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Coconut (Cocos pucifers Linn.) is grown in India
in an ares of 1,1 million ha, Kerala state ranks first

in area and production of coconut in the country. The
crop occupies 6, 62, 657 ha in the state producing 3032
million nuts per annum, The palm is unigue as every
part of it is useful to man in one way or the other, It
is the traditional and the most important crop of Kerala
and for the very same reason much attention is being
given to meximise its production.

The agrotechniques developed for annual crops
cannot be directly applied to perennial crop gardens
for several reascne, The most important factor which
shoulé be considered while formulating fertilizer
management practices is perhaps the ;robable impact of
long~term fertilization on soil characteristics and
concomitant alterations in the rhizosphere properties
vhich ultimately determine the nature and magnitude of
nutrient availability to the crops, The term
rhizosphere is used here in a genersl sense to include
the total volume of soil in which the roots reside and
hence influenced by them, The term is preferred
because longterm interactions of roots with soil as in
perennial crop garden may have a wider influence on
soil than just root~soil interface in which sense it
is generally used. Fertilisers being the most



expensive input, every effort should be made to ensure
meximum utilization of the added fertiliszers by thes
palm, These two aspects assume much importance
especially because the crop is committed to the land
for over 60 years (economic life span) and hence any
damage done to the 80il through either inadvertant
practices, negligence and lack of foresight will be &

permanent one which cannot be repaired later,

There has been no concerted effort directed
towards understanding the dynamics of soil properties
as influenced by regular annual fertilization to the
crop and to evaluate the extent to which the fertility
of the rhizosphere is affected,

The studies reportéd in this thesis have the
folloving objectives:

* To evaluate the lateral and vertical spreed
of active roots of the palm

b To examine the rxole of active rocots in the
alteration of the chemical characteristics
of rhizosphere

* The changes in chemical characteristics of
the soil basins of the palm in relaticn to
long term application of inorganic NPK
fertilizers



To study the nutritional aspects of the palm
as influenced by continuous fertilizationp
and

To evaluate the relationship of common scil

tests with nutrition and yield of the palm

<O
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REVIEW OF LITERATURE

Literature relevant to the root activuty pattern
of tree crops and mineral nutrition of coconut p&lm is
revieved in this section.

2,1 Root activity pattern of tree crops

The traditional methods of studying root distri-
bution of tree crops are limited in scope because of
the labour involved in excavation, tracing and mapping
the roots etc., Furthexr, the technigues can only give a
picture of total root distribution without distinguising
active, dormant and dead roots, Isotope technigues, in
contrast, offer & qguick and reliable means of determining
the distribution pattern of plant roots, Tvwo methods
have been adopted viz, plant injection technigue (Racez
&t 21., 1967) and soil injection technique (Hall gt al.,
1953). The former is applicable only in smsll plaente
for studying the root distribution pattern while the
latter suits any plent for studying the distribution of
active roots which are directly responsible for water
and nutrient uptake from soil, The soil-injection
technigque has been extensively used for studying the
root activity patterns of tree crops. The method
involves soil-injection of & radio-tracer at various
depths and radial distance from the plant followed by
determination of the plant absorbed radio-activity.



The radio activity reocovered in the plant from a parti-
cular soil zone depends on the proportion of sctive roots
in that sone. Hence the rxadio-activity absorbed by the
plant gives a measure of the root activity in that seil

32p. & hard beta emitter is used as

gone, Generally
the tracer because of its convenient half life (14.3 @)
and ease of measurement, even though many otherxs including
15 (1amA, 1975) ®6Rp (E111s and Sarnes, 1973) and non-
radiosctive Sr were alseo used (Fox and Lirre, 1964,

In small plants such as cereals, total racio-activity
absorbed by the plant can be determined, But this is a
difficult proposition in tree crops when the plant can be
determined, 5Hut this is & difficult preposition in tree
crops where the bulk of the plant is tco large., In such
cases, 1AEA (1975) recosmended the radioassay of a
suitable plant part to evaluate the uptske of the applied

lakel from various root zones,

2:1.1 Fruit trees

Using 32

r=labelled superphosphate, bojapre and
Singh (1973) found that the maximum root activity of
mango was upto 2,4 m laterslly and 30 om verticelly 4n
the soil. About 77 per cent of root activity vas
observed upto 60 cm in one trial end it was 85 per cent
upto 30 cm depth in another trial, Absorption from the
peripheral zone of 3, was 88 per cent in both [

experinents.,



By selective placement of sz within rooting

volume, Atkinson (1974) studied the distribution of
root activity in apple trees and concluded that in
tvo year-old trees of cv, Cox/M9 maximum ebsorption
of the radiolabel was from 30 cm depth as against
90 om depth in twenty five-year-o0ld trees of cv.
Fortune/MS.

Experiments carried out to study the root
activity pattern of thirty yesr old oreénge trees in
summer and spring in a fine sandy clay loam of Spain
revealed that during summer months the highest root
activity was at 2 to 3 m distance from the tree and
at 30 com depth, Early in spring, high root activity
was observed necr the tres (50 em distance) and at
60 and 30 om depths., In mature trees (30 years old),
the zone of highest root activity was farther away
from the tree than in younger trees of 14 years (IAEA, 1978),
Studies conducted in Taiwen with 8 and 12 year old
citrus trees hed shown that in the former, the highest
root activity was at 100 ¢m lateral distance/10 om
derth in spring sesson and for the letter in the
winter season, the activity was higher nesr the soil
surface within the 100 to 200 em lateral distance
(IAEA, 197%). VWorking with *‘EBEureka Round' lemon in
the submontane Himelayan region Chandre gt al. (1979)

32

found maximum absorption of applied ““pr from a depth of



20 cm. In comparing different radial distances maximum
root activity was observed at a radial distance of 60 om
in the poste-monsoon period though the treatments (60,
120, 180 cm) did not cdiffer significantly.

2.1.2 Plantation crops

Wet and dry season experirents with fruiting
coffee trees in Colunrbia indicated that in wet season
root activity at 3C cm distance/15 cw depth was signi-
ficantly higher than st any other go0il 2Zones tested
(I~1EA, 1975). 1n dry season, no indication was
obtained of the zZones cof high and low root activities.

sz was low ia dry season. Experiuents

Uptake of
conducted in Xenya on the root activity pattern of
coffee revealed two zones viz, near the soil surface
upto @ distence of €2,85 om from the trce bhase and in
the 45 to 75 o deprth at a distance of 30 cm from the
tree. It was olso reported that in one-year-0ld coffee
plants growing on Salvador loamy sand nearly all roots
were concentreted in the top layer of 30 cm. In two-
year-pld plants, the lateral spread of the rootg was
upto 80 om and for adult tress, it was 130 om (IAEA,
1978).

Wet and dry season axperiments carried out in

Sacep garden in Ghana using azg-trae&t techrique

revealed that highest root activity was in the upper

-~.1



2.5 em soil layer., In both wet and dry season, the
effect of distance on root activity was notsignificent,
hut there wasg an indication of high root activity nesar
the soil surface at a distance of 90 to 150 cm (IAEA,
197%).

The results of 329 trecer studies conducted in
Nigeria proved the hypothesis that the feeding roots of
oil palm die beck because of the effects of dry season
draught (Forde, 1972). In i:alaysie during the wet
seagson the highest root activity was found &t the goil
surface at & distance of 3 m from the tree, Amout 70
to 80 per cent of active roots were within 0 to 20 om
depth. 1In Ivory Coast, highest root activity was
observed at 0 to 20 cm depth, Wet seaaon activity wvas
more intense and confined to the surface unlike in dry
season vhere the activity showed a steer decline with
depth (IAEA, 1975),

Soong gt &l. (1971) reported the uptaske of 32,

by heves bragiliensis seedling followidg 2
tnjection technicque and subsequent 2nalysis of leaves

v 804l-

and latex, Maximum root activity was found in a
lateral distance of 3-6 m from the trees. Jinah et al.
{1972) examined technigues for the measurerent of P

uptake by mature trecs of lieygs Dragiliensis from
different soils and soil scnes. Though leaf and latex



assay gave similar results latex assay was more reliable
and less tedicus, Best time of assay was found to be
4~-6 weeks after application. FPhosphorus uptake by
mature rubber trees from the soil wvas investigated by
Silve gt al. (1979) using *2p sofl-injection technique.
Radic-activity in the letex, a reliarle assay for
determining distribution of active roots, wes higher

a2

when “"p application was dons at a lateral distance of

0.75 m frow: the ¢tree and at 15 onr s0il depth,

Sankar (19€5) mede an investigation on the root
activity pattern of black pepper vine and allied
aspects using prhosphorus-32. The results indicated
that the active root zone of black pepprer vine trailed
either on Erythrins jndica or on teek polesus in a
so0il colurrn of 30 ¢ radius around the vine. The
active root system of Erythrins was found to be more
extensive than the vine leading upto 60 cm from the

perper plant.

Root excavation studies in healthy and cadang-
cadang affected coconut palms growing on a sandy loam
soil showed that most of the primary and secondary
roots are within 30 to 90 em depth (iaomave, 1969).

Root stucdies in coconut carried out &t Veppankul am
showed thzat & great rcjority of roots were confined

to 16 to 60 cm layer of soil (Anon, 1970), Kushwah et 3j.
(1973) from their studies on the root distribution of



coconut palm opined that palms receiving regular
cultivation and manuring produced the highest number
of roots. About 74 per cent of the roots procduced
did not have lateral spread beyond 2 m from the trunk
and most of the roots were confined to 120 om soil

depth,

From & study on the root activity pattern of

32?. Bal skrishnamurthy

coconut in 5ri Lanke employing
(1971) suggested that maximum uptake occured from 1 m
distance from the palm at & depth of 12 em, The
greatest root activity was observed in the upper

0=30 cm layer of soil close to the palm (within 150 cm)
and intensity was more in wet seaspon. Studies
conducted in S5ri Lanka using radio tracer on the
efficiency of fertilizer utilization by coconut palrs
had shown that nutrient uptake was maximum from &
lateral Gdistance of S5C em, A decresse vas observed
with increase in radial distance., Activity wis very
high within a radius of 2 m within a derth of 10«45 em

(IAEA, 197S).

Results of the experiments on the root activity
pattern of 15 and 60 year-old coconut trees (tall var,
Laguna typica) in the rhilippines in wet and dry
seasons vere reported by IAEA (197%). The zone of
highest root activity was at 1 t©o 2 m radial distance

from the palm and upto 15 om depth, It was also



observed that root activity was highest at 0,5 to 1 m
distaonce and 10 to 30 em depth in dry sesson (50%) as
vwell &s in wet season (60%) in Sri Lanka, but activity
at lower depths and greater distances vwas relatively
higher in the Adry season,

Ray (1979) reported a study conducted on coconut
nutrition using radio isotopes., Methods of soil
prlacement and plant injection technicques for feeding
nutrients to coconut have been studied and irrxigation
practices for efficient uptake and utilisation of
nutrients are suggested. The sbsorption, distribution
and translocation pattern of radio active phosphorus
and its incorporation into the nuclic acid fraction
in healthy and root (wilt) diseased coconut paims
have been studied. Carbon assimilation rates
(using *4C) in spherical, semi-spherical and erect
canopied coconut palms having different yield
charactexristics are reviewed and discussed.

2,2 Fertiliser application and foliar nutrient levels

Nitrogen fertilisation tended to increase leaf
K and Ca levels but decreased the Na and Mg levels,
Nitrogen and K fertilisation increased foliar Ca and
Mg levels but depressed K and Ra (Felisardo, 196S).
Fremond and Gross (1957) cbserved increase in Na
content of leaves due to K fertilization, Nethsinghe
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(1962) reported acceleration of symptoms of Mg
deficiency due to NPK fertilisation, whereas Brunin
(1968) observed that addition of potash raised the P
level in leaf.DeSilva (1974) reported that uptake of
Mn was high in palms stasved of N. Vernon gt 8l,,
(1978) indicated & significent response in yield to
the applicetion of ammonium sulphate and superphosphate
though foliar analysis indicated a severe ¥ deficiency.
Regular application of S kg muriste of potash per palm
resulted in a fall of lesaf Mg levels from 0,567 to
.1887 Manicot et 3l., 1980). Gopi (1981) found that
the palms receiving higher levels of Kk and K ferti -
lisers had high foliar N and X contents while P
fertilizers gave only a marginal increaése in foliar P
level. Krishnakumar (1983) reported that spplication
of nitrogen, phosphorus and potassic fertilizers
resulted in an increase in the content of these
nutrients in the 2nd, 10th and 14th leaves, keir &nd
wacnid (1976) indicated low Ca and K and high Na
content in leaf on analysis of unfertilized palms.

Devi and Velayutha (1977) 8£tsr monitoring the
nutrient concentration of the 14th leaf of coconut
immediately on 2nd and Sth day of fertilizer application
indicated a maximur concentration for ¥ and P, and K,

Wahid et a). (1973) studied the effect of

skipping N, F, K fertilisers for one year after
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15 years of regular epplication, They found a arop in
leaf N from 1.9 to 1.5 per cent and K from 1,3 to 0,9
per cent on an acidie soil. Phosphorus levels ware not
affected,i cSilva (1974) ocbsexrved a very high concen-
tration of Cu in leaves ¢causing toxicity in palms which
are starved of all macronutrients. Devi et a}. (1976)
studied the trace element status of soil and leaves of
three coconut genotypes vis, WCT, TXD and DXT and found
accumulation of ¥n, Zn and Cu in leaves of fertilized

palms,
2.3,1 Plant-induced changes in rhizosphere

Nair and Subbarso (1977) established direct
relationship between incidence of phosphate solubi-
1ising nicrobes and availeble F in coconut and cocoa
rhisosphere, Shantaram snd Saragwathy (1985) aiso
reported occurence of phosphate solubilizing bacteria
in coconut rhigosphere and observed that 26-74 per cent
of tricalcium phosphate could be solubilised within
15 days by the P-solubilising fungi in the soil.

Rozycki (1985) observed that hacteria from root
zone of pine released into the medium very large
amounts of pyruvie, gluconic and uronic acids, in
some instances several times higher than the bacterial

dry mass.



Mexrckx gt al. (1986a) found that 15 per cent of

“c fixed by maize could be recovered &s a

the total
residue in tha soil, while for vheat corresponding
figure wag two per cent. The rhizosphere u002

evolution of wheat accounted for 20 per cent of the
fixea 14

growth period, Root-derived products were slowly

C and was a constant value throughout the

incorporated by the soil microbial biomass to a

14. content

maximum of 20 per cent of the residusl
efter 6 wee:s of growth., The same authors in a sepacate
study (Merekx g% al., 1986b) showed that within four
wecks, a8 micro-environment was created around a plant
root characterised by an accumulation of root-derived
organic material., A gradual shift was seen from

ionic metal to complex high molecular weight form.

The extracts from cropped area after six wecks

complexed 61, 16 and six per cent of 5760. 65

Zn and
S4Mn in the case of maise and 31, 18 and one per cent
in case 0f wheat respectively vhere as it wes 64, 1.9

and 0.2 per cent respectively for uncropped area,

2.3¢2 Fertilizer spplication and soil physico~
chemical charxacteristics

Sathirassegaran (1967) after studies using
indicator plants reported development of acidity due to
application of ammonium sulphate and use of dolomite to



correct this and to overcome the Mg deficiency,

Devi 3t al. (1975) observed that the pH of coconut
soil basins decreased below four as a result of
regular application of ammoniacal fertiliszers, Conse~
quently the aveilability of soil "n increesed very
much which in turn enhanced the Mn uptake by the palm
to almost toxic levels (1000 ppm),

Muliyar and wWahid (1975) found a significent
increase in aveilable F content of soil at the end of
the year after applicetion of superphosphete, Mahilum
(19758) recommended split application of X and K
fertiligers in soils of low CEC and high base saturation
to avoid HH,' and k* leeehing and sdvised not to split
N and K fertilisers in place of high CEC and low base

saturation,

wahid et al. (1975) érew attention to the
building-up of avajilable P in soil basins receiving
annual ¥ application., In view of the lack of response
to added P, they suggested skipping of P fertilisers,
once 8 good build-up of available P has been attained
following regular P spplicetion (Wahid gt al., 1977).
work done at the Central Plantation Crops Research
Institute, Kasargode has conclusively proved the
feasirility of guch an approach in coconut gardens
(¥hen et 8)., 1983). Higher svailable P and exchangeable



16

K values were observed in fertilized plots than in
unfertilized plots by Nair and wahid (1976), Loganathan
and Nallieh (1978) reported that F in the soil profile,
eight years after concentrated superrhosphate treatment,
increased the Al-F and to a lesser extent Fe~F and Ca-p,

Eusebio (1970) studying the chemical character-
istics of soil of seven~year-olé coconut pslms showed
significant improvement in organic matter, P; K, Ca
and S contente of soil. Significant effects were also
cbsexrved on P and Ca levels by the interaction of

nanagement practices and fertilization,

viahid et a}. (1981) observed significant
differences in the cherical characteristics of soil
basins of 10 coconut varieties/hybrids receiving
reguler application of NPK fertilizer for over

20 yearxs,

2.4 Relationships among leaf nutrient levels and
yield

As the main reguirement of the palm is for K

- and since it is concentrated in the pericarp and nut
wvater, Selgado (1956) attempted snalysis of nut water
to examine its utility for deficiency diagnosis. He
got a high degree of correlation hetween yield of
copra and K content of nut water and found out that



yields were increased by application of K. Ollagnier
snd Prevot (1959) arxived at optimal fertilisation in
a series of soils Dy analysis of N, P, X, Ca, 8 and Mo,
Bachy (1963) pointed out the importance of K-Ca-Mg
equilibrium {n the plant and its effect on yields of
‘the 011 palm and coconut. Devi and Pandalai (1968)
conducted foliar enalysis on palms of the same progeny
growing on different fertility levels and found that X,
Phosphoric acid, potash, lipoid phosphoric aeid, Fe
anéd ¥n vwere positively correlated with yield, vhile Cs
and B had little influence on tha yield, Ollagnier

and Ochs (1971) studied Cl content in coconut pelms
and concluded that Cl is a major indespsnseble element
in the commezrcial cultivetion of oil and coconut palms
and optimum foliar Cl content of 0.5 ~ 0,6X produced
maximum yields, Uexkull (1972) in s study of poill
containing high quantities of exchangeable K (300 ppm)
found that both young and bearing palns responded to
KCl dressing, and tha reeponses vwers correlated with
foliar Cl levels. Ollagnier (1972) suggested that
critical level of leaf 3 lies between 0,20 and 0,23%
dry matter. Thomas (1973) reported the relation of
leat X/P, N/K/Ca/Mg ratios, but the level of K hes

€0 be interpreted in terms of a nutrient halance
between K and Ca, As for single elements, only foliesr
N and Ca have got positive correletion with yleld,

17
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According to Brunin and Coomans (1973), B
applicetion to adult palms raised foliar B levels but
hed no marked effect on yield, Daniel and Manicot
(1973) in a study conducted on three year old coconuts
in New Hebrides stated that a Cl content of 9th frond
Of 0,42 = 0,45% is optimam for plant growth,

Thomas and landra (1974) after foliar analysis
of the nutrient composition of high and low ylelding
palms of the typicel variety showed that yield was
correlated with N/P, N/K and Ca/Mg retios.

Magat gt al. (1975) reported & positive
correlation betvween copra weight/nut and copra yield/
tree and Cl content of leaves, vhile a negative
correlation was found for K levels suggesting that
likely limiting nutrients are Cl anéd K,

Devi and Velayudnam (1977) indicated that
foliar concentration does not reflect yield differences
between genotypes.DeSilva et al. (1977) founad th:t S
content of the 6th leaf form the most sensitive index
t0 5 trestments which in turn enhanced total yield of
fruits and veight of copra but decressed vweight of
keznel/nut. The derived curve for yield vs 8
concentration in the tissue ves C~ghaped which was
attributed to growth dilution effects. Kanapathy (1977)
in a study on dwarf cooonut palms shoved that there
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was no yield response to P fertilisation. Ouvrier and
ochs (1979) derived eguation for cslculating the uptake
of N, P, K, Ca, Mg, Na, Cl and 8§ by fertilised coccnut
trees in relation to copra yields. The uptake of K and
Cl were the highest, 193 and 128 kg ha™' respectively
for a coprs yield of 6700 kg from 138 trees, Hitrogen
uptake was 108 kg ha"! and the remainder in the
descending order of Ns, P, Mg, Ca and 8 (20-9 kg ha™l),
The copra accounted for 74, 89, 67 and 24 per cent of
the absorbed h, P, Ca and X respectively, the husk
sccounted for 60 per cent of sbsorved K.

Gopi (1981) revealed that the R congcnt of
different leef positions was significantly correlated
with yield., The P content of leaf lamina failed to
establish significant correlation with yield,
irrespective of leaf positions. 7The coefficients of
partial correlation with yield and K per cent of
lamina of leaf position 2, 3 and 6 vere significant,
the highest value of 0,663*" being recorded for the
2nd leaf,

According to Krishnakumar (1983) yield of the
palms was lignxficantly correlated with the K per cent
of leaf lamina. The partial correlation coefficients
betwesn yield and the P per cent of the leaf lamina
of the three leaf positions wesre not significant,
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The coefficient of partial correlation between yield
and K content of 2nd and 10th lesf were significant,
The highest r value, 0,432** being recorded by the
10th leaf, On the other hand, the contents of Ca, VMg
and Na gave significant correlation with yield only
in leaf position 14,

Ziller and rrevot (1963) gave defimition of
critical level of an element as the percentage on 4ary
matter basis of that elerent, below vhich an appli-
cation of the eppropriate fertilizer had a fair
chance in increasing the yield. They gave the
critical levels for N, P, K, Ca and ¥g in 14th frond
as 1,70, 0,10,0,45, 0,50 and 0,40 per cent 4ry matter
respectively. These values were further modified by
Fremond gt a}. (1966). The criticeal levels suggested
by them for I, P, K, Ca and Fg are 1.8 to 2.0, 0,12,
0.8 to 1,0, 0.5 and 0,3 respectively. Romney (1966)
and Kanspathy (1971) extended the critical levels to
cwarf and semi tall palms also with modification.

In 1980, ranicot gt 8l. confirmed the criticel level

for K of 14th fronc¢ given by Fremond gt s]l. (1966) and
suggested 1.4 per cent as critical levels for the

element in hybrid palms. Manicot gt al.(1980)

suggested critical levels of Fe (50 ppm), Cu (5 to 7 ppm),
B (5«10 ppm) and 8 (0,15 to 0,20 per cent) in 14th

frond,
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Teffin and Quamces (1980) suggested critical level
of C1 as 0,5 to 0.6 per cent, Rschbach and Manicot
(19681) revised critical level for Mn (100 ppm) &nd 2Zn
(1S ppm) 4n the 14th frond. Gopi and Jose (1983) worked
out the critical level of R and K in the 2nd leaf as
3.31 per cent and 2,17 per cent respectively. Krishnekumar
(1983) obtained critical level of N and K as 2,9 and 1,8
per cent respectively in 10th frond for meximm yield,

According to Wahid (1984), the criticel level
concept holds good only in the cess of ¥, K and Cl in
coconut as these three nutrients are directly related
to yield, For other nutrients, the most practical
spproach for deficiency diagnosis is through visible

symptoms,

2,5 Interrelationships among scil test values, leaf
nutrients snd yield

Nethsinghe (1963) suggested critical soil P lewel
for coconut as 5«9 ppm, Coxdove (1965) showed that
leaf Ca was highly correlated with soil exchangeadble Ca
and percentage saturation of the cation exchange
capacity. Agcording to him excessive amount of soll
exchangeable Ca depressed K uptake and leaf K was
more related to percentage K saturation of the CEC than
to its totsl amount in exchangesble form. Regardless
of the amount of soil exchangeablo Ha, leaf Na tended
to be lower in high yielders. With sufficient soil
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available P and N, highly productive trees tend to
prefer soils in which the ratios Ca/Mg, Mg/¥, Ca/K snd
(Ca ¢ Mg)/K wvaried only naxrowly., Jack (1965) cbserved
that soil K decreased from the surface to the sub soil
in the high yielding sites, soil K was highly
correlated with leaf K and soil and leaf X vere highly
correlated with number of nuts produced, Devi and
Pandalai (1968) reported that foliar nutrient levels
reflect to some degrec the nutrient status of the soil,
Indizskutty and Pandalei (1968) inm & study with tall
coconut palms growing in four different soil types
reported increase in foliar contents of N, 9205 and
xze with increasing yleld as against Ca and 4g. The
foliar nutrients were in the decreasing order of N,
K0, Péos. Ceo end Mgo. Hitrogen and P,0, were
highest in palms grown in red loam, while x,o vag
highest in sandy loam. The contents of Mgo and Cao
vere relatively more in palms growing on littoral
sandy soil. The total plant uptake of K was signi-
ficantly ocorrelated with the corresponding ratios of
Ca to K in the soil obtained by ammoniur acetate
(neutral normel) extraction. The correlations were
negative which confirms the preposition that as the
ratio of Ca t© K in soil incresses, the leaf K
decreases correspondingly (Nartes, 1969). Queri jerc
(1972) discusses the sprlicetion of soil and leaf
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snalysis 1n assessing the nutritional requirements of
coconut and other crops.DeSilva gt gl. (1973) on
analysis of fronds from bearing and non-bearing palms
found thet the latter hed significantly lower levels
of N, P and }g attributed to an induced lowering of P
in fronds caused by a lower uptake of Mg by the tender
roots of bearing palms, Thomas (1973) opined that
foliar nutrient composition reflected the nutrient
status of soil., #ahid gt al. (1974) in a study of
West Coast Tall coconut variety found & negative but
insignificant correlation between root CEC and yleld,
The lsaf X + Na content fell with a rxise in root CEC,
where as Ca + Mg increased, lighly signific:ant
cozxrelations vwere obtained betwecn K/Na and K/(Ca + Mg)
and K/Mg ratios in the soil and their corresponding
ratios in the leaves, The K content of the leaf and
801l was positively correlated with yield with a
critical level of 0.8 to 1.0 pexr cent on a8 dry weight
basis. The leaf K level was affected by the leaf
level of Na, Ca and Mg, Ramansiidan and Pillei (1974)
conducted a study on the permanent experiment plots at
Central Plantatin Crops Reseszch Institute in Kerzla
with three permanent plots vis, (1) with regular
cultivation (2) with regular cultivation and no manuring
{(3) with no cultivation and no manuring. Analyses of

leaf samples collected during summer and rainy seasons
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showed that during both'sesscns, lesves of palms of
first plot contained gignificently higher amounts of

N and K sand average yield of nuts than those of other
plots., Available X increased in first plot than other
in 0«30 om and 30460 cm depth, DesSilva (1976) stated
that acidic soil conditions increased the Mn concen-
tration in leaves, but do not consistantly incresse
the Fe concentration. The digtribution of Ikn in roots
and leaves are 8lsc highly related to level of supply.
Devi g% al. (1976) observed an inverse relationship
between K and Mg content of leaves, Low soil wanahh
K induced low K conentration in leaves, Magat (1978)
and Mahilum (1976) reported trat soil anelysis supple-
mented by leaf anslys=is provides a bett';et way of
evaluating the nutrient status of growing palms.
Mathew and Varkey (1977) in a study on root (will)
affected areas found that the status of Ca and Mg of
80il and leaf was not correlated with incidence of
root (wilt) disease, Dedb g% gl. (1977) attempted a
study on chemrical composition of soil and the available
nutrient status as & guide {n’establishing nutrient
disorders in cocunut palms in major coconut growing
ecid soils of Kersla, Logensthen and nallaish (1978)
in a study conducted in Sri Lanks reportsd that P
evaluation in the 14th leaf was significantly
correlated with Al-pP, Fe-PF and RalHCO4~F but not with



Ca~P and organic-P,

Ogius et 81, (1978) proved that leef Cl levels
significantly decresased with increasing S, Correlation
analysis between two elemsnts like wisc revesled &
certain degree of negative interaction which somehow
substantiates the apparent antagonism between Cl and 8,
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MATERIALS ARD METHODS

3.1 Root activity psttern of coconut

This study was conducted making use of a standing
population of nine-year-old coconut palms (ver, vest
Coast Tall) at the College of Horticulture, Vellanikkaras.
The location is situated at an altitude of 22,25 m above
FeSele ot latitude 10°32°'N and longitude 76°10°E and
enjoys typical varm humid tropical climate,

3.1.1 8eil

The soil at the sxpsrimental location is acidic
laterite (oxisol) and grawelly in nature.

Jel.2 Method

Phosphorus-32 soil-injection technique was
employed for studying the root activity pattern, 7The
trees at the experimentsl] site were spaced at 8 m x 8 m,
For application of np. disgonally planted trees were
selected., This arrangement gave a minimumm distance of
11,3 m between any two treated palms (Fig.l). The
selected trees wexe of more or less uniform growth and
vigour in terms of height and nurber of leaves
(Appendix-I) .

The experiment was phased over two years (1985
and 1986) during monsoon season between August and
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FIG. 1. LAY OUT OF 329 EXPERIMENT AT VELLANIKKARA




lioverber. In the first year, the study was confined
to 2 m radial distance and in tha second year the
study was continued from 2 w to ¢ m, There were
altogether 15 treatments in the first year experiment
being the combinations of five radial distances (30,
60, 100, 150 and 200 cm) and three depths (30, 60 and
90 car). In the second year experiment, 12 treatments
covering the combinations of four lateral distances
(200, 250, 300 and 400 om) and three depths (30, 60
and 90 cm) were included. Eoth“experiments were
conducted in randomised block design with single trees
forming the experirental unit (plot size). There vere
three replicaticns for each treatrent,

Equally spaced sixteen holes were dug to the
required depth and radial distance around each tree

32p application using a scil auger

a day in advance of
of 5 cm dia. The holes were plugged with PVC tubes of
elightly longer length and covered with plastic caps

at the open end to prevent filling-up during rains,

In the first year experiment, labelled super-
phosphate in gelatin capsules with a specific activity

of 1,56 nCileg 13205“1

was used as the radioactive
source (Fige2a &b)Each cepsule contained 600 mg of
supexphosphate, At the time of application, the
plastic eap of the access tube was removed -nd one

capsule vwes dropped into it, The total radiocactivity



Fig. 2 Placement of encéapsulated 32p labelled
superphosphate in soil

(a) Labelled superphosphate in gelatin
capsules

(b) Placement of capsule at required soil
depth



Fig.
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sz was applied

In the second year experiment,
as solution containing & cerrier level of 1000 ppm F
(kH_PO,). The application of radiosstive solution wes
done using & field dispenser fabricated and perfected
at the Rediotrzacer Laborstory, College of Horticulture,
Vellanikkars (Sankar, 198%)., Criefly, the method
consisted of aprlying 4 ml of radioactive solution by
the ur end down motion of the calibrated plunger of
the dispenser into the sctems tubes (Fig, 3). The
radiozetivity remaining in the inside of the access
tube was then washed down with a jet of esbout 1S ml
distilled water from & wvash bottle, The total radio-

activity applied per tree was 1.4 mCi (31.8 !Bq).
3.1.3 Leaf sampling

In the two experiments sixth leaf starting from
the first fully opened one was selected for radioassay
(Nethsinghe, 1962), Three leaflets were sampled from
either side of the middle portion of the frond of each
treataed palm and pocled to form & sample for each
treatment in a replication. In the first vear
experiment leaf samples were collected at 13,33,50 and
71 days after aprlication. In the second year
experirent, the sampling was done on 13th, 33rd, 47¢th

32

and 63rd day after ““p placement. The leaves were



Fig. 3 Soil injection of 32? solution using field
dispenser






dried in an oven at 785°C, cut into small pieces after
removing the midridb prier to radioassay,

3.1.4 Radioassey

For the determination of sz activity in the

loaf samples, the method developed by Wshid gt al.
(1985) was followed. The method is b=sed on the

datermination of 32

P @ctivity by Cerenkecv counting
technique. 7The procedure involved wet digestion of
oven-driec and finely cut leaves with 1:1 perchloric-
nitric acid mixture and determination of redioactivity
in the digest z=fter transfering it quantitatively into
8 scintillation comnting vial., The redioactivity ves
determined in a micro-processor controlled licuid
scintillation system (Rackhets of L.K.!, Wallec Oy,
Finland) adopting channel settings and computer
progracme recorrended for tritiur counting by liquid

scintillaticn technigue,

The count rates (cpm) were corrected for
background and decay, No attempt was made to present
the data in dpm as the counting efficiency of the
instrurent remained virtually constant (32x) during
the experiment period.
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3.1.5 3gtatistical analysis

Ag the ”P gecoveries in the lezf samples shovwed
considerable viriaebility, the data vere subjected to

logerithmic transformation (log 10) prior to analysis
of variance.{Panse and Sukhatme, 1967).

3.,1,6 Pexcentage root activity

Percentage root setivity was computed for each
treatment from the following expression:

Radioactivity zecovered in
the leaf for the treatment
(epry g~ )

Root activity(¥) = x 100
Total radioactivity
recovered for all tgn
treetments {(cpm g™*)

3,17 Soil sampling

In order to study the rxelationship between root
activity and soil chemical characteristics, soil
samples vwere collected separately from the basins of
three adjacent untreated palms, Using soil auger,
s0il cores were removed from depths of 20-40, 50«70
and 80-100 om 2t radiasl distances of 30, 60, 150, 200,
250, 300 and 400 cm, These depths correspond to 10 em

32p placement at the

above and below of the point of
different rodial distances, 7The soil cores were taken

from five points correspending to the depth and radial
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distance sround each tree and pooled to form a ssmple,
The soil sswmples were airxr dried and sieved through
2«3 wmesh prior to chemical analysis,

3,2 Studies on the soil characteristics and coconut
nutrition in relation te NPK fertilization

The effects of long term NFK fertilisation on
the chemical cheracteristics cf coconut soil basins
as well =8 on foliar nutrient levels were studied
making use of palms under an on-going fertilizer trisl
at the Coconut Resesrch Statior, Dzlaremgpuram, This
field trial was an NPX factorial expericent testing
three levels each of the nutrients, The detalls of
the experiment are as follows:

Design ] 33 confounded factorial
Total nurber of s 27 (N, P end K each at
treatments three levels)

Nurker of s 2

replications

Number of blocks s 6

Total nurber of plots 3 54

Numberxr of plots per s 9
block

Spacing 3 7¢5m X 7,5m

Number of experimentals 4
palms per plot

Treaurents confounded 3 m’xn in replication 1
szxz in replication 2



Coconut variety t West Coast Tall

Date of atart 3 17.6.1964
Levels of nitrogen (g N palm™' year -1,

Ro t O

Ny s 340

Ny s 680

Levels of phosphorus (g Pg 05 palm -1 year "")

Pe s O
Pl s 228
Pz _ t 450
Levels of potassium (g K,0 paln"'l ym"‘)
xo s O
K1 s 450
Kz s %00

Nitrogen, phosphorus and potassium vere applied
through amoniur sulphate (20,5% N) super phosphate
(18% P,0;) and muriate of potash (60% K,0) respectively
right from the start of the experiment ané no corganic
matter source was included in the fertilizer schedule.
The eoil at experimental site wag red sandy loam
{(alfisol). The palms were 22 years old wvhen they were
made use of for the present study,



3.2.,1 Collection of soil samples

S0il semples from the basins of all experimental
pelms were collected from a distance of 50 cm from the

JJd

palm and to a depth of 50 cm as followed by Fillai et al.

(1975), The samples collected from the four palms of
each experimental plot were composited to form one
serple, Altogether 54 soil samples vwere taken from the

two replicationsa,

S0i) samples from diffexcnt depths viz. 0«25,
25«80, 50«75 ané 75-~100 cm were also collected
frxor edght selected tresticente &t a distance of 50 em
from the palm. The samples collected from the basins
of the four palws in a plot for a particular depth were
then composited to form a single sample, In t:is way
64 soil sarmples were collected from the 16 experimental
plots in the two replications. The seclected eight
treatnents were the factorial combinations of Nge Noe
F

o? ?2 and KO' K?'

3.,2,2 Collection of leaf samples

Leaf samples vere collected from the 14th frond
as suggested by Fremond gt al. (1966), Four leafiets
from either slde of the middle portion of the frond of
each palm in a plot were collected and pocled for that
treatment and replication, In addition, samples were
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also collected from the sixth frond (young leaf) for
comparison, The lesf samples were dried in an oven
at 75°C, powdered in & mill with stainless steel
bledes and stored in polythene bottles.

3.2.3 Analytical nethods
3.2,3.1 Soil)

Soil samples collected from the experimental
plot?bv root activity studies were analysed for ph,
organic carbon, avajlable P, available ¥ and Ng,
exchangeable Ca and Mg, ozchange acidity, cation
exchange capacity and extractable Fe, Mn, Zn and Cu,
The soil samples collected from NPK trial at
Balaramapuram were analysed for sll these characteristics
excepting cation exchange capacity and exchange acidity.
In additon, extractable S and Cl were also daetermined
in these soils. The details of chemical a2nalyses are
given in Table 1,

3.2.3.2 Leaf analysis

Leaf samplis collected from the NP trial were
enalyse¢ for i, P, ¥, Cl, Ca, Mg, 8, Fe, Mn, Zn and Cu,
Total N was estimated by Hasqgﬂzoz digestion followed
by estimation of i in the digest hy the Nessler method
developed by vwolf (1982). Chlorine was estinmsted by
titrim@lry after digestion (Anon, 1972),



Table 1,

Details of the methods followed in soil chemical analysis

Soil Soil-solution Extraction Extractant Method of Instrument Reference
characteristic ratio period (min) used estimation used
pH (H,0) 1 : 2,5 - - Direct reading pH meter Jackson (1958)
Organic carbon - - - Walkeley-Black Titrimetric Jackson (1958)
Available P 1 : 10 5 Bray - I Molybdenum blue Spectrophotometer Jacksor (1958)
Available K 1 : 10 30 N Ammonium Direct reading Flame photometer Jackson (1958)
acetate (pH 7) after dilution
Available Na 1 : 10 30 " Direct reading Flame phciometer Jackson (1958)
after dilution
weilitle Ca 2 10 20 " wrmic ebsorrtion Jackson {1958}
cpectrennotometer
vailinle Mo 7 ¢ 10 30 " " " Jackson (1958)
Exchange acidity 1 : 20 15 BaCl,- Titrimetric - Mehlich (1953)
Trie%hanol
amine
Cation exchange - - - Summation of - ?l;:k (1965)
capacity exchangeable K,
Na, Ca, Mg and H
Available S 1 : 10 30 KH,PO, with Turbidimetric Spectrophotometer Fox ex al. (1964)
508 ppm P and Jcnes et al.
(1e72:
Available Cl 1 :5 5 Water Mohr's titration - Jackson (1958)
Extractable 1 : 10 15 Double acid Direct reading Atomic absorption Page (1982)
Fe, Mn, Zn and Cu HCl 0.05 N +

H,8C

,5C, 0.025 N

spectrophotometer




Determinstion of other nutrient elements in the
leaf samples was done after digestion with 1:1 HNOs -
HClO‘ diacid mixture (Johnson and Ulrich, 1959).
Phosphorus in the digest was estimated spectrophoto-
metrically by the vansdomolybdate yellow colour method

(Jackson, 1958),

Potassium was estimated using flame photometer
while estimations of Ca and !g, Fe, Mn,Zn and Cu were
done in an atomic absorption spectrophotometer, For
the atomic absorption sgpectrorhotometric determination
of Ca and Mg 8:C12 was used as the rejesasing sgent,
Total 5 in the digest was estimated turbidiretrically
(Jackson, 1958).

3.2,4 Statistical enalysis

Analysis of variance and simple correlation
analysis were used to bring out the treatment effects
and the nature of relationships among varisbles
respectively. The statistical analyses were cone at
the Computer Centre, Kerala Agricultural University,
Vellanikkera.
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RESULTS AND DISCUSSION

4.1 Pattern of 33? absoxption by coconut palm

The studies on the sbsorption of soil-spplied Jp
vere conducted in the wmonsoon seasons of 1985 and 1986,
In the first year the application of >2p was done in
the form of encapsulated superphosphate while in the
second year 32? was applied in solution form, The
experiment conducted in the first yesr covered radial
distances upto 200 cm from the palm, whereas in the
second year, the pattern of root activity from 2 to 4 m
distance from the palm was studied, In both cases, the
maximum depth tried was 90 om,

4.1.,1 Patstern of 32? abporption from an ares of 2 m
radius sround the palm

The data on the recovery of radiocactivity in the
palm leeves at 13, 33, SO and 7idafter 32p placement
are furnished in Tables 2 to0 5 respectively. It wvas
observed that the absorption of the radiolabel was more
or less uniform from the various r:dial distances
namely 30, 60, 100, 150 and 200 com from the palm at all
sampling intexvals. Hovever, significant differences
were observed with respect to depth of placerent at
13, 33 and 71 @ after application. There was a gradual

decretse in the absorption of 32? with increasing depth.



Table 2. Absorption of applied 321~“}:y¢:ov:.'u:mut palm (cpm ¢ = leaf) from an ares of upto
2 m radius and 90 cm depth 13days after placerment (log transformed values)
Depth Lateral distance (cm)
(cm) 30 60 100 150 200 Mean
30 1.737 1,628 2,080 1.594 1,550 1.719
(54.551) (42.456) (120.176) (39.221) (35.489) (52.412)
60 1.745 1,650 1.793 1.415 1,307 1.580
(55.652) (44 .664) (62,122) (26,031) (20.274) (38.061)
90 0.847 0,916 C«465 0.595 0.955 0.755
{7.026) (8.244) { 2.918) (3,934) (9.021) (5.698)
Mean 1.442 1.398 1,445 1.202 1.272
{27,640) (25.010) (27.918) (15.949) (18.715)
SEM s 0,403

ch (0,08) for corpariscn of

Lateral distance

Depth

l.ateral distance x depth

1 Not significant

4 00521

s Not significent

Parenthes:is denote retransformed values

§€



Table 3, Absorption of applied 32, by coconut palm (cpm q'l l=8f) from an area of
upto 2 m radius and 90 cm depth 33 days after placement (log transformed
values)

: ;l Lateral distance (cm)
(cm 30 60 100 150 200 Mean
30 2.844 2.966 2,666 2.583 2,297 2.670
(698,.248) (923.817) (463.434) (383,257) (1968,.183) (468,091)
60 2,857 2.649 2.523 2,579 2.1688 2.557
(719.509) (445.226) (333.198) (379.444) (154.301) (360.942)
90 2.041 1.92¢ 2.093 1.772 2.17 1.997
(109.,838) (83.85%51) (123.838) (59,093) (148.252) (99,.388)
Mean 2.579 2.514 2.427 2.310 2.219
(379.444) (326.601) (267.410) (204 .147) (165.456)
SEM s 0,324

CD (0.05) for compsrison of

Lateral distance

Depth

Lateral distance x depth

s Yot significent

4 00‘20

&t Kot significent

Parenthesis denote retransformed values

€



Table 4. Absorption of applied 32? by coconut palm (cpm g"'1 leaf) from an arca of
upto 2 m radius and 90 cm depth 50 days after placerment (log transformed
values)

} Lateral distance (cm)

(cm) 30 60 100 150 200 rean
30 2,983 3.165 2,922 2.696 2,718 2,896
{961,.510) (1463.248) (835.922) (497.029) (522.507) (787.252)
60 3,187 2,966 2,714 2.874 2.549 2.857
(1538,254) (923.817) (517.309) (748 .866) (353,797) (719.508)
90 2.818 2.540 2,327 2.306 20597 24518
(657.49S) {(346.733) (212.477) (202,117) (354.926) (329,.883)

Mean 2,996 2.892 2,653 2.623 2,623

(990.786) (779.421) (449.741) {(419.342) (419.342)

SEM s O, 256

CD (0.05) for comparison cof

Laterzl distance

Depth

Late:al distance x depth

st Not significant

t Not significant

$ Not significant

Parenthesis denote retransformed values



Table 5, Absorption of applied 32? by coconut palm (cpm g'l leaf) from an area of
upto 2 m radius and 90 cm depth 71 days after rlacerent (log transformed
values)

D.p?h Lateral distancs (cm)
( 30 60 100 1%0 200 Mean
30 3.148 3.209 3.022 2,900 2,696 2,996
(1405.886) (1617,104) (10%2.039) (795,163) (497.029) (990,.796)
60 3.148 2.996 3,070 3.035 2,792 3.009
(1405.886) (990.786) (1174,340) (1084,072) (619,307) (1020,.9%4)
90 2.518 2.549 2.692 2,388 2,662 2,562
(329.883) (353.797) (492.085) (244.,399) (45C.524) (364.569)
Mean 2.940 2,918 2,927 2,715 2.718
(870,030) (827.607) (844.322) (595.,029) (522.507)
SEM 1 00201

CD (0,05) for comparison of

iateral distance 3 Mot sicnificant
Derth s D261
Lateral distance x depth : Not significant

FParenthesis denote retransformed values

I%



The decrease was most comspicuous and significant at
90 cm depth. This trend was observed irrespective of
the interval of sawmpling, The lateral distance x depth
interaction was not significant at any sampling

interval,

32

The absorption of "' as a function of time is

shown 4in Fig. 4. The overall sbsorption increased from

1

32 cpm on 13th day to 792 cpm ¢~ leaf at the end of

the experiment (71st day after placement).

4.1.2 Pattern of 32p absorption from an area of
2 to 4 m radius around the palm

In this experiment, & comparison of the absorption

32, from 200, 250, 300 and 400 cm radial distances

of
was made keeping the depths of placement similar to
that in the previous experiment, The data on the
radioactivity recovered in the leaves after 15, 33, 47
and 63 Qays of eapplication are presented in Tables 6
to 9. It was ohserved that the absorption of 32P was
not influenced by lateral distance from the tree and
depth of placement during the first 33 days. However,
significant differences in the abscrption of the
applied lesbel from different rodial distances and
depths vere cobsexved at later intervals of sampling,
namely 47 and 63 days after -°p applicstion. The date

indicated a gradual decreese in >°p absorption with
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Table 6, Absorption of applied ““P by coconut palm (cpm q‘l leag) from an area of
2 to 4 m radius and upto 90 cm depth 15 days after application (log
transformed values)

Depth Lateral distance (cm)
(cm) 200 250 300 400 Mean
30 1.776 1.732 1.767 1,18% 1.61%
(59.6687) (s¢.008) (58.508) (15.324) (41.,231)
60 1,984 2.032 1,620 1.411 1.763
(96.448) (107.660) (41.645) (25.,772) (57.923)
90 1,563 1.780 1.385 1,759 1,580
(36.570) {60,286) (24.272) (38,.830) (38.082)
Mean 1,776 1.8%0 1.589 1,395
(59.687) £70.744) (38.830) (2¢.762)
SEM s O, 247

Ch (0,05) for comparison of

Lateral distance

Lepth

Lateral distaence x depth

Parentheses denote tetxenu&rmed values

s ot signiticant

t Not significant

s hot significant

(AR )



Teble 7. Absorption of applied 32? by coconut palm (cpm 9‘1 leaf) from an area of
2 to 4 m radius and upto 90 em depth 33 days after application (log
transformed values)

Lateral distance (cm)
Depth
(em) 200 2%0 300 400 Meean
30 2,392 2.154 2,184 2,054 2,197
(246 .85%%) (142,.440) (152.768) (113,179) (157,417)
60 2,353 2.158 2,0%8 2,197 2.193
(225.613) (143.871) (114.318) (157.417) (155.851)
90 2,227 1,837 1.845 1.845 1.941
(168 ,.829) ( 68,654) ( 70.041) { 70.041) ( 87.272)
Mean 2,323 2.049 2,032 2,032
(210.363) (112,053) (107.,660) (107.660)
SEM | 00165

CD (0.05) for compsrison of

Lateral distance

Depth

3 Not significant
8 Bot #ignificant

s Not significant

Lateral distance x depth

Parenthesis denote retransformed values

5



Table 8. Absorption of spplied 329 by coconut palm (cpm g"' leat) from an ares of
2 to 4 m radius and upto 90 om depth 47 days after application (log
transformed values)

Depth Lateral distance (om)

(cm) 200 250 300 400 Mean
30 2.384 20,368 2.2 1,997 2,262
(241,968 (244.399) (186.5€0) (99.388) (182,.887)
2.401 2154 2,058 1.641 2.062
(251.840) (142,440} (114.316) (43.780) (115.465)
90 2.180 1.772 1.789 1,672 1.854
(151.246) ($9.093) (61.504) (46.954) (71.455)

Hean 2,323 2,106 2.041 1,772

(210.363) (127.606) (109,.238) {(59.093)

CD (0.05) for comparison of

Lateral distence 2 0,34F

Depth s 0,.30¢C

Lateral dist:nce x depth

Parenthesis denote retransformed values

s Not significant
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Table 9. Absorption of applied >2p by coconut palm (cpm g = leaf) from an area of
2 to 4 m radius and upto 90 cm depth 63 days after spplication (log
transformed values)

Depth Lateral distance {(cm)
(cm) 200 250 300 400 Mean
30 2,423 2,392 2,332 20132 2,319
(264.750) (246.85%) (214.612) (135,49%5) (208,.271)
60 2,358 2.284 2,106 1.967 2.180
(227.880) (192,261) (127.608) (92,.667) (151.246)
90 20310 1.858 1.667 1.863 1.924
(204.147) (72.173) (46.487) (72.898) (83.851)
}ean 2 ™ 366 20130 2 QO” 1 098’
(232.482) (151.246) (108,.742) (97.417)

SEM 3 0,166

CD (C.0%8) for comparison of

Lateral distance : G.281

Depth t 0 . 243

L.ateral distance x depth
Parenthesis denote retransformed

: Bot significant

values

Q%
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increasing lateral distance from the tree. Despite this,
the difference between 200 and 400 cm was only found
statistically significant., Among the three depths of
placement, the absorption from 90 cm was the least here
again, The lateral distance x depth 1ntntactiqn was also
not found to be significent. The overall mean absorption
of 32, grom 200 to 400 cm radial distance is shown in
Fige 5 as a function of time, There was a sharp increase
in the absorbed radiosctivity from 45.7 cpm g~> at 15 4
to 133.5 cpm q’l at 33 @ after application beyond which

the increase was only marginsl,

4,1,3 Distribution of active roots in different soil

sones

From the two experiments conducted on the

absorption of 32

F by coconut palm, it was observed that
the mean values for the depths of placement at a

lateral distance of 200 cm were similar, In the first
experiment the mean values obtained for 30, 60 and %0 om
depths at 2 m lateral distance were 206,7, 161.8 and
124,8 cpm g~} respectively., The mean values obtained
for the same treatments in the second yesr experiment
vere 175.3, 187.9 and 117.5 cpm g~} respectively. In
view of the similarities in the observed values for the
three depths at 2 m radial distance in these two

experiments, the mean values obtained for other
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treatments in these experiments may also be considered
intercomperasble, Based on the reasoning that the
absorption of spplied %, from different soil zones
reflects the relative density of active rootz in them,
the percentage root activity of the palm in each soil
zone upto a radial distance of 4 m was computed, For
this purpose, the mean cpr values of the data presented
in Tables 2 to 9 vere made use of, However, for the
three depths at 2 m radius from the palm, the mean
values obtained in the two experiments were averaged,
These computed values are given in Table 10. From
these dat:, percentage rost activity at <ifferent
depths and lateral distances were worked out (Tahle 11),
The data indicated that a major portion of the root
activity vwies within an area of 2 m radius around the
palm, The vertical distribution of active roots was
mainly confined to a depth of 60 cm and the root
activity decreasec sharply at 90 om depth, The overall
pattern (Fig. 6 ancd 7) indicates a gradusl decreage of
root activity from near the palm to farther away from
it. On the other han<, the decrease in root activity
with depth 18 less marked upto 60 cm., As the experirents
were conducted in the rainy season, the data relating

32? fxom different depths and lateral

to absorption of
distances may be considered to reflect the active root

density in these soil szones and are not affected by



Table 10. Absorption of applied 3_ from various soil zcnes from the tuwo
experiments (mean cpm g = leaf)

Lateral distance (cm)

Depth

(cw) 30 60 100 150 200* 250 300 400
30 476.4 552,31  470.4  277.5 1909  146.7  137.6  63.%
€0 542.3  367,5  335.0 299.1  174.9  143.5 91.3  63.7

90 113.8 96.0 78.4 68.2 121.2 64.8 46,9 60,9

* Mean values obtained in each experiment was averaged

67



Table 11, Relative root activity of coconut palm st different lateral distances and

depth (%)
Depth Lateral distance (cm)
(em) 30 60 100 150 200 250 300 400 Meen
30 9.8 11.1 9.4 5.6 3.8 2.9 2.8 1.4 46.5
60 10.9 7.4 6.7 6.0 3.5 2.9 1.8 1.3 40.5
90 2.3 1.9 1.6 1.4 2.4 1.3 0.9 1,2 13.0
lMean 22.1 20.‘ 17.1 13.0 9.1 701 505 309

06
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limiting moisture supply or moisture gradients aiggawiha
rhizosphere profile, Therefore, it may be concluded
that nearly 85 per cent of the active roots reside within
2 m radius around the palm, Almost same percentage of
active roots may be found within 60 cm scil layer.

The current recommended practice of fertilizer
application is in a circular soil basin of radius 1,8 m
and 25 om depth around the palm (KAU, 1986). The results
of the rresent study does not contradict this view, For
maximum utilizsation of applied fertiliszer, & circle of
radius 2 m may be recommended, Excavation studies
(Kushwah et al., 1973) as well as visusl observation
during opening of the basins for fertiliser spplication
had clearly indicated that 0-2% cm surface leyer is
devolid of any root, Perhaps, the regular disturbence
caused during annual opening of the soil basins for
fertiliger arplication might have caused the roots to
shy away from the surface layer. The results reported
by bBalakrishnamaarthy (1971) from Sri Lanka strengthens
this reasoning., He observed that most of the root
activity was confined to within the upper 0-30 em soll
layer, The gcneral practice of fextilizer application
in coconut gardens &8 to 8pply the fertilizers in e
circle around the palm (Manicot gt al., 19807 Thampan,
19682), The methoc of application of fertilizers to
adult trees as practised in India thus suffers from the



drawback that unless the mutrients are leached down,
the utilisation of the added inputs by the palm would
be seriously affected, Among the applied nutrients,
P uptake by the palm may be worst affected because of
the limited mobility of this elecment in oxisels, 1In
the light of these results, it is suggested that
spreading of fertilisers on the soil surfzce within

2 m radius around the palm rather than basin application
is more appropriate in coconut gardens as it would
encourage proliferation of roots in the upper soil
layer and thus bring the yoots in close contact with
the arplied nutrients,

The study of root activity was conducted im tvo
phases as otherwise the experiment would have been
virtually impractical owing to the large requirement
of land space, palms and radioactivity., It was
observed that the application of 32p in capsules was
more hasardous than its applicetion in the form of
solution using field dispenser as evidenced from the
relatively higher exposure dose received during the
use of capsules (80 mgem) compared to zero dose
received during the use of field dispenser.
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4.1.4 801l physicochemical characteristics as
influenced by soil depth and lateral distance
from the palm

The changes in soil physico-chemical character-
istics in relation to depth and lateral cdistances
from the pslm were studied by anaslysing soil samples
corresponding to the lateral distances &nd depths
considered in the root activity experiment, It may be
noted, however, that the soil samples from 20-40 cm,
$0-70 om and 80-100 cm depths were collected to

szp placement at 30, 60 and

correspond the depths of
90 cm respectively. The data pertaining to the soil
characteristics are presented in Table 12, Significant
variations were observed at different lateral
distances from the palm in the concentrations of
available P, exchangeadble K, Ca, available MMn, Zn and
Cu and also in base saturation, Generally speaking,
there was more accumulation of these nutrients ne:x
the palm up to about 150-200 em radius than beyond

it. This is expected because the fertilizer
application was restricted to an area of radius 1.8 m
around the palm, Thus, P, K and Ca which are pupplied
through superphosphate and muriate of potash could gat
accurulated in the fertilized area, On the other hand,
soil pi, organic carbon, exchangeable Mg, availasble Fa,
exchange acidity and CEC were found to be more or less
same irrespective of the distance from the palm.



Table 12, Physico~chemical characteristics of Vellanikkara soil as influenced by lateral distance from the palm and depth

- Organic Bray-IP Exch. Exch. Exch. Exch, Avail. Avail. Avail. Avail. Exgh: CEC
reatment pH c?;?on (ppm) ?ége{ Tgémi/ fgém?/ ?gém?/ ?e . ?n ) %n ) %u ) PBS (ac1dlty (me/
4 g g g g ppm ppm ppm ppm me/100g) 100g)
Lateral
distance
(cmr)
30 £.32 1.00 6.75 0.53 0.25 2.03 0.65 28.80 29,52 10.64 26.31 10,22 13,90
60 5.78 0.82 3.43 0.78 0.28 4.16 0.38 28.01 30.91 6.35 34,93 9.88 15.46
100 5.71 0.95 2.57 0.53 0.25 2.43 0.64 27.93 27.46 7.39 28,90 10.14 13,99
150 5.48 0.97 2.65 0.24 0.22 2.08 c.82 28.40 23.63 11.07 28,79 10.23 13.59
200 .39 0.97 1.56 0.21 0.21 1.79 0.69 28,08 28.46 12,68 23,23 9.86 12,75
250 5.52 0.84 GC.70 C.15 0.21 2.0 n.61 28.89 11,56 6.42 21,12 12,08 18,17
300 5.44 C.e7 AN .10 c.20 1LED C. 28 .50 7.8€E 7.13 1¢.,15 12.49 18,21
400 5.39 c.7¢ [is P rL,ig 1.57 [ 27.00 1 ) 13,72 7.49 16€.7¢ 3.87 1€.52
CD(0.05) NS NE& iJ7e TLaz L0 .16 ne NS 11,54 17,66 £,k o34 NZ NG
Depth
(cm)
20=40 £.41 1.10 3.84 0.33 0.22 2.28 0.61 23.70 78.08 26 .98 10.09 22,91 11,67 15,11
50-70 5,46 0.85 1,61 0.31 0.22 2.09 LET 29,97 75.52 27.41 8.43 24,94 10.79 14.06
80-100 £.64 0.75 1.77 0.37 0.23 2.44 C.61 30.94 63,32 10.54 7.42 26.86 10.84 14,56
CD(C.05) NS 0.11 1.10 NS NS NS NS 4,02 7.07 6.432 NS NS NS N3
SEM(+) 2.20 0.11 1.09 0.08 0.02 0.71 0,15 3.99 7.02 6.49 2,52 5.68 2.07 2.23
PBS : Per cent base saturation

VAl
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The effect of depth was marked on the organic
matter content, aveilable P, avasilable Fe, available
Mn and aveilable Zn in the soil where as the other
characteristics of the soil were not found to be
influenced by this parameter, In the case of organic
matter and available F, a significent decrease was
observed beyond 50 cm depth, 1In the case of Mn and 2n
the availability remained constant up to 70 cm depth
beyond which there was a decrease, On the other hand,
a signific.nt increase in svaileble Fe contcnt was

observed in the deeper soil layers,

4.1.5 Effect of active rcot density on soil

characteristics

Simple correlations were woked out between
per cent root activity anéd physicocharical character-
istics of the s0il at various lateral distances and
depths (Table 13), Positive correlations were observed
between root activity and organic carbon, aveilable P,
available K, available Mn and Zn, while negative
correlation was obserxved between root activity and

exchange acidity.

The increase in orgenic carbon content with an
incrgase in rcot activity may be due to the organic
matter incorporation into soil curing degeneration
of roots while the increased availability of nutrients



Table 13.

Correlations(r) between coconut root

agtivity and soil physico-chemical

characteristics

Soil characteristics ‘vt value
pH -0,126
Orxganic csrbon +0,539*
Bray IP +0,578**
Exchangeable K +0,510*
Exchangeeble Ce +0,296
Exchangeable Mg «=0,009
Exchange acidity «0,413*
Cation exchange capagity «0,389
Pex cent base saturation +0.,370
Available Fe «0,400
Available I +0,76 7"
Aveilable <n +0,503*
Availeble Cu +0.298

Significant at 5% level

*% Significant at 1% level
a£:22

96
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such as P, Mn and Zn mey be 88 a result of incressed
activity of P-golubilizing microflore and the releage
of root exudates with chelating properties,

Nair and Subbarso (1977) reported the presence
of phospheate-solubilising microbes 4in coconut
rhizosphere., A direct relationship was found between
the population of phosphate solubilizers and avajilable
i content of the soil, Shantaram and Saraswathy (1985)
also confirmed the occurence of phosphate solubilising
bacteric in the rhizos;here of coconut, Recently,
rerckx ¢t al. (19862 1986h) in a series of experiments
demonstrated the chilating rroperties of root-derived

materials, They found increased complexation of 652.n

S‘Mn and 5760 by root derxived organic materials in the
rhizospheres of maize anéd wheat as compared to
uncropped area, Even though these studies were
confineé to soil-root interface (comronly called
rhizospheze), it is possible that in long-term
situation such as in & perennjial crop gsrden the
sphere of influence of root may be widened to include
larger volume of soil. The results of the present
study points to such & possibility. Perhaps, the
increassed concentrations of extractable Zn and Mn

in soil with increasing rcot activity may be due to

the release of these nutrients following chelation.



Cozxrelation between oot activity and pH, exchange-
able Ca, exchangeable Mg, CEC, base saturation, available

Fe, and Cu were not significent,

4.2 Effect of N P K fertilizers on soil physico
chemical characteristics

Chemical analyses of 0«50 cm layer of the coconut
soil basins indicated that regular annual application of
NPK fertilizers namely amonium sulphate, super phosphete
and muriate of potash influenced the soil characteristics

at varying degrees (Table 14).

With increasing rate of applied N, soil pH decreased
markedly from 4,88 in No plots to 4,38 in Nz plots.
A similer trend vas 2180 seen in the case of avsilable Mn,
On the other hand, availsble & stastus increased with KN
fertilizers., These effects vere noticed not only in the
0=50 cm layer hut also in various depths from 0-~100 om
(Fige 8). These data indicated considerable influence
of long~-term aprlication of ammonium sulphate on thé
charateristics of soil basins., The lowering of soil pH
following the aprlication of ammonical fertilizers is a
well-known phenomenon due to the release of ﬂ* ions
during nitrificetion of NN, ions (Tisdale and Nelson,
1985). The H' ions 80 released could have been
responsible for the cerletion of Mn from the soil
horizons, Increased availability of Mn in & similax



Table 14.

Effect of NPK fertilizer application on chemical characteristics of
Balaramspuram soil

Treat- pu OFvemic Bray  Exch. B, ?' Avail, Avail. Avail. Avail. Avail
ment O e pm  (me me/ o Com (opm)  (ppm)  (ppm)
00g) __100g)

By 4.88 0.46  76.89 94.08 1.55 0.79  75.00 23.81 40.38  3.01  0.80
Ny  €.52 0,50  72.61 66.47 1.65 0,71 155,56 31.26 31.26 2.75 0.7
B, 4.38 0,50  67.93 §3.75  1.29 0.52  186.11 22,63 25.87  2.47 0,87
Py  4.55 0.9 5,65 85,82  1.35 0.81  133.89 27.67 29.43 2.7  0.87
Py  4.52 0.6  65.14 77.76  1.45 0.63  143.89 22.31 33.73 2,59 0.7
P, 4.70 0.48 166,45 62.38 1,67 0.57 138,89 26.38 34.3¢ 2,86  0.80
Ko 4.50 0.43  87.25 45,01  1.63 0.69  162.22 24.19 31,02 281  0.82
K, 4.57 0,50 57.62 90.10 1.55 0.59  143.89 26,81 32.60 2,78  0.80
K, 4.71 0,52  72.38 90.85  1.30 0.74 110,56 23.37 33.88  2.66  0.83
(0.08) 0.20 0.06 31.8¢ 15.47 85 us 60.08 NS  9.94 NS RS
SEM(+) 0.10 0,03  15.35  7.46  0.33 0.23  28.97 3.45 4.79 0,22  0.06
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type of soil due to regular application of ammoniacal
fertilizers was reported by Devi et al. (1975),

These authors attributed this effect to the decreasing
pH of the soil, It may be noted that the results
obtained by them were for coconut garden receiving
fertilization for eight continuous years, where the
results obtained in the present study vere in respect
of coconut garden receiving regular fertilization since
22 years, If a comparison is made bhetween these
results, it will be evident that in the initial stages
there was an increaged availability oi Mn in the soil
due to I fertiliszer application but prolonged appli-
cation of the fertilizer had led to the erosion of Mn
fertility in coconut soil besins, In the light of
these observations, it is suggested that unless
ameliorative measures such as liming are resorted to,
the soil Mn status will be badly affected in the long
run. Further studies are essential to find cut

means of maintaining or restoring the pH of soil basins

on a long-term basis,

On the contrary, S status of the soil throughout
the profile up to 100 cm Jdepth has been considerably
improved, This enrichment of 8 in the soil is
obviously due tc the 803" content of the fertiliger,

On an average, ammonium sulphate contéins 21 per cent
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N and 24 per cent S, Large amount of sesquixosides
present in this alfisol could also have helped in

the retention of soz'.

Application of super phosphate increased the
available P content of the soil from 5,65 prm in Py
plots to 146.45 ppm in P, plots (Table 14). Depth-
wise analysis of the soil revealed P accumulation
even up to & depth of 75~100 em (Pig.9). Soil build-up
of I following &nnual application of phosphatic
fertilizers has beén reported by several workers
(vahid et al., 1975; wWahid et al., 1977 and Khen gt al..
198z)., 1In acid soils containing large amount of
sesquioxides, the mobility of P is limited due to
fixation, The results of the present study however,
revealed that long continued epplication of super
phosphate could enhance the movement of ' into deeper
layers, consequent to heavy build-up in the surface
layers. In this respect the behaviour of P is more orx
lescs same &8 thet of S in the soil, Heavy rainfall,
received during the time of fertilizer application
could aleo be responsible for leaching of phosphate
to lower layers from P-saturated upper layers. It
wzs al20 observed that the application of super
rhosphate significantly reduced the exchangeable K
content oi the soil, 7This effect could be perhaps
due to the influence of Ca present in the fertilizer
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material on replacing K from the exchange sites in the
soil. Such a possibility is evidernt from the tendency
of exchangeable Ca to increase vwith incre:sing rates

of super phosphate (Table 14),

Application of muriate oi potash increased the
available ¥ and organic carbon content of the soil
(Tanle 14). The eifect on soil exchangeai:le X was
however li-depende:.t as revealed from the signiiicant
N x K intcraction (Table 15). It was founc that higher
rates of ammoniun sulphate application led to &
reduction in exchangeable XK. This effect coul: be
due to the rerovel of X ions from the exchange sites
by 1 ions generated in the nitrification process,
However, in general, there was a bulldeup of
exchangeable K in ruriate of potash receiving plots,
The accumulation of K was noticed in lower layers up
to 75~100 cm in these plots (Fig. 10). Ancther
importaent observation wes the significent improverent
in the orycnic carbon content of the s0il due o K
fertil.izers, This effect was also seen at all soil
deptlis studied (iig, 1C). In this context, it xay be
pointed out thet the yleld and growt!: of the palms
under tnis experiment were influenced only by muriate
of potush application (RKAU, 1987), From these
observa:iions it may be reasonably expectcd that K

application would have proroted more root growth which
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Table 15, Effect of N x K fertiliser interaction
on Exch. K (ppm) of Balaramepuram
Coconut soil
xc KX xz Mean
80 41,34 125.84 118,08 94.08
Ny $4.93 75.33 . 6916 66,47
”2 38,74 69,16 88,34 63,78
Sm&) 1 22,38

Ccp (0,0%5) for comparison of
Main effect (K) 1 185,47
Intexaction (NK) » 10,94
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in turn, would have increased the organic carbon content
of the soil. Evidence for such an effect was obtained
from the positive correletion between rcot activity and

oxganic carbon content (Table 13),

The effect of long-term NPK fertilizer apprlication
on the availability of Fe, Zn and Cu as well as Cs and
Mg, were not found to be significant. Ever. though Cl
content cf the soil was also estimated, the data are not
presented becau:ze the concentration in the scil was

negligible irrespective of the treatments.

The date on the distribution of nutrients at
different soll derths are given in Table 16. 0Of these,
availeble P, K, Mn, S and soil characteristics such as
pH and organic carbon were found to be influenced by
one or more of the fertilizer material aprlied to the
palrs, This aspect has been covered in the foregoing
éiscussion. Hence the dats presentcd in Teble 16 are
made use of for understanding the distrilution of
other nutrients with soil depth. Generelly spesking
exchangesble !'g decreasec with depth, 8c also i= the
case witl: available Cu, On the other hind available
Fe increased from 20,2 ppm in 0-25 om scil layer to

35.4 ppm in the lower most soil layer (75-100 cm).

b4



Table 16, Chemical characteristics of soil as influenced by depth in NPK experiment

Exch,

Treat- Organic Bray  Exch. Mg Avail, Avail. Aveil., Avail. Avail.
ment PN oo (B (me mes G o pw e (e
00g) 100g) 100g) PPm ppm ppm
Depth
0-25 cm 4.80 0.52 115.8  0.20 2,59 1.08 96.9  20.2  28.1  2.17 0.94
25-50 cm 4.45 0.46  59.9  0.17 2.61 1.25 198.8  25.3  25.3  2.43 1.02
50-75 cm 4.32 0.38  26.8  0.17 2,00 0,71 332,5  30.1 19,5 2,45 0.91
75-100cm 4.34 0,30  20.7  0.14 1,87 0.69 373.1  35.4 17,0  2.13 0.82
@ |
(0.05) 0.19 0,05 S5.31 NS NE  0.48 53,01 4.15 4,76 NS 0.14
SEM(+) 0.18 0.08 56.26 0,05 0.86 0,47 51.99 4,07 4.67 Ks 0.13




4.3 Relationships of soil test values with foliar
nutrient levels and yield

Simple correlations between available nutrient
concentrations in soil (0«50 cm depth) and the level
of corresponding nutrients in the 6th and 14th leaves
were not significant and hence data are not prescnted,
A similar correlation analysis was also carried out
between the available nutrient concentrations in 0«25,
25«50, 50«75 and 75100 cm depths and foliar nutrient
levels. 4mong the nutrients studied namely, P, K, Ca,
My, S, Fe, Mn, Zn, and Cu signfficant correlations were
obtained only for K, Available K content of 0-25 om
soil cdepth (ammonium acetate extrect) was pocitively
correlated with K content of éth leaf (0.,657**) and
14th leaf (0.694**), The correlation ccefficients vere
0.804** and 0,715** grespectively for 6th and 14th leaves
when 50-75 cm soil core was considercd, Availahle K
content of 75100 om depth :1so yielded positive
correlations of 0.611** and 0,731** with the ¥ levels
of 6th and 14th leaves respectively, The correlzations
between avcilable K content of 25«50 om soil derth and

follar K levels were, however, not signific:nt,

Correlations were also worked out between soil
av:ilable nutrient concentrations in differcnt depths
anc yleld of nuts. The resul:s are pre:sented in

Tatle 17, The correlations between soil test values



Table 17, Correlation (r) between soil test values
and coconut yield

Soil sampling depth (cm)

sotl
charsctectstics 0~80 025 25«80 50=75  75~100
Organic carbon  0,316* 0,085  0.585% 0,286 0.845%*
Bray IP ~0,100  =0,113 =0,051 -0,230 =0,162
Exch, K 0,093  0.506* 0,218 0.520% 0.717*%
Exch. Ca ~0,068  ~0,385 0,166 -0,184 0,067
Exch. Vg 04033  «0,376 0,128 0.006 0,106
Availahle S -0,057  0.122 0,122 0,135 0,269
Available Fe  =0.112 0,173  0.502* 0.129 0,004
Available Mn 0,087  =0.,096 =0.122 -0,222 =0.166
Availeble Zn -0,207 0,306 -0,024 0.501* 0,151
Available Cu  =0,031 0,246 0,547 0.128 0,261
afi152  dfilé  Afilé  dfi14  Afilé

* gSignificant at 5% level
** Si{gnificant at 1% level



for 0=50 cm s0il depth with yleld were not significant.
In the case of 0-25 cm depth exchangeable K was
positively correlated with yield while available Fe
and available Cu in the 25-50 cm depth gave positive
correlations with ylield, Exchangeable X and available
Zn content of the 50«75 cm s0il depth were also
positively correlated with yleld whereas in the case
of 75-100 cm soil depth, only exchangeable ¥ showed
signiiicant correlation with yield, A positive
correlation was also obtained between yield and orgenie
carbon content of 0=50, 25«50 &nd 75-100 cm soil depths.
These results indicete that ammoniur actate extractant
is suitable for evaluating the avsilable ¥ status of
this a3cil. The data also guggest that taking 0«50 eom
soil core for svailable K test in coconut gorden may
not give reliable information on the soil ¥ avuilability
to the palm, Instead soil samples from 0-25 cm depth
or from deeper leyers below S0 cm would be rore
suitable for the purpose, It is surprising 4o note
that eventhough 0«25 om layer do not support active
roots, good correlation wig obtained between the K
content of this layer and foliar ¥ level znd yield,
Perhaprs, it ray be because the X concentr:ticn of this
s0il layer might be influencing thc concentration of K
in the deerer layers. Awvailahle Fe znd Cu content in
the 25-50 cmr depth and Zn in the 50=75 cm de th were

also correlated with yield, These were ccnsidered as

6§
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chance correlastions &8s the trend was not as consistent
as that obtained for K, The results also incdicated a
positive role of org:nic matiter status almost throughout
the profile in increasing the yield. It may be noted
that the pelms were not recciving any organic matter
treati:ents since planting. Therefore, the ci:anges in
orgenic matter content along the =zoil profile could be
due to the chaunges in the rote of regoneration and
degeneration of the roots over a long perioc, 7The
positive corrclation betvween soll orgosnic carion ccntent
and yleld of the palm thus sugyests that highcr ylelders
produce more roots énd thus add to the organic matter
content oL the soll, The relationship between oxganic
mat.exr contints ané root activity in varicus soil zones
also strengthens this view (Table 13), Working on the
nutritionsl agpects of uniforibly ranagcd coconut palms
but r nging in yielé from less than five nuts to rore
then 125 nuts per year, wahid et sl., (1974) observed
that there wus accumulation of bhases especiclly X and
Ca in the besins of highe=yielding palms, Irobably the
orgienic matier content andé hence the exchange capacity
oi the scil might have been improvec due tc increased
root sctivitys The present £inding <180 corroborates

these results.



4.4 Effect of fertiliser application on foliar nutrient
levels and yield

The data pertaining to the effect of regular
application of NPK fertilisers on nutrient composition
of the 6th frond are given in Table 18, The ¥ levels in
the foliage was influenced by the levels of added P and
Ke Application of super phosphate decreased the levels
of foliar K content from 2,03 at Po level to 1,76 per cent
at P, level, Further decrease st P, level was not
observed. On the contrary, application of increasing
levels of muriate of potash increasec¢ the K content of
the leaf pteadily from 0,95 (xo) to 2,62 pexr cent (Kz).
A reverse trend was observed on Mg levels of the frond
as influenced by muriate of potash application, The Mg
content decreased from 0,345 to 0,237 per cent with
increasing level of potassium, Application of
ammonium sulphate increased the 'n content of the leaf
vhile potassic fertilisation decreased it, Evei:though
the main effects of N, P and K fertiligzation were not
significant, there was a significant NP interaction
on the N levels of the 6th frond., The highest
concentration of N in the leaf was recorded for NyPy

treatment (Table 19).

The data pertaining to the nutrient composition
of 14th leaf as influenced by RPK fertiliser application
are given in Table 20, There wzas a marginal but

U



Table 18,

Nutrient composition of 6th fronéd as influenced by fertiliser application

N P ) 4 Ca 8 Cl Ye Mn in Cu

Treatment () (%) (%) (%) (:'5 (%) (x) (ppm) (ppm) (ppm) (ppm)
Bo 1.01 0.12% 1.98 0,216 0,280 0,098 0.699 158.3 302,11 20.32 8.77
“1 1.10 0.132 1.9% 0.2%1 0.258 0,098 (.809 167.,0 302.0 17,51 S.47
nz 1.04 0.12% 1,66 0,264 0,308 0.096 0.7 12c.,7 368.6 21,06 $5.93
Po 1.04 0.121 2,03 0,232 0.2%3 0,103 0.747 177.0 321.1 23963 | 6,13
P1 1,04 0.127 1.76 0,243 0,302 0,056 0,769 153.8 341.6 19.79 S.10
?2 1.08 00,133 1.81 0,.2%8 0.290 0.092 0,727 123.2 3309,7 15.46 5.86
xo 1,07 0,121 0.9% 0,267 0.348 0.101 0,692 149,66 354.1 21,99 5.88
11 1.08 0.133 2,03 0,228 0.265 0.09% 0,786 143,7 313,2 20.73 5.80
xz 1,04 0.127 2.62 0,235 0,237 0.096 0.764 160,7 305.4 16,16 S.40
CD(0.08) NS NS 0.3 85  0.07 NS NS NS  50.89 N5 NS
ssn(z) 0.04 0.01 0,17 0.03 0.03 0.01 0,051 26.45% 24,39 4.5¢ 0.66

1L
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Table 19. Effect 0f N x P fertilizer interaction on
N content of 6th leaf (X)
Po Pl Pz Mean
ﬂo 1.020 0,907 1.115 1,014
Nl 1.118 1.1%7 1,032 1,101
Ha 0,990 1,042 1.098 1.043
sEM(t) T 0,030

Ch (0.0%) for comparison of
$ RNot significant

Main effect
Interaction (N x P)

3 0,060 '



Table 20, Effect of fertilizer application on nutrient composition of 14th leaf
5 P K ca 8 ca Fe ¥n zn Cu
Treatment (4) (%) (%) ® D (%) (%) (ppm)  (ppm) (pom)  (ppm)
Ng 0.906 0.114 1.478 0.276 043238 0,103  0.609 142.7 467.8 21.82 3.93
N, 1,074 0,116 1,388 00260 0,352 0.106 0,702 141.7 439.8 21.22 4.33
N, 1,029 0,116 1.193 04346 0.340 0,108 0,732 146.8 537.5 19.25 5.81
Py 1.039 0.112 1.312 0.264 00330 0,105 0.657 147.5 505.0 19,09 4.47
P, 1.009 0.118 1.330 0,281 0.339 0.101 0.715 135.4 459.7 23.76 3.88
P, 0,962 0.115 1.420 0.334 0,348 C.107 0.671 145.3 480.5 16.44 5.72
5 0,988 0,112 0,540 00306 04399 0,103  0.657 136.2 491.% 21,53 5,02
X, 0,993 0,119 1.370 0,304 0.322 0,104  0.687 151.5 466.2 21.75 4.43
K, 1,028 00114 2.146 0.269 0,299 0,106 0.700 143.5 487.5 19.02 4.63
CD(0.05) 0,090 NS  0.310 0,070 0.060 NS NS NS NS NS NS
SEn(s) 0,040 0,010 0.150 0,030 o030 0010 0.050 14.7 39.49 &.50 .78




significant increase in folier N level following
nitrogen fertilization at N1 level, The N levels in
the frond were also influenced by the interaction of
applied NK fertilizers (Table 21). 7The tighest N
content in the leaf (1,125%) was observed for N, ¥,
combination, The levels of K in the leaf steadily
increased from 0,54 to 2,15 per cent at the highest
level of potassic . fertilization (Table 20), The
data also indicated a significant increase in Ca
concentxation of the leaf at N, level vhere as Mg
content decreased with increasing level of rotassic
fertilizer. The levels cf other nutrients in the

froné were not influenced by NPK fertilization.

In coconut, foliar analysis for diagnostic
rurpose is conducted with samples taken from  14th
leaf (Fremond gt al., 1966). In the rresent study,
éth frond is also included to represzent young stage
as younger leaves were found to accumulate more HPK
than older leaves (Krishnakumar, 1983), The effect
on NPK fertilisation on the nutrient levels of both
6th and 1l4th leaves vere more less same excepting
that N levels in the 14th frond was influenced by NxK
interactior, where as that of 6th frond was influenced
by NxR interaction. This discrepancy, however, cannot
be explained with the data generated from the
experiment,



Table 21, Effect of K x K fertilizer interaction
on N level of 14th leag (%)

KG Kl Kzt Meean
N 0,922 0,792 1,005 0.906
Ny 1,058 1,063 1,100 1,074
By 0,985 1,125 0,980 1,029
Hean 0,968 04993 1,028
SEM(2) s 0,030

CDh (0,05 for comparison of
Main effects (N) s 0,090
Interaction (N x K) 3 0.060'



Eventhough the rate of N application at N, level
was 680 g per palm per year, the absorption of X as
revealed by foliar analysis (Tables 18 and 20) was
well below the critical level of 1,82 to 2,00 per cent
(Frerond et al., 1966). The sandy nature of the soil
coupled with high rainf:1ll would have favoured heavy
leaching of the applied N resulting in its low

recovery in the plant,

The depressing effect of K applied on foliar Mg
levels was reported by several workers, (wWahid et al..
1974; Coomans, 1977; and tanicot et gl., 1980), The
effect of N fertilization to increase !In content of
6th leaf and a reverse trend in the case of K ferti-
lization may be due to the effect of ammoniacal
fertilizer on soil reaction, The absence of such an
effect on 'n level of 14th lesf may be explained by
the relative irmobility of this nutrient in plant
system, It is possiile that younger leaves may be
better suited for studying such effects, 1t is
noteworthy that eventhough the application of arronium
sulphate had led to heavy builde-up of soil available 8
(Table 14 and Fig. 8), the plent has not tcken up more
sulphate &8s evidenced frxom the lack of difference in
foliar S level among the N treatrents. The effect of K

application to increase the K levels in the leaf was also
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reported by earlier workers (Manicot et al., 1920).

The yield of these palms was influenced by RxV
interaction, the highest yield being at KoKg level

of fertiliser application (Table 22)., It is

surprising to note that even beyond the critical level
Of 0.8 to 1 per cent K in the 14th frond (Fremcnd et al.,
1966), the pslm had responded to K application., The
foliar level of K at K, level of fertilizer aprlication
wae 2,146 per cent (Tatle 21)., Uexkull (1972) working
on X nutrition of coconut in the Philiprines noticed
that ever wher the X supprly in the soll was adequate,
the ralme responded to muriate of potash application.
This led to the discovery of the importence of Cl
nutrition., duriate of potssh is alpo used as a Cl
carrier to coconute growing especially in the inland
~resgs away from the sea coast (Gllagnier and Gchs,
1971). The import=nce of Cl nutrition was also c-nfirmed
later ty othcer workers (Magat et al., 1975). The
results of the rresernt study, however, do not indicate
the influence of Cl on yield, This conclusion is based
on the lack of improvement in the foliar Cl level
following the application of muriate of potash (Tat:les

It ws further observed that ¥ level in koth 6th
and 14th leaves were positively correlated with yleld
of nuts per palm, The °‘r' values were 0,500** and

0.544** respectively., None of the other foliar



Table 22. Effect of N x K fertilizer interation on
coconut yield (nuts/palm/year)

Kc Kl !’.2 Mean
Ho 6,313 19,956 23,082 16,469
Ni 2.948 36,338 42.11 27.152
Ez 3.730 48,590 60,910 37,743
Mean 4,330 34.961 42,073
Sm(i) : 2,380

cp (C,.08) for comparison of
HMain effects t 6,99
Interaction (N x K) 3 4,94



nutrients vas found to have positive correlation with
yield. From the results it may be concluded that K
wag responsible for the higher yield and that the
critical level of 0.8 to 1,0 per cent K in the 14th
leaf established by Fremond gt 3l., 1966 does not hold

good for coconut growing in this region,

The rcsults obtained in this study clearly
demnnstrate the irpact of prolonged aprlication of
NPK fertilizers on the chemical charactecristics of
red sand; loam soil under coconut, Eventhough
generalisation of these f£inding to &pply to other solils
may not be guite vzlig, the results do point to the
importence of considering soil factors while inter-
preting the results of long-term fertilizatirn triale
in peren:.ial cropn gardens, Generally, the effects of
fertilizer application on growth and yield of rlant are
interpreted in torra of the rajor nutrients(s) contained
in the material rather than in terns ~f the fertilizer
matarial usged, Lventhougl:;, the effects raniferted are
the results of sever<l interactions Letween the
fertilizer wetcerial and seil components, plant uptake
of other nutrient elements r-rescnt in the raterial ete,.,
these facters are generzlly not taken into account while
interpreting the data gr-nerated, Ierhars, the often-
reported c¢iscrerancies ir the response of rlantztion

crops to fertilizcr application may be due to the

75



difference in the type of fertiliszer material used, soil
type etc, In view of these, the conclusions drawn from
long=term fertiliser trials in perennial crop gerdens
are more v:lid and meaningful if based on the fertilizes
material used rather than on & specific nutrient(s)
contained in them,

§U
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An investigation on the chemistry of soll
basins of coconut palm (Cocos pucifera Linn,) was
conducted during 1985-'86 at the College of
Horticulture, Vellanikkara. The meain objectives
of the experiment were to evaluate the lateral and
vertical spread of active roots of the palm, to
examine the xole of active roots in the slteration
of the chemical characteristics of the soil basins,
to investigate the changes in chemical charactexisticse
of the soil basins in relation to long~term appli-
cation of inorganic NPK fertilizers, to study the
nutritionsl aspects of the palm as influenced by
continuous fertilization and to evaluste the
relationship of common soil test values with nutrition
and yield of the palm,

The coconut var, West Coast Tall was invariably
used for the study. For root activity studies radio,
phosphorus was employed as the tracer and radio-
assay of plant samples was done based on Cerenkov
counting technique. For the chemical analysis of
80il and leaf samples spectrophotometric, flame
photometric and atomic abqozpnpn spectrophotometric
methods were adopted,



The sslient f£indings from these studies are

surnmarised belows

The studies on root activity pattern of coconut
revealed that major portion of the active roots reside
in an asxe2 of 2 m radius around the pslm. The
verticel distribution of active roots was mainly
confined to & depth of 60 om and the root sctivity
decreased sharply at 90 on depth., The surface
0«20 cm soil is practically devoid of root activity.

Of the two methods of radiophosrhorus appli-
cation tried in the experiments, s0il injection of
32, using & field dispensex is less hasarduous than
placement of lebelled superphosphate in gelatin
capsules,

The concentrations of available P, exchangeeble
K, Ca, extractable Mn, Zn and Cu and per cent hase
saturation decreased significantly vwith increasing
lateral distance from the pslm, Soil pH, organic
carbon, exchangeable Mg, available Fe, exchange
acidity and CEC were found to be more or less same
irrespective of the lateral distance from the palm,

In the case of organic matter and availatle P,

8 significant decrease was observed beyond 50 cm depth,



The availability of Mn and Zn remained fairly constant
upto 70 cm depth beyond which it decreased. On the
other hand, there was a significant increase in

available Fe content with incxsasing soil depth.

Root activity was positively correlated with
organic carbon, available P, available K, available Mn
and Zn and negatively correlated with exchenge acidity.
Correlations between root activity and pH, exchangeable
Cs, Mg, CEC, per cent base saturation, available Fe
and Cu were not significant, |

Studies conducted with palms under. an existing
22~year-0ld NPK fertiliser experiment at Coconut
Research Station, Balaramapuram revesled that
continuous application of ammonium sulphate decreased
s0il pH markedly from 4,88 in L plots to 4,38 in Na
plots, A decrease in available ¥n wes also observed
as 8 consequence of nitxogen fertilization. However,

a reverse trend was ohserved in the case of available

S status of the soil basin,

long-term application of superphosphate
improved avzilable P status of soil from 5,65 ppm in
Py plots to 146,45 ppm in P, plots. The results of
the present study indicated that regular and |
continuous application of superphosphate could
enhance the movenent of P into deeper layers



consegquent on its heavy bulld-up in the surface layers,
Application of supexphosphate significantly reduced
exchangeable K content of soil, supposed to be due to
the replacement of K in exchange sites 5’ Ca of the

fertilizer material.

Continuous applicetion of muriate of potash
increased the available K content as well as organic
carbon content of soil. The effect of exchangeable K
in soil is found to be N~dependent as revealed from
the significant N x P interaction.

The effect of long term NPK fertilization on
the avallabiiity of Fe, Zn and Cu as well &s Ca and
Mg were not found to be significant, Exchangeable
Mg and Cu decreased with depth and Fe increased from
20,2 ppm in 0«25 cm soil layer to 35.4 ppm in
75«100 cm soil layer.

Among the soil nutrients, only K was found to be
correlated with foliar level, Available K content of
0«25, 50«75 and 75-100 cm soil layers was positively
correlated with K levels of 6th and 14th lesves.

The correlations between nutrient concentrations
in 0=50 cm layer soil and yield were not significant.
However, significant positive correlations vere
obtained betwecn available K content of 0«28 and



50-75 em soil layer and yield, Available K gave
positive correlation with yield at 75-100 cm soil
layer also. Positive correlation was also obtained
betvween organic carbon contents of 0-50, 25-50 and
75«100 om deep soil layers and yield,

Application of superphosphate decreased the
6th leaf K content from 2,03 at P, level to 1,76
per cent at P, level. Application of KCl increased
K content steadily fxom 0,95 at Ko level to 2,62

per cent at K, level,

The Mg content of the leaves decreaged with
increasing level of K application confirming
antagonism between these two nutrient elements,
Foliar Mn levels also decreased with increasing

level of K fertilization.

Nitrogen fertilization increased }Mn content
of the 6th frond. Highest concentration of N in
6th leaf was recorded for NIP‘KO treatment.,

A steady increase in K content in 14th frond
from 0,54 to 2,15 per cent was observed following K
fertilization. It was also observed that critical
level of K (0.8 - 1,0%) in the 14th frond suggested
by Fremond et al. (1966) does not hold good for
pelms grown in thiseres as response to KCl fertiliser



was obtained even beyond this foliar level, Fotassiunm
levels in both 6th and 14th fronds showed significant
rositive correlations with yield vheress correlations
with Cl levels vere not significant, These results
suggest that the field response was due to K contained
in the fertilizer and not due to Cl.

The results obtained from the studies help to
formulate the following recommendationss

i) For maximum: utilisation of applied fertilizer
in coconut gardens, 8spplicaticn should be
done in a circle of radius 2 m sround the palm,
Evidences suggest that spreading the fertilisers
over the arees rather than application in basins
would be more beneficial to the crop by way of
encouraging the roots to explore nutrient-rich

surface soil layers

i1) Long=-term application of ammoniacal fertilizers
induce acidification of soil and help develop
sub=-s0il ascidity. This, in turn, leads to
erosion of Mn fertility. Further studies on
long-term liming is needed to find out vays
and means of maintaining and/or restoring the
soil pii.

86



111)

It is suggested that application of phosphatic
fertilizers could be skipped for a few years
in regularly P-fertilised gerdens as
considerable build-up of available of P occurs
due to this and P application was not found to

increase coconut yields.
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Appendix - I

Data on the growth characteristics of the coconut
palms selected for root activity studies

Growth Replication
parameter ) 2 3
Height (m) 3.8 3.0 3.2

(10.0) (23.3) (18.8)

Number of leaves 24.8 20,9 21,6
(14.5) (30.6) (25.9)

Notes Parenthesis denote coefficient of variation
in percentage



Anslysis of variance of log transforméd leaf cpm g

Appendix - II

1

values for the experiment on root activity of coconut
(upt6 2 m lateral distence)

Mean sum of squares

Degrees
Source of

freedom 13 33 50 7
Block 2 0,301 1.116 1.830 2,201
Lateral
aistence ¢ 0,573 1,028 1.443 0,497
Depth 2 25,.583" 10.32%" 3.46¢ 5.108"
Interaction 8 0,801 0.674 0.406 0,346
Error 28 2,579 1,673 1.041 0.646

** Significant at 1% level



Anslysis of variance of log transformed leaf cpm g

Appendix - III

-1

values for the root activity of coconut (from 2 to 4 m
lateral distance)

Mesn sum of squares

Source Degrees Sampling intexvals (days)
freedom 15 33 47 63
Lateral
distance 3 1,964 0,979 2,458* 1,371*
Depth ‘2 0,603 1,334 2,651*% 2,582¢
Interaction 6 0.587 0,080 Ce232 0,292
Error 22 0.975 0,438 0.666 0,438

* Significant at 5% level



Appendix « IV

Analysis of variance for testing significance of soil depth and distance €rom the pelm on
soil physico cherical characteristics

Degree Mesn sum of squares
::aaom Grgenlc Exch Exch
Bray-IpP Exch.K <a .
pH gaxbon o , M9
Block 2 3,66 ‘05‘ 3.26 0,01 1.19 534
Lateral)
distance 7 2,02 1.62 10,38 33,06*» 3,738 24,16
Depth 2 2.88 21,74%* 10,41** 1.38 0.47 0.12
" Interaction 1¢ 0.57 0.86 S, 050 0.78 1.04 1.3

Exror 46

Degree Mesn sum Of squares

Source of “Exch
freedon Av, Fe Awv, Mn Av, Z2n Av, Cu PBS . CEC
acidl

Block 2 0.‘1 6.‘3 0.20 0020 1.66 2¢‘5 1.3’
Lateral '
distance 7 0.07 26 83 59067 2.80* 3,31 1,61 0.90
D‘pth 2 7.77** 10,08** 17,570 2029 0091 0O.46 0.44
Interaction 14 2,01* 0.83 1.96* 1,20* 0.61 0.26 0.22
Exror ' 46
* Significent at 5% level PBS Per cent base saturation

** Significant at 1% level CEC Cation exchange capacity



Appendix - V

Analysis of variance for testing sigrnificance of fertilization on chemicsl cheracteristics
of coconut soll of NFR field trial

Degree Mean gsum of sgusres
Sourxce of 5tganic
£reedom H Bray IpP Exche. K Exch.Ca Exch.i
P garbon o o

Block - 3.83 2,09 0«53 1.95 2017 3.97
Treatments
N 2 15.,33% 3.56* 0.17 G 40 D.64 0,82
P 2 2015 0.186 §2,41%** 5.09% 052 0,66
K 2 262 T 16** 1.86 24, TIE 0,59 0.24
NP 4 035 0.52 0.62 1.60 0.82 1.70
NK 4 0.87 0,29 0.80 4.68%* 0.89 0.87
PY. 4 G,09 1.37 0.78 1.88 0.33 0.76
Exror 22

Degxree Mean sum of squares

Source of

freedom Avail,s Avall Fa Avail.Mn Avail,.Zu Avail .Cu
Block 2492 296 0.82 0.97 3,30
Treatnents
K 2 T aldl¥* 1,30 4,68" 2,94 1.18
P 2 0,06 1.23 .62 0.79 1.30
K 2 i.711 0.54 0.18 038 015
NP 4 0436 0.22 0.18 0.25 1.61
NK 0,38 0.34 0.20 1.31 0.50
PK ; 0.69 1.05 0.59 0.34 0.3%9
Exrror 2

* Significant at 5% level
** Significent at 1% level



Appendix - VI

Analysie of warlance shouving signiiicence of effect of derth on soil chemical characteristics

(PR fleld trisl)

Degruoe Mean sum of sguares
Soutce of Srganic
frezdom Bray IP Bxch,.K Exch.Ca Exeh
P .___serbon Y M9
ulock i S.41 3.48 0.12 3,96 3.59 1.186
Tregtirent 7 29 ,41** 2.08 4,19% 13,28** 2.21 3.31»
Depth 3 11.65%* 28,23 Sa15%* 2.17 1.63 2,90
Interaction 21 0.30 (o859 1.18 1.42 0.49 1,90+
rgroy J
Degraea Mean sum of sqQuares
S8ource of
freedom Avail.s Availl ) Avall oM Awall . Zn Avell .Cu
Block 1 3463 4,96 39,12 1.36 0,09
Treatuent 7 11,78%% 1.35 20 68" 1,60 1.37
Depth 3 47.,39%* 20 50 * 9.62 0.74 3.10
Interaction 21 C.30 1.36 0,36 0,68 1.20
Error i

* Significant at 5% level
** Significant at 1% level



Appendix - VII

Analysis of veriance for testing aignificance of effect of NPK treatment on nutrient levels
of sixth leaf (NPK fiecld experiment

Degree Mean sum of squares
Source of

freedomnm N K cl Ca Mg
Block 5 8,04 0,62 2.38 1,17 1.3 0.53
Treatments
3 P4 2.09 0.70 2.04 2.42 1.18 1,09
P 2 0.67 1,60 1.38 0.35 0.2¢ 1.28
K 2 0020 1.36 ".SG"* 1-88 0.?9 6.30**
np 4 2.85* 0,91 0.99 0el3 1.62 O.41
PK 4 1,19 0e54 1.02 0.55 0.32 Ce77
| 3374 4 0.17 1.78 1,15 0.3 0.49 0.13
Exrror 22

Degree ¥ean sum of squares

Source of

freedom 8 Pe Mn “n Cu
Bloek ) - .29 U P 1 - .7 Oel6 ~ 0.94 4033
Treatnents
N 2 0,02 1.15% 496" 0.3¢ 0.26
P 2 0.59 2,08 0,89 1.62 1.11
K 2 0.22 (ell 2430 Ce91 036
NP 4 0,06 1,43 0,44 0.61 2.1%
PK ¢ 0.86 1,00 0.30 0.7¢ 0.28
NK 4 0.24 0.58 0.7 0.38 \ 0.9%
Errorx 22

-+ SlgntHaRt 3t 1% 18l



Appendix - VIIX

Analysis of veriance for testing significance of effect of NPK treatrent on nutricnt levels
of 14th leaf (NPK field experiment)

Degree Mean sum of squBres
Source of

freedom N P K - cl Ca Mg
Block 3 4,38 1,62 3,09 0.48 0.36 1,06
Treatrents
] 2 B 462> 0.02 1.92 3.30 4,01* 0,30
P 2 1.6 0433 0.28 075 2.63 0.12
K 2 0.5¢ 0,43 57.80%* 0.40 0.87 6,06**
KP 4 2.47 0.60 1.87 0.72 0,66 0.44
PK 4 3.29* 1,45 2,34 0.15 1,00 0.5%
NK 4 1.45 0,60 0.28 0.38 0.56 1,60
Exzror 22

Degree Mean sum of squares
Source of

freedom S Fe Mn Zn Cu
Block 5 0.30 2.04 1"0 0.38 1.17
Treaztrente
N 2 0.03 0.07 3.2% 0.15 3,20
P b3 0.20 0,46 0466 0.56 2,88
K 2 0,05 0.5¢4 0,24 0.19 0,29
NP 4 0.14 0.31 0,46 0.87 1,39
PK 4 0.83 0428 0.52 0.57 0.20
NK 4 0.08 0.16 Ue9S 0,62 0.42
Errox 22

¥ Significant at 5% level
*% Significent at 1% level



Appendix - IX

Analysis of variance for testing significance of effect
of fertiliser application on average yieid per palm per
year (NPK field experiment)

Begrees of Mean sum of
Source greedom squares
Block 8 139.73
Treatrrent
N 2 2036,67**
P 2 194,7¢
K 2 7240,02%*
NP 4 227,.4¢
NK 4 680,22%*
PK 4 157.63
Brrox 22 102.27

*+* gsignificant 2t 1% level
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ABSTRACT

An investigation on the root activity pattern
of coconut palm (Cocos pucifersg Limn.) and the
influence of long term application of RPK fertilisers
was conducted at the College of Horticulture,
Vellanikkara, The coconut variety West Coast Tall
vas inveriasbly used for the study.

It was found that méjor portion of the active
roots of ccconut were within an ares of 2 m radius
around the palm. The vertical distribution of active
roots was mainly cunfined to a depth of 30«60 ¢om and
the root activity decreased sharply at 90 c¢um depth,
The surface 25 om soil layer is practically devoid
of roots, Dased on these results it is sugyested
that the fertilizers may be epplied to an area of
2 m radius around the palm for their maximum

utilization,

Root activity was positively correlated with
organic certon, availsble P, available K, avallable
Mn and 2n and negatively correlated with exchange
acidiey.

Studies on the effect of long tern NCK fertiliz-
ation.on soil chemical characteristics revealed that
regular applicetion of ammonium sulphate reduced the



soil pH markedly (from 4.88 in Hy plots to 4,38 in

Ny plots). A decrease in evailable n and an increase
in availeble £ also chserved with continunus X
fertiiizetion,

Continuvous ¥ fertiliration, improved available
P status of soil froﬁ S.65 ppm in Po plots to
146.45 ppr in P, plote, Heevy build up of availeble F
alsc roticed in lower layers with continucus P
fertilizetion, Application of surerphosphate reduced
K status of =soill probably due to replacement by Cs in

exchangs elites,

Continucus appliceticn of muriate .of 1otash
increased the availsble ¥ content as well &8 <rgenie
carbvon eoniect ¢f scil. The effect on exchangeavle K
in soil is {cunc tz !e h-dependent as revealed from

the signisficant ¥ ¥ K intersction.

Significant positive correlations vere ohserved
between soil available K in the 025, 50«75 and
75=100 cm derths and the levels of K in 6th and 14th
£ronds. Available X ir the 0«25, 50«75 and 75-100 o=
soll layers is pocitively correlated with yield,
Organic carton at 0«50, 25«50 and 75.100 em soils

depths alsc showed positive correlation with yield



Among the micronutrients studied Fe and Cu
(25~50 cm soil layer) and 2Zn (50-75 cm soil layer)
showed positive correlations wvith yleld.

Foliar ¥g and ¥n levels decressed with increasing
rates of K fertilization, while ¥ fertilisation
increased foliar !'n content, Nitrogen fertilisation
also increased foliar N and Ca contents.

Potassium levels in 6th and 14th fronds showed
significant positive correlations with yield {r'values
0.,500** and 0,544** respectively)., The critical ¥
level found by Fremond ot ale. (1966) (0.8 to 1.0%)
need & revision as significant yield increase was
observed even at foliar K levels of 2,15 to 2,62 ppm
in 14th and 6th leaf respectively of the experimental

palma »



