter for major nutrients and as ppm for mieronutrients.
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Table 37, PRartitioning of dry mmtter in the support plant, erythrina

Plant paxt Dry mattex (&g) o;a:::nzggzl
Leaf 0.476 2e57
Paticle 0.‘91 ‘.04
Stem 17.828 96439
Total 18.49% 100.CO

08



Table 38.

Nutrient removal by the support plant, erythrina

Plant part
Nutrient Total
Leat Potiole Stem
-~
E 21,40 4.35 354.50 380.25
(4.1%) (2.30) (2.00)
) 4 82 0.12 10.352 11.26
(0.17) (0.07) (0.05)
K 4.54 <98 150.56 157.08
gi.") (1.07) (0.83)
52.30) (3.10C) 1.60)
Mg T47 T2 94.95 215,12
(1.59 (0.59) (0.53)
S 0.72 0.07 3 6.143
(0.16) (0.06) (0.03)
Fe 118,25 15.15 662%5.10 6756.50
(248.30) (68.80) 371.60)
Mn 649.7 359.13 16. 3825.73
(1364.30) (1878.70) (158.00)
Zn 10.23 2. 75 240.70 253.66
{21.50) (14.30) {13.50)
Cu 12.57 «62 174.70 188,89
{(26.40) (8.50) (9.80)

Kote: VYaluos axe means of three plants.
Parentheses denote nuitrient concentrations expressed as percentage

dzy matter for mmjor nutrients and as ppm for micronutrients,

18
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Signifionnt diffexences wers Seen in plant height,
girth and yield of black pepper between the vines trailed
on dead and live standards. The nean values for these three
characiexs vwere highex fox the vine txeiled on dead wood

support than that trailead on live standard (Tabdle 39 and
Plate 2).



Table 39, Comparison of vegetative characters and yield betweon
the vine %trailed on tesk pole 2nd on erythzina

Perzer Yepper

Character on teak role on erythrina t(0.05)

Feight (om) 4.44 2490 8ig.
(12.40) (29.20)

Girth (OM) 1.54 , 1033 Sig-
(27.90) (34.30)

Yield of 5373 1.96 sig.

grsen pepper (63,200 (110.00)

- Fhosphorus % 0. 1573 0. 1388 NS.
content (27.20) - (25.00)

Note: Values are means of 36 plante
~ Parentheses demote Cosfficient of variation (%)
8ig. Significant
NS. Not eignifiocant

£8



Plase -~ Ix

Black pepper vines (var. Panniyur-1) trailed on dead {teak pole) and live
(Bzythrina indioa)standards.
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DISCUSSION



PISCUASION
St odl egtion o 522 olut

In studies of root activity patterns of trse erops,
the requirement of radiomctivity 13 enormous primarily
due to the greater dilution of the absorbed and trans-
loozted label in sueh orops. In order to get countable
radioaotivity in the plant part sampled (genserally, leaf),
a higher amount of applied radioactivity is required. The
results of the studies on root activity patterns of tree
crops conducted by the IABA (IAEA, 1975) showed that
applicetion of 5 mCi (1.85 x 108 Bq) of 32P/plant was
necessary for obtaining couniable radiocactivity in plant
gamples, In the present study, however, 2.5 mCi/vine was
found to yield countable radioactivity in leaf samples.
Depending on the number of treatments involved in an
experiment, the total radioactivity required could be vexy
large to the extent of causing health hazard to the handling
personnel, To overcoms this, the IAEA recommended applioation
of 72P in sealed glass vials by drepping them (one vial/hole)
into the desired soil depth and crushing the vial with a
metallic 'crusher' to release the radioactivity into the
80il, 4is the facilities for preparing sealed glass vials
containing radioactive solution are not generally available
in an ordinary radiotracer laboratory, & procedure for soil
injection of radiocactivity using an applicator {Pig.2 and
Plate 1) was developed. A detailed account of the device
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and the method of 52) applioation were yresented in
geotions 3.2.4. and 4.1. It was observed that the
radiation dose rate at the outer surface of the plastic
bucket vas less than 10 mR/h for 40 mCi #2P 4n 512 ml
agueous solutiom of 1000 ppm carrier P. Obviously, the
shielding of the radiation by the quantity of water, the
glass bottle, paraffin wax and the plastic bucket wvas
effective. These shielding materiasls were chosen because
they do not produce Bremsstrahlung, non~characteristioc
Y-rays produced when high energy bets particles such as
that emitted by 32p (Ennx = 1,71 MeV) strike a heavy metal.
“he initial surface dose rate (10 mR/h) was found to
decrease gradually with decrease in the vclume cf the
solution contained in the bottle as the s0il injection
progresses, Normally, a aipgln operator can complete the
soll injection of 32? solution into 120 soil holes of

15 plants with 8 soil holes/plz2wnt provided, all the
preparations in the field inocluding installation of
sgcess tubes were made in advance. The reproducibility
of the dispensed volume of the solution was also satis-
factory 28 evidenced from the very low cosfficient of
variation of the order of lasz than 5 per cent observed
for six successive deliveries in a preliminary standardi-
setion work, Washing the accese tube with a Jet of

distilled water (about 5 ml) was suggested to diain off
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any radicactivity stioking on the inside of the acoess
tube into the soil depth as far as pessible. Moreover,
as the applications were made to 8 or 16 soil holes/plant,
the total radiocactivity received ty a plant may be

reasonably constant,

Extension of the delivery tube of the ‘'Lumac Dispensette’
to more than 50 nm was found to cause problemé during
operation. It may be noted that the delivery tube will
remsin f£1lled with the solution between successive oOpera-
tions, Yf the delivery tube i3 longer than 50 or, the
quantity of the solution remaining in the dellivery tube
was found to cause a downward pull to make the outlet
valve ot the dispenser open resulting in the dripping of
the solution even after the downward stroke of the plunger
had been completed. For this reason, a delivery tube of
lese than 50 om length is recommended, In the present
study, 2 delivaery tube of 30 cm length was invariably used.
Inoclusion of the oarrier (1000 ppm P) in the solution is
important to reduce the fixation of 32? by the soil
egpecizlly of high phosphate fixing power such as laterite
through isotopic exchange. It may be expected that the
fixation of J°P atoms will be negligible compared to that
of 7P ztoms (carrier) due to the predominance of 33p
atoms over 32p atoms in the solution (IAEA, 1975).
Therefore, the soil availability of the zprlied radiolabel
will be little affected.
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5.2, Leaf sampling bechnique for S°P aseay

The seil injeotion technique fer studying the root
aoctivity patterns of plants was first introduced by
Hall et al, (1953). Consequent on this, several reports
have appeared in the literature on the root activisy
pstterns of especially short duration field erops such
an grapses (Lipps et al.,, 1957), sorghum (iMc Clure and
Harvey, 1962), tomatoes (Dejong and Otinkrang, 1969) ete,
In these erops the determination of root aetivity can be
made based on the uptake of the radiolabel by the whole
plant. However, in perennial tree crops, this method eof
assessing root aotivity is not feasible owing to the very
bulk of the plant itself. A more convenient method
suggested by the IAEA (IABA 1975) involves comparison of
radioactivity recovered in a plant part genewmally, leaf
following 801l injection of a suitable radioisotope inte
various soil zones. The reliability of this approach has
been tested in many peremnial tree crops suoh as oil palm,
oooonut, cocoa and citrus. <The sdopiion of thi-‘tochniqnc
in the study of active root distribution inm black pepper
necegsitates prior standardisation of the piaut part fer
sampling and subsequent xradicassay, as no woxrk has been
condunocted so far in this crop on these aspects.

The results of preliminery studies eonducted for
standardising leaf sanpling procedure fer 32? assay (Table 2)
rovealed that the differences in the radiesotivity content
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of the leaves sampled either from various canopy positions
or from different sides of the plant (canopy sides facing
the applied area, opprosite side of the applied area and
from all around the plant) were not statistioally signi-
ficant. fThis would mean that the uptake and distfidution
of >%p was fairly rapid throughout the canopy. In faot,
the applied radiolabel was detacted in the leaf as early
as 5 mwin after 1te application in soil (Fig.5). In many
erops, however, this is not the case., For example, studies
condvceted with citrus in Taiwan showed highex 52p content
in the leaves of lower part of the canopy than in the leaves
of upper pert of the canopy (IABA, 197%). DBesides, in
certain orops, leaf type x root position interaotion was
found 40 be significant indicating specific pathways
during transport of the absorbed 32P from root to top.

The leaf type here means the leaves sampled from canopy
gides faeing the applied area, opposite side of the applied
area and from 21l around the plant. Plants such as apple
and citrus were found to ave such a type of interastion
while in cocoa and and oitrus, this phenomenon was absent
(IABA, 1975). Eventhough it is diffioult to ascertain the
exact position of the leaf on the vine in xelation to 2P
treated/opposite Boil area becaugs of the very climbing
sature of the plant around the support, a test was,

nevertheless, made in the present study to examine the
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presence of such an interaction. The radicectivity
reoovered in the laa: samples collected from canopy sides
faoing the applied area and oprosite side of the applied
area were praotioally the same and the variations in oount
rates were statistioally not significant (Appendices 1 and
2) indicating thereby the translocation of P was uniferm
and not influemced by the position of the leaf in relation
to 32P applied soil area. 8imilarly, 32? content of the
leaves collected from all around the plant was also not at
variance. From these results, it may be concluded that
leaf sampiss collected from any side of the vine and from
any height of the canopy will be suiiable for radioassay.
However, sampling of the leaves from lower twoethird
portion of the canopy 18 reccmwended here for eonvenience
and this has been the procedure followed in all the sub-
seguent experimenis reported herein. The results also
indicate <that the method of 1oaf‘namp11ng adopted for
nutrient analysis (de Vaard, 1969) is equally applicadle
for 32? assay in black pspper.
5¢3« Root activity ggttorg of bluck pepper

The active roots of blaok pepper vine trailed on
teank pole (déad support) were found to reside mostly within
%0 cm soll area {Tanle 7). Over 90 per cent of the absorbing
roots are found in this region. Initially, absorption from

surface layers upto 20 cm accounted for 2 significant portion
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of the total radiocactivity recovered in the leaf,

Howevez, with time there was a perceptible decreases in
the adbsorption of >2p from surface esoil layers with a
concomitant increese in tho absorption from lower

layers (40 cm). BSuch a trend ceuld he expected with an
increagse in moisture eontent in deeper soil layers during
the later half of the experiment. 7The soil moisture data
collected in December coinciding with the last sampling
date (Table 40), howsver, did not indicate variatioms in
the soil moisture with depth. It may be pointed out that
the roil at the experimental site is 3 gravelly laterite
and therefore, the determination of soil wmoisture by
gravimetric method may not yield relisble resulte. Fer
this reason, the rainfall data for the experimental period
(radble 41) may be considered a better index of moisture
aveilability 4n the soil, It was sesn that the rainfall
during the experimental period (from 4th Oetcber to Sth
Necember) Aecroased from 149,8 in the month of October te
50,2 mm in the month of November. BRvidently, the availadbi-
lity of moisture in the soil would be more during the
initial stagzes of the experiment than during the later
rerinds., Consequently, the variation in the scil moissure
content of the surface and lower layers may be sxpecteld to
be narginal. Hence, the absorption pattern of radioactivity
from various soil zones during the initial period of the



Table 40, Soil meisture conent (%) in the vine basins at the time of harvest

Iasexal distance Depth FPepver trailed DPepper trailed

{em) (om) on teak pole on erythrina
15 10 T.2 Tet
20 7.0 6.8
40 8.5 75
30 10 6.7 T¢0
20 Teé 5.8
40 Te6 6.4
60 10 5.9 6.0
20 505 5.5
40 6.1 6.0
120 10 5.7 6.6
20 4.2 5.5
40 5.8 6.1

Note: Value3s are neans of thrae repliicates.

16



Table 4%.

Amount of wailfall (mm) recsived during the experimental peried

Nonth 1983 1984

June 387.2 5%.1
July $80.6 T50.4
Augush T54.7 260.2
Septendex 494.6 158.6
Ootodex 149.8 325.7
Kovenbex 60.2 7.8
Deocenmber 24.4 16.4

A}



Table 40, 3S0il moisture conent (%) in the vine basins at the time of harvest

Iateoxal distance Depth Pepver trailed DPepper trailed

{om) (om) on teak pole on erythrina
15 10 7.2 Tet
20 7.0 6.8
40 8.5 Te5
30 10 6.7 Te0
20 Te€ 58
40 Teb 6.4
60 10 5.9 6.0
20 5.5 5'5
40 6.1 6.0
120 10 57 6.6
20 4. 5.5
40 5.8 6.1

Notes Values are means 0f three replicates.

16



Table 41.

Anount of mailfall {mm) received during the experimental period

Nonth 1985 1984

June 587.2 053.1
July $80.6 730.4
August T54.7 260,2
Septemder 494.6 158.6
Oosaodex 149.0 323.7
Kovenbex 60.2 7.8
Deoenber 24.4 16.4

2o
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experiment truly refleets the preponderance of the feeder
roots in these soil zones. With the recession of the
monsoon scason by the end of the experiment, moisture

loss due to evapotranspiration from the surface layers

pay be drastic especially whem the rate of replinishment

of wvater into 20il through rains diminishes. Suoch a
situation will lead to the development of a distinct
moisture gradient in the soil profile with more moisture

in the deeper layers. This could havs bean, perhaps,
responsible for the higher urtake of 322 by vhe vine from
deeper layers than from the surface layers during the latser
part of the experimental periocd. Therefore, the pattern of
32? absorption observed at later intervals need not necessa-
rily indicate the proportion of fecder roots in various seoil
layers, instead dt i3 a measure cf %ha root activity as
influenced by the moisture rexgimss prevalent in various

801l layers., These results imply that the vine is oapable
of exploiting deeper soil lsyers with the cessation of rains.
In several orops such as apple (Atkinson, 1974) and cooonut
(Balakrishnamurthy, 1971) similar %rends in root activities

with change in =20il noisture level were ohserved.

The pattern of root activity of pepper vine trailed
on erythrina was found to be almost ideniical to that
trailed on deadwood suppor® with respect to lateral distance
(Table 12). In this case alsc, over 90 per cent of the
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roots were feund within 30 em fiem the vine. 1In the

case of srythrina, the reots were found to tzavorni apto

a distance of GO om from the vine (Table 17). If an
ostimate is made of the proportien ef aotive rootss of the
live standard within 30 om away from the vine which is tho
noet aotive root sone of the pepper vine, it will be seen
that 80 per oent of the feoder roots of orythrina are
lying in this region indicating thexreby that erythrina

has a more extensive root system than ths vine., As
gompared to the vine on teak pole, the actiive roots of

the vine on exytarina wore more ar le¢ss avenly distributed
along the soil profile., Further, the results dc not indie~
oate an increase in the root agtivity of the vinz in deeper
layers with time as observed in the case of the vines
trailed on teak pols. (Comparison cof the actives roos
distribution of the live standard with that of the pepper
vine trailed on it suggests that the support plant and

the vine explore to almost same extent the variocus seil
layers as evidenoed from the similar percentage of root
activity ef tho twe plant species at various soil depths.
When the tvo crep systems vis. peprer on erythrina and
poppex on teak pole are evaluated in terms of moisture
depletion from the soil column, it will be aprarent that
tho loes ef water in the former is the result of combined
evapotzanapiration from both plants as against the loss

of water duo t0 evapotranspiration from the vine alone
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in the latter. In se far as the root awiivity patterns
of the two plant speoies are almoat similar along the
rhizosphere profile, thexe would be less chance eof a
sharp moisture gradient with depth, Perhaps, this would
explain the failure te obtain greatexr recovery of 32)
from deeper layers (below 20 om) during the end of the
monsoon season. Considering all these aspeots, the root
activity pattern of black pepper vine may be diagramati-
cally shown as in Fig.14. fThere was no evidenoce to show
the avoidance of feeding sens of erythrina by the vine as
reported for other mixed oulture situations (Willey, 1979).
The root exploratory area of the vine when grown in associ-~
ation with erythrina was found to be §onfined to 30 om
leteral distance while the roots of support plant were found
to traverse upto 60 cm from the vine. The relatively
unexplcred area by the support plant in the feeding zone
of the vine is at about 15 em from the vine where tho
concentration of vine roots is more. On the contrary, the
vine wes found to explore deeper soil layers (below 20 om)
efficiently when it was trailed en dead wood. The data
collected from these studies are, however, not adequate
to explain the differential pattern of root aotivities of
the vine in these two situations,

From the foregoing discussion, it 18 clear that the
maximum absorption of the applied nutrient takes place

e
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within a #0il zolumn ef 30 om. radius from the vine.

In ;nw of the relative abundancs ef the feeder roots

(20 t0 30 por cens) within 10 om seil depth, there 1is every
chance of xoot pruning if the fertiliser application is
dons in opened basins. It ie euggested, therefore, that
breadoasting of the fertiligzers and subsequent incoxrpora-
tion imtei the soil by raking may be preferxed to bamin

application as ths formsr would avoid excessive xoot damage.

?he resulte eof ths present study also indicate the
poasibility of adoption of still closer planting then the
recommended spacing of 3m x Sm. A closer spacing down to
ia between plants does not seem to ocause overlapping of
the exploratory area of the roots between adjacent vines.
Moreover, the root aativity of the live standard, exrythrim,
beyond 60 om from the vine ie also negligidle. Ne infor-
mtion is pressntly available as %0 the effeot of high
density oropping on the growth and yields of pepper vines,
Investigations en these aspectes are worth taking up.

Conventionally, in studies on root activity patterns
of crop plants, application of radiocagtivity is done into
equally spaced holes around the plante. The method followed
for the present study was t0 injeet radiocactivity inte soil
holes taken in a nniei:;cle facing the vine (Fig. 3). This
dethod was followed because the vine was trailed on a

support. When the support is another plant, erythrinm in
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this case, it 15 likely thnf the oot aotivity on eithex
side of she vine may not be the same because of the
probable interference of the suppert plant in the semi-
eixcle opposite the vins oiing %0 its elosex proximity

%0 the standexrd (Fig.4). I¢ is for this reason, a

soparate experiment ws oonduotod to examine whether there
is any differonoe in tho proportion of agtive roots between
the two opposing semicircles. In this experiment, however,
not all tho treatments already disoussed (4 redial distan-~
ces8 x 3 depths) worxe compared. The comparison was oonfined
$c only the most active root zome namely 20 and 40 om depths
at a radial distance of 30 oms The »ocovery of 32! in tho
leaves in relation to iis placement at throe soil sones
along tho circumferencoe of the semicirocle facing the vine,
opposite tho vine and also full oirele around tho vine
(Pig. 4) was evaluated (Table 18 to 32). The oonoentratien
of agtive roots was found 1o be similar in both semicircles
on either side of the vine, irrespective of the type of
standard on whioh the vine was trailed. This indicates
that roots emanating frem the vine are uniformly distri-
buted radially around the vine. However, $h the ocase of
peppexr vine trailed on erythrina thexre was a marked
decrease in the absorption of 52p when the same amount of
radicaetivity was applied in full eircle. B8uch a trend was
not observed in the case of vines trailed on teak wood
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(2Tables 18 te 22). Despite the lack of statistiscal
significance, the mean values of count rates expressed

on dxy matter basis as well as specific activity revealed
that there was a general desrease in the absorbed radio-
activity by these plants irrespective of the type of
standarzd (Figs. 8 t0 13). Peximps the failure to achieve
statistical significance in the case of vinet trailed on
teak role could be due to large piant to plant variation
in the uptake of 52p as evidenced from the significant
block effect (Apvendix VI). BRxietenee of such large
variability in root activity between plants was reported
in tree crore (IABA, 1975). Under relatively uniform soil
and other environmental oonditions, the error component
due to variation between individual trees was attributed
to (a) difference in vegetative characters suoh as girth,
height, foliare and fruiting capaeity and (b) difference
in probebility of injected 322 striking the roots. The
large variability in 323 uptake among individual plants
trailed on teak pole as obmerved in the present study

may be explained by the difference in the probability of
injected ~2P striking the roots rather than the differences
in vegetative characters of the plant because variation in
the growth characters of these plants were not marked
(Table 39). Eventhouzh increasing the number of repli-

cations may seem the only logical solution for reducing
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such variability, studies with birch trees had shown that
even with fcar replioations the ocosffioclent of variation
among the replicates was more than 100 per cent. Thexefore,
it my be considered as the intrinsic variability of the
plant itself rathez than tha limitation of the teohnique
(IABA, 1975). %The decrease in sbsorption eof J2p by ths
vine when the radioactivity was applied in full oirols

as compared to semicircle application implies that the ,
nutrient concentration available per root is more important
in enhancing the absorption. From these considerations,

it may be suggested that in the case of pepper vine trailled on
erythrina the restxiction of fertilizer applioation to a
semicirole will be more effective for the bether utili-
sation of the added nutrients. For convenience, the
semicircle (30 cm radius) facing the vine may be preferred
for fertilizer application. The same method of fertilisex
aprlicetion is egually applicable to vines trailed em teak
pole also.

The ebsorption of 32? by the vine was found t0 in-
crease initially and then decrease (Figs. 5, 7 and 8 to 13).
It was obsorved’that the decline occurred after 45 days
of 32P appliocations 8uch & trend in absorption of the
radiolabel may be due to the extension of roots beyond
the 32!happlied zone resulting in a2 reduced rate of uptake
(1ABA 1975).
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32 by
Sede slat 8. of - °® oz 8 _trailed
’ ‘ A
[*) o8 a8 A ® \.J ta
exythrine

8o far, the disgussion s heen centsred around
the root agtivity patter of individual oases namely,
peppexr vinm om teak pole, on exythrina and the standard,
erythrina, Comparison of the effeots of dead and live
standards on 32! uptake was not made statistiocally sinoa

the error mean squares for 52

P data wexre not homogeneous
for experiments using erythriva and teak pole. Therefore,
a different methodology based on the relative uptake of
applied 32P was followed for ascertaining whether there ia
any advantage or disadvantage due to the we of erythrina
as support plant. In other words, it measures the degree
of interference/competition betwsen the two plant species
for the applied radiolabel when grown side by side with
sach other.

The two situations vis. trailing the vine on teak
pole and on erythrina may be considered as monoculture and
mixed culture respectively with respeoct to the vine.
According to de Wit (1960), any two plant specics growing
in the same space would dgvide a constant enviroument
leading to either beneficial (ecomplimentary) or harmful
(ecmpetitive) interaction between eaeh other. In order %o

arrive at the magniiude of such interaction, a simple
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mathematical expression involving comparison of the
rolative uptaie of 543 vas deriveds

Relative uptake of the applied label (RUA) by the vino
trailed on exythrina may be expressed as

%
— (1)

%

where Q, and Q, denote the total amount of 32? absorbed

by the vine trailed on erythrina (b) and that on teak

role (a) respectively., If this ratio 1s unity, i{ means
that there i5 no competition betwaen the two plant species
while values less than or greater than unity indicate

competiiive and benericial interscotions respectively.

The total quantity of 2P taken up by the plant
oan be determined if 52p content/g plant dry matter or
specifie setivity of the plent is kaown., By multiplying
these juantities by total dry matier or total 2 uplake
im g respeatively, Q c&n be found out. That is

Q = (opw/g dry matter) x TDM (2)

or

Q = SAP x TP (3)

Where TOM is the %total dry matter content of the
plant, TP is the total P gptake dy the plant and SAP is the
specific activity of the plant (epm/ g P). In the present
study, neither the 32p concentration/g dry miter nor the
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speeific activity of the plant is evailable. However,
radicas.ay of various parts of the plant revealed thatk
the count raies/g dry uatter of various plant parts as
well as their respective specific activities vere highly
correlnted, Thus 32P content® of leaf and spike whieh
form the major P-accumulating orgars of the vine were
linearly: correlated (Table 34). Out of these, highect
corxelations were obtained among the specific activities
of the plant pvarte which indicates that specific activity
of leaf may be considered as a z0od index cf the specifics
activity of the pilant. Therefore, specific¢c activity of
the leaf was considered for computing an estinate of
total 2°p uptake by the plant. Bquation () may be,

therefcre, modified ass
Q' = Salk x 2P (4)

¥here Q' is the estimate of total 32? uptake by the plant
and SAL is the specific zctivity of the lesaf. Substituting
these guantities in equation (1), an indek of the relative
uptake of the applied label (RUA') mey be worked o:t as®
followss

RUA' =

(5)

Q',  (3AL x TP),
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(2P),,
Since the ratio my be assumed to be constant,
a
it follous that:
e,  (san),

0, wommn (6)

Ay (3a1),
The ratie of the epoeific activities 0f the leaves of
the vines trailed ow erythrina and on teak pole would
thus provide a2 measure of the relative uptake of 32?
by the vine when grown in association with exrythrina
as eompared to pure crop or monooculture.

(z2),

(zp),
should be less than | as oould be inferred from the higher
dry matter production and almost similar leaf R centent

The vulve of the com {fant

in the present experiment

of the vines trailed on teak pels as compared to the vines

on erythrina (Tadle 59). Therefore, the RUA' value computed
froa the specifio activity rasios of tho leaves (eqn.5)
should indicate the minimum competition (negative inmter-
action) between the vine ani the live standard if the

value ie less than unity. A perusal of the RUA' dats
presented in Table 33 revealsd $hat the uptake of 522 by

the vine was adversely affected when it wae grown in
assocttion with erythrina. The magnitude of this offsot

vas t0 reduwce 322 uptake by the vine by more than 20 per eens
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as evidgnced from the activity ratie of about 0.8
observed during the sseond half of the experimental
period. Tho degree of competition between tho vine and
erythrina remained unaltexred frrespective 0f the method
of >2p application oither in semioirole or in full cirels.

Comparison of diommss produced by the tve plant
species revealed that the dry mattor produced by the vine
trailed on erythrine was about one-=third of that prodvesd
by its support plant. The vino preduced on a2n average
6.16 kg of dry matter as against 18.5 kg produced by
erythrim. When partitioning of the dry matter wase mde,
it vas seen that over 96 per cent of the total dry mmtter
produced by the support plant was utilised for the produ=
otion of stem while about 50 per oent of the total ary
matter produced was socounted for by the stem in the oase
of peprer vine. The guantities of nutrients removed by
the pepper vine was found 40 be loss than that removed by
erythrina., The comparison is aexe glaring in the caoco of
N, P, C2, Mg, Fe, lin, and Zn. Among those nutrients,
perhaps the compatition for nitxrogen between the tweo
plant®s may not be crucial as the support plant, erythrima
being a leguminous plant, is capable of fixing N, in their
roots. It 1s important to nole that bacause of defeliation
of the supprort plant during summer months, there is an amnuval

recycling of about 0.7 kg dry matter which to some extent
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ocompensates for the nutrient removed by the plant. The
annual input of nutrients inteo the soil through leaf
fall thus amounts %9 5.7 g 0, 0.94 g P, 6.5 Kk, 20 g
eaoch of Oa and Mg, 0.8 g 8, 131.4 &g Fo, 1008 mg Mn,

13 mg Zn and 14.2 ng Cu/plant,

The antagonistio offect of erythrina on tho growhh
and yiold of pepper vine (Table 393 Anon., 1984., Menen
et al., 1982) my not be viewed purely as a result of root
oompetition between the two plants for soil nutrients.

The seill analysis indicated that the concenirations of
available nutrients aze more than adequate to meet the
requirements of both vine and live standard at a time,
The high seil soncentrations especially of P and K may

be due tc the regular aprlication of P and K fertsilisers
t0 the vine basims. Root competition for a nutrient my de
expeoted when its suppi} in the soil is not adequate te
meet the demands of the two plants. Perhaps qualitasive
and quantitative &ffferences in the chemical 2nd miczre-
biological composition of the rhizosphoare of the vine
when growr as pure cror (on dead wood) and in asseciation
with erythrina (on live standard) may be zesponsible for
the observed trerds in vine growth and consequen$ uptake

0f 2P in these two situitions.
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If an attempt i made to compute the annual exhaust
of nutrients through harvest of 1.284 kg 4ry peppexr, it my be
be seen that the tetal quantities of the nutrients removed
annually frem the system follows the deczeasing order
X (38.5 g) = K (36.7 g) > Ca (14.9 g) > Mg (13.7 g)>
P (2.2 g) >8 (1.57 g)e The quantities of N and P
removed by the vine agree well with that reported by
Pillai and 3asikumaran (1976) for the variety, Panniyur~t
with an average yield of 1 Xg black pspper. iiowever, the
annual removal of K was found t0 be higher than that reported
by these authors, 1In view of the high build-up of P in
the 201l following =upuval aprlication of ¥ fertilizers and
the very low requiremsnt of this nutrient by the vine, 1%
seens poeslble that T application can be skipped once a
good build-up of 30ll P has been atitained. Such an approach
has heen fcound appliceble in coconut (Wuhid et al., 19753
wahid et al., 1977; Khan gt al., 1933).
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SUMIARTY

An investigatior oz the root astivity patitern of
black pepper vire (2ipex pigrum L.) and allled aspacta was
conduoted during 196%-84 in the (ollege of Hortisulture,
Vellanikkara, The major objectives of the expexriments were
t0 detexmine the soil, zone of mAximum nutrient absorption
by the vinee tzailed on grythrine and teak pola, to ascess
the root demsity of exryihrine in the rhizosphere of blaok
pepper, to evalunte the root competition between the vine
and the live standard for spplied P, %0 compare thc nutrisnt
renoval by the vine and erythrina und also to 2xamine whether
tke climhing roots of the vine are capabls of nutrient adbsoxption.
In studies with black pepper, var. Fanniyur-i was
invariabiy used. Xor root activity studics, radiophesphorous
was employed as the tracer and radicassay of plant samples was
done based on Cerenkov counting teschnique. For the chemical
aralyses of soil and leaf samples spesotrophotomatric, flame
photometric and atomic absorption methods were adopted.
The salient findings from these studies are summarised belovw.
A method of soil injection of desired volume of 32}
solution especially suitable for root activily studies with
perennial orop pianis was developed. The method uikes use of
a "Lumac Dispensette® (or any othexr suitable automatie dispenser)
connected to a reservoir bottle containing 52y sclution whieh
in turn is embedded in paraffin wax in & suitable plastic
bucket, The method is rapié and the radiation hazard to the
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operating pexsonnel is minirmel at the level of radio-
aotivity generelly required in root aetivity experiments.

A leaf ssupling technique Lo 32? assay in blsek
pepper was develupsd. 8Sampling of the leaves from lower
Y¥wosthird position ef the ocancpy was rocommended for this
Purpose.

The absorpiion of applied P by the vine was found to
be very fast. Detectabls amounts of soil applied radio-
agtivity was rvecovered in ths leaf at a beight of 1.5 a
within 5 min of application.

For the vines trailed om either exrythrina or on teak

32? vas found

pole, the sone o maxiaum absorpvion of applied
t0 be within 30 oa frcm vine. Aibasorption of 322 wa3 found to
be higher when 1t was uppliad in senicircls rather than 4n
full cixole.

The vines t{raiied on teax pole uwere found to have theo
capaciiy to explcre deeper layers thar the vines trailed on
erythrina., This trend waas nouvlced with the recession of
wENsoon S6.30n.

The active root aystem ¢f erythrina wae found to be
more extensive than the vine. High density of active roots
of erythrira ven observed upio 60 cm frox the vine. However,
it ie relatively more of a surface fsedes cémnared te the vine.

Relstive absorpiion of applied 52? hy the vines trailed
on erythrina ac compared to the viner trailad on tsak pole
indicates that the absorption of the aprlied nuizient wes
leas when the vince ia2 tralled on erythrina. Eventhough it
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would appear t0 be due to poos ecompetition between the twe
plant species for the nutrient, the effect oI alierations in
the chemical and miocrobiological make up of the vine rhisos-
phere when grown in association with erythrina ocannot he
ruled out.

In general, at least 20 pexr oent reduotion in the
absorption of phosphorus by the vine could be axpected if
it 13 trailed on the live sitandard.

The toial natrient contents of the whole vine with an
annuel yleld of 1.284 kg blagk pepper were much less than
that of ite support plans, exrythrine. The differences wore
more xarked with respect to total content of N, P, K, Ca,

Mg, Fe, Mr and Za.

Computation of annual exhaust of nutrients through
harvest of 1.284 kg dry pepper indicated that 38.5 g N,

36.7 € K, 149 g 08, 13.7 € Vg, 2.2 g P, 1,37 g 8, 218 mg Fe,
155 mg iin, 28 ug Zn and 47 mg Cu were annullly removed from
the plant system.

Aanual recycling of about 0.7 kg dry matter containing
25.7 8 Ny 0.94 g 2, 6.5 @§ X, 20 g each of Ca and Mg, 0.8 g 8,
131.4 mg Pe, 1008 mg n, 13 mg Zn and 14.2 mg Cu could be
expeciad from the defoliation of erythrina plant during summer
months,

The absoxrption of 32? by the climbing roots of the

vine was found to be inaignificant.
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The results obtained from the studies reported
herein help to formulate the following recommendations
and suggestions,

(1)Pexrtiliser application inr black pepper gardens
should be restricted to a semicirole ef radius

50 om faocing the vine irrespective of the type

of etandard for thd maximum wtilisation of the

added inputs. »“

{(11)In view of the preponderance of feeder roots
0f the vine within 10 cm from the s0il surface,
application of fertilizer in basins is likely
to damage the feeder roots. Therofore, it is
suggested that broadcasting tho fertilizer and
reking in for their incorporation into the soil
would be a more meaningful apyproach.

(143 )Preeently 3 m x 3 m spacing is followed in
planting of the vines. 8Since the aotive root
systen of the vine is limited to an area ot
30 om from the vine thc likelihood of over-
lapping of the roots of the¢ adjacent vines
is very less even £f spaced | m apart. Experie
ments or. the effeet of closer planting on the
growth and yield of the pepper vines are worth
taking up.
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AREENDIX ~ I
Analysis of variance of leaf 52? - recovery date after ten days of

32? applisation

Degrmes Mean sum of squares
Source of 15 om lateral 30 om lateral

freodonm distance distance
Bloek 5 42247812.20% 7619042, 60+
Leaf position
on the canopy 2 2696597 .90 4094087.90
Area ¢f ;
Interaation 4 297098 .90 10289708.8
Brrox 40 955638 .80 11891101.9

*3ignificant at 5% level.



ARRERDIX - IX

Analysis of variance of leaf 321’ - recovery data after 24 days of 321’ application

15 on lateral distance 30 cm lateral distance
Source

Degreas of Hean sum Dasrees of Mean sum

freedon of squares freedon of squeres
Blook 4 10725 T3T4 135, tnn 5 226244263,0%
Leatf position o
on the ocanopy 2 95138621.6 2 9997378 0O
Area of application 2 54065939.3 2 60535643 o1
Interaction 4 382550562.9 4 14413467 .8
Brror 32 $80494963.6 40 40823152 .6

o gienificant at 1% level

* Significant at 5% level



ARFRNRIX - XII
Analysis of variance of log-tranaformed leaf opm values for the experiment
on distribution of root aciivity of blzack pepper tralled on dead wood.

Mean sum of squares

Source D Sampling interval (daye)
15 30 45 60
Block 2 1. 7551+# 8. 775 2.5902%% (Q,7762%
Distance p-] 4.3530**» 5e2028*%  4,4503%% 4, 0563«
Deyth 2 0. 1864 0.9591+ 0.5485 1.151200
Interaction 6 0.5874 0.3493 0.4315 177>
Brror 2z 0.5791 0.1760 0.3417  0.1909

= gignificant at 1% level
* gignificant at 58 level



APESSDIX - IV
Amalysis of variance of log~transformed leaf opm values for the sxperiment
on distributior of root activity of black pepper tralled on live standard.

ligan sum of =quares

Source Dofgz;g:nof Sampling interval (days)
15 3C 45 coe
Bloeck 2 Cec561 02649 0.5962 Ce5622
Distance 3 TeH245%% 5 ,7050%% 5.8623%%  7,0282%%
Dapth 2 0. 0039 0.3104 0.2736 C.0878
Interastion 6 0. 6568 0.5250 0.5344 0.7862
Berexr 22 0.8515 Ce3779 0.48¢%8 0.5318

% Significant at 1% level

* 8ignificant at 5% level



AREEEDIX -~V
Analysis of variance eof log-transformed leaf cpm values for the support plant,
sxythrina

Mean sum of 8Bquares

Source n;g:;:mof Sampling interval (days)
15 30 35 60
Block 2 0.5021 1.2976 2.2036 0.5994
Distance % CeT342%%  4,0136%% 3J,7T01%% 3, 4797ex
Depth 2 2.6781 1.2229 1.7212* 1.4549*
Interaction 6 133214 1.2356 1.1302% 1423500
Brrox 22 0.9117 0.5172 0.4095 0.3171

% Sienificant at 1% level

% S4rnificant at 5% level



AREBERIX - VI
Analysis of variance of log~transformed leaf opm values for pepper vine
trailed or teak pole in relation to methed ef application

Mean sum of sguares

Degreee of

Source Precdon Sanpling interval (days)
15 30 45 60 ™
Blook 2 0.7422  1.2666% 1,4634% 0.3160 1.1268+%
Depth 1 0,021  0.0467  0.0979 0.0385 0.097%
5;;*1!;3;;“ 2 0.2305  0.0343  0,0602 0.154% 0.059%
Interactior 2 0.0160  0.0117  0.0148 0.1557 0.0500
Brror 10 10,3594  0.289%  0.305% 0.2326 0.2001

* gignificant at 5% level



AERESNDIX - VII
Amalysis of variance of log~transformed leaf opm values for pepper vine trailed
on exythrina im relation to method of applica-~ion

Mean sum of squaros

Souzce n;g:.e:;:mor Sampling interval (days)
= 5 75 &0 k]
Depth 1 0.8555 1.,1102%  (0.2233 0.5551 0.0016
Method of :
applioation 2 1.1745% (0,4804 1.2304% 0.4121% O. 909"*
Interaction 2 00544 0. 2296 0.0509 0.0282 0.0822
Brrex 10 - 02595 01778 0.2621 0.1165 0.1796

*3ignificant at 5% level



APPRNDIX ~ VIII
Abnlysis of variance of log-transformed leaf opm values for the support plansg,
erythrina as infiuenced by method of aprlication

Mean sum of gquares

Sourge m;ﬁor Sampling interyz) (days)
15 30 45 Go 75
Blook 2 C.8925 0.8607 D 6591 0.4896 0.1730
Depth 1 0 GO 0.2755 Ce2706  0.0786 0.7260
Method of :
application 2 0+4513 0.6939 0.2480 0.,0782 0.2142
Intexaction 2 1.2315 04293 0.9288 0.,1571 0,1858

Rxror 10 0.5989 0.2067 0.511C 0.3689 0,3805
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ABSTRACT

An investigation on the root activity pattern of
black pepper vine and allied aspects was conducted employ-
ing Phosphozus-32, ZThe results indioated that the active
root sone of black pepper vime trailed either on exrythrima
or on teak pele is in a soil column of 30 om radius around
the vine. It is suggested that fertilizer application to
pepper vinoa‘nuy be done in a semicircle of 30 oa radiue
facing the vine for the most offective utilisation of
the added nutrients. Growing the vine in association
with erythrina as support was found to reduce the uptake
of 32? by at leamt 20 pexr oent as compared to that grown
on teak pole. The active root system of erythrina was
found to be more extensive than the vine reaching upto
60 oa from the pepper plant, The absorption of 52? by
the climbing roots of ths vine was found to be insignificant.

A method of leaf sampling for 32p assay in black
popper vine ae well ae & method of soil injection of 32?

solution into root sone of orop plants was developed.

Annual sxhaust of nutrients by way of harvest of
1.284 kg dry pepprer wae found to be 38,5 g .N, 36.7 g K,
14.9 g Ca, 13.7T g Mg, 2.2 g P, 1.37 g S, 218 mg Pe,
155 mg Mn, 28 mg Zn and 47 mg of Cu.

From the defoliation of eiythrina. an annual



reaycling of 0.7 kg dry matter containing 25.7 g N,
0.94 g P, 6.5 g K, 20 g snch of Ca and Mg, 0.8 g 8,

131.4 mg Fo, 1008 mg Mn, 13 mg Zn and 14.2 mg Cu may
be expected.





