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INTRODUCTION

In a developing country like India, where the populatioxi pressure is
_continuously increasing, it is being increasingly realised that the land and water re-
sources are limited and the wise use of the same is imperative. Following the
introduction of high yielding varieties and hybrids, the emphasis has been on
intensification and diversification so as to enhance productivity without caring
sustainability which has ultimately resulted in the reduction of soil health by
excessive mining of native fertility. It should be noted that different crops or
varieties may react differently to varying levels of mineral elements in soil.
Therefore, balanced and efficient use of fertilizer is necessary to prevent the

removal of soil nutrients by intensive cultivation.

For rational nutrient management, a knowledge of the fertility status and
physical properties of soil is essential. It is generally agreed that root development
and plant growth are related to the aeration of the soil for which the role of different
fractions of soil has to be explored for calibrating a suitable crop specific soil
testing programme. One of the most popular methods of determining the soil
fertility status practised in our state is soil testing. Infact, soil testing is an essential
part of any scheme of agricultural development. Since soil fests and interpretations
are based on the samples analysed, care should be taken to see that the soil samples
are properly collected and should represent the zone of nutrient absorption.

The soil sampling procedure now practised by the soil testing laboratories
is oriented towards giving fertilizer recommendations for rice, by sampling the top

15 em layer of soil. This method may not be suitable for perennial crops having



different rooting pattern and grown under diverse soil and management conditions.
I'he extent and spread of the effective root system determine the soil volume tapped
in the feeding zone of the crop plant. Similarly in the traditional method of soil
testing the physical properties of the soil are not taken into account.

Therefore, an earnest attempt is made in this study to standardise the soil
sampling technique for a perennial crop like coconut, and to work out fertilizer
recommendation system considering physical/textural nature of the soil as well as

the nutrient level, based on correlation with plant uptake values.
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2. REVIEW OF LITERATURE

India is the third largest coconut producing country in the world and as
much as 56 per cent of the area under coconut in India is concentrated in Kerala.
While research aimed at improving productivity of this oil seed crop started more
than 60 years ago, it is only in the last couple of decades that considerable progress
has been made. Apart from superior genetic material and efficient crop
management, appropriate nutrient application is important. For this, a knowledge
about the rooting pattern, nutrient dynamics in soil with respect to depth and season,
its relation to plant uptake and yield is essential. A brief review on these aspects is

p;resented below.
2.1 Root activity pattern of coconut

In a perennial crop like coconut which yields throughout the year, a
general knowledge of the root distribution, the location where maximum active

roots occur and suitable zone for fertilizer application is of paramount importance.

Studies conducted by Magnaye (1969) in healthy and cadang-cadang
affected coconut palms grown on a sandy loam soil showed that most of the

primary and secondary roots were within 30 - 90 cm depths.

Kushwah et al. (1973) from their studies on the root distribution of
coconut concluded that palms receiving regular cultivation and manuring produced

the highest number of roots. They also found that about 74 per cent of the roots



produced did not have lateral spread beyond 2 m from the trunk and most of the

roots were confined to 90 cm soil depth.

Results of the experiments on the root activity pattern of fifteen and sixty
year old coconut trees (Tall variety) in Philippines in the wet and dry seasons were
reported by IAEA in 1975. The zone of the highest root activity was within 1-2 m
radial distance from the palm and up to 15 cm depth. It was also observed that root
activity was highest at 0.5 to 1 m distance and 10to 30 cm depth in dry season as
well as in Qet season in  Sri Lanka, but activity at lower depths and greater

distance was relatively higher in dry season.

The traditional method of studying root distribution is limited in scope
because it can only give a picture of total root distributions without distinguishing
active, dormant and dead roots. Isotope technique in contrast offer a quick and

reliable means of determining the distribution pattern of plant roots.

From a study on the root activity pattern of coconut in Sri Lanka
employing P, Balakrishnamurthy (1971) suggested that maximum uptake
occurred from 1 m distance from the palm at a depth of 12 cm. The greatest root

activity was observed in the upper 0 - 30 cm layer of soil.

Studies conducted in Sri Lanka using radiotracer on the efficiency of
fertilizer utilization by coconut palms had shown that nutrient uptake was maximum
from a lateral distance of 50 cm. A decrease was observed with increase in lateral
distance. Activity was very high within a rédius of 2 m and within a depth of 10 - 45
cm (IAEA, 1975) ‘



The root activity studies conducted at the Kerala Agricultural University
using radiophosphorus on coconut variety West Coast Tall, grown in laterite soil,
revealed that the major portion (82.5%) of the active roots reside in an area of 2 m
around the palm. The vertical distribution of active roots mainly confined to a
depﬂ; of 60 cm (84.8%) and the root activity decreased sharply at 90 ¢cm depth. The
surface 0 - 20 ¢m soil is practically devoid of root activity (Anilkumar, 1987)

2.2 Nutrient dynamics in soil
221 Available N

Nair (1977) in his studies on rice growing soil of Wyanad reported that
organic matter content of surface samples ranged from 0.4 to 3.8 per cent while in

profile samples, there was a marked trend to decrease with depth.

Bastin (1985) reported that organic carbon content of red soil of Kerala
ranged from 0.17 to 0.74 per cent and decreased steadily with depth in the profile.

Sood and Kanwar (1986) studied the distribution of organic carbon in
some soil profiles of different agroclimatic zones of Himachal Pradesh and found

that organic carbon content decreased with increase in depth.

Studies on organic carbon content of both upland and wetland soils of
Edamalayar Command Area revealed a steady decrease in organic carbon with
depth (Krishnakumar, 1991).

Ramdas (1970) obtained a high correlation between organic carbon and

nitrogen.



Reports of Singh and Brar (1973) revealed the higher correlation values
of organic carbon percentage with nitrogen uptake and ﬁeld compared with the
available nitrogen content of soil. They showed that organic carbon content is a

better index of available nitrogen.
Ghosh and Hassan (1980) also reported organic carbon as the index of

available nitrogen.

Raychoudhury and Anantharaman (1960) found that in Indian rice soils
nitrogen decreased with increase in depth in the profile.

Hassan (1977) observed a decrease in total nitrogen with depth and

paralleled with organic carbon content.

Gupta et al. (1989) studied the profile distribution of various forms of soil
nitrogen and arrived at a conclusion that organic carbon was relatively more in

surface soil samples and it sharply decreased in 15-30 cm layers in all the plots.

" Singh and Ahuja (1990) in a study to find the distribution of nutrients in
the Ghaggar river basin found that surface horizons are rich in available nitrogen

which decreased with depth.

According to Singh et al. (1992) total, organic and fixed ammonia
nitrogen decreased with depth in the soil profiles of Haryana.

222 Available P

Karim and Khan (1956) in a study on the vertical distribution of nutrients
in the soils of East Pakistan found that phosphorus increased up to a depth of 17.5
cm and then decreased sharply up to 8.75 cm.



Studies conducted on the vertical distribution of total and available P in
some typical soil profiies of Gujarat showed that the top soil was richer than subsoil
in total and available P (Patel and Mehta, 1962).

Investigation of Chibba and Sekhon (1985) revealed that available P
showed no definite trend with depth. '

Sood and Kanwar (1986) studied the distribution of organic and total P in
some soil profiles of Himachal Pradesh and found that oréanic carbon, organic P
and total P content decreased with increase in depth. They also reported that the
decrease in organic P with soil depth might be due to its association with organic

inatter.

Singh and Ahuja (1990) reported that maximum accumulation of

available P was in the surface layers which decreased with depth.
Dongale (1993) in his studies to find out the distribution of different
forms of P in laterite soils of coastal region found that total, organic and reductant

soluble P decreased m the solum.

Investigations of Viswanatha and Doddamani (1993) in the soils of
Karnataka revealed that saloid P, organic P and total P decreased with depth.

223 Available K

In the red soils of Coorg, the percentage of total K increased from the

surface soil up to parent material except in the second horizon and in the red soils



of Madurai the total K content increased with increasing depth from 2.06 to 2.67
per cent (Mosi, 1960).

Raychaudhury and Reddy (1963) studied the fertility status and
productivity potential of some red soils of Bangalore and found that K,O content
was high in the surface which increased with depth indicating the accumulation of
clay fraction containing potash bearing minerals.

Balaguru (1970) reported an increase in the total K content with increase
in depth for red alluvial soils of Tamil Nadu.

Kadrekar (1973) observed that contents of exchangeable, available and

water soluble forms of K in acid soils declined with depth of the profile.

Nair (1973) found that the total K;O content of red soils of Kerala varied
from 0.92 to 1.44 per cent for the surface samples and from 0.87 to 1.37 per cent

for sub-surface sample.

Ekambaran er al. (1975) observed that water soluble and exchangeable K

decreased with increase in depth of soil profile.

Investigations of Chibba and Sekhon (1985) revealed that available K
was liigh in the surface soil. ‘

Brar and Sekhon (1987) studied the vertica! distribution of K. in the five
bench mark soil series in North India. The vertical distribution of K in the profile
can differ depending upon the relative effect of different factors such as texture,



organic carbon content, application of X fertilizers, upward movement of soil K due
to capillary rise. Most of the variations in the vertical distribution of K in different

profile in the study could however be attributed to texture and organic carbon.

Singh and Ahuja (1990) studied distribution of primary nutrients in
Ghaggar river basin and found that K,O content was high in the surface profiles
which decreased with depth.

Study on the distribution of different forms of K in profiles of Entisols by
‘Pal and Mukhopadhyay (1992) brought out that there was no definite pattern of
distribution of K in the profile.

224 pH
Hameed (1975) reported that pH of kole soils decreased with depth.
According to Raguraj (1981) the pH of profiles ranged from 6.0 to 10.1
in red soils and 3.4 to 6.3 in laterite soils of Madurai district. The low pH in laterite
soil was attributed to the high organic matter content and also to the leaching of
bases. The pH of the surface soil was high compared to the sub-surface layer.

225 Electrical conductivity

Sampath (1987) reported that electrical conductivity remained low
without any change in depth in red and laterite soils of Tamil Nadu.
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In laterite soils of Kerala, electrical conductivity was very low and
showed little variation within the profile and between soils from different profiles

{Deepa, 1995).

Kurup and Aiyer (1973) in their studies in kari, karappadam and kayal
soils found that both pH and EC registered maximum values when sampled in

October - November and minimum values in March - April.
23 Particle size distribution of soil

Parthasarathy (1959) reported that the amount of clay in soil influences
many of the physical constants of soil. He also obtained a negative correlation

between clay and coarse and fine sand.

According to Queiroz (1963) sand fraction in seven profiles under study
decreased with depth, Within the sand fractions, coarse sand decreased and fine
sand increased down the profile. The increase of fine particles was attributed to the

migration of soil particles with the gravity water.

Nair et al. (1966) reported that in cultivated soils of Kerala, true specific
gravity, apparent specific gravity and available P and K appeared to be a function of
the coarser particles of the soil while water holding capacity, pore space, volume

expansion and organic carbon were related to the finer particles of the soil.

Rajagopalan (1969) observed an increase in the coarse sand and clay
fractions with depth in a red soil profile at Patchallor in Kerala. Siit and fine sand
contents decreased with depth.



Gopalaswamy (1969) observed a decrease in the sand fractions with the
depth of soil profile.

Investigations of Sharma et al. (1980) revealed that clay content was
negatively but signiﬁcantiy correlated with bulk density whereas silt showed no

comelation with bulk density.

Ushakumari (1983) reported that soils of Kerala exhibited an appreciable
variation in texture ranging from clay to loam. The laterite and red loams were very

similar in texture and all types of soils exhibited a downward migration of clay.

Tomar (1987) based on his study in soils of Indo-Gangetic alluvial plains
reported that the clay content tended to decrease with depth.

Miura et al. (1992) reported that in paddy soils of North-Eastern
Thailand clay content gradually decreased with depth.

Singh et al. (1993) reported a gradual increase in bulk density (1.35to 1.4
g cm™) with depth in low land soils in Kulu valleys of Himachal Pradesh indicating
a progressive compaction due to filling of pores by eluvial materials.

2.4 Seasonal variation of nutrients in soil and plants

Heyn et al. (1992) studied soil sampling time, depth and drying methods
relationships in one year field trial with sugarbeet and winter wheat to improve
nitrogen fertilizer recommendation. Spring sampling gave markedly better results

in sugarbeet while autumn sampling was mostly acceptable for winter wheat.

11



Wahid et al. (1975) observed no regular péttern of variation in available
nitrogen content in soil in different months while a steep fall in exchangeable K

with the commencement of monsoon.

Liebhardt and Teel (1977) studied the fluctuation in soil test values for K
as influenced by time of sampling. Results revealed that month of sampling,
significantly affected K soil test values, which were highest in late May and
declined as the growing season progressed, remained fow until the relatively higher

exchangeable K was re-established in the following spring.

Muliyar and Wahid (1973) observed a decrease in available P content of
soil with the onset of rains due to the fixation by newly formed hydrated oxides of
iron and aluminium. Subsequent increase in available P resulted due to the release
of fixed P when the soil become dry. These resuits were in conformity with the

results obtained by Wahid et al. (1975).

Changes of soil P by leaching associated with precipitation were found
to be deter;n_ined by clay content. Leaching of P was found to be nil from soils
having a clay content of 23.8 and 18.4 per cent clay but P leaching was there in
soils having 8.4 per cent clay ( Sharma, 1992). '

Wahid ef al, (1975) reported that a general improvement of leaf N, P and

K occurred after the onset of rains.

Generally leaf nitrogen declihed with the onset of the monsoon and
‘increased following fertilizer application in September. Leaf K levels increased

until December and decreased thereafter whereas Ca and Mg increased after

12
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December. Leaf P increased slightly while S and Fe decreased during rainy
season. Ca and Mg levels were little affected by the season. Na fell to its lowest

level in September and increased thereafter (Wahid ef al., 1981).

Ziller and Prevot (1961) reported that in Dahamey the rain water
collected under the coconut palm was richer in K than water falling directly from

the sky.

Nye (1961). reported an annual loss of 219.5 kg K, 29.1 kg Ca, 17.9 kg
- Mg, 3.7 kg P, 9.0 kg NO3N and 3.4 kg NH4N per hectare from forest vegetation
with annual rainfall of 1,562 mm.

Cecil and Pillai (1973) computed the annual losses of nutrient elements
by leaching from a hectare of 170 coconut trees with an annual rainfall of 2,500 mm
and the results were as follows: 85.0 kg K, 74.0 kg N, 32.1 kg Na, 25.0 kg Ca, 8.7
kgMgand29kgP.

2.5 Mineral nutrition of coconut palm

Coconut palm removes large dquantities of nutrients from the soil
continuously. This progressive removal of nutrients eventually depletes the soils of
its nutrient resources unless replenished through a sustained programme of

balanced manuring, coupled with other improved agronomic practices.

: Nathanael (1969) outlined the conceptual basis to assess the nutrient

requirement of the coconut palm by the equation

F=R-S+L
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where, F is the quantity of fertilizer nutrient, R is the quantity of nutrient recovered
tiy the crop for unrestricted growth, S is the quantity of nutrient supplied by the soil
and L is that portion of the fertilizer nutrient not utilised by the crop plant.

Wahid and Nambiar (1978) developed Nutrient Uptake Index (NUD) that
permits comparison of removal of a nutrient by ccluconut palms at any given stage of
growth before bearing. NUI for a giyen nutrient is arrived at by multiplying the
nutrient concentration (per cent) with the number of leaves present at the time of

sampling.

A number of workers estimated removal of nutrients by middle aged,
bearing palms and have obtained widely varying values. This is probably due to
variation in agroclimatic conditions, management practices, varietal differences etc.
"Eventhough the differences in absolute values between the authors are large, there
is a lot of agreement in the pattern of exhaustion. The sequence of importance of
the nutrients for coconut palm was K > Cl > N> Ca>Na> Mg>S>P. Itis quite
evident that the dominant requirement of the palm is K while P is the least, in

quantity required.

Pillai and Davis (1963) worked out the quantity of nutrients removed by a
single West Coast Tall palm yielding 40 nuts and producing 13 leaves per year.
The data was given as follows: N-321 g, P-69g, K-406 g, Ca- 196 g and Mg -
2g

Nathanael (1969) reported that single middle aged palm of tall variety
removed 0.59 kg N, 0.26 kg P,Os and 0.85 kg KO annually when the yield was



about 40 nuts per year. If the mean yield was around 60 nuts, the palm removed

0.72 kg N, 0.33 kg P,Os and 1.08 kg K20 per year.

Studies conducted by Ouvrier and Ochs (1978) revealed that nutrient
removal by the hybrid PB-121 was exhaustive.

Marar and Pandalai (1961) reported that the effects of N and K were
equal and additive.

Eden et al. (1963) discussed coconut nutrition and requirement in relation
to soil conditions existing in Sri Lanka and reported that the only main effect which

had shown statistical significance was that of K.

Mathew and Ramadasan (1964) reported that N had a significant effect
on all growth characters of young palms in the initial stage; P increased girth at
collar and number of fronds produced and the effect was reported to be indirect by

enhancing the uptake of K, while the application of K increased girth at collar only.

Mathai et al. (1979) found out significant increase in the mean number of

leaves produced due to fractional application of NPK.

Loganathan and Balakrishnamurthi (1980) reported that N increased
girth, height and leaf production during the pre - bearing period, but P (up to 6%
years) and K (up to 3% years) had no effect on any vegetative growth parameters in
an NPK field experiment in Sri Lanka .

15



Muliyar and Nelliyat (1971) found that for palms yielding less than 60
nuts annually, the optimum dose of N ranged between 400 and 600 g with a mean
of 480 g and that of X ranged between 890 and 1210 g per palm per year.

Nelliyat (1972) suggested that the adult palm dosage should be given to
young palm from the third year onwards. He also suggested that once the seedlings
are planted in the main field, about one-tenth of the adult palm dosage may be
applied after three months, one-third after one year, two-third after 2 years and full
dosage thereafter.

2.6 Relationship between soil nutrients, plant nutrients and yield

Generally the suitability of soil test method is judged by obtaining a
simple correlation coefficient between the soil test values and yield/nutrient uptake.

Many workers have studied such relationships.
2.6.1 Relationship between soil nutrient and plant nutrient

Ollagnier et al. (1970) have reported that leaf nitrogen content of oil palm

increased from 2.3 to 2.7 per cent by nitrogenous fertilizer application.

Warrier and Piggot (1973) claimed to have found a high concentration of
tissue N in fertilized plots of oil palm. In the absence of K fertilizers leaf K content
was low and tissue concentration increased when KCl was applied. They also

observed low tissue P content when P fertilizers were not applied.

16
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Biswas ef al. (1987) got positive correlation between organic carbon

content of surface soil and foliar nitrogen content of mango trees.

In coconut N fertilization tended to increase leaf K and Ca levels but
decreased the Na and Mg levels. N and K fertilization increased foliar Ca and Mg
levels but depressed K and Na (Felizardo, 1965).

Wahid ef al. (1974) in one of their experiment got significant positive
correlation between soil and leaf K in coconut. Na correlated negatively with their

concentration in leaf, though not significant.

Withholding fertilizer application to coconut for one year lowered foliar

N and K levels significantly, but not P levels (Wahid ef al., 1975) .

Devi and Velayudhan (1977) observed maximum concentration of N,P
and K in 14th leaf of coconut immediately on 2nd and 5th day of fertilizer

application.

Gopi (1981) found that coconut palms receiving higher levels of N and K
fertilizers had high foliar N and K contents, while P fertilizers gave only a marginal

increase in foliar P levels.

Krishnakumar (1983) reported that application of N, P and K fertilizers
resulted in an increase in the content of these nutrients in the 2nd, 10th and 14th

leaves.
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Loganathan and Atputharajah (1986) observed that muriate of potash
increased leaf K and Cl but decreased leaf Ca and Mg. Ammonium sulphate
generally increased leaf’ N and Ca but decreased leaf K and Cl in coconut.

262 Relationship between leaf nutrients and yield

Ollagnier er al. (1970) reported a yield increase of 5 per cent when leaf

N concentration was raised from 2.3 per cent to 2.7 per cent in coconut.

Indirakutty and Pandalai (1968) observed a general increase in foliar

nutrient content of N, P2Os and K20 with increase in yield of coconut palm.

Devi and Pandalai (1968) found that foliar nitrogen, phosphoric acid,
potash, iron and ménganese were found to be positively correlated to the yield of

coconut,

Molleguard (1971) found some correlation between soil P content with

yield and levels of this element in leaf tissue of oil palm,

Studying the relationships among root CEC, yield and mono and divalent
cations in coconut, Wahid ez al. (1974) reported a positive correlation of both soil
and leaf K contents with yield indicating the role of K in increasing the vield of

coconut.

. Thomas and Nandra (1974) after foliar analysis of nutrient composition
of high and low yielding palms of the typical variety showed that the yield was
correlated with N/P, N/K and Ca/Mg ratios.

18
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Apacible (1974) showed that with application of KCI, the chlorine
content of leaf markedly changed and content was also highly correlated with yield.
Thus he assumed that, response to KCI was actually due to chlorine and not due to

potassium.

Magat et al. (1975) reported a positive correlation between copra
weight/nut and copra yield/palm and Cl content of leaves, while a negative
correlation was found for K level suggesting that likely limiting nutrients are Cl and

K.

Kanapathy (1977) in a study on dwarf coconut palm showed that there

was no yield response to P fertilization.

Teffin and Quencez (1980) made a detailed study of the importance of Cl

for coconut and found that K and Cl having positive correlation with yield.

Gopi and Jose (1983) recommended the second leaf as the best for the
simultaneous detection of N and K, since they observed maximum correlation
between yield and the content of N and K 1n this leaf. According to their work,
the yield was best correlated with the N content of the 10th leaf followed by the
2nd leaf. In the case of K, maximum correlation was obtamed between yield and
the K content of second leaf. The P content was not correlated significantly with

yield, irrespective of the leaf position.

According to Krishnakumar (1983) yield of the palms was significantly
correlated with N per cent of leaf lamina. The partial correlation coefficients

between yield and the P per cent of 2nd, 10th and 14th leaves were not significant .



The coefficients of partial correlation between yield and K contents of 2nd  and

10th leaves were significant.

Ochs et al. (1991) reported that in oil palm for a natural leaf content of |
per cent or more, K application made no measurable improvement. For contents
between 0.9 and 1 per cent the production increase to be expected was low.
Below 0.9 per cent, the effectiveness and profitability of K fertilization was

demonstrated beyond any doubt.

Jose et al. (1991) reported that yield of palm was significantly correlated
with N per cent of leaf lamina of 2nd, 10th and 14th leaves and the highest
coefficient of partial correlation being registered by 10th leaf.

2.7 Soil testing

Soil testing is a reliable procedure for transferring research findings to
farmer’s field, Leverington ef al. (1962) reported that unless K is very deficient,
soil analysis is more reliable than leaf analysis for answering potassium requirement

of sugarcane.

A comparison of foliar diagnosis with soil analysis for the estimation of
I and K requirements of groundnut in Bengal was made by Ollagnier and Giller
(1955) in which foliar diagnosis values were better correlated with yield and

response to P and K, than soil analysis.

The soil test values are interpreted and fertilizer recommendations are

made by different procedures. The most common and widely accepted method 1s

20



giving fertilizer recommendation based on soil test values alone. The traditional
method is oriented towards giving fertilizer recommendation for rice and may not
be suitable for perennial crops with different rooting pattern and grown under

diverse soil and management conditions.

For better prediction of responses to applied nutrients, it 1s essential that

soil sample to be drawn from the feeding zone of roots.

Turner et al. (1978) studied the effect of sampling depth on soil test
results and reported that sampling depth significantly affected the levels of P, K,
Mg, Ca and pH. Although soil fertility values changed with depth, changes in

fertilizer recommendations due to sampling depth were minimal.

Bemard and Stabbert (1988) also emphasised the view of taking sampling

depth into consideration while taking soil samples.

According to Amma (1989) soil samples are to be collected in the form of
composite samples taken at two depths viz. 0-30 c¢m and 30-60 cm for fertilizer

recommendation for rubber.

Bolland (19§2) reported that soil P test values depends on sampling
depth.

Though most of the chemical and physical properties are dependent on

different size fractions of soil, little importance is being given on this aspect.

21



Indirakutty and Pandalai (1968) studied the influence of soil types on
foliar nutrient composition in coconut and found that foliar nutrient content was
more in red loam because of its favourable physical characteristics which allowed
uninhibited and extensive development of root system - condition under which the

capacity factor could be expected to play a major part in nutrient mobilisation.

According to Salgado (1955) soil analysis measured only the intensity
factor while capacity factor took into account not only nutrient status but also the

volume of soil available for roots to grow in search of food.

In the present study an attempt is made to develop factors or coefficients
to account the contents of gravel, sand and bulk density of soil sample in soil test
values of coconut. The results of the study may pave the way to extend this crop

specific fertilizer recommendation system to other crops and soil types.
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3. MATERIALS AND METHODS

The soil sampling procedures suitable for perennial crops like coconut
have not been syftematically evaluated so far. Similarly, contents of gravel and
_coarse sand are not taken into account in arriving at fertilizer recommendations.
lThis study was, therefore, undertaken to standardize soil sampling technique for
coconut and to work out fertilizer - recommendation system considering

physical/textural nature of the soil as well as the nutrient level, based on correlation

with plant uptake values.

1.

The present study was conducted making use of two standing population
of coconut gardens grown under good and average management practices, which
are separated by a distance of about one kilometre. Details of the experiment are

furnished below.
3.1 Experimental site

Coconut gardens were located at Mulamkunnathukavu (Thnissur Dt).
Seventy five West Coast Tall palms were identified in each garden which werf; in
the age group of i5-20 years. Among these, twenty healthy palms were selected for
the study. '

The area enjoyed a typical humid tropical climate. The soil at the
experimental location was deep, well drained, acidic laterite (Oxisol) and gravelly

in nature.
3.2 Collection and processing of soil samples

Soil samples were collected from the base of the selected palms in three

seasons.
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321 Seasons of sampling (S)

(1) Before the onset of S.W. monsoon (in May) (S))
(2) After the cessation of S.W. monsoon {in October) (S;)
(3) After the cessation of N.E. monsoon (in January) (Ss)

3.2.2 Category of palms
(1) Good management - situation A

In this plot 25 kg farm yard manure, 25 kg green leaves, 1 kg urea, 0.5 kg
super phosphate and 1kg muriate of potash were applied/palm/year in open circular

basins. During summer months irrigation was also given at 4 days interval.
('2) Average management - situation B

Here 6 -8 kg wood ash and 25 - 30 kg green leaves were only applied.
323 Types of sampling

Basin of 1.8 m radius was formed around each palm for the application of

manures and fertilisers. Soil samples were taken from different radial distances and

depths from the base of the palm.
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3.2.3.1 Radial distances (1)

(1) Inside the basin within a radius of"120-180 cm from the bole of the palm

Ly
(2) Basin cum outside within a distance of 150-210 cm from the bole of the palm

(L)
(3) Outside the basin within a distance of 180-240 ¢cm from the bole of the palm

(Ls)

3.2.3.2 Depths (D)

(1) 0-15em (D))
(2) 0-30 cm (D»)
(3) 0-45-cm (D)

3.2.3.3 Dustance-depth combinations

MLD @LD;, (7)LDy
@) LD; (5)LD; (8)LsD;
(3)LiDs  (6)L:D; - (9) LyD;

Soil samples were taken using soil tube and were designated as radial
rhizosphere colum?s (RRC). For each distance-depth combination RRC’s were
" collected from four different directions (north, east, south and west) around each
. palm and the four RRC’s were mixed to make a composite sample. Thus the total

number of composite samples collected were:
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20 palms x 2 categories x 3 seasons x 9 distance-

depth combinations = 1080

Samples were air dried and sieved through 2 mm mesh prior to chemical

analysis.
33 _Collection and processing of leaf samples

Leaf samples were collected from the 10 th frond of the selected palms as
suggested by Gopi (1981). From each palm, six leaflets (three from each side of the
rachis) were taken without cutting the leaf. Only the middle 10 cm long portion of
the leaflet was used for analysis. Marginal threads and midribs were removed,

cleaned, dried, cut into small pieces, ground and made into composite samples.
3.4 Biometric observation

Data on yield and yield attributes were collected at the time of each
sampling. In each pélm, the bunch having nuts of fist size was tagged and the
number of nuts present in each bunch starting from the tagged bunch up to the last

bunch having fully matured nuts was counted and recorded as total expressed yield.

For recording the leaf production, the fully opened-youngest leaf was
tagged and treated as No.l and counted all the leaves in the increasing order of age

and recorded as total leaf production.

From the second sampling onwards, in addition to total number of nuts,
bunches and leaves, the nuts, bunches and leaves produced up to the sampling time

were separately counted and recorded as seasonal expressed production.



3.5 Analytical procedure
3.5.1 Soil analysis

Soil samples were analysed to assess pH, EC, organic carbon, available P
and available K. pH and EC were determined at a soil water ratio of 1:2.5. Organic
carbon content was estimated by Walkley and Black’s rapid titration method as
described by Jackson (1958). The available P was extracted using Brasr No.1
extractant and the content was determined colorimetrically by ascorbic acid blue
colour method (Watanabe and Olsen, 1965). The available K content was assessed
flame photometrically after extracting with neutral normal Lammonium acetate
(Jackson, 1958). Soil size fractions were also separated by waéhing through sieves
of different mesh size and they are designated as follows (Brady, 1984)

(1) Fraction 1 (FI) - >2mm
(2) Fraction 2 (F2) - 1-2mm
(3) Fraction 3 (F3) -0.5-1 mm
(4) Fraction 4 (F4) - 0.2-0.5 mm
(5) Fraction 5 (FS) -<0.2 mm

Bulk density was also determined by dividing the total mass (m) of

RRC’s with corresponding volume (v) and expressed as g em™ .
3.5.2 Plant analysis

The total nitrogen was determined by the microkjeldahl digestion
distillation method. For the determination of total P and K the samples were
digested in a mixture of nitric acid, sulphuric acid and perchloric acid as suggested

by Jackson (1958) The P content was determined colorimetrically by
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vanaaomolybdate yellow colour method in nitric acid medium and K content by

flame photometry (Jackson, 1958).

353 Statistical analysis

Comparison of physio-chemical properties of two plots was done using 't
test (Panse and Sukhatme, 1985). Correlation studies were also conducted to study
the nature of relationship among different variables. Correlation coefficients were
worked out between soil parameters, leaf nutrient content and yield and yield

attributes.
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4. RESULTS

Results of the present investigations are presented below.

4.1 . Variation of physico-chemical properties of soil
4.1.1 Effect of depth, radial distance and season
4.1.1.1 Total weight of RRC's

Data presented in Tables la and 1b show that in situation A and B the
total weight of soil column increases as the depth and radial distance from the bole
increases. Though the volume remains constant, situation B recorded higher values
for a particular RRC compared with situation A. In both cases maximum weight
was nc;ticed at L3D3 (690 g-A; 990 g-B) and minimum at L,D; (246 g-A; 354 g-B).

4.1.1.2 Particle size distribution

Distribution of fraction-!1 in the field soil as well as different size
separates in 2 mm sieved sample was studied and the data are presented in Tables
2a, 2b and Fig.1a, 1b for situations A and B respectively. It was observed that
fraction-1 decreases as the depth increases and increases as the distance from the
palm increases. In both situation minimum value was obtained at L;Ds and
maximum value at LD, for situation A and L;D; for situation B. The pattemn of

distribution of fraction-5 was just reverse, which is evident from the tables.

4.1.1.3  Bulk density

Bulk density of different RRCs are presented in Tables 1a and 1b. Results
indicated that bulk density was maximum for RRCs taken from outside the basin

28
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Table 1a. Quantitative characterisation of soil physical properties in situation A

RRC Total weight Particle size distribution, g Bulk
(g) density
F1 F2 F3 F4 F5 gem”

LDy 246 7 6 36 17 180 1.26
LD, 430 12 9 46 23 340 1.02
L.D; 677 16 18 103 48 492 1.23
LoDy 258 8 8 36 - 19 187 1.35
L.D, 453 13 12 52 29 347 1.02
‘LaDs 678 18 24 94 52 490 1.24
LiDy 273 10 9 36 21 197 1.45
LsD, 463 14 21 74 45 309 1.30
L;D; 690 19 37 120 72 442 1.36
Mean 463 13 16 66 36 " 331 1.25

Table 1b. Quantitative characterisation of soil physical properties in situation B

RRC  Total weight Particle size distribution, g Bulk

(g) : density

3 F2° F3 F4  F5 g cm™
L,D, 354 96 19 45 17 177 1.80
LD, 558 142 24 62 23 307 1.24
LiDs 9717 204 55 132 48 538 1.60
L;D, 359 96 20 46 18 179 1.90
L,D, 568 148 27 73 27 293 1.40
L,D; 984 254 56 132 49 493 1.67
L;Dy 364 96 22 52 19 175 1.96
L:D, 577 150 31 84 31 281 1.60
L;D; 990 259 56 133 49 493 1.70
Mean 636 160 34 84 31 326 1.65

L - Radial position from the bole
D - Depth from surface (¢m)

F - Soil size fraction



Table 2a. Distribution of soil particles in situation A

RRC Particle size distribution, %
Fl F2 F3 F4 F5

LDy 2.8 2.4 14.6 6.9 73.3
LD, 2.8 2.1 10.7 53 79.1
L\D; 2.4 2.6 15.2 7.1 72.7
L,D, 3.1 3.1 13.9 7.4 72.5
L,D, 2.8 2.6 11.5 6.4 76.7
L,D: 2.6 3.5 13.9 7.7 72.3
LD, 3.7 3.3 13.2 7.7 72.1
L;D, 3.0 4.5 16.0 9.7 66.8
L:D; 2.7 54 17.4 10.4 64.1
Mean N 29 3.2 14.0 7.6 72.2

™~

Table 2b. Distribution of soil particles in situation B

RRC Particle size distribution, %

F1 F2 F3 F4 F5
LD, 27.1 54 12.7 48 50.0
LD, 254 43 11.1 41 55.1
LiDs 20.9 5.6 13.5 4.9 55.1
LD, 26.7 56 12.8 5.0 499
LD, 26.1 48 12.8 4.8 51.5
L,Ds 258 59 - 13.4 5.0 50.1
Ls:D, 26.4 6.0 . 14.3 52 48.1
L:D, 26.0 5.4 -14.5 5.4 48.7
L;D; 26.2 5.6 134 49 499
Mean 256 5.4 13.2 4.9 50.9

L - Radial position from the bole
D - Depth from surface (cm)
F - Soil size fraction
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(L3} and mintmum at L;. Considering the depth wise variation, highest value was
observed in 0-15 cm layer of soil (D)) and lowest at D,. Results obtained in

situation A is in conformity with that in situation B.
4.1.1.4 Percentage of roots

Data on root fraction distribution in both the situations presented in
Table 3 showed that pattern of distribution was similar in both the situations
though, the magnitude of occurrence varied between the situations. In both cases
root biomass tended to increase with progressive increase in the length of soil
column, but decreased with greater radial distances.

In situation A, values of percentage distribution of root fraction in 0-15
cm, 0-30 cm, 0-45 cm at L; and Ls were 0.16, 0.26, 0.29 and 0.07, 0.13, 0.16

respectively.

In situation B the percentage content of roots in fixed soil volumes were
low. Thus the data showed that situation A manifested higher percentage of roots
than situation B.

4.1.1.5 Soil reaction

Data pertaining to the effect of depth, radial distance and season on pH
of situation' A and B are presented in Table 4 and Fig.2. It was observed that pH
decreased with increase in depth and radial distance. In situation A highest value
was recorded at L)D; and LD, (6.1) and minimum value at L;D, (5.7) in the first
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Table 3. Root distribution pattern of coconut palm

D - Depth from surface (cm)

RRC Root fraction (%0)
Situation A Situation B
Mean Range Meah Range
LD, 0.16 0.02'-0.46 0.08 0.00-0.20
LD, 0.26 0.03-046 0.18 0.01 - 0.50
LD 0.29 0.01 -0.42 0.26 0.03-0.66
L.D, 0.12 0.02 -0.41 0.09 0.01 -0.26
L.D» 0.20 0.02-0.43 0.15 0.03-042
L,D; 0.21 0.01 -0.39 0.21 0.01 -0.53
LDy 0.07 0.01-0.38 0.08 0.01 -0.30
L:D» 0.13 0.01 -0.36 0.11 0.07-0.29
L;D; 0.16 0.01-0.29 0.14 0.00-0.49
Mean 0.18 0.01-046 0.14 0.00 - 0.66
Table 4. Pattern of pH in coconut rhizosphere
RRC Situation A Situation B
S, S, S5 Si Sz S;

LD, 6.1 5.8 5.8 6.6 6.4 59
LD, 6.1 5.9 5.8 6.4 6.3 5.9
L,D; 6.0 5.8 5.7 6.5 6.3 5.9
L.D, 6.0 5.8 5.8 6.2 6.0 5.9
L.D, 5.8 5.7 57 6.3 6.0 5.7
L,D;s 59 5.6 5.7 6.1 5.9 5.6
LsD, 5.8 5.6 5.7 6.0 6.0 5.8
L;D, 58 5.6 5.7 5.9 5.9 57
LsDs 5.7 55 5.7 5.9 5.9 5.7

‘ Mean 5.9 5.7 5.7 6.2 . 6.1 5.8
L - Radial position from the bole S - Season



(a) Situation A (b) Situation B

a8 ,
84 + Y ‘l
6.2 — -
- - Hy
B8 — - L]
N - ME— ol ——( 3‘ 51- \_
s.8 )Zx\; W \
. b o - -
\ Y
. AN
X( = - - — & F s
AN
5.6 - “_\ \l(
5.4
D1 D2 pDs 01 D2 D3 D1 D2 ps3 . D1 D2 D3 D1 Dz D3 D1 D2 D3
i L, L L
&
3 L:. L& L3

"IE=ls1[Ts2 =ls3

L - Radial position from the bole, D - Depth from surface, S - Season

Fig.2. Distribution pattern of pH in coconut. rhizosphere

ge



season. In the second season highest value was at LD, (5.9) and lowest at LiDs

(5.5). But in the following season pH is almost stabilised for all locations.

In situation B, pH variation followed the same pattern as that in situation
A, though corresponding value for each location was higher compared with
situation A. In all the seasons ;D recorded the highest and L;Ds, the lowest pH.

4.1.1.6 Electrical conductivity (dS m™)

Data showed that EC decreased with depth and distance from the palm in
both situations (Table 5 and Fig.3). In both situations EC followed same pattern of
variation. Maximum value was recorded at L,D; in the second season (0.218-A;
0.187-B) and minimum value at LsDjs in the first season and the values were 0.077
and 0.083 for situation A and B respectively. Compared with situation B, situation
A recorded higher values for EC.

4.1.1.7 Organic carbon (per cent)

In both situations organic carbon decreased with depth and radial
distance (Table 6 and Fig.4). In all the seasons maximum organic carbon content
was noticed at L;D;.

In situation A, highest value obtained was 0.63 at LD, and lowest value
at LsD3 (0.48) in the first season. In second and third seasons also the highest
values were recorded at LD with a mea:; value of 0.66 and 0.63 respectively and
lowest value at L3D; (0.50 and 0.49). Com;;aring the seasons, highest value was

recorded in the second season (0.66).
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Table 5. Pattern of EC in coconut rhizosphere (dS m™)

RRC Situation A Situation B
S] ' Sz S3 Sl Sz S3
LDy 0.129 0.218 0.164 0.177 0.187 0.176
LD, 0.123 0.177 0.162 0.141 0.173 0.143
LiDs 0118 0.109 0.097 0.118 0.135 0.121
L.D; 0.118 0.168 0.154 0.149 0.153 0.131
LD, 0.117 0.163 0.146 0.134 0,147 0.128
L,D; 0.091 0.152 0.129 0.116 0.138 0.111
LsD, 0.100 0.164 0.146 0.137 0.118 0.111
L:Ds 0,085 0.118 0.139 0.093 0.110 0.106
1;Dy 0.077 0.109 0.117 0.083 0.096 0.091
Mean 0.106 0153  0.139 0.128 0140 0.124
Table 6. Pattern of organic carbon in coconut rhizosphere (per cent)
RRC Situation A Situation B
S] S2 S3 Sl Sz S3
LD ' 063 066 0.63 055 058 055
LiDs 0.60 0.61 0.60 0.54 0.51 0.53
. [4Ds 0.55 0.56 048 0.44 0.4] 0.48
LD 0,56 0.64 0.58 0.51 0.52 0.49
LD, 0.54 0.63 0.55 0.47 0.49 0.48
L,Ds 0.52 0.55 0.53 0.43 0.43 0.47
LiDy 0.52 0.58 0.58 0.52 0.50 0.48
L;D, 0.53 0.57 0.55 0.44- 0.48 0.47
LDy 0.48 0.50 0.49 0.42 0.43 0.43
Mean 0.55 0.59 0.55 0.48 0.48 0.49

L - Radial position from the bole
D - Depth from surface (cm)

S -Season
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In situation B also maximum organic carbon content was noticed at LiD;
and the values were 0.55, 0.58 and 0.55 for first, second and third seasons
respectively. The minimum value recorded for LsDs was almost the same for all the

$easons.
41.1.8 Available P (ppm)

In situations A and B, available P decreased with increase in depth and

radial distance from the bole (Table 7 and Fig.5).

In situation A, maximum available P content was noticed at L,D; (24.5
ppm) and minimum at L3;D; (6.3 ppm) 1n the first season. Similarly in the following

seasons also highest values were at LD and lowest values at LsDs.

In situation B also patten of distribution of available P followed same
trend as in situation A - maximum at LD, (28.7, 37.8 and 30.9 ppm for first,
second and third season respectively) and minimum at L;D; (4.1, 5.9 and 5.4 ppm).

In both situations maximum available P content was recorded in the

secongi season.
41.1.9 Available K

Data on distribution of available K in soil columns presented in Table 8
and Fig. 6 revealed that available K content varied with radial and vertical
distances from the bole. In situation A during first season highest value was
recorded at L;D; (153 ppm) and as the depth increased, K content decreased to 135
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Table 7. Pattern of available P in coconut rhizosphere (ppm)

41

RRC Situation A - Situation B

Sl Sz Ss S] Sz S3
LDy 24.5 22.5 18.8 28.7 378 30.9
LD, 18.8 18.9 17.2 17.0 29.4 230
LD; 10.4 16.8 11.1 14.3 10.2 11.8
LDy 13.7 18.8 ~16.3 - 15.1 223 17.6
LD, 12.8 156 ' 13.6 14.3 20.9 12.3
L.D; 8.9 10.9 13.3 9.3 14.2 8.2
1:D, 10.6 14.4 11.0 12.4 14.0 122
LD, 7.7 10.1 8.5 9.3 134 10.0
I5Ds 6.3 9.4 8.4 4.1 5.9 5.4
Mean 12.6 153 13.1 13.8 18.7 14.6

Table 8. Pattern of available K in coconut rhizosphere (ppm)

RRC Situation A Situation B

Si S: S; S, S; Ss
LD, 153 149 129 94 102 89
LD, 150 184 152 91 88 87
L,D; 135 181 148 . 76 89 76
LDy 133 163 123 89 93 84
L,D» 126 149 119 72 67 77
L2Ds 101 132 112 52 59 46
LsD, 108 116 104 68 - 59 64
L;Ds 99 113 97 60 57 56
L;D; 87 101 96 43 49 51
Mean 121 143 120 72 74 70

L - Radial position from the bole

D - Depth from surface (cm)

S - Season
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ppm (L;D;3). But in the next two seasons maximum available K content was in 0-30

cm column (L,D;) of soil. In all the seasons minimum value was at L3Ds.

In situation B maximum available K content was at-L,D; and decreased
with increase in depth and radial distance. Like other nutrients, highest value was

recorded 1n the second season.

412 Two factor interaction studies -
4121 Depth x radial distance (D x L)

Combined effect of depth of sampling and distance from the bole on soil
chemical properties presented in Table 9 showed that in both situations maximum
values were recorded at LD, and values decreased as the depth and distance from

the bole increased.
4122 Depthxseason (D xS)

It was noticed that maximum values for the chemical properties studied
were recorded at S; and minimum at S; for all depths (Table 10). Situation A
manifested wider fluctuations of all the characteristics. Increasing the depth of soil

samples for analysis tended to minimise variation.

Variations in organic carbon, pH, EC and available K were little due to

depth and season in situation B.
4.1.23 Radial distance x season (L x S)

Combined effect of radial distances and season on chemical properties
presented in Table 11 showed that pH, EC, organic carbon, available P and K
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Table 9. Effect of radial distance and depth on soil chemical properties

Situation RRC

pH EC (dS m™) 0.C (%) Av.P (ppm) Av.K (ppm)

Dl Dz D3 D1 Dg D3 D] Dg D3 D| D. D3 Dl DZ D3

Ly 5.9 5.9 5.8 0.170 0.154 0.108 064 060 053 219 183 128 144 162 155

A L. 59 57 5.7 0.147 0.142 0.124 059 0.57 053 163 140 110 140 13] 115
Ls 57 57 5.6 0.137 0.114 0.101 056 0.55 049 120 8.8 80 109 103 95

L, 6.3 6.2 6.2 0.180 0.152 0.125 056 0.53 044 325 231 121 95 89 80

B L, 6.0 6.0 5.9 0.144 0.136 0.122 051 048 044 183 158 106 89 72 52
L: 59 58 5.8 0.122 0.103 0.090 050 046 043 129 "1092 51 64 58 48

L - Radial position from the bole

D - Depth from surface (cm)
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Table 10. Effect of soil depth and season on soil chemical properties

Situation RRC pH EC (dS m™) 0.C (%) Av.P (ppm) Av.K {ppm)

Si Sa Ss S Sz S3 S, Sz Ss S Sz S3 S Sy S

D, 60 57 58 0116 0183 0.155 0.57 063 060 163 186 154 131 143 119

A D. 39 57 57 0108 0153 0.149 056" 060 057 131 149 13.1 125 149 123
D; 59 56 57 0095 0.123 0.114 052 054 050 85 124 109 108 138 119

D, 63 62 59 0154 0.153 0.139 053 053 051 187 247 202 84 85 79

B D, 62 6.1 58 0123 0.143 0.126 048 049 049 135 21.2 151 74 71 73
D; 62 6.0 5.7 0106 0123 0.108 043 046 92 10.1 57 66 58

0.42

8.5

S - Season

D - Depth from surface (cm)
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Table 11. Effect of radial distance and season on soil chemical properties

Situation RRC pH EC (dS m™) 0.C (%) Av.P (ppm) Av.K (ppm)

Sl Sz S3 Sl Sz S3 S] Sz S3 S] _Sz Ss S| Sz S3

L, 6.1 5.8 58 0123 0.168 0.141 059 061 057 179 194 157 146 171 143

A L, 59 57 57 0109 0161 0143 054 061 055 11.8 151 144 120 148 118
Lz 5.8 56 57 0.087 0130 0.134 051 055 054 82 113 93 98 110 99

L 6.5 6.3 5..9 0.145 0.165 .0.147 051 050 0.52 200 258 219 87 93 84

B L, 62 60 57 0.133 0.146 0.123 047 048 048 129 191 12.7 71 73 69
La 59 59 57 0104 0.108 0.103 046 047 046 86 11.1 52 57 55 57

L - Radial position from the bole

S - Season

Ly
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showed minimum variation outside the basin between seasons in both the

situations. Variations were widest in S; in situation B than in situation A,

413 Main effects
4.1.3.1 Depth (D)

Effect of vertical distance on physico-chemical characteristics of soil in

good and average management conditions are presented in Table 12.

A gradual and steady decline in all the characteristics studied shall be
observed in both situations. The conspicuous difference between the situations had
been found to be a lower pH, a higher organic carbon and available K content in
respect of chemical properties and a significant improvement in fraction 4 and 5 in
the good managed situation. Mean increases in the organic carbon and available K
were 16.7 per cent and 77.8 per cent and fraction 4 and 5 were 55.1 per cent and
41.7 per cent respectively. The data also showed that available P and fraction 1 gave

higher values in the average management situation.
4.1.3.2 Radial distance (L)

It shall be seen from the data presented in Table 13 that all the
physico-chemical characteristics steadily declined in both the situations with
increase in distance from the bole. However, the differences between the situations

stood maintained.

Average management situation gave higher pH as well as lesser fine

fraction while good management situation gave higher contents of organic carbon,
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available K and finer fraction of the soil and the mean increases were 3.5 per cent
(pH) for average Situation and 16.7 per cent (organic carbon) and 77.8 per cent

(available K) for good managed situation.
4.1.3.3 Season (S)

Variability in the chemical characteristics of the soil with season is
presented in Table 14. The data showed that samples collected during October (S2)
tended to show higher test values of EC, organic carbon, available P and available
K in both the situations. Well managed situation invariably gave higher values of
organic carbon and available K, and the mean increases were 16.7 per cent and
77.§ per cent. Situation B gave 3.5 per cent and 14.6 per cent higher pH and

available P respectively.
4.2 Comparison of physico-chemical properties of both situations

Studies were conducted to compare the physical properties of both
situations and the data are preserited in Table 15. It was observed that the two
situations differed significantly in all the characters studied. Considening the
percentage composition of different size fractions, coarser fractions like fraction-1
and fraction- 2 were more in soil of situatton B while in situation A finer fractions

(fraction-4 and fraction-5) dominated.

Chemical properties of both situations were also compared in all the three
seasons. Data (Table 16) revealed that in the first season only the available P
contents of both the situations were homogeneous. Situation A recorded higher

values for organic carbon and available K content unlike available P, EC and pH.



Table 12. Effect of soil depth on physico-chemical properties of soil

Situation RRC pH EC o.C. Av.P AvK . Particle size distribution, %
(dSm™) (%)  (ppm)  (ppm)
Fl F2 F3 F4 F5
D; 5.8 0.151 0.60 16.7 131.0 32 29 13.9 73 727
A D, 5.8 0.137 0.58 13.7 132.0 2.9 3.1 12.7 7.1 742
D; 5.7 0.111 0.52 10.6 121.0 2.5 38 15.5 8.4 69.8
D, 6.1 0.149 0.52 212 82.0 26.7 5.7 13.3 5.0 493
B D, 6.0 0.131 0.49 16.6 73.0 258 4.8 12.8 4.8 51.8
D 6.0 0.112 0.44 93 60.0 T 243 56 13.4 4.9 51.8

F - Sotl size fraction
D - Depth from surface (cm)
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Table 13. Effect of radial distance on physico-chemical properties of soil

Sttuation ~ RRC pH EC O.C. Av.P AvK Particle size distribution, %
(dSm’) (%)  (ppm)  (ppm) '
Fy F; F F, Fs
L, 59 0.144 0.59 17.7 153 27 24 13.5 64 75.0
A L, 58 0.138 0.57 13.8 129 2.8 3.1 13.1 7.2 73.8
La 5.7 0.117 0.53 9.6 102 3.1 44 15.5 9.3 67.7
L; 6.2 0.152 0.51 23.0 38 244 53 12.4 4.6 533
B L, 6.0 0.134 0.48 14.9 7] 26.2 5.4 13.0 49 50.5
L: 5.9 0.105 0.46 9.6 56 26.2 5.7 14.0 5.2 48.9

L - Radial position from the bole
F - Soil size fraction

IS



Table 14. Effect of season on soil chemical properties

52

Situation Season pH EC O.C. Av. P Av. K
@dSm') (%) (ppm)  (ppm)

S 5.9 0.106 0.55 12.6 121

A S; 57  0.153 0.59 15.3 143

S: 5.7 0.139 0.55 13.1 120

S, 6.2 0.128 0.48 13.8 72

B S, 6.1 0.140 0.48 18.7 74

Sa 5.8 0.124 0.49 14.6 70

S - Season

Table 15. Comparison of soil physical properties of situation A and B

Particle size distribution, % Bulk density
(g cm”)
F1 F2 F3 F4 F5
Situation A 2.9 33 140 7.6 72.2 1.25
Situation B 256 54 132 49 309 1.65
Probability 0.000  0.000 0.0005 0.004 0.009 0.0004

F - Soil size fraction



In the second and third season EC and available P content of both
situations did not differ significantly. The actual values for the different factors

studied showed similar trend as in the case of first season.
4.3 Comparison of nutrient status in leaves

Results presented in Table 17 and Fig. 7 showed that leaf N content did
not show much variation between seasons in both situations. The mean variation
worked out to 2.4 per cent in situation A and 2.8 per cent in situation B and the
corresponding ranges were 2.03 to 2.08 and 1.74 to 1.79 respectively. Between

them situation A has recorded a higher content of leaf N irrespective of seasons.

The P content of leaf also showed not much vanation between seasons
and situations. The mean variation between the season worked out to 14.3 per cent

in situation A and 15.3 per cent in sttuation B.

Potassium content appeared to be high in situation A than that of B. Leaf
content of K was the least in second season. The highest content of 1.45 per cent
was recorded in situation A during the season S1, while that in situation B was 1.24
per cent. The mean variation worked out to 38.1 per cent in situation A and 227 per

cent in situation B.
4.4 Comparison of palm characteristics
Data on the production of nuts, leaves and bunches in the palm, both total

and seasonal in the two situations are presented in Table 18 and Fig. 8. Data

showed that number of nuts in the palm as well as the production and pattern of
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Table 16. Comparison of soil chemical properties of situation A and B

Season pH EC 0.C. Av.P Av. K
@Sm') (%) (ppm)  (ppm)
Situation A 5.94 0.106 0.548 12.64 121.89
S Situation B 6.23 0.127 0.480 13.81 72.42
Probability 0.004 0.039 0.014 0.617¢  0.000
Situation A 5.78 0.153 0.589 15.34 143.00
S: Situation B 6.12 0.140 0.483 18.71 72.48
Probability 0.003 0.251 0.004 0.05 0.000
Situation A 5.74 0.139 0.554 13.11 119.80
Ss Situation B 5.84 0.124 0.487 14.60 69.49
Probability 0.007 0.286 0.006 0.39 0.000
S - Season
Table 17. Content of leaf nutrients in seasons, per cent
Leaf nutrients Situation A Situation B
S] Sz S3 i S[ Sz S3
N 2.08 203 - 204 1.79 1.74 1.79
P 0.14 0.16 0.16 0.13 0.15 0.13
K 1.45 1.05 1.31 [.24 1.02 1.01

S - Season
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production in subsequent seasons varied within the same situation as well as

between the situations.

It can be seen that total yield of nuts varied with season in both the
situations, In situation A the variation was 18.3 per cent, while that in situation B, it
was 55.5 per cent. The highest total was recorded during S; in situation A, while it

was during S, in situation B.

The seasonal production of nuts was highest during S, in both the
situations. The variation in seasonal nut production was 105 per cent in situation A

and 181.8 per cent in situation B.

Situation A and B showed the same pattern in yield of total nuts per
bunch. The yield was highest during S; and lowest during Ss. In situation A, the
variation was only 16.4 per cent, while that in situation B, it was as high as 75 per
cent. The pattern of seasonal nut production per bunch was also similar in both
the situations. The maximum was noticed during S;. The variation was 53.6 per

cent in situation A and 40.9 per cent in situation B.

The variations in leaf and bunch production, both total and seasonal were
low in both the situations. Situation B recorded lower values for yield and yield
attributes than situation A.

4.5 Inter-relations among physico-chemical properties

Data on the correlation among physical properties as well as their

relationship with chemical properties of situation A are presented in Table 19 to 23.
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Table 18. Pattern of yield and yield attributes in seasons

97

Yield Yield * Situation A Situation B
attributes — ——
SI Sz 83 81 Sz S;

No.of nuts Total 71 34 72 42 36 27

Seasonal 24 4] 20 14 31 11
No.of leaves  Total 33 33 31 28 20 29

Seasonal 4 4 3 3 4 3
No.of bunches Total 11 14 13 8 9 9

Seasonal 3 "4 3 2 4 2
Noofnuty  Total 645 600 554 525 400 3.00
bunch Seasonal 8.00 1025 6.67 700 775 550

*Expressed production
S - Season
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Fraction-1 established negative relationship with particles of size less
than 0.2 mm (fraétion—S) at all depths and radial distances while other groups of
vseparates were found to be positively related (Table 19). Correlation of fraction-1
with chemical characteristics studied were generally non significant, It was
negative in the case of organic carbon and available K and tended to be negative
with soil reaction also. Significant positive relationship was observed only with

available P at LD, (0.521%).

Correlation of fraction-2 with other soil fractions also showed similar
pattern though, the magnitude of relationship differed (Table 20). This fraction
established significant correlation with available P at LD, L;D; and L;D;. But

failed to establish correlation with other soil chemical properties.

Fraction-3  manifested highly significant negative correlation with
fraction-5 (Table 21). All other fractions established a positive relationship.
Negative correlation with organic carbon can also be seen to have strengthened at
L.y (-0.542*) and L;D; (-0.470*). It also established a significant direct relation
with available P at L, D; (0.460*).

Size separates belonging to fraction-4 developed significant negative
relationship with organic carbon only at L;D; (Table 22). Available P was found to
have significant positive cormrelation at L;D;. With other size fractions, it

established similar relationship as in the case of fraction-3.

Data presented in Table 23 revealed a negative relationship of fraction-5
with all other size fractions. It was also found that it established significant positive

relationship with bulk density and pH at LsD,, with EC at L,D;, with organic



Table 19. Correlation between soil fraction-1 and soil physico-chemical properties of situation A

RRC F2 F3 F4 F5 m/v pH EC O.C. Av.P Av.K
LD, 0.601** 0.243 0.672**  -0.431 0.032 -0.509* 0.207 -0.057 0.521*  -0.091
LD, 0.533*  0.474* 0.566**  0.187 0.007 -0.078 0.282 -0.244 0.314 0.003
LiD; 0.489*  0.485* 0.760**  -0.684**  0.118 -0.202 0.074 -0.251 0.432 -0.014
LD, 0.268 0.370 0.644**  -0.456* -0.122 -0.266 0.013 -0.209 0.008 -0.109
L.D; 0.611** 0.603** 0.532* -0.679** 0.287 -0.042 -0.187 -0.519* 0.348 -0.183
L,D; 0.539* 0.573** 0.700**  -0.612** -0.066 -0.074 .0.085 -0.318 0.424 -0.219
LiD, 0.177-  -0.028 0.491* -0.107 -0.159  0.056 -0.113 -0.552*  -0.128 -0.350
L:D, 0.262 0.215 0.354 -0.350 -0.019  -0.208 0.004 -0.549*  0.283 -0.318
L:Ds 0.489* = 0.626** 0.480* -0.766**  -0.102  0.048 0.044 -0.146 0.013 -0.41]

** - Significant at | per cent level
* - Significant at 5 per cent level
F - Solil size fraction
L -'Radial positien from the bole

D - Depth from surface (cm)
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Table 20. Correlation between soil fraction-2 and soil physico-chemical properties of situation A

RRC F1 F3 F4 F5 miv pH EC 0.C. Av.P Av.K
LDy 0.601**  0.600%* 0.577**  -0.768** 0.283  0.021 0.154 -0.226 0.592*%* 0434
LD, 0.553* 0.183 0.454* -0.274 -0.072  0.083 -0.049  -0.142 0.265 -0.019
L\Ds 0.489*  0.299- 0.467* -0.535* 0.092  0.082 0.253 -0.400 0.304 -0.042
LD, 0.268 0.487* 0.493* -0.659** 0433 -0.145 -0.122  -0.270 0.260 -0.081
L.D, 0.611**  0.498* 0.355 -0.627** 0.129 -0.123 -0.206  -0.320 0.646** -0.218
L2Ds 0.539*  0.530* 0.485%* -0.688**  -0.110 0.072 -0.348 -0.482*  0.344 -0.594*
LDy 0.172 0.434 -0.155 -0.532* -0.523* -0.267 0.093 -0.043 0.555¢% 0.109
L;D, 0.202 -0.221 0.071 -0.164 0.086¢ -0.022 -0239 -0.127 0.206 0.060
LiDs 0.48%*  0.009 - 0.019 -0.300 -0.226 -0.076 0300  -0.078 0.007 -0.423

** - Significant at 1 per cent level
* - Significant at 5 per cent level
F - Sotl size fraction

L - Radial position from the bole
D - Depth from surface {cm)
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Table 21. Correlation between soil fraction-3 and soil physico-chemical properties of situation A

RRC

F1 F2 F4 F5 m/v pH EC
LD, 0.243 0.600** 0.370 -0.959** 0135 -0.020 0.082
LD, 0.474* 0.183 0.514*  -0.908** 0058 -0.128 -0.100
LiDs 0.485* 0.299 0.519*  -0.921** -0.175 0.105 -0.234
L.D, 0370  0.487* 0.644**  -0.945** .0303 -0.056 0.093
L:D; 0.603%* (0.498* 0.653** -0.949**  0.133  0.059 -0.201
L,Ds 0.573** 0.530% 0.578**  .0.939** .0006 0.221. -0.161
L;D, -0.028 0434 -0.250 -0.846** -0382 -0.521* -0413
L:D, 0.215 -0.221 0.590** -0.882** -0.035 -0.078  -0.500%
LDy 0.626** 0.009 0.376 -0.940%* 0.036 0.080 0.215

O.C. AvP AvK
0226 0195  -0211

T .0.144  0.460%  -0.067
0272  0.193  -0.292
-0.542%  .0246  -0.417
0402  0.172  -0.018
-0.470%* 0203  -0.054
0.023  0.027 0.036
039 0222  -0238
0.165  -0.123 0.100

** - Significant at 1 per cent level
* - Significant at 5 per cent level
F - Soil size fraction

L - Radial position from the bole
D - Depth from surface (cm)
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Table 22. Correlation between soil fraction-4 and soil physico-chemical properties of situation A

RRC F1 F2 F3 F5 m/v pH EC 0.C AvP AvK
LD, 0.672%* (0.577%%* 0.370 -0.583**  -0.002 -0.214 0.033 -0.452*%  0.371 -0.125
"LiD, 0.566*%*  0.454% 0.514*  -0.665** -0.090 0.085 0.299 -0.220 0.348 0.229
LD 0.760** 0.467* 0.519*  -0.785** 0097 0.013 0.060 -0.235 0.509* 0.094
L.D: 0.644**%  (.493* 0.644**  -0.804** -0.340 -0.234 0.000 -0.124  -0.230 -0.181
L:D, 0.532*  0.355 0.653** -0.822** -0208 0.141 0.025 -0.374 0.115 -0.129
L.D; 0.700**" 0.485%* 0.578** -0.729** -0433 0209 -0369 -0377 0.311 -0.335
L:D, 0.491* -0.155 -0.250 -0.784%* 0239  0.000 0.010 -0.239  -0.324 -0.274
LiD; 0.354 0.071 0.590**  -0.827**  .0352 0.155 0.405 -0.408 0.063 -0.182
L.D; 0.480* 0109 0.376 -0.541* -0.373 -0.044 0.137 -0.157 0.064 -0.112

** - Significant at 1 per cent level

*

F - Solil size fraction
L - Radial position from the bole

D - Depth from surface (cm)

- Significant at 5 per cent level
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Table 23. Correlation between soil fraction-5 and soil physico-chemical properties of situation A

RRC Fl F2 F3 F4 m/v pH EC 0.C. Av.P Av.K
LD, . -0.431  -0.768%*  .0.959%% _( 583%* 0.048 0.051 -0.100 0.002 -0.328 0.272
LD, 0.187 -0274 0.008 0.065 0.145 0.317 0.602** -0.086 0.305 0.280
LDy -0.684%* -0.535% -0.921** (0. 785%* 0.152  -0.083 0.087 0.351 -0.335 0.175
L,D; -0.456* -0.659%*  .0.945%* .0.804** 0387 0.138 -0.018 0.508*  0.175 0.342
L.D, -0.679%* -0.627**  -0.949*%* .0.822** .0.037 -0.062 0.158 0.444*  -0.275 0.097
L;D; -0.692%* -0.688**  .0.939%* .0 779%* 0.159 -0.207 0.286 0.491* -0339 . 0.249
LsDy -0.107  -0.532% -0.846*%* -0.184 0.597** 0.584*+ (.283 0.043 -0.129 -0.019
LiD, -0.350 -0.164 -0.882%*  .0.827** 0.134  0.004 -0.444%  0.505* -0.198 0.223
L:Ds -0.766%* -0.300 -0.940%* 0541 0.102  -0.045 -0.144 0.196 0.092 0.230

** - Significant at 1 per cent level

¥

F - Soil size fraction
L - Radial position from the
D - Depth from surface (cm)

- Significant at 5 per cent level

bole
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carbon at L,D,, L,D> , LoDs and L3D,. The correlation with available K was also

tended to become positive.

Similar studies were also conducted in situation B and data presented in

Tables 24 to 28.

It was observed that the correlation between fraction-1 and other fractions
were found to be highly significant at all radial and vertical distances studied which
is evident from Table 24. Fraction-4 and fraction-5 showed negative correlation
with fraction-1. Data on correlation between fraction-1 with chemical characteris-
tics (Table 24) revealed significant positive relationship with organic carbon and
available P at 0-30 cm depth irrespective of radial distances from the bole of the
palm. Significant positive relationship was also observed with pH at certain
locations. But it failed to establish any relationship with EC and available K. Bulk
density of the soil was also found to be influenced by the content of fraction-1 at D,
and Ds.

Data on correlation between fraction-2 and other fractions presented in
Table 25 showed similar trend as in the case of fraction-1. Among chemical
properties significant relationship was established only with pH at all locations and

organic carbon at LD, and L;D;.

Data presented in Table 26 showed strong positive relationship of
fraction-3 with fraction-1 and fraction-2 irrespective of depth and lateral distance.
It also developed significant but negative relationship with the finest fraction. It
was also noticed that fraction-3 established better 'relationship with chemical

properties like pH and organic carbon.
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Table 24. Correlation between soil fraction-1 and soil physico-chemical properties of situation B

RRC r2 F3 F4 F5 m/v pH EC 0.C. Av.P Av.K

LD, 0.749%*%  0.655**  -0.353 -0.799** 0426  0.579** (.205 0.748** 0.215 0.315
LD, 0.863** 0.746**  -0.226 -0.862%* 0.095  0.399 0.289 0.501*  0.488* 0.190
L\D; 0.859%* 0.454* -0.485*%  -0.741*  0.872%* 0.279 0.063 0.426 0.076 0.175
LD, - 0.819%* 0.722*%*  -0.438 -0.850**  0.471* 0470%* -0.036 0.682** 0.117 0.069
L:D; 0.809** 0.763%*  -0.549%  .0.867%* 0.186  0.549*  0.008 0.453* 0.508* -0.095
LaD; 0.897** 0.552% -0.502*  -0.807**  0.871** 0.308 0.207 0.360 0.192 -0.194
Ls:Dy 0.712**  0.629**  -0.253  -0.720**  0.499* 0372 0.195 0.323 0.394 -0.230
L:D, 0.760*% 0.751** -0412 -0.841*%* 0299 0440 0.145 0.530* 0.691** -0.153
LaDs 0.824** 0.512* -0.414 -0.760** 0.788** 0.120 0.356 -0.013 0.439 -0.146

** - Significant at 1 per cent level
* - Significant at 5 per cent level
F - Soil size fraction
L - Radial position from the bole

D - Depth from surface (cm)
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Table 25. Correlation between soil fraction-2 and soil physico-chemical properties of situation B-

RRC F1 F3 F4 F5 m/v pH EC o.C. Av.P AvK

LD, 0.749%*  0.474* -0.264 -0.909** 0332 0.634** -0.117 0.512*%  -0.008 0.031

LD, 0.863** 0.688**  .0.344 -0.906%* 0234  0.579** 0.090 0.602** 0.088 0.297
L,Ds 0.859** .0.502* -0.414 -0.874**  0.701** 0.449* 0.217 0.358  -0.042 0.048
L.D, 0.819** 0.614**  -0.522* .0923** 0335 0534* -0.083 0.400  -0.125 -0.116
L:D; 0.890** 0.670**  -0.532*  .0.916%* 0.013 0665** -0.172  0.325 0.259 -0.158
L,D; 0.897** 0.630**  -0.508*  -0.912%*  0.709%* 0450* (.282 0.217 0.203 -0.055
L;D, 0.712%*  0.684**  .0.397 -0.903** 0276  0.518* 0.037 0.140 0.119 -0.285
L:D, 0.769** 0.515* -0.369 -0.882** 0219  0.608** -0.085 0.229 0.289 -0.110
L:Ds 0.874** 0.519* -0.279 -0.867*¢  0.550* 0.282 0.284  -0.020  0.409 -0.020

** . Significant at 1 per cent level
* - Significant at 5 per cent level
F - Soil size fraction
L - Radial posttion from the bole

D - Depth from surface (cm)
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Table 26. Correlation between soil fraction-3 and soil physico-chemical properties of situation B

RRC Fl F2 F4

LD, 0.655** 0.474*% -0.296
L\D, 0.746%*  0.688** 0.063
L,D; 0.454%  0.502* 0.129
LD, 0.722%%  0.614%  _0.354
LD, 0.763** 0.670**  .0.199
L.D; - 0.552%  0.630** 0.147
LD, 0.629** 0.684*  .0.076
L:D; 0.751** 0.515* -0.148
L3Ds 0.512*  0.519* 0.250

F5 m/v pH EC 0.C. AvP AvK
-0.773%% 0.129  0.541* 0.278 0.532*  0.268 0.210
-0.912**  -0.168  0451* 0.507* 0.593*F 0.104 0.163
-0.845** 0401  0.49* 0218 0.659** -0.020 0.216
-0.865%* 0.125 0.602** 0277 0.485*  0.195 0.131
-0.885**  -0.145  0.631** (0.309 0.550*  0.350 0.163
-0.888** 0.539*% 0.576** (0.564*%* 0481* 0.140 -0.183
-0.918**  0.108 0476* 037} 0.243 0.314 -0.037
-0.839**  0.026 0461* 0311 0.527*  0.506*  -0.101
-0.861** 0.425 0423 0.385 0.129 0.272 -0.111

]
*¥* - Significant at 1 per cent level

*

F - Soul size fraction
L - Radial position from the bole

D - Depth from surface (cm)

- Significant at 5 per cent level
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Table 27. Correlation between soil fraction-4 and soil physico-chemical properties of situation B

RRC F1 F2 F3 F5 m/v pH EC O.C. AvP AvK

LD, -0.353 -0.264 -0.296 0.174 0.025 0.009 -0.427 -0.421 0.208 -0.313
LD, -0.226 -0.344 0.063 0.026 -0.088  0.054 0.345  -0.095 0.099 -0.178
LiDs 0.485% 0414 0.129 0.074 -0.076  -0.068 0.025 0.168  -0.165 -0.226
L.D, -0.438 -0.522*% -0.354 0.421 -0.135 -0321 -0363  -0.395 0.110 -0.175
L2D; -0.549* -0.532% -0.199 0.330 -0.178 -0.046  -0000 -0.065 -0.132 0.347
L2Ds -0.502* -0.508% 0.142 0.180 0311  0.065 0.075  -0.081 -0.180 -0.152
L:D; -0.253  -0.397 -0.076 0.139 -0.180 -0.093 -0.117 0.134 -0.060 0.233
LiD, -0412  -0.369 -0.148 0.170 -0.118  -0.060 0352 -0.081 -0.105 0.222
L:Ds -0414  -0.279 0.250 -0.089 -0.273 0.219 0.054 0.089 -0.419 0.076

* - Significant at 5 per cent level

F - Soil size fraction
L - Radial position from the bole
D - Depth from surface (c¢m)
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Table 28. Correlation between soil fraction-5 and soil physico-chemical properties of situation B

RRC F] F2 F3 F4 m/v pH EC 0.C Av.P AvK
LDy -0.799%*  -0.909%* _0.773*%* 0.174 ~0.306  -0.719*%*% 0.020 -0.558* -0.155 ~0.073
LD, -0.862%%  -0.906%* -0.912%*  0.026 -0.244  -0.592** -0.363 -0.645** -0.121 -0.238
LiDs -0.741**  -0.874** .0.845%* 0.074 -0.622** -.0.538* -0.259  -0.589*f 0.064 -0.101
LD, -0.859%*  -0.923%* _0.863%* .0.42] -0.270  -0.620** -0.038 -0.465* -0.020 0.035
L,D, -0.887**  -0.916** -0.885** (.330 0.059 -0.727** -0019 -0399 -0354 0.023 -
L,Ds -0.807**  -0.912%** -0.888** (.180 -0.692%* -0.517* -0.450* -0.307 -0.182 0.135
L:D, -0.720%*  -0.903*F 0918+ 0139 -0.198  -0.546* -0.192 -0.229  -0.323 0.158
L:D; -0.841%*  -0,882%* -0.839%*  0.170 -0.171  -0.638** _0.158 -0.413 -0.439 0.170
L;D; -0.760**  -0.867** -0.861** -0.089 -0.526* -0.827** .0.38] -0.062  -0.337 0.058

** - Significant at 1 per cent level
* - Significant at 5 per cent level
F - Soil size fraction
L - Radial position from the bole

D - Depth from surface (cm)
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Relationships of fraction-4 with other size separates were not positively
significant except with F1 (1,D;) which is evident from the data presented in Table

27. Similarly chemical properties were not associated with F4.

Fraction-5 was found to be negatively but significantly related with
fraction-1, 2 and 3 (Table 28). Among chemical properties, pH showed significant
negative correlation with the fraction at all locations. Organic carbon content of
soil inside the basin also established significant relationship at all depths. It can
also be seen from the table that other chemical properties like EC, available P and

available K content were not associated with the quantity of fraction-5 in the soil.
4.6 Inter-relation between leaf nutrients and soil physical properties

Data on correlation between leaf nutrients and soil physical properties are
presented in Table 29 to 34, In situation A it was noticed that leaf N and P did not
show any significant relationship with any of the soil fractions (Tables 29 and 30).
However, bulk density of D, was found to be linked with leaf N content irrespective
of lateral distance. Unlike N and P leaf K percentage was related with fraction-1 at
almost all locations Table 31. But other soil size fractions did not influence leaf K

level.

Data presented in Table 32 revealed that leaf N content of situation B was
influenced by size of soil separates, while coarser fractions like fraction-1, 2 and 3
influenced inversely, finer fractions showed positive correlation with leaf N content.
Among different size groups, most prominent relationship was obtained with
fraction-1. Leaf P did not show significant relationship with any soil fraction
(Table 33). The data also revealed that leaf K was neg_atively correlated with



Table 29. Correlation between leaf N and soil physical properties of situation A
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RRC F] Fz Fg F4 Fj m/v
LD, 0.166 0310 0.175 0.019 -0.199  0.217
L\D; 0.199 0.170 0.257 0.044 -0.239  0.494*
L:Ds 0.235 0.174 0.230 0.011 -0.193  0.237
L;D, 0.096 0.392 0.409 0.081] -0.385 0.109

. LaDs 0.260 0.296 0.265 0.074 -0.249  0.501*
L;Ds 0.246 0.228 0.206 0.069 -0.228 0.268
L;D, 0.132 0279 0.353 -0.106 -0.282  0.008
LiD, 0.253 0.126 0.241 0.186 -0.283  0.502*
LiDs 0.134  0.052 0.089 0.169 -0.120  0.480*

Table 30. Correlation between leaf P and soil physical properties of situation A

RRC

LD,
L:D;
LiDs
- LDy
L,D,
L,D:
Ls;D,
L;D,

Fz FS F.: F:, me
0.364 0.029 -0.024 -0.091 0.344
0.155 0.178 -0.028 -0.130  0.264

-0.047  0.260 0.071 -0.194  0.046
0.132 0.129 0.208 -0.161 0.233
0.214 0.243 0.168 -0.252  0.269
-0.049 0.203 -0.021 0.166 0.102
-0.097 0.072 -0.021 0.166 0.102
0.070 0.129 0.219 -0.197  0.260
-0.063 0.176 0.271 -0.163 -0.128

* - Significant at 5 per cent level

F - Soil size fraction

L - Radial position from the bole
D - Depth from surface (cm)
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Table 31. Correlation between leaf K and soil physical properties of situation A

RRC F] F') F3 F.| Fs m/v

LD 0.539%  0.263 0.012 0.254 -0.090 0.119
LD 0.498* 0.436 0.155 0.164 -0.242  -0.047
LiDs 0.527* 0.151 0.097 0.40] -0.232 0337
L.D, 0329 0.248 0.208 0.077 -0.180 -0.006
L.D, 0.520% 0.541*  0.295 0.065 -0.312  0.006
L.Ds 0.504* 0.210 0.298 0.104 -0.254  0.288
L:D, 0.300 0.032 0.129 0.143 -0.172 -0.086
L:D; 0.550* 0.095 0.347 0.012 -0.284  0.059
Li:Ds 0.518% 0.175 0.308 0.076 -0.291 0.236

Table 32. Correlation between leaf N and soil physical properties of situation B

RRC F, F, F3 F, Fs m/v
LD, -0.620** -0.498* -0.234 0.253 0.433 -0.365
LD, -0.633** -0487* -0.199 0.387 0342 -0.191
L\Ds -0.544* -0.367 -0.335 0.309 0.368 -0.638**
LoDy -0.631** -0510% -0.252 0.210 0.447* -0.360
L.D, -0.588** -.0.431 -0.445*%  0.449* 0461* -0.282
L;Ds -0.555* -0.303 -0.240 0.285 0.283 -0.566**
LDy -0.612%* -0.466* -0.304 0.208 0410 -0.320
L;D; -0.590** -0.324 -0.532% 0314 0.444* -0310
LiD; -0.529*% -0.315 -0.196 0.272 0.261 -0416

** - Significant at | per cent level
* - Significant at 5 per cent level

F - Soil size fraction

L - Radial position from the bole
D - Depth from surface (¢cm)



Table 33. Correlation between leaf P and soil physical properties of situation B

RRC F] Fz F_: F.: Fs m/V

LD, 0.235 0.085  -0.080 0.099  -0.039 0.138
LD, 0.092 0.061 0.042  -0296 -0.008 -0.062
L,D: 0.262 0.143 0.18] <0236  -0.149 0297
L,D, 0.215 0.054  -0.003 0.013  -0.037 0.110
L,D, 0.134  0.045 0.046  -0.170 -0.057 0.160
L,D; 0.204 0.072 -0.011 -0341 -0.008 0322
L;D, 0.176  -0.023 0.024  -0.047 -0.009 0.063
LiD, 0.171  -0.030 0033 -0.060 -0.013 0322
L;Ds 0.128 -0.049 -0.107 -0215 -0.117 0.290

Table 34. Correlation between leaf K and soil physical properties of situation B

RRC F] F2 F3 F4 Fs m/v
LD, 0.024 0.193 -0.254 0.208 -0.051  -0.091]
L,D, -0.043  -0.035 -0.410 -0.223 0.245 0.3%4
LD; 0.036 -0.132 -0.417 -0.213 0.323 0.031
L.D, 0.006 0.134 -0.111 -0.050 0.043 -0.106
L,D, 0.035 0.055 -0.389 -0.294 0.175 0.468*
L;Ds 0.049  -0.021 -0.468* -0476* 0.271 0.058
L;D, -0.039  0.076 -0.095 -0.185 -0.068 -0.118
L:D; -0.004  0.137 -0.403 -0.324 0.166  0.456*
LiDs 0.051 0.025 -0.286 -0.414  0.185 0.074

* - Significant at 5 per cent level

F - Soll size fraction

L - Radial position from the bole
D - Depth from surface (cm)
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fraction-3 and 4 at L,D;. It was also significantly associated with bulk density at
L.D; (0.468*) and LyD; (0.456%) (Table 34).

4.7 Inter-relation between leaf and soil nutrients

Correfation of leaf content of nitrogen with various soil chemical
parameters of situation A is presented in Table 35. From the result it is clear that
leaf N has significant negative correlation with organic carbon at L3D, in S, and S,.
However, in third season, leaf N was positively correlated with organic carbon at

LiD.

Leaf P content of situation A failed to show significant relationship with
any soil characteristic in all the three seasons except available P at LD, in the third

season (Table 36).

Leaf K content of situation A established a significant relationship with
soil K only in the second season at L,D; (Table 37). However, it was found to be
associated with available P content of soil at L,D,, L,D; and at L;D; in the first

s€ason.

In situation B leaf N showed negative relationship with organic carbon
content of the soil at L,D; m the first season, while in the second season the

relationship was significant at all vertical and radial distances (Table 38).

It can be seen from the Table 39 that leaf content of P showed significant
negative relationship with available P at L,D5 and L3D; in the second season and
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Table 35. Correlation between leaf N and soil chemical parameters of situation A

RRC pH EC 0.C Av.P Av.K
L\D;S, 0.381 -0.208 -0.212 0.054 . -0.207
L.D.S, -0.113 0.031 0,221 0.013 -0.089
L,DsS, -0.164 -0.036 -0.194 0.151 -0.394
L,D;S; 0.337 -0.212 -0.390 0.038 -0.218
L.D;S, -0.047 0.056 -0.390 0.139 -0.171
L.DsS, 0.160 -0.020 -0.222 0.259 -0.375
L:D;S; 0.200 -0.047 -0.317 0.111 -0.071
L;D,S, -0.181 0.144 -0.463* 0.138 -0.236
L:DsS, -0.023 -0.034 -0.387 0.135 -0.079
L.D;S; 0.049 -0.001 0.289 0.256 0.361
L,D,S, 0.020 0.046 0.252 0.044 -0.148
'1.D:S; 0.125 -0.144 0.280 -0.031 0.398
L.D;S; 0.141 -0.206 0.210 -0.001 0.255
L.D,S; 0.027 -0.182 0.151 -0.057 0.135
L.D:S, 0.176 -0.198 0.196 0.168 0.310
L:D,S; 0.064 -0.267 0.189 -0.025 0.249
L:D,S, -0.151 -0.513*% -0.499*% -0.536* 0.217
L;D:S; 0.058 -0.381 -0.132 -0.296 0.138
LDS; 0.243 -0.080 0.360 0.156 -0.009
L:D,S; 0.089 0.171 0.270 0.079 -0.186
LD;S; 0.115 0.115 0.324 -0.004 -0.074
L;D,S: 0.278 0.080 0.286 0.279 0.082
L,D»S; 0.024 0.203 0.185 0.039 0.029
L.D;S; 0.033 0.196 0.176 -0.048 -0.102
L;D,S; 0.102 0314 Q.505* 0.291 0.118
Ls:D,S; -0.011 0.251 0.156 0.050 0.207
" L3D:S; -0.052 0.254 0.064 -0.384 -0.233

* - Significant at 5 per cent level;

S - Season;

L - Radial position from the bole
D - Depth from surface (cm)
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Table 36. Correlation between leaf P and soil chemical parameters of situation A

RRC pH EC 0.C Av.P Av.K
L.D:S, 0.105 -0.139 0.069 0.204 -0.293
L:D.S, 0.359 -0.042 -0.172 0.248 -0.035
L,D.S, 0.093 -0.119 -0.155 0.111 -0.076
L.D:S, 0.262 -0.038 -0.053 0.207 -0.220
L2DsS, 0.430 -0.158 -0.202 0.152 -0.220
L,DsS, 0.436 0.008 -0.241 0.249 -0.077
L:D\S, 0.394 -0.070 0311 -0.308 -0.041
L:DsS, 0.290 -0.065 -0.289 -0.252 -0.308
L;DsS, 0.463* -0.248 -0.203 -0.062 -0.063
L,D;S; -0.338 0.395 0.365 0.361 -0.018
L,D,S, -0.225 0.247 0.095 0.238 -0.165
L.DsS; -0.170 0.415 0.125 0.107 -0.182
L.D\S; -0.161 0.366 0.236 0.144 0.056
L.D,S; -0.162 0.369 0.225 0.264 -0.194
L.D:S, -0.062 0.328 0.096 0.050 -0.043
L:D;S; -0.124 0.126 -0.137 0.025 0.010
L:D,S; -0.158 0.072 0.059 0.143 -0.385
L:D:S, -0.223 -0.001 -0.096 -0.129 -0.060
L:D;S: 0.086 0.101 0.036 0.570** -0.251
L,DsS; 0.292 0.031 -0.187 0.210 0.256
L,D:S: 0.084 0.058 " -0.165 0.175 0.105
L.DS: 0.157 0.213 -0.293 0.107 0.127
L,D,S; 0.237 0.195 -0.184 0.122 0.122
L,D;S; 0.196 1 0.104 -0.197 0.149 0.149
L:D;S; 0.204 0.237 -0.035 0.177 0.177
LsD,S; 0.162 0.179 -0.021 0.046 0.046

-0.149 -0.421 -0.191 -0.191

L3;D;Ss 0.194

* - Significant at 5 per cent level;
. L - Radial position from the bole;

D - Depth from surface (cm)

** - Significant at 1 per cent level

S - Season;



Table 37. Correlation between leaf K and soil chemical parameters of situation A
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+ RRC pH EC 0.C Av.P AvK
L\D;S, -0.194 0.286 -0.013 0.524* -0.079
LD:S, 0.011 0.210 -0.219 0.439 0.017
LDs:Sy 0.100 0.285 0.008 0.453* 0.108
L.D\S; -0.181 0.423 -0.063 0.377 -0.247
L.DsS, -0.127 -0.114 -0.266 0.501* 0.030
L:DsS, 0.036 0.126 -0.112 0.429 0.019
L;D:S, -0.109 0.143 -0.092 0.087 -0.097
L:D,S, 0417 -0.181 -0.066 0.411] -0.250
L;DsS, 0.106 -0.157 -0.089 0.342" -0.104
LS, -0.141 0.233 0.085 0.097 0.340
L,D.S, -0.010 0.029 0.018 0.185 0.495%
L,D:S; -0.106 0.076 0.169 0.227 0.280
L.D\S; 0.029 0.157 0.073 . 0.015 0.274
L:D.S, -0.005 0.061 -0.110 0.134 0.386
L:D:S; -0.186 -0.054 0.003 0.030 0.259
L:D\S; 0.208 0.074 0.044 0213 . -0.336
LiDaS; 0.022 -0.249 -0.371 -0.063 0.020
L3D;S; -0.204 -0.164 -0.173 0.013 0.187
L\D:S: 0.145 0.245 -0.017 0.058 0.423
LiD:S3 0.300 0.081 0.139 0.049 0277
L1DsS; 0.107 0.078 -0.046 -0.164 0.009
L.D\S; 0.117 0.264 -0.108 0.375 0.304
L2D,S; 0.130 0.211 -0.208 0.190 0.306
L2D;S; 0.085 0.095 -0.062 -0.084 0.064
L3;DS: 0.304 0.195 0.164 0.424 0.114
L:D.S: 0.056 0.105 -0.075 0.465* 0.163
L:D;S; 0.015 0.223 -0.054 -0.038 -0.118

* - Significant at 5 per cent level;

S - Season;

L - Radial position from the bole
D - Depth from surface {cm)



Table 38. Correlation between leaf N and soil chemical parameters of situation B
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RRC pH EC 0.C Av.P AvK
L.D.S, -0.247 -0.097 -0.456* 0.253 -0.462*
L.D,S, -0.002 -0.106 -0.214 0.017 -0.267
L.D:S, -0.019 0.126 -0.102 0.053 -0.435
L,D,S, -0.109 0.036 -0.368 0.191 -0.289
L,D,S, -0.080 0.041 -0.121 -0.255 0.012
L,DsS, 0.128 -0.052 -0.103 0.021 0.009
L.D,S, -0,002 -0.017 -0.037 0.046 0.111
L:DsS, 0.080 0.117 -0.141 -0.369 0.261
LiDsS, 0.077 -0.055 0.047 -0.129 -0.163
L,D;S, 0.308 0.170 -0.532* 0.508* 0.407
L.D:S; 0.099 0.003 -0.538* 0.048 0.371
LiDsS; 0.165 0.167 -0.485* 0.073 0.220
L,D\S, 0.213 -0.042 -0.543* 0.398 0.360
L.D»S» 0.070 0.025 -0.636%*  .0.045 0.308
L.DsS; 0.021 0.197 -0.444% -0.104 0.300
L:D:S; 0.201 0.025 -0.518* -0.169 0.084
LsDsS; -0.072 0.019 -0.565%*  .0.002 0.124
L:DsS, 0.113 0.171 -0.499* -0.041 -0.003
L,D;S: -0.208 0.180 0.260 0.048 -0.187
LD:S; -0.150 0.066 0.266 0.227 -0.037
L,D:S: -0.226 -0.186 0.265 0.447* -0.001
L.D;S: -0.172 0.039 0.325 0.045 -0.087
L.D,S; -0.173 0.026 0.085 0.163 -0.032
L.DsS: -0.022 -0.018 -0.278 0.309 -0.044
LiD,S; -0.321 -0.069 0.160 -0.048 -0.008
LsD,S: -0.149 -0.293 -0.036 0.030 -0.069
LiDsS; 0.186 0.243 0.145 0.039 0.010

* - Significant at 5 per cent level;
L - Radial position from the bole;

D - Depth from surface (cm)

** _ Significant at 1 per cent level

S - Season
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Table 39. Correlation between leaf P and soil chemical parameters of situation B

RRC pH EC 0.C Av.P Av.K

. LiDi§, -0.142 0.024 0.197 -0.187 0.406

"L1D,S, -0.102 -0.010 0.093 -0.064 0.025
L\DsS, -0.111 -0.061 -0.130 -0.104 0.158
L.D;S, -0.25] -0.033 0.256 0.104 0.403
L.D,S, -0.325 0.007 0.093 -0.038 0.174
L2DsS, -0.242 0.104 0.015 -0.041 0.244
L:DS; -0.062 0.075 0.270 0.060 0.053
L:D,S, -0.174 0.064 0.141 0.170 -0.112
LaDaS, -0.139 0.168 0.244 -0.173 -0.144
L,D,S, -0.0.50 0.120 -0.271 -0.094 0.189
LiD,S; -0.108 0.237 -0.264 -0.245 0.573**
L\DsS, -0.115 0.435 -0.313 -0.252 -0.261
L.D:S; -0.176 -0.183 -0.217 -0.186 0.203
L2DsSs -0.332 -0.211 -0.335 -0.300 0.493*
L:DsS, -0.082 0.139 -0.236 -0.486* -0.177
LS, -0.098 0.093 -0.150 -0.484* 0.323
L:D,S; -0.260 0.241 -0.098 -0.221 0.482*
L:D:S; -0.081 0.261 -0.174 -0.308 0.315
LiDySs -0.172 0.046 -0.227 -0.303 -0.016
LD,S: -0.191 0.011 -0.118 -0.032 0.029
LiDsSs -0.337 0.031 -0.107 -0.007 -0.062
L,D\S; -0.275 0.104 -0.052 0.254 0.082
L2D:S; -0.189 0.114 -0.041] 0.057 -0.023
L2DsSs -0.297 0.265 -0.062 0.015 -0.004
L:DS: -0.203 0.202 0.067 0.441 0.120
L3D,S: -0.195 0.190 0.164 0.313 0.019
L:DsS; -0.130 0.105 -0.067 0.283 0.022

* - Significant at 5 per cent level;
L - Radial position from the bole;

D - Depth from surface (cm)

** - Significant at [ per cent level

S - Season



Table 40. Correlation between leaf K and soil chemical parameters of situation B
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RRC pH EC 0.C Av.P Av.K
L.D\S, 0.014 -0.311 -0.142 0.116 -0.028
LiD:S, -0.137 -0.259 -0.442 0.125 0.168
L,DsS, -0.244 -0.366 -0.551* -0.050 0.355
L.D;S, -0.234 -0.358 -0.102 -0.200 -0.052
L,D.S, -0.223 -0.231 -0.353 0.039 -0.256
L.D:S, -0.307 -0.406 -0.350 -0.012 0.229
L:D;S, -0.298 -0.426 0,340 -0.161 -0.071
L:D,S, -0.293 -0.288 -0.333 -0.135 -0.133
L:D;S, -0.356 -0.254 --0.348 0.129 -0.101
L.D,S, 0.047 -0.210 -0.147 -0.208 -0.150
L.D.S; -0.180 -0.141 -0.178 -0.394 -0.210
L.DsS; -0.109 0.266 -0.210 -0.189 -0.084
L.D,S; 0.040 -0.002 -0.060 -0.161 -0.117
L,D-S; -0.135 -0.072 -0.117 -0.415 -0.233
L,D:S, .-0.166 0.010 -0.299 -0.274 -0.219
L:D:S; 0.018 -0.054 -0.182 -0.400 -0.082
L;D,S, -0.038 -0.142 0.061 -0.203 0.014
LiDsS; -0.095 -0.124 -0.107 0.060 -0.028
L.DsS: 0.176 0.064 -0.086 0.070 0.076
L,D,S; 0.108 -0.077 -0.198 0.039 -0.058
1.DsS; -0.010 -0.077 -0.288 -0.135 -0.006
LD\ Ss 0.075 -0.065 -0.126 0.247 0.090
L,D,S; 0.158 -0.062 -0.180 0.005 0,046
L,DsS; -0.144 -0.060 0.049 -0.079 -0.028
L:D;S: -0.030 -0.177 -0.091 -0.130 -0.065
L:D.S: -0.080 -0.062 -0.023 -0.047 -0.182
L:DsS: -0.158 -0.194 0.090 -0.021 -0.133

* - Significant at 5 per cent level:

S - Season;

L - Radial position from the bole
D - Depth from surface (cm)
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strong positive relationship with available K at LiD,, 1.D; and L;D;. Leaf P

content had no relationship with any other sojl chemical parameter.

Leaf K percentage of situation B was found to be negatively correlated
with organic carbon at ;D in the first season and it did not show significant

relationship with any other soil chemical parameter (Table 40).

4.8 Inter-relation befween seasonal yield parameters and soil physical
properties

Data presented in Table 41 showed that in situation A, for number of
leaves significant relation was obtained at L,D,; for fraction-2, 3 and 5 as well as
bulk density. But the relation was negative ior fraction-5 and bulk density.
Fraction-3 also established positive and significant relationship at L,D; (0.444%)
and L;D; (0.473*). Fraction 1 and 4 failed to develop sigmficant relation at any

locations.

Nut production of situation A was strongly influenced by the quantity of
soil size fractions (Table 42). Negative relationship was obtained only with frac-
tion-5. Relationship between fraction-2 and number of nuts was weaker when

compared with other fractions.

Strong positive correlation was obtained between fraction-1 and number
of bunches produced, at all positions. It also developed significant relation with
fraction-3, 4 and 5 at certain position which is evident from the data presented in
Table 43.



Table 41. Correlation between number of leaves and soil physical properties of

situation A

RRC F; F2 F3 F4 F_s m/v
LD, 0.375 0.112 0.444*  0.269 -0414  -0.583**
LD, 0.273 0.024 0.173 0.127 -0.060  -0.239
LiDs 0.158 -0.017 0.473* 0.001 -0.336 -0.344
L.D, 0.379 0.444* 0.468* 0387 -0.513% -0.528*
L,D, 0.233 0.073 0.179 0.287 -0.225 -0.273
LaDs 0.166 0.325 0.187 0.013 -0.197  -0312
L;D, 0.318 0.345 0.084 0.328 -0.225  -0.358
Ls;D, 0272  -0.136 0.106 0.379 -0.180 -0.298
L;Ds 0.116 0.213 0.035 0.013 -0.107  -0.317

Table 42. Correlation between number of nuts and soil physical properties of

situation A
RRC F] Fz F;; F4 Fs m/v
LDy 0.646%* 0.750** 0.491*  0.582** .0.635** (.154
LD, 0.692** (0319 0.460* 0.511*  -0.529% 0.166
LiD; 0.731%* 0.16] 0.600**  (0.578** .0.649%* -0.152
'LaDy 0.721** 0.488*  0.613** 0.622%* -0.675%* 0.084
L.D; 0.722%*% (.482* 0.559% 0.595*%*  .0.648%* (.137
L. 0.744** (.380 0.454*  0.616*%* -0.565%* -0275
LsD, 0.697** 0,195 0.132 0.485* -0.309 0.026
Ls;D; 0.612** 0.057 0.303 0.486* -0420 0.108
13Dy 0.652** 0.403 0.287 0.470* -0443 -0379

** . Significant at 1 per cent level
* - Significant at 5 per cent level

F - Soil size fraction

L. - Radial position from the bole
D - Depth from surface (cm)

&3



Table 43. Correlation between number of bunches and soil physical properties of
situation A

RRC Fl Fg F3 F4 Fs m/v

LD, 0.563** (.332 0.414 0.461*  -0.470* -0.436
LD, 0.542* 0.331 0.185 0.395 -0.276  -0.155
LiD; 0.450* 0.384 0.429 0.219 -0.449* -0.242
LDy 0.689** 0.431 0.551*  0.576**% -0.608** -0.367
L.D; 0.601** 0.303 0.279 0.438 -0384 -0.171
L;D; 0.465* 0.292 0.335 0.174 -0.358  -0.228
LD, 0.708** 0.228 0.176 0.484* -0.380 -0.222
LsD, 0.488* 0.058 0.363 0.505* -0437 -0.170
L:D; 0.446* 0.211 0.191 0.258 -0.284 -0.242

Table 44. Correlation between number of leaves and soil physical properties of
situation B

RRC F] Fz F3 F.; F5 m/v

LDy -0.364  -0.529* -0.071 0.300 0.376 0.040
LD, -0.262  -0.430  -0.137 0.577** 0247  -0.148
L:D: -0.505* -0.363 -0.096 0.528*  0.218 -0.214
L,D, -0.317  -0.538* -0.219 0.432 10.381 0.038
L:D, -0.384 -0.503* -0.148 0.661** 0.308 -0.057
L.D; -0.471* -0.455* -0.024 0.548*  0.265 -0.296
L;D, -0.263  -0.523* -0.187 0.667** 0.319 0.041
L:D, -0.369 -0418 -0.221 0.596** 0304 -0.233
LsDs -0.427  -0.442 0.032 0.460*  0.201 -0.336

** - Significant at 1 per cent level
* - Significant at 5 per cent level
F - Sotl size fraction

L - Radial position from the bole
D - Depth from surface (cm)



Table 45. Correlation between number of nuts and soil physical properties of

situation B

RRC F] Fz F3 F.; Fs m/v

LD, -0.142 -0.302 0.227 -0.045 0.118  -0.240
LD, -0.155  -0.121 0.152 -0.085 0.025 -0.225
L,D; -0.097 -0.032 0.005 -0.221 0.054  -0.263
L.D, -0.196 -0.224 0.191 -0.026 0.064  -0277
LD, . -0.159  -0.146 0.060 0.090 0.033 -0.234
L;Ds -0.154  -0.060 0.056 -0.103 0.029 -0.238
L:Dy -0.183 -0.124 0.017 -0.059 0.075 -0.302
L:D, -0.122 -0.130 -0.059 0.275 0.075 -0.302
L;Ds 0.014  0.005 0.200 0.034 0.104  -0.091

Table 46. Correlation between number of bunches and soil physical properties of
situation B '

RRC Fl Fz F3 F4 Fs m/v
LD, -0.284 -0.475* -0.013 0.009 0349  -0.495*%
LD, -0.251  -0.384 -0.103 0.328 0.242 0.021
LiDs -0.391  -0.199 0.04° 0.135 0.095 -0.267
L.Dy -0.311  -0.382 -0.016 0.040 0264  -0.508*
LD, -0.312 -0412 -0.095 0.458* 0.195 0.075
LDy -0.407 -0.313 -0.090 0.162 0.160 -0.175
L:Dy -0.352 -0364 -0.056 0211 0.220  -0.504%
LD, -0.257 -0413 -0.070 0.370 0.257 0.110
L;Ds 0.321 -0.402 0.155 0.328 0.142  -0.078

* - Significant at 5 per cent level

F - Soil size fraction

L - Radial position from the bole

D - Depth from surface (cm)
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_In situation B, fractions F1, F2 and F4 were significantly correlated with
number of leaves. Coarser fractions (F1 and F2) established negative relationship
(Table 44). Compared with others, fraction-3, fraction-5 and bulk density failed to

establish significant relationship with number of leaves produced.

Unlike in the case of situation A, physical properties did not influence

number of nuts significantly in situation B (Table 45).

It was also noticed that in general, the number of bunches were also

found to be unaffected by physical properties (Table 46).

4.9 Inter-relationship between seasonal yield parameters and soil
chemical properties

Data presented in Table 47 revealed that in situation A, the number of
leaves produced was significantly influenced by organic carbon and available K in
the first season only at 1,D; and L;D; respectively. Available P established
significant relation in first and second seasons at L,Ds and 13D, respectively. But
all these relations were negative. Soil pH and EC failed to establish any significant

relationship in any location and season.

In the first season nut production of situation A established significant
negative relationship with organic carbon at L,D;, L,D», L3D1. and L;D,. It also
related significantly and negatively with available K content of first season at L,D;,
2Dy, LyDs, L3D; and L3D; (Table 48). In the second and third seasons nut

production was not significantly correlated with soil chemical properties.



It was also observed that number of bunches were significantly but
negatively correlated with organic carbon at LD, (-0.575**), L2D; (-0.482%) and
L3D; (-0.469%) and available K at L3D; (-0.643*¥) in the first season (Table 49). In
the second season available P at L;D,; (-0.490%*) established significant relationship.
But in the following season all soil chemical properties failed to develop any

relationship with bunch production.

In situation B number of leaves were not affected by soil chemical
properties in any season (Table 50). But production of nuts in second season was
found to be significantly associated with the organic carbon status of soil (Table
51). It was also related with available P at L;D; (0.471*) and available K at L,D
and L3;D, in the third season. Number of bunches were influenced by available P
content at LD, (0.506¥) in the first season and negatively at L,D2, L;Ds, L,Ds ,
L:D; and L;D; in the second season (Table 52). Organic carbon was also found to
be negatively associated with bunch production in the second (L;D;) and third
(L2D3) season. Only in the third season available K content of L,;D; (0.570**)
established significant relationship. Soil pH had no influence on bunch production
except at L,D;S; (-0.452*) but EC established positive significant relationship in

the first season.
4.10 Inter-relation among leaf nutrients

Coefficients of correlation among,leaf nutrients in different seasons are
presented in Table 53a, b and ¢. Results showed that in situation A leaf N showed
significant positive correlation with leaf P in first season’ (0.569**) and leaf K

content in third season (0.449%).
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Table 47. Correlation between number of leaves and soil chemical properties of
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sttuation A

RRC pH EC 0.C Av.P Av.K
L.D:S, -0.271 0.288 -0.169 -0.204 -0.057
L,D,S, -0.324 0.088 -0.326 -0.399 -0.296
L,DsS, 0.015 0.176 -0.142 -0.407 -0.043
L.D,S, -0.269 0.184 -0.434 -0.185 -0.219
L,D,S, -0.106 0.200 -0.419 -0.233 -0.251
L.D;S, -0.206 -0.072 -0.521* -0.549% -0.046
LsD,S; -0.088 -0.092 -0.333 -0.071 -0.122
L;Ds,S; -0.203 -0.023 -0.324 -0.239 -0.156
L;DsS, -0.136 -0.142 -0.291 -0.170 -0.476*
L.\D;S, -0.418 0.131 0.096 -0.207 -0.379
L,D;S; -0.138 0.070 -0.151 -0.013 -0.306
L;DsS,; -0.127 0.241 0.052 -0.274 -0.189
L.D,S; -0.257 0.273 0.082 -0.404 -0.195
L,D,S; -0.129 0.220 0.262 -0.018 -0.296
L.DsS; -0.115 0.175 0.118 -0.128 -0.182
L;D,8, -0.039 0.014 0.105 -0.454* 0.188
L;D,S; -0.056 0.216 0.341 -0.097 0.197
L:DsS; -0.130 0.216 -0.076 -0.058 0.106
L,D,8; 0.338 0.133 -0.211 -0.013 0.442
L1D,S; 0.404 0.080 -0.127 0.026 0.267
L,D;S; 0.387 0.030 -0.259 -0.194 0.230
L.D;S; 0.273 0.215 -0.208 0.179 0.441
L:D,S; 0.252 0.189 -0.086 0.087 0.307
L,D;8: 0312 0.080 -0.148 -0.077 0.352
L;D;S; 0.375 0.102 -0.093 0.375 0.230
L;D,S; 0.128 0.151 -0.159 0.329 0212
L:DsS; 0.324 0.116 -0.139 0.067 0.260

* - Significant at 5 per cent level;

S - Season;

L - Radial position from the bole
D - Depth from surface (cm)



Table 48. Correlation between number of nuts and soil chemical properties of
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D - Depth from surface (cm)

situation A
RRC - pH EC Q.C Av.P AvK
L,D:S, -0.074 -0.075 -0.251 0.387 -0.453%*
L,D.S, -0.075 0.005 -0.138 0.138 -0.226
L,DsS, -0.361 -0.146 -0.278 0.125 -0.183
L,D:S, -0.173 -0.076 -0.499* 0,022 -0.490*
L.DsS, -0.001] -0.076 -0.663%* 0.076 -0.479*
LaDsS, -0.065 -0.315 -0.413 0.073 -0.311
LsDsS, -0.166 -0.042 -0.590** 0.006 -0.547*
L:DsS, -0.262 0.049 -0.635%* 0.051 -0.557*
L;D;S; -0.221 -0.032 -0.430 -0.024 -0.319
L.D,S; -0.455% 0.213 0.321 0.172 0.142
L,D,S, -0.288 0.136 0.120 0.044 0.235
LiDsS; -0.071 0.206 0.290 0.047 0.429
L.D;S; -0.324 0.245 0.256 0.300 0317
L.D-S; -0.360 0.244 0.248 0.119 0.156
L,DsS, -0.176 0.150 0.254 0.386 0.395
L:D;S; -0.272 -0.215 -0.041 -0.114 0.125
L;D.S; -0.347 -0.136 0.008 0.233 -0.220
L;DsS; -0.351] -0.131 -0.161 0.247 0.103
LiDiS; 0.108 -0.151 -0.034 0.000 0.006
LiD.S; 0.098 -0.044 - -0.142 -0.150 -0.102
L,DsS; 0.016 0.148 -0.122 0.036 0.072
L2DsS; 0.174 -0.092 -0.124 0.028 0.036
L2D,S; 0.255 -0.060 -0.054 -0.038 0.002
L,DsS; 0.118 0.103 -0.024 0.242 0.254
L;D;S; 0.070 -0.024 -0.084 0.285 0.184
L;D,S; 0.278 -0.082 -0.228 0.194 0.092
LsDsS; 0411 -0.128 -0.187 0.257 0.311
* - Significant at 5 per cent level; ** - Significant at 1 per cent level
L - Radial position from the bole S - Season
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Table 49. Correlation between number of bunches and soil chemical properties of

situation A
RRC pH EC 0.C Av.P AvK
LD S, -0.021 0.239 -0.297 -0.105 -0.060
LiDsS, -0.216 0.154 ~0.575%* -0.212 -0.0%4
L,DsS, -0.034 0.228 -0.391 -0.240 0.048
L.D\§, -0.028 0.035 -0.442 -0.269 -0.274
L,D,:S, 0.006 0.213 -0.482# -0.015 -0.179
L.Ds;S; -0.079 -0.020 -0.342 -0.282 -0.116
L.D;S, -0.093 -0.031 -0.399 -0.024 -0.315
L:D,S,y -0.184 0274 -0.469* -0.022 -0.188
L;DsS, -0.084 -0.060 -0.140 -0.106 -0.643*%*
L,D;S, -0.366 -0.012 0.117 -0.147 -0.237
L\D,S; -0.240 -0.102 0.054 0.030 -0.168
L.,Ds:S; -0.100 0.162 0.232 -0.158 -0.017
L,DS, -0.192 0.140 0.177 -0.390 -0.028
L,D,S, -0.207 0.060 0.323 -0.005 -0.086
L.DsS; -0.194 0.018 0.256 -0.018 0.017
L.D;S; -0.167 -0.176 0.115 -0.490* 0.337
L:DaS, -0.220 0.014 0.164 0.037 0.290
Ls:DsS; -0.323 -0.019 0.080 -0.024 0.257
L.D;S; 0.338 0.133 -0.211 -0.013 0.442
L:D,S; 0.404 -0.080 -0.127 0.026 0.267
LiDsS; 0.387 0.030 -0.259 -0.194 0.238
L.D,S; 0.273 0.215 -0.208 0.179 0.441
L.D,S: 0.252 0.189 -0.086 0.087 0.307
L.D;S; 0312 0.080 -0.148 -0.077 0.352
L:DiS; 0.375 0.102 -0.083 0.375 0.230
L;D,S; 0.128 0.151 -0.159 0.329 0.212
L:DsS; 0.158 -0.160 -0.185 -0.221 -0.103

* - Significant at 5 per cent level;
L - Radial posttion from the bole

D - Depth from surface (cm)

** - Significant at 1 per cent level

S - Season



Table 50. Correlation between number of leaves and soil chemical properties of
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. =0.119

situation B
RRC pH EC 0.C’ Av.P Av.K
L,D:S; 0.110 0.062 -0.340 0.043 -0.238
L,D.S, -0.114 0.126 -0.277 0.084 -0.202
L,DsS, 0.074 0.201 -0.085 0.101 -0318
L.D:S, -0.010 0.006 -0.354 0.345 -0.175
L.D:S: -0.177 0.124 -0.204 0.136 -0.010
L.DsS, -0.071 0.109 -0.218 0.031 -0.245
L;D,S, -0.152 0.030 -0.323 0.038 -0.004
L;D;S; -0.150 0.050 -0.178 0.014 -0.062
L:D;S,. -0.081 0.086 -0.126 0.083 -0.243
L,D;S, -0.084 -0.004 0.372 -0.084 0.173
LD:S; -0.251 0.172 0.176 -0.075 0.251
"LDsS, -0.182 0.319 0.162 0.032 0.293
L.D,S; -0.063 -0.073 0377" -0.123 0.135
L,D-S:» -0.260 -0.090 0.159 -0.307 0.246
L.D:S; -0.192 -0.050 0.218 0.072 0.203
LiD;S., -0.180 0.053 0.179 0.035 0.438
L;D-S, -0.157 -0.141 0.287 0.084 0.390
L:D;S, 0.048 0.337 0.194 0.376 0.354
L.D.S: -0.013 0.101 0.000 -0.081 0.117
L,DsS; -0.137 -0.137 -0.066 -0.238 0.125
L,D:S; -0.107 -0.183 -0.140 -0.210 0.210
L,D,S; -0.040 -0.069 -0.137 -0.394 0.084
L,D;Ss -0.083 -0.012 -0.101 -0.229 0.175
L,DsS; 0.027 -0.038 -0.221 -0.212 0.211
LiD\S; -0.039 -0.012 -0.274 -0.244 0.190
L:D,Ss 0.062 -0.038 -0.225 -0.372 0.347
L:DsS; -0.005 -0.125 -0.408 0.343

L - Radial position from the bole

S - Season

D - Depth from surface (cm)



Table 51. Correlation between number of nuts and soil chemical properties of

situation B

RRC pH" EC 0.C Av.P Av.K
L,D;S, 0.057 0.053 -0.151 0.380 0.191
L.D,S; 0.065 -0.048 -0.117 0.152 -0.061
L,DsS, 0.155 0.128 -0.149 0.275 -0.157
L.DS, 0.151 0.336 -0.093 0.276 0314
L.D,S, 0.067 0.003 -0.103 -0.179 0316
L.DsS, 0.217 0.073 -0.073 0.154 0.075
L;DiS, 0.051 0.289 -0.095 0.249 0317
LsD,S, 0.040 0.178 -0.196 0.033 0.416
L:D:S, 0.188 0.156 -0.360 " 0.195 0.166
L.D;S; -0.050 -0.180 _0.617%* 0387 -0.400
L,D,S; -0.086 0.195 0.617%*  .0.108 -0.242
L,DsS; -0.106 -0.072 0.713%* 0.089 -0.129
L.D:S; - 0.047 0.139 0.624**  .0.177 -0.366
f..DsS, 0.117 0.247 0,597+ 0.098 -0.212
L.D;S- -0.052 -0.211 0.530% 0311 -0.146
L:D,S, -0.101 0.188 0.597** 0.135 -0.104
L;D,S; 0.202 0.174 0.681** 0.421 -0.178
LsDsS; 0.166 0.065 . 0.453* 0.438 -0.140
L,D,S: 0.175 0.150 0.064 -0.385 -0.300
L,D.S; 0.220 0.018 0.115 0.141 -0.404
L,DsS: -0.014 -0.212 0.047 -0.053 -0.133
L.D;S; 0.290 0.316 0.190 0.202 -0.476*
L;DS: 0.107 0.099 0.352 0.279 -0.441
L,D;S; -0.075 -0.079 0.260 0.080 -0.397
LiD;S: 0.191 0.118 0.340 0.054 -0.491*
L:D,S; -0.153 -0.050 0.439 0.285 -0.389
LiD:S: -0.062 -0.017 . 0319 0.471*

-0.424

¥ - Significant at 5 per cent level;
L - Radial position from the bole

D - Depth from surface (cm)

** - Significant at 1 per cent level

S - Season
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Table 52. Correlation between number of bunches and soil chemical properties of

situation B
RRC pH EC 0.C Av.P Av.K
L,D;§, -0.029 0.497* -0.342 0.273 0.254
L\Ds:S, 0.075 0.340 -0.302 0.296 -0.038
L,D:S, 0.375 0.480* -0.161 0.264 -0.216
L.D\S, 0.209 0.507* -0.235 0.506* 0.349
L.D,S, -0.033 0.291 -0.252 0.173 0.343
L.,DsS, 0.299 0.481* -0.162 0.300 0.081
L:D,S, 0.139 0.489* -0.096 0.184 0.391
L:DD,S, 0.038 0.299 -0.159 - 0.138 0.368
L;DsS, 0.263 0.257 -0.139 0.023 0.106
L,D:S; -0.179 0.160 -0.076 -0.281 0.349
L,D,S, -0.380 0.068 -0.142 -0.473* 0.313
L,D;S; -0.430 -0.125 -0.197 -0.686** 0.387
L.D,S; -0.270 -0.210 -0.151] -0.321 0.330
L.D;S, -0.264 -0.172 -0.339 -0.510% 0.278
L,Ds:S: -0.452* -0.254 -0.317 -0.744** 0.363
L:D;S; -0.208 0.130 -0.347 -0.510* 0.376
L:D,S; -0.232 -0.142 -0.227 -0.114 0.281
LiDsS,; -0.120 0.122 -0.504* -0.039 0.309
LiD,S; -0.042 -0.268 -0.267 -0.133 0.328
L1D,Ss -0.104 -0.213 -0.251 -0.126 0.434
L,D:S; -0.000 -0.191 -0.313 0.026 0.145
L.D;S;: -0.122 0.340 -0.423 -0.148 0.286
L.D,Sz -0.323 -0.294 -0.325 -0.103 0.570%*
L,D;S; -0.049 -0.349 -0.583%* -0.002 0.373
L:DySs: -0.286 -0.242 -0.401 -0.108 0.336
LiDs:S; -0.204 -0.259 -0.364 -0.239 0418
L;D;S; -0.101 -0.229 -0.401 -0.167 0.434

¥ - Significant at 5 per cent level;
L - Radial posttion from the bole

. D - Depth from surface (cm)

** - Significant at 1 per cent level

S - Season



Table 53. Interaction among leaf nutrients in season

(a) Leaf N Vs Pand K

94

Season Situation A Situation B
NxP NxK NxP NxK
S, 0.569** 0.102 -0.293 -0.176
S, : 0.096 -0.071 0.211 -0.102
Sz 0.365 0.449* -0.040 -0.280
(b) Leaf P Vs Nand K
Season Situation A Situation B
PxN PxK PxN PxK
S 0.569%%* 0.154 -0.293 0.243
S; 0.096 -0.155 0.211 0.199
S 0.365 0.237 -0.040 0.150
(c) Leaf K Vs P and N
Season Situation A Situation B
KxN " KxP KxN KxP
S 0.102 0.154 ~0.176 0.243
S, -0.071 -0.155 -0.102 0.199
Ss 0.449% 0.237 -0.280 0.150

** Significant at 1 per cent level
* Significant at 5 per cent level
S - Season



In situation B none of the three nutrients had any significant relationship

in any season.
4.11 Inter-relation among leaf nutrients to yield

Data on the relationship between yield and leaf nutrients are presented in
Table 54. In situation A, leaf N content in the first season was found to be
associated with total number of nuts produced. Leaf P content in first and second
seasons also influenced total nut production significantly. Leaf K failed to establish
relationship. At the same time it was noticed that leaf nutrients and seasonal yield

were not associated.

In situation B leaf nutrient content in any season and total yield did not
show significant relationship. But leaf K established a significant negative relation

with seasonal production of nuts in the first season.
4.12 Inter-relation among yield attributes to yield

Correlation between yield attributes (bunches and leaves) and yield was

studied and results are presented in Table (55).

In situation A total number of nuts produced was found to be associated
with number of bunches produced (both total and seasonal) in the first season
whereas the number of nuts produced seasonally failed to show any relationship

with the yield attributes in all the seasons.
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Table 54. Correlation between yield and leaf nutrients

------ -——

B('[’) - Tota.l bunch
Bs) - Scasonal bunch
S - Scason

"Situation  Season Total yield Seasonal yield
N P K N P K
S, 0.447* 0497* 0247 0.202 0343 -0.102
A Sz 0.272 0471*  0.066 0.203 0355 0.003
S; 0.171 0.060 -0.034 0.112 0.085 -0.048
S, 0.287 0.041 -0.257 0246 -0.071 -0470*
B S2 -0.316 -0.251 -0.101 -0363 -0.097 -0.156
Sa -0.220 0.068 -0.232 -0.133 0.039 -0.254
Table 55. Correlation between yield and yield attributes
Situation  Season Total yicld Vs yield attributes Seasonal yield Vs yield attributes
Ly Ls  Bm By Ln Ls Bm By
Si 0.360 0.244 0.458* 0.561** 0308 0.173 0.248 0.387
A Sz 0.106 0.137 0.154 0.322 0.183 0.135 0290 0347
S; 0.188 -0.172 0272 -0.243 0.248 -0.282 0281 -0.254
S; 0.095 -0.010 0349 0453* -0.079 0210 0.192 0203
B S, -0.228  0.485* -0.102 -0.239 -0.264 - 0.498* 0.013 -0.045
S; -0.239  0.480* -0.103 -0.082 -0.111  0.239 -0.136 0.010
b - Significant at 1 per cent level
* - Significant at 5 per cent level
L - Total leaf
Ls, - Scasonal leaf



In situation B total nut production established relationship with number
of leaves produced in the second and third season as well as number of bunches
produced in first season. It was also noticed that number of nuts produced in the
second season showed significant positive relationship with leaf production of that

5€ason.
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5. DISCUSSION

Investigations were conducted during 1994-95 to study the nutritional
soil-plant interaction in relation to productivify of coconut plams so as to develop a
soil testing system to suit the unique habit of the palm. The study involved
estimation of available nutrients in the soil, role of physical characteristics on the
availability, leaf levels of nutrients and productivity of palms belonging to two

different situations. The salient features of the results are discussed in the following

pages.
5.1 Validity of soil test

Observations on the nutritional status of the soil in the two situations have
indicated differences between them (Tables 6, 7 and 8). Role and requirement of N
and K and their limiting influence on coconut productivity have been established
(Muliyar and Nelliyat, 1971). The fact that palms in situation A have recorded a
higher content of these elements in their leaves (Table 17) and also a higher nut
yield (Table 18) would suggest that nutritional management based on soil test
values would be meaningful and valid. This result is in line with the observations

recorded by Krishnakumar (1983).

Majority of the root system of coconut is confined to a radius of 2 m
from the bole. The data (Table 3) evidently confine to the feeding zone of the palm.
The lack of correlation between the soil nutrient availability status and leaf nutrient

status in any of the two situations (Table 35 to 40) would suggest unsuitability of
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intoto application of present soil test method as such for a perennial crop like

coconut.
52 Soil characteristics and availability

Data presented in Tables 1 and 2 as well as 4-8 showed that though, the
situations were separated by less than a kilometer and that the soil belonged to the
same order and series, the status of major available nutrients and physical
properties varied widely. Status of available nutrients is a function of a series of
chemical reactions taking place in the soil, the rate and extent of which are
governed by physical properties which are affected by variations in fractional
composition of soil. Brady (1984) has. reported that porous and sandy soils
facilitate oxidation reactions, percolation etc. and are poor in nutrient status and
increasing levels of finer fractions retain higher levels of nutrients. Since soil test
values are to indicate the resource power of the soil to supply nutrients throughout
the growth period of a crop, a system giving due consideration to physical prop-
erties and fractional composition of  soil may likely to have more precise

applicability.

Data in Table | and 2 indicated that very coarse and coarse fractions were
unusually high even to a depth of 45 cm from the surface. Queiroz (1963) reported
that loose fractions are concentrated only in upper layers and finer fractions increase
downwards. However, laterite soils are highly leached out soils, rich in hydrous
oxides of Fe and Al, coarser particles are soil minerals coated with oxides of Fe.
This unique phenomenon that differentiates it from other soils may witiate the

precision of conventional methods of soil testing in laterite soil.
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Inter-relationship between physical and chemical properties (Tables 19 to
28) have revealed that they are not identical in the two situations. In situation A,
finer fraction (F5) showed positive and coarser fraction showed negative
correlations with organic carbon. The reverse was the case in situation B where
coarser fractions had positive and finer fraction had negative relationship with
organic carbon. Positive correlation of organic carbon content with finer fractions
of the soil is natural and is to be expected. Similar results have also been reported
by Bastin (1985). In situation B, the refationship may appear to be confusing. A
perusal of the seasonal fluctuation in organic carbon content in two situations
(Table 14) showed that organic carbon level has been rather static and the
fluctuation level was only 2.0 per cent in situation B as against 7.3 per cent in situa-
tion A. Thus it can be seen that situtation B had the organic carbon content at the
lowest and near static level, where the influence on nutrition is marginal. In
situation A the fluctuation is over 7 per cent indicating that the reactivity of orgainc
matter and its influence on nutrition are significant as evidenced from yield. This
further points out to the necessity that soil productivity should be judged within
specific limits of fractional composition and would mean more than absolute
values. Reactivity of organic carbon and factors affecting it are important which
call for using weighted indices for physical properties. This situation in all
probability is due to the instability of organic matter due to oxidative losses from

heavy aeration.

Observation on available P indicate that relationship of physical
properties is similar in both situations, but of lesser magnitude in situation B, In the
case of K the relationship was non significant in both the situations. These results
will mean that separate indices for organic carbon, available P and available K will

have to be worked out.
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Investigation of variation in the organic carbon content of the soil and
leaf N content (Table 6 and 17) on one side and available K in soil and K in leaf
(fable 8 and 17) on the other show that variation patterns are subject to some
critical levels below and above of which the pattern may be different. Critical level
'appears to be influenced by the extent of porosity of the soil which modify the
stable levels through oxidation of organic carbon and leaching of K respectively.
This would further suggest that some standardization based on physical char-
acteristics of the soil especially porosity along with root spread of plant is necessary
to get true relation of available status of soil to that of leaf nutrients. One of the
most significant results generated in the present study has been the almost exclusive
relationship of organic carbon to coconut productivity, though the relationship was
negative in high yield environment and positive in low yield environment. The
cyclically changing pattern of organic carbon through the seasons presented in
.Table 16 would probably suggest that this is linked to the static and non dynamic
level of organic carbon and its influence on the dynamic pool. Assuming that the
static or near static level of the dynamic pool is 0.48 per cent, situation A which
had the advantage of higher altematiné build up and degradation which did not
touch theilowest static level. As such it had been related to a higher mineralisation
of nutrients from 0.548 to 0.589 per cent. On the other case availability has to
depend on build up and degradation in a very small range (0.480 to 0.487%).

This diametrically opposite but basically same effect may be attributed to
the porous nature of the soil in the second situation where coarser fractions have
constituted 44.15 percentage of the soil \-rolume. The data also indicated that
coarser fraction F3 (0.5 - 1.0 mm) is more related with organic carbon of the soil

here (Table 26).
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Varying interrelation of organic carbon with different fractions of soil on
one side simultaneously with its direct bearing on productivity would point out to
the necessity of evolving texture linked indices to get reliable information. This
result could not come out of the present study due to insufficient sample size. So,

further investigations should be done in this direction.
53 Sampling technique

The technique of soil sampling has to take into account at least four

factors viz, where, when and how to take soil sample for anlaysis as well as the

dependability of the information.

Data on the interrelationship of .available nutrient status of soil to yield
components and yield are presented in Table 47 to 52. Yield of coconut palms is
considered in numbers and not based on weight and the 'data on interrelationship
suggested that maximum relationship to yield of nuts was manifested by organic
carbon content recorded in the second season and potassium content in the third
season in the low yielding situation, whereas organic carbon content recorded in the
first season was negatively related with yield in the high yield environment, This
" would suggest that time of sampling and present productivity has very high
importance in governing the reliability of the data generated. Study on the specific
nutritional preferences of coconut have shown that it is from potassium through
nitrogen to phosphorus in low yielding to high yielding (Pillai and Davis, 1963,
Nathanael, 1969). Organic carbon is the index of soil nitrogen and general
productivity (Singh and Brar, 1973). Nitrogen is reported to increase the number of
nuts through increasing production of female flowers (Nelliyat ef al., 1972). Mean
yield per palm in the two situations had worked out to 76 and 35 respectively (Table
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18). The fact that soil organic carbon content of Situation A was higher compared

to Situation B (Table 6) is further proof of this. Thus it would be seen that the data

is reliable.

High variation between the seasons for expression of significant
relationship may be attributed to general fertility status of the soil. A perusal of the
annual march of organic carbon content shows that maximum carbon level is
attained in the second season which declines continuously through the third and
first season (Table 6). The decline in the high yield situation is worked out to 7.3
per cent as against 2 per cent in low yield situation. Decline in organic carbon
content is an inverse index of mineralisation of nitrogen and other elements. Thus
high yield in situation A and the negative relation appears to be the resultant of
higher mineralisation and consequent availability of nutrients and vice versa in

situation B.

In the low yield sitvation the organic carbon content itself is low and the
build up and decline is confined to 2 per cent. It is possible that 0.48 per cent may
be the basic organic carbon status below which it is not prone to degradation. This

would mean that 0.48 per cent of organic carbon can be treated as the base level.

Number of leaves and bunches, though are yield contributory factors
‘cannot have absolute influence on crop yield as the final expressed yield is often the
balance between originally produced and subsequently lost after opening of spathe

due to several reasons like water stress and pest incidence etc.

A perusal of the data will show that sample should be collected from a
depth of at least 30 cm. This is to be naturally expected as the root system is
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confined to the basins. Kushwah er al., (1973) have reported that more than 74 per
cent of the root system is confined in the basin from 30 cm from surface to I m
depth. Distribution pattern of roots in the soil core in the two situations (Table 3)
shows that root fractions increased with depth though the rate of increase tended to
be more in poor soils. The apparent contradiction between root distribution and
sampling depth may be because of the mobility of the organically mineralised
‘elements in the soil. Among the interrelations obtained more than 2/3" are from
soil depth up to 30 cm and also comelation at still deeper depths were
simultaneously manifested in upper layers also, it appears to be safe to conclude that

depth of sampling irrespective of productivity shall be confined to 30 cm .

A comparison between radial distances of the two situations revealed that
second radial distance (L) is more expressive than L, irrespective of productivity of
situation. In high yielding situation, while L, expressed only the relationship of
available K, L, showed significant relation for organic carbon and available K
(Table 48). Pillai and Davis (1963) and Nathanael (1969) have reported that K is
the element removed by the coconut palm in largest quantities followed by N while
P isethe least, in quantity required. Soil sampling from outside basin is also
misleading since more than 75 per cent of the roots reside within a radius of 2 m.
Hence mixed composite sampling including inside and outside basin soil is more

representative of the fertility status of the coconut rhizosphere.
From the foregoing discussions the following conclusions can be drawn.
The conventional method of soil sampling is not suitable for coconut,

roots of which explores deeper soil layers. In the present study it was concluded

that soil samples should be collected at least from a depth of 0 - 30 cm: Composite
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sampling including both inside and outside basin soils is more appropriate.
compared with inside or outside basin sampling. Time of sampling is also
important and it differ between yield group and the nutrient to be analysed. Another
important conclusion of the study is that some correction factors should be added to
soil test values to account the anomalies caused by the coarser soil fraction which is

not having a direct role in production and productivity.
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6. SUMMARY

A study was conducted during 1994-95 in two standing coconut gardens
in laterite soil, grown under good management [situation A] and average
management [situation B] practices. The coconut gardens were located at Mulam-
kunnathukavu (Thrissur district), within a distance of about one kilometer. About
75 WCT palms in the age group of 15-20 years were present in each group. Among
these twenty healthy palms from each situation were selected for the study. The
objective of the study was to standardize soil sampling technique for coconut and to
work out fertilizer recommendation system considering physical nature of the soil
as well as the nutrient levels, based on correlation with plant uptake values. The
study involved identifying the sampling techniques and the factors to be considered

to get a reliable and indicative information from the soil test values generated.

Composite soil samples were collected using soil tube from three depths
from surface viz. 0-15 cm (D)), 0-30 cm (D) and 0-45 cm (Ds), from three radial
positions from the bole of the palm viz. within the basin (L,), basin cum outside
(L) and outside basin (Ls). Samples were collected during the months of May (81),
October (S;) and January (Ss) to account the effect of seasons on the chemical
properties of soil. Soil fractions were separated and designated as F1 (>2 mm), F2
(1-2 mm), F3 (0.5-1 mm), F4 (0.2-0.5 mm) and F5 (<0.2 mm). Leaf samples from
10th frond, and bio-metric observations on yield and yield attributes were also

collected along with soil samples.

The salient results are summarized below:
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The two situations A and B showed much variation in the physical properties.
The coarser fraction F1 occupied only 3 per cent by weight in situation A,
while that in situation B was 26 per cent. The finer fraction F5 occupied 72
per cent as agaisnt S1 per cent in situation B. The variations of other frac-
tions were marginal. The bulk density (m/v) of situation A was 1.25 g em™

and the value for situation B was 1.65 g cm™.

The root fractions collected along with soil columns indicated that the root

'activity was more in situation A than B. In both the situations the maximum

root activity was confined to a depth of 0-30 cm within the basin (L1D2).

The pH of the soils of situation B showed a higher value (6.0) than situation A

*(5.8). pH decreased with increase in depth from surface and radial distance

from the bole of the palm. In both the situations the soils were more acidic

during January (S3).

Electrical Conductivity (EC) also decreased with depth and distance from the
palm in both the situations. Compared to situation B, situation A recorded
higher values. The variation in situation A was from 0.077 to 0.218 (dS m™)
while that in situation B was from 0.083 to 0.187 (dS m™). In both the

situations October samples (S2) recorded maximum values.

In both situations organic carbon content decreased with depth and radial
distance. The organic carbon content varied from 0.48 per cent to 0.66 per
cent in situation A. The variation in situation B was from 0.42 per cent to
0.58 per cent. In both the situations the higher content was recorded in the

samples collected during October (S2) at L1D,.
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In situation A and B available P decreased with increase in depth the radial

distance. The available P content varied from 6.3 to 24.5 ppm in situation A,

and from 4.1 to 37.8 ppm in situation B.

_In situation A, the available K content varied from 87 to 184 ppm, while in

situation B, it was only from 43 to 102 ppm. In situation A, the highest value
(184 ppm) was recorded at LD, during October (Sz) while in situation B the
highest value (102 ppm) was recorded at L,D; during October itself (S2). The
minimum value was recorded at L;D; in both the situations and all the

scasons.

Palms of situation A recorded higher content of leaf N, P and K compared
with situation B, Corresponding differences were also reflected in nut

production.

In situation A, leaf N and P failed to establish significant relationship with any
of the soil fraction. But leaf K content was related with F1. In situation B, N
content of leaf established sigﬁiﬁcant negative correlation with coarser

fraction (F1).

Situation A gave 16.7 and 77.8 per cent higher value for organic carbon and
available K respectively. Palms in situation A has recorded a higher content of
these elements in their leaves and also a higher nut yield would suggest that
nutrient management based on soil test values would be meaningful and is

valid.
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In both situations soil nutrient levels failed to establish correlation with leaf
nutrients in most of the cases. Lack of correlation would suggest the
unsuitability of in fofo application of present soil test method as such for a

perennial crop like coconut.

In situation A, finer fractions (F5) showed positive and coarser fractions (Fl,
F2, F3 and F4 showed negative correlation with organic carbon. Reverse was
the case in situation B where coarser fractions (F1, F2 and F3) had positive
and finer fractions (F4 and F5) had negative relation. As the available status of
a nutrient is governed by physical properties which are affected by variation in
fractional composition of soil, a system giving due consideration to physical

properties of soil may likely to have more precise applicability.

In situation B organic carbon level has been static and the fluctuation was only
two per cent in situation B as against eight per cent in situation A. Reactivity
of organic carbon and factors affecting it is important which calls for using

weighted indices for physical properties.

Seasonal variation in available P showed similar trend as organic carbon but
the influence is of less magnitude. In the case of available K the relationship
was opposite. These results will mean that separate indices for organic carbon,

available P and available K will have to be worked out.

The cyclically changing pattern of organic carbon through the seasons suggest

that it is linked to the static and nondynamic level of organic carbon.

In high yield situation organic carbon was found to be negatively correlated

© with nut production but in situation B positive correlation was obtained. This
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may be the resultant of higher mineralisation and consequent availability of

nutrients in situation A and vice versa in situation B.

In situation B organic carbon manifested maximum relationship to yield of
nuts in the second season and potassium content in the third season whereas
organic carbon content recorded in the first season was related with yield n
high yield situation. This would suggest that time of sampling is also

important which differ between yield group-and nutrient to be analysed.

In situation A, leaf N showed significant positive correlation with leaf P in
first season and leaf K content in third season. In situation B, all the three

nutrients failed to establish any significant relationship in all seasons.

In situation A, leaf N content was significantly associated with total number of
nuts in the first season only, while P established relationship during first and
second seasons. In situation B, leaf nutrient content and total nut yield did not

show significant relationship in any season. But leaf K established a

'significant negative relationship with seasonal production in the first season.

In situation A, total nut yield was related to total and seasonal bunch yield
during first season only. In situation B, total yield was related to leaf

production of second and third season and bunch production of first season.

Soil samples should be collected from a depth of atleast 30 cm as the

maximum root activity was confined to this depth.

Mixed composite sampling including both inside and outside basin soils is

more appropriate compared with inside or outside basin sampling alone.
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ABSTRACT

An investigation was carried out during 1994-95 to standardise soil
sampling technique for coconut and to work out fertilizer recommendation system
consideﬁng physical/textural nature of soil as well as nutrient levels. Two standing
populations of WCT palms grown under good and average management practices
(situation A and B respectively) located at Mulamkunnathukavu (Thrissur district)
was utilised for the study. From each plot twenty healthy palms were selected for
the study. The coconut gardens were separated by a distance of about 1 km and the

sotl of the site was laterite (Oxisol).

Composite soil samples were collected from three depths from the
surface and from three radial positions from the bole of the palm. Samples were
coilected_ in May, October and January. Leaf samples were collected from the 10th
frond and observations on yield and yield attributes were also recorded along with
soil samples. Physico-chemical properties of soil, root activity pattern, leaf nutrient
content and yield and yield attributes of both situations were compared. Correlation
between physical and chemical properties of soil, correlation between soil

parameters, leaf nutrient content, yield and yield attributes were also worked out.

Both situations showed much variation in physico-chemical properties of
soil. Coarser soil fractions were more in situation B while, in situation A finer
fractions dominated. High yield situation (situation A) recorded higher values for
organic carbon and available K compared with situation B. Depthwise as well as

radial distance wise differences were also noticed in the nutrient content. In both



 situations soil nutrient content decreased as the sampling depth from the surface as

well as radial distance from the bole of the palm increased.

A perusal of seasonal variation of nutrients in soil indicated that
maximum organic carbon, available P and available K content was attained in the
second season (in October) which declines continuously through the third and first

season except organic carbon of situation B.

Comparison of leaf nutrient status of two situations revealed that palms of
situation A recorded higher N, P and K content in their leaves. Corresponding

drfferences were also reflected in the production of nuts.

Root fractions collected from different depths have indicated that in both
situations maximum root activity was confined to a depth of 0-30 ¢m. Hence
conventional method of fertilizer recommendation based on soil testing now
practised in the state is not suitable for coconut which takes into account the

nutrient status of the top 15 cm layer only.

Comparing the radial distance L, established significant relationship only
with N while L, established significant relation with N and K. Since > 75 per cent
of the roots are residing inside the basin, sampling from outside the basin alone (L;)
is also misleading. Hence mixed composite sampling (L,) including both inside and

outside basin soils is more appropriate.

Based on the above observations the most suitable sampling technique for
coconut is composite sampling containing both inside and outside basin soils from a

depth of 0-30 cm from the surface (LQDz).'



+

In situation A organic carbon manifested maximum relationship to yield
of nuts in the second season and potassium content in the third season whereas
organic carbon content of the first season was related with yield in high yield
situation. This would suggest that time of sampling is also important which differ

between yield group and nutrient to be analysed.

- Results also indicated that organic carbon content was related to soil
fractions in both situations though, the relationship was in opposite direction. In
situation A, finer fractions showed positive and coarser fractions showed negative
corrélations with organic carbon. The reverse was the case in situation B where
coarser fraction had positive and finer fraction had manifested negative relations. It
has also been noticed that organic carbon content was linked with nut production in

both situations.

Varying interaction of organic carbon with different fractions of soil on
one side simultaneously with its direct bearing on productivity would point out to
the necessity of evolving texture linked indices to get reliable information about
nutrient availability status of soil. Therefore, some correction factor should be

added to soil test values to account the anomalies caused by the coarser soil fraction

V11354

which is not having a direct role in production and productivity.
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