STANDARDISATION OF INDEX LEAF/LEAVES FOR ASSESSING
.; THE NUTRITIONAL STATUS OF CLOVE IN
| RELATION TO SOIL FERTILITY

i . ) - . - .

" By
D. GNANADAS, B.Sc. (Hort.)

THRISSUR

880 654

THESIS
Submitted in -partial fulfilment of the requirement for the degree
Master of Science in Agriculture

Faculty of Agriculture
Kerala Agricultural University

DEPARTMENT OF SOIL SCIENCE AND AGRICULTURAL CHEMISTRY
N COLLEGE OF AGRICULTURE
Vellayani - Trivandrum,
1989



"You will have to work hard and sweat to make the soil produce anything
until you go back to the soil from which you were formed"

Genesis. 3: 19

Dedicated to
MY LOVING PARENTS



ii

DECIARATION

1 hercby declare that this thesis anj:itleﬁ
»standardisation of indsx leaf/leaves for assessing
the nutriticnal status of clove in relation o so0ll
fertility® ic & bonafide record of resesrch work
donz by me during the oourse OFf ressarch and that
‘the thesis hog nct been previously formed the basls
for the sward ¢o me any degrae, diploma, assoclato-
ship, fellowship or othoer similsr title of any other
University or Scciety. ‘

. VELLAYANI,
25¢h April, 1985c




iii
CERTIFICATE

Certified that this thesis entitled
RPStandardisation of index leaf/leaves for assessing the
nutritional status of clove in relation to soil fertility®
is a record of research work done independently by .

Sri. D. éﬁ%nadas under my guidance and supervision and that
it has not been previously formed the basis for the award of

any degree, fellowship or associateship to hime.

S

(ABDUL HAMEED)
Chairman
~ Professor and Project Leader
Vellayani, Project for the promotion of

26th April, 1989 Agrl. Electronics



Approved by

CHAIRMAN sri.abdul Hameed Q\/ “9“
R

MEMBERS 1le DreR.SeAl

2. DreN.,Mohanakumaran W/

%) ”
3+ DreS.Pusghkasla ) v\b\/"
) Yt

External Exsminer Q_».. K_/_/r/

22')



ACKNOWLEDGEMENT




ACKNOWLEPGEME NTS

I wish to place my deap sense of gratitude
and heartfelt thanks to

~ Professor abdul Hameed; Project Leader,
Dapartment of Agricultural ElectrXonics and Chairmean
of tha Advisory Commlttes for suggesting the problam
and guiding me expertisely through out the course of

my studies.

= Dr.,R,.,SeAlyer, Professcor and Head, Department
of Soil Sclence and Agricultural Chemisbry and Member
of the Advisory Committes for hsving given ms valuable
suggestion and guldance to take up the programme and
also for the constant encouragements glven through

out the gtudies,

- Dr.H.Mohanakumaran, Assoc, Director, NARP
(Southern Region) and Mgmber of the Advisory Committee
for his constructive ideas, positive suggestions and

also guidance.

-~ DreSePushkala, Asscc, Profassor, Department
of Soll Scilence and Agricul tural Chemistry and Member
of the Advisory Committee for the encouragements given

during the course of the studies,



-~ My brother, sri.D.Clarson, Fh.D, Scholar,
Department of Soil Science and Agricultural Chemistry,
Pamil Naedu Agricultursl Unlversity, for the constant
encouragement given to me and also for the speedy

execution of this thesls,

- Sri.P,Prabhakaran, Professor, Department of
Agricultural Statistics for helping me in the statis-

tical scrutiny of the data through computer,

- Migs., Mercy Kutty Joseph, Ph.D. Scholar, Depte
of Soil Science and Agricultural Chemistry, Tamil Nadu
Agricultural University for the kind help rendered for

the preparation of ths manuscript,.

- Sri.P.Suseelen, Former Director of Agricul ture
and sri.H.L.Rose, Additional Director of Agriculture for
having kind enough to depute me for the post graduate
studies.,

- My father-in-law Sri.S.Sarjanam, for his keen

intarest 2nd sincere efforts tsken for my studies,

- Miss.Mini Mani, Agricultural Officer, for the
encouragements clven to me for the completion of the

theslis.

My brother-in-laws, sisters, all my femily
menbers and friends for their good wishes and prayédrs for
the successful completion of the studies, and



= Lagtly but not the least to my wife and son
for their kind co-cperation and prayerful wishes
extended to wme through out my studias,

. Dy GNANADAS



vii

CONTENI'S

Chapter Page
INTRODUCTION 1
REVIEW OF LITERATURE 4
MATERIALS AND METHODS 15
RESULTS 27
DISCUSSION 141
SUMMARY 166

REFERENCES 172



TABLE

1,

2.

3.

4.

S.

6.

7.

8.

9.

10,

11,

1z,

13,

14,

LIST OF TABLES

Fhysico=chemical properties of the
representative solls of the four
locations

Soll fertility status in relation
to available nutrients at vithura

Solls fertility status in relation
to available nutrients at Pattom

Scil fertility status in relation

to available nutrients at Vellayani

Soil fertility status in relation
tc avallable nutrients at Kulase-
kharan

Nitrogen oconcentration in leaf at
vithura

Hitrogen concantration in leaf at
Pattom

Nitrtogen concentration in leaf at
Vellayani

Nitrogen concentration in leaf at
Kulssekharam

Phosphorus concentration in leaf at

Vithura

Phosphorus concentration in leaf at

Pattom

Fhesphorus concentration in leaf at

Vellayani

Phosphorus concentration in leaf at

Kulasekharam

Potassium concentration in leaf at
vithura

PAGE

28

33

k1

40

43

47

49

52

58

60

62

63



TASBLE

NO.

1s,

16.

17.

18,

19,

20,

21.

22,

23,

24,

285,

26,

27,

28,

29,

30,

LIST OF TABLES (CONTD..)

PAGE
RD.

Potassium concentration in leaf at 65
Pattom
Potassium concentration in leaf at 67
Vellayani
Potassium concentration in leaf at 69
Kulasekharsn
Calcium concentration in leaf at 71
vithura
Calcium concentration in leaf at- 3
Pattom
Calclur concentration in leaf at 75
Vellayani
Calecium concentration in leaf st 76
Rulasekharam
Hagneaium concentration in leaf at 78
Vithura
Magnesium concentration in leaf at 81
Pattom
Hagnesium concentration in leaf at a3
Vellayani
Magnesium concentration in leaf at 85
Kul asekharan
Copper concentraticon in leaf at 87
Vithura
Copper concantration in leaf at 91
Pattom
Coppar concentration in leaf at 96
Vellayani
Copprer concentration in leaf at 100
Kul asekharam
Manganese concentration in leaf at a8s

Vithura



TABLE

3l.

32,

33.

4.

3s.

37.

38.

39,

40,

41.

42,

43,

LIST OF TAELES (CONTDea)

Manganese concentration in leaf at
Pattom .

Manganese concentration in leaf at
Vellayani

Manganese concentration in leaf at
Kulasskharam

Z2inc concentration in leaf at
Vithura

Zinc concentration in leaf at
Dattom

Zinc concentration in leaf at
Vellayani

Zinc concentration in leaf at
Kulasekharam

Correlation coefficients (r)
between s0il available N and
leaf N

Correlation coefficients (r)

between soil avallable P and leaf P

Correlation coefficients (r)
botween soil avallable K and
lea€ K

Correlation coefficients (r)
batween soil avalilable Ca and
leaf Ca

Correlation coefficients (r)
between =0il availeble Mg and
leaf Mg

Correlation owefficients (r)
between spll DIPA Cu and
leaf Cu

PAGE

92

97

101

89

23

98

102

105

108

112

116

120

123



TABLE

4de

45,

46,

47,

LIS? OF T2BLES (CONLD..)

Correlation woefficients (r)
beatween apoll DTPFA Mn and leaf Mn

Corralation cocfficiente (r)
betwsen soil DTPA Z2n and lgaf 2n

Yield data of dried flower buds

Correlation csefficlents between

leaf nutrient concentrations and

the yield

PAGE

126

128

131

133



FIGURE

1.

3.

4.

Se

LLST OF FIGURES

TITLE

Relationship batween leaf N content
of top (Wl) and the yield at
Vithura

Relationship between leaf P content
of bottom (Wl) and the yield at
Kulasekharamn

Relationshlp between leaf K content
of top (Wl) and the ylield at
Kulasekharam

Relationship between leaf Ca
content of bottom (W3) and the
yleld at Vithura

Relationship between leaf Mg
content of top (W3) and the yield
at Kulasekharem

PAGE

135

136

137

138

135



LIST OF PLATES

PLATE

NO., TITLE
1. Clove tree indicating dlfferent
regions viz,, top, ddle and
bottom
Egﬂ’o—:-‘ - Al mprp iy
2, Branchlet of clove plant showing

different whorls viz,, Wye Wo
and Wqy

PAGE
NO

19

20



INTRODUCTION




INTRODUCTION

Clove, Syzygium sromaticum Syn. Eugenia caryophylius,
is one of the most ancient and valuable species of the orient

and holds 2 unique position in the international spice trads.
In India, clove was introduced around 1800 A.,D. by the

East India Company. The important clove growing regions

in India are Nilgiris, Tirunelveli, Kanyakumari and Ramanatha=
puram districts of Tamil Nadu, Calicut, Kottayam, Quilon

and Trivandrum diatricts of Kerdla and South Kanara district
of Karnataka, Kerela has the largest area with 596 ha under
clove (Anon, 1973).

Since the production in the country is insufficient
to nmesat the domestic demand, cloves worth ps.15 lakhs are
imported apnually f£o India from other couniries like
Zanzibar and Pamba. It has been estimated that the u:u
under clove has to be increased to about 4000 ha, to mest
the internal demand, The long pre-bearing age, lack of
scientific knowledge on the culture of the crop and dearth
of reliable planting material, seem to have stood in the
way of its large scale cultivation.

In India, it is grown in loamy soll rich in humma.
Raesponses to fertilizers have been observed in many of the
clove growing countries, such as Indonesia, Zanzibar,



Madagascar etc., Though clove ig a highly priced spice,

not rch work has been done in increasing its productivity.
Being seed propagated, clove exhibits tremendous plant to
plant variation, This wvarlation, at present, is not taken
inteo account while making the fertilizer recommendations.
Further, studies on the mineral nutrient reguirement of

this crop in iIndia is very limited.

Clove, being a perennial cop, soil analysis
alone may not provide a comprehensive picture of the
fertilizer requirement of the crop. Foliar dlagnosis has
to be coupled with so0il anslysls for correct interpretation.
In this context, estasblishment of index leaf/leaves for the
essential nutrients WQu;d pave way for accounting individual
variability and for msking ‘scientific fertilizer recommenda-

tions so that the production of this elite spice can be
maximised,

The present study was initiated in order to shed
some light on the zhove aspects with the follewlng

objectives.

1) To assess the fertility status of the clove
growing soils and the nutritional status of the clove plants

growing on them.



2) To establish the relationship between the
s0il nutrlient content and the corresponding leaf nutrient

concentrations.

3) To standardise the index leaf/leaves for
assessing the nutritional status of the clove in relation

to soll fertility,
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2, REVIEW OF LITERATURE

Studies on the nutritional aspects of clove
in relation to mil fertility are meagre and the foliar
content of different essential nutrients has been gaining
nore attention recently, ' Literature on these aspects are
practically limited, Even in the biggest clove produc-
cing countries like Zanzibar, Madeagascar and Indonesla,
very few or nor work has been carried out on the lines of
the present approach, The available references in rela-
tion to clove culture and similer aspscts related to this
atudy viz,, relationships between =oil nutrlents and leaf
concentrations, folliar analysis, soil analysls etc,, 2re

sumnarised in this chapter,

3.1. SOIL ANALYSBIS

For the efficient and economic use of fertilizers,
it is necessary to amsess the requiremsnt of sach nutrient
for any plant. The diagnostic methods primarily involved
are soll snalysis and leaf analysis, Soll cesting aims
at assc'r.saing the fertilizer status of soll through cquick
chemical tests. These tests pive information on the
potential of the s0il to supply nutrients to plants,



Kowal (1959), from the analysis of soils under
14 year old cocoa plants in Njgeria stated that the
80il analysis may prove very useful in bringing out the
causal £actors of other growth problems, which are less

obviously related to nutrition,

According to Pushpadas and Ahammed (1980),
though routine soll testing gives zome idea about the
total quantity of avallable nutrient in the seoll, it fails
to glve adequate information on the rate at which these
matrients would become available to rubber crops. It also
does not take lnto account the avallabllity of organic
form of nutrient such as phosphorus. Sometimes the nutrient
presant in the s0il may not becoma available to the plant
because of adverse physico~chemical or blochemical proper-
ties of soil which may not be evident £rom the routine
soil testing, Hence these limitations of soll testing

could be overcome by the use of leaf analysis,
2,2, PFOLIAR ARALYSIS/FOLIAR DIADGRISIS

The concept of tissue analysis as g diagnostic
technique for mineral deficiency in plants was given a
raticnal and scientific footing (Liagatu snd Maume,1926).
Plant analysis has now come to be viewed as a satisfactory
gulde to nutrient gtatus and nutritional requirements for

optimal growth and yleld of crops rather than an index of



soil fertllity (GSodell and Gregory, 1947), The nutritional
requirement of certain crops particularliy temperate and sub-
troplcal fruit crops, have been formulated susing this
technique (Smith,1962). General principles of leaf asnalysis
have been thoroughly raviewed by several esuthors (Thomas,
1945S; CGoodall and Greqory,1947g gnd Smith, 1962), This is
specifically true with reference to frult crops (Boynton and
Compton, 1945).

Loue (1962), did chemical analysis of cocoa leaf
from field plentation= in the Ivory Coast and reported that
in shaded plantations, a nitrogen concentration of 2,35-
2,50 per cent was normal., Normal phosphorus concentration
was approximately 0,18 per cent, Potassium was considered
deficient when present in proportions of less than 1.2
per cent, Burridge et al., (1964), racorded the highest
variations in the concentration of nutrients in the leaves
of cocoa. The same trend was also observed in cocoa by
Murray and Maliphant (1965). Santana &nd Igue (1979),
also reported that the cocoa leaf nitrogen and potessium
tended to decrease with leaf age.

Pushpadas and Ahammed (1980), found that analyais
of' leaf samples collected from rubber plants observing the

correct sampling technicues provided reliable information



on the state of the nutrient content of plants at the

timg of sampling, Based on the leaf analysis, they have
givan the critical leaf nutrient level for rubber plant

as, below 3.00 per cent as low, 3-3.,5 per cent as medium,
above 3.5 per cent as high for nitrogeny below 0.2 per cent
a8 low, 0.2 to G.25per cent as medium and above 0.25

per cent as high for phosphorus and below one per cent as
low, 1-1,5 per cent as medium and above 1.5 per cent as

high for potassium.

Annle (1982), reported that ¥, P, X, Ca and Mg
content of cocoa leaves varied depending on the age of che
leaf., In most of the cases, P and K status increased from
the second to the third leaf and then decreased to the
fourth leaf, Calcium and magnesium content tended to
decrease with age, The petioles contained the highest
concentration of P, K, Ca and Mg and the lowest concentra-
tion of N, The third leaf peticle was suggested as the
ideal follar diagnostic sample for cocoa plant irrespec-
tive of soll type.

2.3. SOIL NUI'RIENT Vs. LEAF NUTRIENT

Herdy et al, (1935), stated that the relation-
ship that existed between the plant and its environment

were not simple, and factors other than nutrient supply



might affect the growth and composition of the plant,
Schroo (1960), compared the results of soll analysis

with thosa obtained from leaf analysis and used it as a
guide to the nutritional demands of young cocca. He
observed closast relationship between soll phosphorus and
magnesium with that of leaves and also found that agree-
ment between léaf and soll nitrogen, potassium and calcium
was less satisfactory. In an experiment with four yeer
old cocoa piants. Acquays et ale, (1965), observed positive
correlations between soll exchangeable K and leaf K,
v«;rliere (1965), also found that the growth rate of cocoa
was significantly correlated with solil P,

-

Wessel (‘1970) + Teported that nitrogen c:mt:er;t of
soll was indicative of the N availabillity to cocoa i:lanl:

and that leaf nitrogen could only be used in detecting

the deficiency of nitrogen in the soil.-- He found a'positive
relatlonship between soll and leaf phosphorus. He concluded
that the soll and leaf analysis are of limited value for
assessind the nitrogen requirement of cocoa, but can fairly

determine the phosphorus recquirement of the crope

Annie (1982), reported that the foliar diagnosis
of cocoa plant indicated a good relationship between the
soll nutrient gtatus and leaf nutrient status. 5She has

also observed positive correlation betwaen soil test values



and leaf nutrients concentration in the order of Mg

followed by Ca, N, K and the least by P,
2,4, POSITION OF LEAF SAMPLING

In foliar dlognosis, sampling of the leaves is=
of prime importance as the position of the leaf is signi-
ficant in thelr nutrient status. McDhonald (1934) yecom=
mended the use of most recently matured leaf for analysis.
Hardy et al. (1935) sampled the first hardened shoot leaf
of cocoa, but Thomas (1945) polnted out that, in general
the older leaf may be preferable since they reflect the
stage of internal starvation before the younger ones,
because nutrients are drawn most rapidly from the older
leaves when new growth is taking place, Murray (1952)
sampled 8 to 10 leaves of the second or third leef from
the apex of different matured flushes while Loue (1962)
recommended sampling leaves of ranks 2 and 3 from the
first fully green gprout from 5 branches, thus yielding
10 leaves per tree in cocopa, Use of second or third
fully matured leaf below the apex of shoot in cocoa for

sampling was suggested by Acquaye (1964) and Chsepman (1964),

Burridge et al. (1964) sampled the recently
matured leaf £rom the lower shaded part of the canopy.
Pushpadas and aAhammed (1980) reported that leaf samples
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from the immature rubber trees and trees under tapping
should be collected from the base of the terminal whorl
of lower branches. They agaein suggested that if 30 trees
are selected, collect only the middle leaflets from each
leaf, if 15 trees, collect the two leaflets from either
slde and 1f 10 trees, collect all the three leaflets smo
that above 120 leaflets would be avallable in one

composite semple,

Josepth (15381) suggested the leaf ranked £ifth
from the apex as standard leaf for leaf snalysis in cocoa,.
Annie (1982) sampled second, third and fourth rank orders
on 10 fan branches from each plant of cocoa and collected
10 leaves per plant from each rank order., Sushama et al.
(1984) sampled the first mature leaf of full bearing
laterals of pepper vines for the foliar dlognosis in a
study to standardise the most suitzble season in the

Cannanore district of Kerala.
2,5, SAMPLING QF SPECIFIC PARTS

Eventhough leaf is the most ideal tissue to
sanple for analysis for most nutricent elements, it has
to be decided as to whether the petiole or the lamina
or the whole leaf should be used for the sccurate and

precise observation.
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Thomas (1945), concluded that in cocoa the
entire leaf should be used when the purpose is to determine
the relationship of mineral nutrition to ylelds, Chapman
and Brown (1980), found that the petiole showed no
advantage over the labhina with regard to K estimation in
cltrus, while Ramig and Vandecaveye (1950) observed that

Blisr v S

[l

in raspberry, lamina was more sensitive than petlole for
diagnosing nltrogen status and petiole was more sensitive
than lamina for P, K and Ca. Murray (1952), used the leaf
with petiocle attached for cocoa. Bould (1961), emphasised
the importance of including the petiocle in case of soft

fruits if sampling errors are to be kept at minimum,

Smyth (1962), suggested that the variations
can be avolded@ by omltting the petiole, 1f the petioles
are large, in the foliar dlagnosis of cocca. Adquaeye
(1964) found that the petioles contained the highest concen-
tration of Ca. Mg, P and K and the lowest concentration
of N and recommended the use of whole leaf for cocoa foliar
analysis. Pushpadas and Ahammed (1980), detached the
leaflets from the petiole using a sharp knife or blade
when they collected leaf samples for the use of foliar
analysis in rubber plants. Annie (1982), used lamina and
petiole samples separately for foliar analysls of cocoa
and she found that the petiole gave more appropriate

diagnosis in cocoa than lamina or whole leaf.
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2,6, RELATIOMSHIP BETWEEN LEAF CORCENTRATION AND YIELD

A close relationship between leaf composition
and yleld was noticed by Hardy et al. (1935)., They
mexpressed their results asyﬁatios and indicated that high
yields are associated with }atios of N/P = 4,66;
N/K = 0.89 and K/P = 5,21, Varliere (1965), obtained
highly significant correlation between cocoa yield on the
one hand and N/P and Ca/K ratios in the leaf leaf on the
other hand, Wessel (1965) also reported that leesf P
content and the yield of cocoa were having high positive

corrolations.

Wessel (1971), again in a study in Nigerias,
reported that a linear relationship exlsted between
concentrations of P, K and Ca and that of dry matter
content, The same trend was also recorded by Salesh (1973),

in his study in Indonesia.
2,7, RESPOHSE OF CIOVE 70 FERTILIZERS

Indonesia which is one of the major clove
producing countries in the world, has attempted some
experiments on fertiliger responses to clove. Tidbury
(1949), conducted an experiment on clove at the bearing
stage with ammonium sulphate, potassium sulphate and

superphosphate ecach at 0.9 kg per tree and observed a
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positive response to ammonlium sulphate, half of the
response to potassium sulphate and no response to

superphosphate.

In an experiment conducted at Madagascar,
Dufournet and Rodriguez (1972) epplied fertilizers at the
following rates to clove planted in 1958; N as urea at
115 kg per ha, (9,449 kg per tree); Py0; as triple super-
phosphate at 480 kg per ha (1.875 kg per tree) and K,0
as potassium chloride at 150 kg per ha (0.585 kg per tree),
The result showed that the control plot gave an yleld of
698 kg and 1375 kg per ha in the year 1969‘anﬁ 1970 respec-
tively. The N, P combination gave 1295 kg and 1729 kg
per ha (mean yleld of 1512 kg):; whereas the NPK combinstion
gave 1191 and.1434 kg per ha (mean yield of 1312 kg). The

PK treatment gave 1191 kg and NK treatment 1139 kg per ha.
2.8, CLIMATE AMD SOIL REQUIREMENT FOR CLOVE CULTURE

Clove trees grow well in humid tropical climate
with an annual rainfall of 150-200 cm and from almost sea
level to 1000 metres and a mean temperature range of
20-30°C. Ridley (1922) was of the opinion that sandy soll
is unsultable and water logged condition is still worse,
According to Redgrove (1933) 4if clove is grown in a too

moist climate, it will not flower., According to him



alternating periods of dry and wet weather as in Zanzibar

and Pemba are essential for successful clove cultivation.

A rainfall of 1500-2500 mm or more per year is
regquired with an interruption of a marked dry spell for
some months and adequate exposure to sunlight seems to be
cssential for sbundant development of flowar buds
(Francois 1936) Puformet;3968). A rainfall exceeding
2500 mm per annum together with insignificant non seasonal
periods of drought and little sunlight tends to promote
luxuriant vegetative growth, Under these conditions

relatively few floral buds develop (Malstre,1964).

In Indla, clove is grown in loamy soil rich in
humus, Deep and rich loams with high humus content and
laterite solls are found best suited for the successful
cultivation of clove and the plants thrive well if they
are periodically irrigated during the earlier years of
planting during drought (Shanmugavelu and Madhava Rzo,
»1977). Deep black loam soil with high humus content
found in the forest region is best suited for clove culti-
vation. It grows satisfactorily on laterite soils, clay

loam and rich black soils having good drainage (Anon,1979).

14
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3. MATERIAL ARD METHODS

In this chapter, the details of the experimental
sites, the methodology followed for the collection of
soll and leaf samples, the procedures adopted for the
chemical analysis of soll and leaf samples and the
statistical methods Eollowed are furnished below,

3.1. SELECTION OF EXPERIMENTAL SITE

Clove plantations of similar age group (10 years)
were selected from four locations for the present investi-
gations. The flushing periods were also more or less same
{May-June) in these locations during which time collection

of leaf and soil samples were carried out,

District : Trivandrum* Trivandrum* Trivandrum* Kanyae

kumarl x*
State : Kerala Kerala Kerala Tamil HNadu
Address of: Mr,Ravin- Bishop College M/s.Carmel ~
the culti- dran Nair, palaca, Farm, giri estate
vators Parankan Trivan- Agrl, Palkulam PO.
thottam drum College, Nagercoil
vithura Vellayani
et 2 PCO.
Soil s+ Forest - Laterite Red soil Foreat

type : soll soll



Cropping

system

: Clove Pure Clove Clove inter-
inter- Ccrop inter- cropped with
cropped cropped nutmeg
with with
coconut coconut

v owaemg

*

.8 .4

The mean annual rainfasll of Trivandrum district
ranges from 2000-3300 mm. June and July ere

the wettest month. January and Februesry are
normally dry months, The mean minimum and
maximum temperature of this district ranges

from 21.7-33,0°C (Soils of Kerala, 1978; Hand
Book of Natural Rubber Production in India,1980).

The mean annual rainfall of Kanyakumarl district
is 2000 mm. Both south west and north east
mongoons &re equally important for thie region.
The mean minimum and maximum temperature are
22,0-34,2°C, The elevation of this tract is
700-900 meters from sea level (Agricultural
Statistics of Kanyskumari District, 1979).

16
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3.2, SELECTION OF EXPERIMENTAL PLANTS

Since clove trees begin to yield when they are
8.10 years old, plants for this atudy were selected from

the 10~-year old plantations, from the four locationsa,

Twenty trees each under the above age group wera
selected from Vithura, Pattom and Kulasekharam and 10 trees
from Vellayanl (as in this tract, enough trees of the same
age group were not avallable), Thus, a total of 70 trees

were selected,
3.3, COLLECTION OF SOIL SAMPLES

For collection of soil samples three zones were
marked around the plent, the first Zone at 0.5 m radius
the second, at 1 m radius and the third at 1.5 m radius
from the base of the main trunk. Then surface 8oilf
sample to a depth of 30 cm, and at the rate of five soil
samples from each zZone were collected, composited to
draw a representative sample during the flushing period
before the application of msnure end fertilizers, Thus,
210 soil samples were collected from 70 plants of four
experimental sites, and numbered, The collected soil
samples were alr dried in shade, ground well and seived
through a 2 mm nylon sieve. The samples were then stored

in polythene bags for chemical analysis.



3.4, COLLECTION OF LEAF SAMPLE (Plate 2)

As in the case of soil collection, leaf samples
were collected from each tree for follar diagnosis during
the flushing period, For collection of leaf samples, the
canopy of each tree wag first equally divided into three
regions as top, mlddle and bottom glving due consideration
to the helight of the canopy. Then from each region,
branchlets oriented towards south, north, east and west
were selected and from each branchlet leaves having the
same index number viz. whorl-I (first emergence leaf),
whorl-II (leaves njust below the first whorl) and whorl-IIL
(leaves just below the second whorl) were collected,pooled
and representative leaf samples at the rate of three from
each regicn (whorl-I, II and III;imJg;EQ totally nine
samples £rom each tree were collected, So a total of 180
leaf samplés from the first, second and fourth locations
and 90 leaf samples frem the 3rd location (Vellayani)

were drawn.

The leaf samples collected from each location
were cleaned with 0,1 N HCl and rinsed with distilled
water a number of times to free them of dusts and other
contaminations. Since the petioles of leaves are so small
the whole leaf was taken for analysis. L@ter the dried
scmples were fed to an ultracentrifugal mill and powdered

18
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well using a 0,5 mm mesh. The samples thus processed were
stored in alrtight polythene jars and kept for chemical

analyses,

3.5. ANALYSIS OF SOIL SAMPLES

3.5,1. Hechanical analysis

The proportion of different particle size frac-
tions viz., coarse sand, fine sand, silt and elay were

estimated by the Bouyoucos hydrometer method (Bouyoucos,

Bl e s

1962) after removal of organic matter by hydrogen peroxide
treatment.

305.2 Electro chemical properties
345¢2.1,50i1 reaction (pH)

The pH of fresh and eir dried soll samples waa
determined in a 1:2,5 soll water suspension using a Perkin

Elmer pH meter (Hessee,1971).
3e5.2.2,Electrical conductivity

The electrical conductivity of the solls was
determined by introducing a conductivity cell into the
clear supernatent solution of the same soil suspension
used for pH measurement using a direct reading ELICO

conductivity bridge.
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3.5.3, Chemical analysis

3.5.3.1. Organic carbon

Organic ecarbon was determined by the chromic
acld wet dlgestion method as prescribed by Walkely and
Black (1934).

3.5.3.2, Cation exchange capacity (CEC)

CEC was determined by saturating the =zoll with
neutral normal ammonium acetate as proposed by

Jackson (1973).
3095e3e30 Total nitrogen

Total nitrogen of the soll was determined by
the microkjeldahl digestion and distillation method
(Jackson, 1973).

3:.5.3.4, Avallable nitrogen

Avallable nitrogen was determined by the alkaline
permangnate method (Subbizh and Asija, 1956).

3.5.3.5. Total phosphorus

Total phosphorus content of the soil was precipl--
tated as ammonium phosphomolybdate, £rom the HCL extract
and wag estimated volumetrically (Permberton,1945),
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JeSe3eb6. Avallable phosphorus

The available phosphorus content was determined
by the chlorostannuous reduced phosphomolybdic blue colour
method in hydrochloric acid system after extracting the

so0il with Bray No.l reagent (Bray and Kurtz, 1945),.
3.5.3.7. Total potassium

HCl extract was diluted and fed into an EEL flame
photometer and total potassium content of soll was estimated

from the standaré graph (Stanford and English, 19249),
3.5.3.8., Exchangeable notassium

Exchangeable potassium was determined in the
neutral normal ammonium zcetate extract of the soll after
destroying the organic matter by treatment with agualregia,
using an EEL flame photometer (Stanford and English,1949),.

3s5.3.9. Total calcium and magnesium (P iper,13Lb)

Total Ca and Mg in soll were determined from the
‘HC1 extract using the Perkin Elmer (PE 3030) Atomic absorp-
tion spectrophotometer available at the Central Ingtruments
Laboratory of the NARP (SR), at the wave length of 422.,7 nm

for Ca and 285.2 nm for Mg,
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3.5.3.10, Exchangeeble Cations (Ca and Mg)

Exchangeable Ca and Mg were determined from
neutral normal ammonium acetate extract and the readings
were recorded in the Perkin Elmer (PE 3030) Atomic absorp-
tion-spectrophotometer available at the Central Instruments
L.aboratory of the NARP (SR),

3e5.3.11, Total copper, manganese and zine

The samples were digested with cone. H,50, and
perchloric acid and the extracts were used after filtration
and dilution (Holmas,lééS) for the determinstlon of total
Cu, Mn and Zn by the Perkin Elmer {(PE 3030} Atomic absorp=
tion spectrophotometer avallable at the Central Instruments
Laboratory of the NARP (SR).
3.5.3.12, Availesble copper, manganese and zinc

(unaua, end Norwvel, 19b9)

Avallable Cu, Mn and Zn content of the soll were
estimated from the DTPA extract, using the Perkin Elmer
(PE 3030) Atomic absorpiion spectrophotometer available
at the Central Instruments Laboratory of the NARP (SR).

3.6. AMALYSIS OF LEAY SAMPLES

3.6.1. Total nitrogen

The total nitrogen content present in the leaf
sanples were analysed by Microkjeldahl method (Humphries,
1956) .
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Preparation of leaf extract

Triple acid extract was used for the determina-
tion of P, K, Ca, Mg, Cu, Mn and 2n in the leaf, (Johnson
and Ulrich, 1959), For this 500 mg of the powdered leaf
sample was digested with 10 ml of triple acld mixture
{nitric, perchloric and sulphuric acids in the ratio of
10.4 : 1), The digest was made upto 10 ml with distilied

water, filltered and used for further analysis,
3.6.,2, Phosphorus

From an aliquot of the triple acid extract of the
plant sample, phosphorus was determined by Va&bomolybdo-
phosphoric yellow colour method in nitric acid system
( Jackson, 1973).

3.6.3. Potassium

The triple acid extract was diluted and potassium

in the extract was estimated uming an EEL flame photometer,
3.6.4. Calcium and magnesium

Calcium and magnesium in the leaf extract was
determined in an Atomic absorption spectrophotometer
(PE 3030) available at the Central Instruments Laboratory
of NARP (SR), after diluting the extract.
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3.6.5. Copper, manganese and zinc

The triple acid extract was diluted and copper,
manganese and zinc were estimated using the Perkin Elmer

(PE 3030) AAtomic absorption spectrophotometer,
3e70 COLLECTION OF YIELD DATA

The uncpened flower buds (Economic produce) were
collected from the experimental treas for two years. The
collected buds were dried in shade and the ylield data (dry
welght) were recorded separately and the results expressed
in kg per tree as given in Table 46.

3.8, STATISTICAL ANALYSIS

All the data obtained from the chemical analysis
was analysed statistically. The co-efficients of variation
were worked out as suggested by Panse and Sukhatme (1967).
Simple correlation and regression coefficients were worked
out to observe the degree of dependence ¢of varliables as

suggested by Snedecor and Cochran (1967).
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4, RESULTS

The results of the analysis of 210 soll samples
and 630 leaf samples collected from representative clove
growing solls of Trivandrum and Kanyakumari districts
are presented in thils chapter, The nutrient status of the
solls and leaf samples in relation to thelr N, P, K, Ca,
Mg, Cu, Mn and Zn content was determined. In the case of
soil samples both total and available nutrients and their
particle gize percentages were also determined, The

results of eanalysis are presented in Tables 1 to 37.

4.1, SOXIL ANALYSIS

4.1,1, Mechanical composition of soils

The percentage 0f course sand fractions at
Vellayani was 39,40, which was followed by Pattom (34,40
per cent), then by vVithura (32,20 per cent) and then by
Kulasekharam (22,60 per cent),.

The percentage of fine sand fraction at Pattom
was 31,70, which is followed by Vellayand (27.40 per cent),
then by Kulasgekharam (22,10 per cent) and by Vithura
(20,30 per cent).
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TABLE 1. Physicowchemical properties of the representative

s0ils of the four locations

Properties Vithura Pattaga Vgllayani Kulase-
kharam
Texturel composition
Caarse sand (%) 32.20 34.40 39.60 22,60
fine sand (%) 20,30 31.70 27.40 22,10
silt (%) 16.60 17.20 18.20 19,20
Clay (%) 24.30 15,80 14.60 28,10
Soil texture Sandy Sandy Sandy Clay
clay clay clay loam
Soll type Foreast Laterlte Red Forest
soil soll soll
pH 4,7 5.8 4,6 5.,%
EC (m.mhos/cmz) 0.2 0.2 0,3 0.8
Total nltrogen (%) 0.04 0.04 0.02 0.08
Total phosphozus (%) 0.06 0.045 0.05 0.04
Total potassium (%) 0429 0,30 027 0.32
CEC {m.e/1009) 206 22,8 18.4 28,2
Total calcium (%) 0.68 070 0.58 072
Total magnesium (%) D42 0.46 0,36 0.48
Total copper (ppm) 870 940 870 960
Total manganese {(ppm) 1160 1180 1070 1340
Total zine (ppm) 940 960 880 980
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The 5ilt content of Kulasekharam was 19,20
per cent and that of Vellayani was 18,20 per cent and
which i1s followed by Pattom (17.20 per cent) and then by
Vithura (16.60 per cent).

The highest percentage of clay content was
observed at Kulasekharam (28,10), which is followed by
vithura (24.30 per cent), then by Pattom (15.80 per cent)
and then by Vellayani (14.60 per cent).

Texturally, the soils were sandy clay at Vithura,
sandy clay loam at Pattom, sandy clay at Vellayani and

clay loam at Kulasekharam,

The types of solls were forest soils at Vithura,
laterlte solils at Pattom, red soils at Vellayani and

forest soll=s at Kulasekharam.
4,1.,2. Soil Reaction (pH)

The pH of solls were recorded as 4.7, 5.8, 4.6

and 5.5 for Vithura, Pattom, Vellayani and Kulasekharam,

4,1.3, Electrical conductivity (EC)

The electrical conductivity of the soils were

recorded as 0.2 mS/cm at Vithura and Pattom and as

0.3 mS/cm at Vellayani and 0,8 mS/cm at Kulasekharam,



4.,1,4., Cation exchange capacity (CEC)

The CEC was in the order of Kulasekharam
(28,2 m.e/100 g), Pattom (22,8 m.e/100 g), Vithura
(20,6 m,e/100 g) and Vellaeyanli (18.4 m.e/100 q).

4,1,5, Total nutrient content of soils

The total N content of Vithura and Pattom soils
were 0,04 per cent, that of Vellayanl soll 0,02 per cent,

and that of Kulasekharam 0,08 per cent,

The total P content of the solls of vithura,
Pattom, Vellayani and Kulasekharam were 0,06 per cent,
0.045 per cent, 0.05 per cent and 0,04 per cent

respectively.

The total X was in the order of Kul asekharam
(0.32 per cent), Pattom (0.30 per cent), Vithura (0.29

per cent) and Vellayeni (0.27 per cent).

In the case of caleium, Kulssekharam solils

registered the highest value of 0.72 per cent, which is

followed by Pattom (0.70 per cent), Vithura (0,68 per cent)

and Vellayani (0.53 per cent)e

30
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The total Mg content of the soils were in
the order of Kulasekharam (0,48 per cent, Pattom
(0.46 per cent), Vithura (0.42 per cent) and Vellayani

In the case of micro nutrients, its total
content varied from place to place. The total Cu content
of Rulasekharam soll was 960 ppm which was followed by
Pattom (940 ppm). The Cu content of both Vithura and

Vellayani soils were 870 ppme

The total in content of the soils of Vithura,
Pattom, Vellayani and Kulasekharam were 1160 ppm, 1180 ppm,

1070 ppm and 1340 ppm respectively,

The total 2n content of the soil was in the
order of Kulagekharam (980 ppm), Pattom (960 ppm), Vithura
(940 ppm) and Vellayani (830 ppm).

4.1.6. location wise avallable nutrient sgstatus of solls

The availsble nutrients (N, P, K, Ca, Mg, Cu,
Mn and Zn) of the solls collected f£from all the locations
were dete:mihed. The following are the location wisge

detalls of avallable nutrients,

Soll samples collected from three radial

distances from each tres were snalysed, The mean values of
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analytical data pertaining to the solls collected from
around 20 trees each from Vithura, Pattom and Kulasekharam

and 10 trees from Vellayani is presented in Table 2 ,

The available N status for the first half metre
distance of surface soil ranged from 9.015 to 0,028 per cent
with a mean value of 0.23 per cent. The samples of one
metre distance from the tree recorded wvalues between
0,01 toc 0,022 per cent with a mean value of 0,018 per cent.
The samples collec;ed from one and half metre distence
provided an available N content ranglng from 0,008 to

0,16 per cent with mean value of 0,01 per cent.

The aveilable P status of solls from half metre
distance ranged £rom 0,0009 to 00,0012 per cent with a mean
value of 0,0011 per cent., Sanples from one metre distance
registered a2 value of 00,0007 to 0.0012 per cent of available
P with a mean value of 0,0010 per cent, The avallable P
content of s0lls from one and half metre distance ranged
between 00,0005 ko 0,00012 per eent with a mean value

of 0,001 per cent,

The available K content of the samples collected
from half metre distance ranged from 0,016 to 0,038 per cent



TABLE 2, Soil fertility status in relation to available nutrients at Vithura
(Mean values for 20 trces)
Sampling dlatance from the mal

?;. Nutelent 0.5 metre 1.0 metre 1.5 metro

Min, Max, Mean Min. Max, Mean Min, Max, Mean
1. n (%) 04015 0,028 0,023 0,010 0,022 0,018 0.008 0,016 0,01
2, P (¥ 0,0009 60,0012 0,0011 0,0007 00,0012 0,000 °~ 00,0005 0.0012 0.001
3. K (%) 0.016 0,038 0,03 0,018 0,032 0,024 0,007 0,028 0,016
4, cCa (%) 0,005 0.032 0,019 0,002 0,029 0.012 0,002 0,018 0,009
Se Mg (%) 0+011 0,022 0.017 0,011 0,021 0.015% 0,010 0,022 0,015
6, Cu (ppm) 5.780 26,24 16,736 3,71 13.42 10,821 3,78 284,44 12,26
7. Mn (ppm) 1.980 27,91 64194 2,220 15,32 6,341 2,20 10,86 5.83
8. Zn (ppm} 04712 19,10 3.498 04878 8.00 2,656 0,703 8,00 2627

£
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with a mean value of 0,03 per cent, The samples collected
f£rom the one metre distance had an available K content
ranging from 0,015 to 0.032 per cent with a mean value

of 0.024 per cent, At 1,5 metre distance the values
ranged between 0,007 to 0,028 per cent with a mean value

cof 0,016 per cent,

The exchangeable Ca content ranged f£rom 0,005
to 0,032 per cent with a mean 0f 0,019 per cent <for the
solls collected from half metre distance from the main
trunk, 0,002 to 0,029 per cent with a mean value of
0,012 per cent at one metre, and it ranged between 0,002
to 0,018 per cent with a mean of 0,009 per cent at the

distance of 1,5 metre,

The exchangeable Mg content ranged from 0,011
to 0.022 per cent with a mean of 0,017 per cent for the
solls at half metre distancd, while the values recoxded
were 0,011 to 0,021 per cent with a mean value of 0,015
per cent at one metre diétance. The soils at 1.5 metre
distance had an exchangeable Mg content ranging from 0,01

to 0,022 per cent with a mean value of 0,015 per cent.

The DTPA extractable Cu at the distance of
0.5 metre ranged between 5,78 to 26,24 ppm with a mean
value of 16,736 ppme The corresponding values for the

solls at one metre distance were 3.71 to 18.42 ppm (mean
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10,821 ppm) and that of soils at 1.5 metre distance were
3.78 to 28,44 ppm (mean 12,26 ppm).

The DIPA extractable Mn ranged between 1,38 ppm
and 27,91 ppm with a mean value of 6,194 ppm at the
distance of 0.5 metre. The corresponding values for soils
at one metre distance were 2,22 ppm to 15,32 ppm (mean
6.34 ppm) and that for soils at 1.5 metre.. the values
ranged between 2,20 ppm and 10,56 ppm with a mean value

of 5,83 PPplle

For DTIPA extractable Zn the maximum and minimum
values were 0,712 ppm and 12,19 ppm at 0.5 metre distance
from the tree (mean 3,498 ppm). At one metre the values
ranged betwaen 0,878 ppim and 8,00 ppm (mean value 2,656 ppm)
and 1.5 metres the range was between 0,703 ppm and 8,00 ppm

with a mezn wvalue of 2,27 pom,
4,1.6.,2, Pattom (Table 3)

The available nutrient status of this location
varied appreciably from distance to distance from the

tree base.

The avallable N status of the solls collected
from half metre dis tance of the main trunk ranged from

0,020 to 0,036 per cent with & mean value of 0,027 per cent,



TABLE 3o Soil fertility status in relation to available nutrients at Pattom

(Maqan values)

Sampling distance £rom the main trunk

sl Nutrient 0e5 metre 1,0 metre 1,5 metre
No

* Range — Valus Mean Rangs - Value Mean Range — Value Mean

Man. M B M dsm, M. Man. Mboe

1. N (%) 02020 0,036 0,027 0,008 0:031" 0,021 0,008 ... 0,021 0.018
2, P (%) 0.0009 00,0012 0.0011 0.0009 0,0012 0,001 0.0009 0,0012 0,001%
3‘ K (%) 0Q015 0.036 01030 ’ 00015 0.032 0:024 0.014 0,093 0.031
4. ca (%) 0,039 0,164 0,101 0,049 Desi62 - 0,000 0.059 0,098 0.082
5, Mg (%) 0,011 0,022 0,017 0,011 0,021 0.018 0,010 0,022 0.015
6. Cu (ppm) 4,42 16,21 9,674 1,770 21,20 5.723 Se54 21,12 10,987
7. Mn (ppm) 6.28 186,52 62,98 11,94 118.14 64,29 21,72 122,34 73,75
8¢ 2n (ppm) 0,864 4,154 ‘24539 1,006 3.261 2,105 1,007 3,224 2.002

9€
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The soils of one metre distance ranged from 0.008 to
0.031 per cent with a mean value of 0.021 per cent. At
1.5 metre distance the value ranged from 0,008 to 0,021

per cent with a mean value of 0,015 per cent.

The evaiiable P content of the soll at half
metre dis tance ranged from 0.0009 to 0.0012 per cent
with a mean value of 0,001 per cent. The seme numerical
values were obtained for the soils at one metre distance

and also for the solls at 1,5 metre distance.

The aval lable K status of the soils collected
from half metre distance varied from 0.016 to 0,038 par cent
with a mean value of 0,030 per cent., The values ranged
from 0.015 to 0,032 per cent with @ mean value of 0,024
for the solls at one metre distance. Solls at one and half
metre distance gave a range of 0.014 to 0,093 per cent with

a mean of 0,031 per cent,

The exchangeable Ca content of the solls at
half metre distance recorded a range value of 0,039 to
0.164 per cent with s mean value of 0,101 per cent, At one
metre distance the values ranged from 0,049 to 0,162 per ecent
with a mean value ¢o£f 0,090 per cent and at 1.5 metre distance
the values ranged between 0.059 per cent and 0,098 per cent

with mean value of 0,082 per cent,



The exchangeable Mg content of the soils at
0«5 metrfe distance recorded a2 range value from 0,011 ppm
to 0,022 ppm with a mean value of 0,017 per cent, and at
one metre distance the values ranged from 0,01l to 0,021
per cent with a mean velue of 0,015 per cent., At 1.5
metre distance the values ranged from 0,10 to 0,022

per cent with a mean value of 0,015 per cent,

The DTPA extractable Cu at the distance of
0.5 metre ranged between 4,42 ppm and 16,21 ppm with a
mean value of 9.674 ppm. The corresponding values for
golls at one metre distance <xanged from 1,77 ppm to
21.20 ppm (mean 5.723 ppm) and that of the soils at 1,5
metre distance ranged from 5.54 ppmn to 21.12 ppm (mean
10,987 ppm) «

The DTPA extbractable Mn ranged between 6,28 ppm
and 186452 ppm with a mean value of 62,98 ppme The
corresponding values for solls at one metre distance
ranged f£rom 11,94 ppm to 118.14 ppm (mean value 64.29 ppm)
and that of the soilsz at 1.5 metre distance the values
ranged between 21.72 ppm and 121,34 ppm with a mean value
of 73.75 ppm,.

For the DTPA extractable Zn, the maximum and

minimum values were 0,864 ppm and 4,154 ppm at 0,5 metre
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distance with a mean value of 2,539 ppm, At one metre,

thé values ranged between 1,006 ppm and 3,261 ppm (mean
2,105 ppm) and at 1,5 metre the values ranged from 1,007 ppm
to 3,224 ppm with a mean value of 2,022 ppm,

4.,1.,6.3, Vellayani (Table 4)

The avallable N ranged from 0.012 to 0,018 per cent
wigﬂfaﬁgean value of 0.014 per cent for: the soil collectad
frém 0«5 metrs distance. A range value of 0,011 to 0,018
per cent with a mean value of 0,013 per cent was registered
for the solls of one metre distance. I-e solls= of 1,5 metre
distance recorded a range value of 0,01 to 0,018 per cant

with a mean value of 0,011 per cent.

The available P status of the solls of 0.5 metre
distance ranged from 0,001 to 0,0012 per cent with a mean
value of 0,0012 per cent. The same numerical values were
obtalned for both the soils collected from one metre and

1,5 metre distances.

The:évailable K status of the solls of 0,5 metre
distance registéred a range value of 0,008 to 0,031 per cent
with a mean value of 0,018 per cent., Solls collected £rom
one metre and 1.5 metre from the plant yiélded.mean value

of 0,015 per cent with a range value of 0,004 to 0.021



TABLE 4. Soll fertility status in relation to available nutrients at Vellayeni

(Mean values)

Sampling distance from the main trunk

i;i. Natrient 6.5 metre _ 1.0 metre 1,5 metre
Range - Value Mean Range — Value Mean Range — Value Mean
Wiw. ¥} ax. Min. Wax. Mi'y. Max,
le N (%) 0,012 0,018 0,014 0,011 0,018 04013 0,010 0,018 0.011
2, P (%) 0,001 0,0012  0,0012 0,001 0,0012 0,0012 .0.0010 0,0012 0,0012
3. K (%) 0.008 0,031 0.018 0,004 0.021 0,015 0,004 0,023 0,015
4, ca (%) 0,011 0,026 0,019 - 0,004 0,029 0,014 0s005 0,024 0,011
5. Mg (%) 0.010 0,012 0.011 0,01 04012 0,011 0.01 0,012 0,011
Ge Cu (ppm) 04242 0.92 0.648 04380 04862 0,685 0.170 0,944 0,742
7. Mn (ppm) “10,60 21,45 18,30 8467 26,00 17,38 13,937 28,00 19,28
8. zn (ppm) 0,732 3.?§2 1,64 0,628 3,231 1,351 0,540 6.714 1,710

0%
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per cent for the solls at one metre dlstance and from
0.004 to 0,023 per cent for the soils at 1.5 metre

distance,

The exchangeable Ca content rangsd from 0.011
ber cent to 0,226 per cént with a mean of 0.019 per cent
for the soil collected from 0,5 metre distance, The
corraesponding value for the soils at one metre distance
were 0,004 per cent to 0,029 per cent (mean 0.014 per cont)
and that for soils at 1.5 metre distance the value ranged
between 0,005 per cent and 0,024 per cent with a mean of

0.011 per cent,

The exchangeable Mg content ranged from 0,010 to
0,012 per cent with a mean of 0,011 per cent fof the solls
at 0,5 metre distance, while the values recorded were 0,01
to 0,012 per cent with a mean value of 0,011 per -cent at
one metre, The soils aﬁ,l.s metre distance had the
exchangeable Mg content ranging from 0,01 to 0,012 per cent

with a mean value of 0.011 per cent.

The DTPA extractable Cu at 0,5 metre distance
ranged from 0,242 to 0,92 ppm with a mezan value of 0.648 ppm,
The corrasponding value for the solls at 1,0 metre distance
were 0,380 to 0.862 ppm (mean 0.685 ppm) and that for soils
at 1,5 metre distance were 0,170 to 0,944 ppm (mean 0,742 ppm).



The DTPA extractable Mn ranged between 10.60 ppm
and 21.45 ppm with a mean value of 18,30 ppm at the
distance of 0.5 metre, The corresponding values for the
soils at one metre dlstance were 8,67 ppm to 26.00 ppm
{mean 17.38 ppm) and that of soils at 1.5 metre distance
the values ranged between 13.93 ppm and 28,00 ppm with a

mean value of 19,28 ppm.

I, the case of DTPA extractable Zn, the maximunm
and minimum values were 04732 and 3,232 ppm abt 0.5 motre

distance from the tree (mean 1.69 ppm).h At one metre the

&2

values Yanged between 0.628 ppm and 3,231 ppm (mean 1,391 ppm)

and at 1,5 metre the range was between 0.,5¢ ppm and 6,714 ppm

with a8 mean value of 1.71 ppm,
4.1.6,4, Kulasekharam (T able-5)

The avalleble N status ranged f£rom 0,012 to
0,018 per cent with a mean value of 0,017 per cent for
the soils collected from 0.5 metre distance. Soils of both
at one metre and 1,5 metre distances recorded s range
value from 0,01 to 0,018 per cent with s mean value of

0.014 per cent,

The available P status of the solls collected
from half metre distance regigtered a range value of 00,0005
to 0.0008 per cent with a mean value of 0.0007 per cent.



TABLE 5. Soll fertility status in relation to available nutrients st Kulasekharam
(Mean velues)

61 Sampling distence from the main trunk
No, Jutrient 045 métre 1,0 metre 1,5 metre

Range - - Value Mean Renge — Value Mean Range - Valua Mean

M. Max. Mih. Max. Min, Max.
1e N(%) 0,012 0,018 0,016 0,010 ¢6.018 .0,014 0,010 _ 0,018 0.014
2, P(%) 0.,0005 D.OOCL;IB 0,0007 0,0006 0.,0009 0.0007 0.0005 0,0009 0.0007
30 K(%) 0,022 0,033 0025 0,018 04037 0,026 0,020 0,034 0,028
4. ca(%) 0,017  0,12¢  0.081 0,03 04202 0,070 10.021 0,102 0,085
Be Mgi{%) 0,016 0,024 0,020 D015 0,023 0.019 0,014 0,022 0,018
6. Cu(ppm) 1.6 4,0 _ 2,47 0,98 10426 2497 1,75 722 3.52
7. Mn(ppm) 82 67.0 mw;51 40,18 183,32  65.63 33.12 787,16  66.47
8. 2n(ppm) 2483 7.62 4,81 2,14 7.61 4,80 2423 10,31 S.31

£
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The s0ils of one metre distance and 1,5 metre distance
exhiblted the same mean value of 00,0007 per cent of
avallable P with a range value from 0,0006 to 0.0009

per cent and £rom 0,0005 to 0,0008 per cent respectively.

The avallable K contént of the solls collected
from half metre dlstance had a range value of 0,022 to
0,033 per cent with a mean value of 0,025 per gent, A
range value of 0,018 to 0,037 waszs observed for the soils
from one metre distance with a mean valﬁe of 0,026 per cent.
The solls f£rom 1.5 metre distance had available K content
between 0,020 and 0,034 per cent with a mean value of

0,025 per cent,

The exchangeable Ca content of the solls at 0,5
metre distance recorded a range value betwesn 0,017 and
0,124 per cent and a mean value of 0,081 per cent. The
solls at one metre distance reglistered a range value between
0.030 per cent and 0,102 per cent with a mean value of
0.070 per cent while the soils collected at 1,5 metre
distance recorded mlnimum and maximum values of 0,014

and 0,022 per cent with a mean value of 0,018 per cent,

The exchangeable Mg content of the solls at half
metre distence registered a range value bétween 0,016
per cent and 0,024 per cent with a2 mean value of 0,02

per cent, while the solls at one metre distance reccrded



maximum and minimum values of 0,015 per cent and 0,023
per cent with a mean of 0.019 per cent, The values for
solls from 1.5 metre distance, rangad from 0,014 to

0,022 per cent with a mean value of 0,018 per cent.

The DTPA extractzble Cu content of the solls
at 0.5 metre distance varied from 1.60 ppm to 4.00 ppm
with a mean value of 2,42 -ppm while the solls at one
metre distance varied from 0.98 ppm to 10.26 ppm with a
mean value cf 2,97 ppm., Soils at 1.5 metre distance
registered a range value from 1,75 ppm to 7.22 ppm with

a mean value of 3,52 ppm,

The DTPA extractable Mn content of solls at
0.5 metre varied from 8.20ppm to 67 ppm with a mean value
of 35,1 ppm and values for the solls collected at one
metre &lstance varied from 33.12 ppm to 87,16 ppm with a
mean value of 66,47 ppm. The values for soils at 1.5
metre dlstance ranged betweensz.az ppm andevlbppm with

a mean value of bbAIppm.

The DTPA extractable Zn content of the solils
at 0,5 metre distance varied from 9,82 ppm to 7.62 ppm with
a mean value of 4,81 ppm. Solls collected at one metras
distance showed a range value of 2,14 ppn (minimum) and
7.61 ppm (maximum) with a mean value of 4.8 ppme. The solls
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at 1,5 metre distance registered a ranges value between

2,23 ppm and 10,11 ppm with a mean value of 5.31 ppm.
4,2, NUTRIENT CONCENTRATIONS IN LEAF SAMPLES

The leaf samples were analysed for their nutrient
concentrations with reference to K, P, K, Ca, Mg, Cu, Mn
and Zn, The entire canopy was divided into 3 regions viz.,
top, middle and bottom., Three whorls starting from the
tip of branchlets were sampled for analysis (Wye Wo, HS).
The results indinuted appreclable varistions within a tree
from region to region andig;ong leaf positions (whorl to
whorl). The results obtained for each location are

presented below,

4.,2,1, Nitrogen
4,2,1,1, vithura (Table 6)

The niltrogen content of different whorls in all
the three regions of the canopy showed wide varistion.
In the first wholr of leaves in the top portion, the K
content rancged from 1,587 to 2,262 per cent with a mean
value of 2,133 per cent., Whorl II had a nitmogen content
the r_a?:ge value of 1,293 to 2.2 per cent with a mean value
of 1,981 per cent. The whorl III had a range value of
1.47 per cent and 2,116 per cent with a mean value of
1,861 per cent. The coefficients of variation for Wee Wy

and Wy were 7757, 11.289 and 10,589 respectively.
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TABLE 6., Nibkrogen concentration in leaf at Vithura
(Mean values - per cenkt)
_ Tree Reglons
qu:: Top Hicdie Bo ttom
Wy Wy M Wy W, W, Wy Wiy Wy
1, 2,234 2,175 1,587 2,822 2,234 2,058 1,882 1,646 1,470
2, 1,882 1,293 1,587 1,528 1.411 1.411 1,764 1,293 1.,3%2
3. 1,587 1.470 1,470 1,528 1,470 1,352 1,705 1,587 1,528
4, 2,234 2,116 2,116 2.175 2,053 2,058 2,293 1,587 1,646
5. 2,058 1.999 1,940 1,999 1,940 1,940 1.881 1,822 1,822
6o 24175 2,058 1,999 2,116 1,940 1.822 1,940 1,940 1,764
" Te 24258 2,058 1,881 1,940 1,881 1,882 1.822 1,822 1.646
8. 2,234 2,058 1.939 2,116 1,940 1,822 1,940 1,940 1,764
S. 1.999 1.88% 1,999 1,281 1.892 1.764 1.822 1.764 1.764
10, 2,058 14999 1,999 1,940 1,881 1,881 1,881 1,881 1,764
11, 2,202 2,000 1,824 2,200 1.800 1.802 1.982 1.802 1.682
12, 2,220 2.120 1,624 2,002 2,002 1,824 2,202 1,824 1,802
13. 2,220 2,120 1,624 2,002 2,002 1,824 2.202 1.824 1,802
i4, 2.211 2,001 1,852 2,220 1.862 1.682 1,982 1.684 1,600
15, 2,122 1.864 1,662 2,001 1,982 1,868 1,940 1,881 1,764
16. 2,206 2,001 1,926 2,001 2,001 2,068 2,002 2,000 1,062
17. 2.244 2,200 2,112 2,202 2,100 2,001 2,240 1.9588 1.892
18. 2,118 2,006 2,008 2.218 2,020 2,018 2,008 2,001 1,886
19, 2,242 2,118 2,008 2,118 2.002 1,982 2,242 2,11€ 2,005
20, 2,262 2,086 2,002 2,246 2,186 2,008 2,216 2,086 2,006
Mean 2,133 1,981 1,861 2,062 1.929 1.855  1.997 1.827 1.7¢4
cv  7.757 10.58% 13,031 10.256 10.453 8,822 10.704 9,677

11,289
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In the middle reglon N content in the £irst
whorls ranged from 1,528 to 2,822 per cent with a mean
value of 2,062 per cent, The 2nd whorls reglstered a
range value of 1,411 to 2,234 per cent N with a mean of
1,929 per cent, The leaves from the 3rd whorl recorded
N content ranging from 1,411 to 2,058 per cent with a
mean of 1.85% per cent. In this ragion the coefficlents
of variation for Wes wzlané w3 were 13,031, 10 .256 and
10,453, respectively.

1 W2 botom ng-’m
The N content of the Wy leaf samples,range

between 1.705 end 2,293 per cent with a mean value of

1,997 per cent while the W, leaf samples had a minimum of
1.293 per cent and a maximum of 2.116 per cent with a

mean value of 1,827 per cent. The ¥4 leaf samples recorded
a N content ranging from 1,352 per cent (minimui) to

2,008 per cent (maximum) with a mean value of 1.744 per cent,
The coefficlents of variation for Wy, Vg and Wy Banples

were 8.822, 10,704 and 9.677,respectively.
4.2.,1.2, Pattom (Table 7)

The top region of the trees had appreciable
variation in their N content from whorl to whorl as found
in vithura locality. The Wy samples recorded a range value

oﬁ 2,234 to 2.6 per cent with a mean value of 2,385 per cent.



TABLE 7y —~ HNitregen concentration in lesf at Pattom

{Hesn valus - per cent)
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m;;: = Top Hiddle ““Bottom
Wl Wz W3 Hl Hz “3 Wl Wz Wa
1e 24923 2,116 2,116 2,234 2,175 2,116 2,175 1,992 1,992
2¢ 2,450 2,340 2,175 2,340 2,175 2,175 2,175 2.058 1,992
3s 24350 2,116 2,058 2,116 2,088 2,116 2,175 2.116 2,058
4, 2.410 2,116 2,234 2,116 2,116 2,058 2,175 2,058 1,940
5. 20293 2,234 2,175 2,175 2.058 1,992 2,058 1.940 1,680
e 2,234 2,175 2,116 2,058 1,992 1,940 2,116 2,058 1,992
7e 24293 2,234 24,175 2,234 2,175 2,116 2,175 2,058 1,992
Be 2.475 2.175 2,058 2,116 2,050 2,008 1,992 1,998 1,881
Qe 26238 2,175 2,175 2,116 2,058 2.058 2,058 1,892 1,666
10. 2,293 2,058 2,982 2,058 2,116 1,992 1,992 1.940 1,822
11, 2,421 2,201 2,116 2,301 2,028 2,001 2,224 2,108 2,001
12, 2,401 2,231 2,024 2,323 2.001 1,982 2,248 2,201 1,987
13, 2,368 2,168 2,106 2,301 2,001 2,986 2,420 2,002 1,968
14, 2,520 2,200 2,001 2¢382 2,101 2,061 2,268 2,002 2,002
15. 2,600 2,400 2,201 2,464 2,202 2.002 2.325 2,002 1,968
16. 2,464 2,026 2,002 2,363 2.116 2,001 2,168 1,908 1,608
17. 2,388 2,201 2,002 . 2,202 2,002 1,968 2,200 2,100 1,500
18, 2,456 2,202 2,101 2,026 2,156 2,002 2,101 2,101 1,980
19, 2.368 2,060 2,002 20,460 2,006 2,116 2,026 2,268 2,300
20, 2.424 2,002 2,042 2,062 2,006 1,868 2,074 2,001 1,976
Mean 2,385 2,189 2,003 2,234 2,068 2,025 2,107 2,039 1,946
OV 3.611 3.728 4,317 7.041 3.932 4,217 13,071 4,593 7,122
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The Wo leaf samples recorded a lowest value of 0,026

and a highest value of 2,400 per cent with a mean of
2,189 per cent cof N, The Wy samples registered a N
content ranging from 2,001 to 2,234 per cent (mean value
2,093 per cent. The coefficients of variation for the
Wy Wy and Wq sanples of top region were 3,611, 3.728 and

4.317, respectively.

In the middle reglon the Wy had a range value
of 2,026 to 2.464 per cent with a mean of 2,234 per cent.
The W, leaf samples reccrded a lowest value of 1,992 ‘
per cent and a highest value ¢f 2,202 per cent with a mean
of 2,068 per cent of N content. The Wy samples reglstered
N content ranging from 1.868 per cent to 2,175 per cent
with a mean value of 2,025 per cent, At this region the
cv values were 7.041, 3.932 and 4,217 for Wye Vi and Wa

leaves,respectively.

The Wy leaf samples of bottom region registered
N contents ranging from 1,99 to 2.42 per cent (mean value
2,107 per cent). The Wy leaf samples had N content ranging
from 1.892 to 2,268 with a mean value of 2,039 per cent.
The N content ranged from 1,686 to 1,822 per cent {mean
value = 1,946 per cent), for the Wy leaf samples. The
cv values for ;his reglon were 13,071, 4,593 and 7.122

for Wie Vo and W3)respectively.



442.,1,3. Vellayani (Table 8)

?he N content of the leaf samples collected from
the top region of clove plante at Vellayanl showed marked
variation f£rom whorl to whorl. The Wy leaf samples
exhibited the lowest N content of 1,992 and a highest
value of 2,258 per cent with a mean of 2,143, The Wy and
Wy samples registered more or less the same variation,
i.e., from 1,881 to 2,116 per cent with a mean of 1.970
and 1.939 per cent respectively. AE this region the cv
values for Wis Wy angé Wy were 2,457, 4,391 and 4.501)

raespectively.

In the middle region the Wy samples had a lowest

H content of 1,940 per cent and a hichest value of 2,234
per cent with a meen of 2,07 per cent, whereas the W,

leaf samples showed & range value from 1,822 to 2,200

per cent with a mean of 1,98 per cent. I, the case of Wy
lesaf sample, the lowest value was 1,764 per cent and the
highest value was 2,058 per cent with a mean value of
1,981, The cv values were 4.663, 5,57 and 5,016 for Vg,

iy and Wa)respectively.

The W, jeaf gsamples of bottom region had a N
status ranging from 1.94 to 2,16 per cent with a mean of
2,014 per cent. The W, leaf samples exhibited a range value
from 1.822 to 2.116 per cent with a mean of 1.952.
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TABLE 8, Mitrogen concantration of leaf at Vellaymi
{(Mean value per cent)
g -
Tree Region
T%ﬂm Top Middie .. Bottom
Wy W, A Wy W, Wy Wy Wy Wy

1%E¥$HMQ.17S 2,116 2,116 2,175 2,058 1,592 2116 2,116 1,992
2. 2,258 1,992 1,940 2,116 2,058 2,058  1.940 1.940 1.940
3. 2,058 1,992 1,981 2,116 1,992 1.881 1,992 1,940 1.,B22
4o 1,952 1¢822 1,822 1,940 1,822 1,822 2,058 2,005 1,902
S 2,202 1,92 1,882 2,002 2,200 1,001 1,992 1,882 1.822
8, 2,234 2,053 1,992 1,234 1,992 1,940 1,992 1,940 1i.882
Te 2,116 2,002 2,001 2,116 2,002 2,002 2,000 ‘2,001 1,884
Se 2,008 1.881 1,822 2,058 1,881 1,822 2,001 1,822 1,764
9 2,175 1,940 1,882 1,940 1,822 1,764 2,058 1,992 1,940
10, 2,216 2,002 2,001 2,039 1,922 1,500 1,992 1.884 1.822
HMean 2,143 1.,9707 1,939 2.0745 1.,9809 1,918 2,0141 1,552 1.883
cv 2,457 4,391 4,501 4,663 5,557 5.016 3.881 3,555 4.201




The N content of the ¥, leaf samples varied f£rom 1.764 to
1,992 per cent with a mean value of 1,883 per cent. At
this region the cv value for Wy, Wy and Wy samples were

3,981, 3.555 and 4,201, respectively.
442.1.4, Kulasekharam (Table 9)

The mean value of N content of leaf in this
region also showed a marked variation from region to

region within the plant and also among the three whorls,

A range of values between 2,058 and 2,442
per cent N were recorded in the W; leaf samples of top
region with a mean 6f 2,75. In the W, and w3 leaf samples,
varlations in N content from 1.802 to 2,276 per cent and
1,682 to 2.22 per cent respectively were recorded with mean
values of 2,123 and 2,016 per cent. For this region, the
cv values were 3,838, 6,843 and 8.325 for ¥y, Wy and Wy

leaves,respectively.

In the middle region the Wy sample showed a
variation fmm 2,008 to 2.334 per cent nitrogean (mean
value of 2,185 per cent) and W, samples registered a
lowest value of 1,992 and a highest value of 2,274 per cent

(mean value 2,092 per cent). The Wy leaves registered N
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TABLE 9, HNitrogen concentration in leaf at Xulasskhafaem
(Mean values - per cent)
“9res Regilons
Tree oD Middle Botton
Noe =% Wy s Wy Wg W, Wy Wy W
1. 24392 2.200 2,102 2,23¢ 2,174 2,100 2,058 1.928 1,628
2. 205 2,175 1.800 2,175 2,116 1,082 2,116 1,952 1,686
3. 2,175 1,803 1,682 2,116 2,008 1,018 2,116 2,058 1,726
4o 2,294 2,084 2,116 2,234 2,058 2,002 2,058 2,001 1,673
Se 2410 2,200 2,002 2.175 2,111 2,002 2.175 2,162 2,084
6. 2,175 2,116 2,116 2,176 2,116 1.984 2,212 2,008 1,58
7. 2,058 1,992 1,992 2,116 2,058 2.116 1,992 1,992 1.640
Ba 24175 2,116 2,178 2,175 2,058 2,058 2,116 2,002 1,992
9e 24293 2,175 2,175 2,234 0,020 1,992 2,175 2,116 2,053
10, 2.234 2,058 1,940 2,058 1.992 1.668 2,116 2,020 1,668
11, 2,310 2,210 2,110 2,334 2,274 2,200 2,158 1,928 1,628
12, 2,405 2,276 1,900 2,275 2,116 1.802 2.226 2,100 1,828
13, 24176 1.902 1,782 2,226 2,200 2,008 2,226 2,058 1,738
14, 2,288 2,084 2.116 2,234 2,058 2,100 24226 2,002 1.678
15, 2442 2,300 2,100 2,176 24202 2,008 2,276 24262 2,085
16, 24317 24226 2,118 2,173 2,008 1,982 2,202 2,008 1.996
17, 2,168 1,992 1,668 2,116 2,068 2,116 1,908 1.808 1,640
18. 2,175 2,080 2,211 2,118 2.008 2.006 2,008 2,002 1,982
19, 24383 2,276 2,220 2,244 2,222 2,100 2,168 2,116 2,002
20. 24234 2,002 1,940 2,008 1,992 1,668 2.116 2,000 1,668
Mean 2,755 2,123 2,016 2,185 2.092 1,936 2.136 2,078 1,819
CV  3.838 6.843 8.325 0,016 13,423 4,681 11.293 9,767

4,328
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content ranging from 1,018 to 2.2 per cent with a mean
of 1,936 per cent, The cv value for Wye Wy and W3 were
4,328, 4.016 and 13,423,respectively.

In the bottom region the N percentage varied
in the Wes Wy and Wy samples from 1.909 to 2.226 (mean
value 2,136) from 1.808 to 2.262 (mean 2.,078) and from
1.628 to 2,086 (mean 1.819) respectively. The cv values
Were 4,681, 11,293 and 9,767, respectively,

4.2.2, Phosphorus
4.,2.2,1, vithura (Table 10)

The phosphorus status at the top region of the
tree showed & remarkable variation with reference the
three vhorls studled. The W, samples at the top region
reglstered a lowest value of 0,140 per cent and a highest
value of 0,280 (mean 0,270 per cent). For the W, and W,
samples, the P content varied from 0.012 to 0,24 per cent
(mean 0,173) and from 0.110 to 0.270 per cent (mean 0.165),
respectively. The cv values for Yye Wy and W, leaves were

16,110, 23,655 and 26.417,respectively.

I, the middle region the P status varied among
the Wy, W, and Wy samples from 0,160 to 0.260 per cent
(mean 0.213), 0.120 to 0,260 per cent (mean 0,180} and

0.110 to 0.210 per cent (mean 0.160), respectively. The cv



TABLE 10, Phosphorus concentrations in leaf at Vithura

{Mean valus = per cent)

Trae Regions
T‘;;:' Top Middle Bottom
) Wy Vig Wy Wy Wq Wa Wy W, W3
1, 0.16 0.14 0,12 018 0,15 0,11 0.26 0.19 0,12
2, 0,18 014 0,13 0420 0414 0,16 0620 0419 0,22
3. 0.18 0,13 0,20 0.20 0,13 0,13 0421 0412 0,11
4. 0.i4 0,12 0,13 0.18 0.i2 0,12 0,20 0,16 0,12
Se 0,16 0,14 0,12 0,18 0,14 0,16 0.18 0,14 0,14
6. 0,18 0014 0,12 0.16 0,16 0,14 0,20 018 D412
7. 0.21 0,20 0,18 0,20 0,18 0,16 0.20 0,18 0,14
8. 0.16 0,14 0,12 0.18 0,16 0,12 0.18 0.12 0,11
9. 0.14 0,12 0.11 0,16 0,24 0,12 0.18 0.12 0,11
10, 0.20 0.18 0,16 0420 0,14 0,12 0.18 0.14 0,12
11, 0.21 0,21 0.2 0.21 0.21 0,19 0,26 0.18 0.18
12, 0.22 0,18 0,16 0e23 0,20 0.21 0426 0,20 0,16
13. 0,24 0,20 0.16 0423 0e21 0,19 0e24 0,21 0,19
14, 0.25 0,21 0,20 0,22 0.18 0.16 026 . 0425 0,15
15, 0.26 0.2¢4 0,27 0423 0427 0,21 0.22 0,21 0.18
16. 024 0,20 0,21 D22 0,22 0,18 0.26 04,24 0,22
17. 0,23 0,21 0,18 0,26 0,21 0,19 0426 0,22 0,21
is. 0628 0420 0,21 0.26 0421 0D.18 0e26 0419 0,16
i9, 0.26 0,24 0,20 0424 0426 0,18 De26 0423 0,18
20, 0.24 0421 0,20 0.26 0,21 0.18 0.26 0,21 0,16

Mean 0,207 0.173 0,165 0.213 0,180 0,160 0,382 0,179 0,169
cv 16,110 23,655 26.417 16.315 22,484 19,957 15,389 20,327 27.291




values were 16,315, 22,484 and 19,957 for Wae Woy and ¥lg

samples,ragpectively.

In the bottom regicn the Hie Wy, and w3 samples
registered values ranging from 0,180 to 0,260 per cent
(mean 0.382), £rom 0¢110 to 0,250 per cent (mean 0,179)
and from 04110 to 0,220 per cent (mean 0,165) with cv
values of 15.389, 20,327 and 27.28]1,respectively.

4‘-2.202. Pattcm (Table 11)

In the top region of the trees P status of W4,
W, and W, samples varied from 04210 to 0,280 per cent
(mean 0,251) from 0,162, 0,240 per cent (mean 0,196} and
£from 0,140 to 0,240 per cent (mean 0.179) with cv values
of 12,511, 11,634 and 15.065)respectively.

In the middle region the Vg samples had a
variation from 0,200 to 0,280 per cent with a mean value
of 0,241, The Wy and W, samples recorded P content from
0,140 to 0,260 per cent (mean values 0,194) and from
0120 to 0.250 per cent (mean 0,170),respectively. At
this region the Wee Uy and Wy samples had the ev values

of 9,414, 17,131 and 19,252,respectively.
She P concenteation
» in the bottom region Wy, W, and W, samples, the

P concentration varied from 0.220 to 0.280 per cent (mean

57
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TABLE 11, Fhosphorus concentration in leaf at Pattom
(Mean value -~ per cent)
Weeomcrames o s
Tree Reglons
T"'N: Top _ Middle - Bottom
Wy " Ws Wy Wy Wy Wy W, Wo Wy

1. 0,25 0,18 0,14 024 0018 0,16 0s22 0,16 0,16
2. 0e26 0421 0,16 0.24 0420 0,21 0424 0e20 0,18
3. 0.26 0.18 0.18 0423 0.14 0,12 0426 0.21 Cel7
4, 0.28 0,22 020 0422 0.18 0.16 0.28 0.18 0.16
5. 0424 O0.l18 0.16 0.20 0.16 D12 0,22 0.21 0.18
6, 0.24 0.16 0.15 0,22 0.20 0,18 0.26 Oe21 0,20
Te 0.26 0,19 017 0a.24 Da16 0.19 0,26 0.21 0.16
8. 0024 0,16 0,15 0e21 0,18 0,14 0.28 0,18 0,12
9. 0,23 0.18 0.21 0,21 0.16 0,15 0.2877 0418 0.16
10, 0.25 0,21 0,20 0e24 0416 0,12 0426 0416 0,18
11, 0.28 0,21 0420 0426 0,24 0.20 0.28 0,26 0,20
12, 0.24 0«18 Q.15 0.27 0.21 O.18 027 De20 0,19
13. 0.26 0.22 0.20 0,28 0e22 0.21 D28 0,22 0020
14, 0,24 O.18 0.16 C .26 0,22 0.21 0,26 026 018
15. 0425 0,20 0.18 0424 0,18 0.16 0025 022 0,21
16, 027 0.22 0.24 0.24 0.21 0,20 026 0,24 0,20
17. 0.21 0,17 0,15 0422 0,16 0,12 0,26 0,16 0412
18, 0,24 0,22 0,20 0.26 0.24 0.20 0426 0422 0,20
19, 0.26 0,21 O.18 027 0,26 0425 0«25 022 0«20
20, 0427 0.24 0,21 04256 Q.22 020 0428 0«24 0421

Mean 06251 0,196 0.179 0.241 0,194 0,170 0.258 04,208 0.181
cv 12,511 11,634 15,065 9,414 17,131 19,252 6,859 16,180 16,794




0.258), 0,160 to 0.260 per cent (mean 0.208) and from
0e120 to 0,210 per cent (mean 0.181) respectively. The
corresponding cv values were 6,859, 16,180 and 16,794,

respectively for Wys Wy and Wa e
4.2.2,3, Vellayani (Table 12)

In the top region of the trees the Wy samples
had a P content ranging from 0.110 to 0,160 per cent with
a mean value of 0,132, The P gtatus of W, and Wy samples
varied from 0,080 to 0,160 per cent (mean 0,116) and from
0.080 to 0.120 per cent (mean 0,090),respectively. The cv
values for W,, W, and W, leaves were 16,524, 12,147 and

18,885, respectively.

In the middle region . the P status of Wie W,
and W, samples ranged from 0,080 to 0.160 per cent (mean
0.117) from 0.080 to 0,120 per cent (mean 0.100) end from
0,040 to 0,110 per cent (mean 0.084) respectively. The
¢v values for the three whorls were recorded as 17.117,

17.638 and 22,587,respectively.

The bottom region of the tree also showed a
variation in P status from whorl to whorl ranging from
0,080 tof 0.240 per cent (mean 0.165) for the first whorl,
from 0,060 to 0,120 per cent (mean 0,100) for the 2nd

whorl and from 0,060 to 0.120 per cent (mean 0.090) for

03
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TABLE 12, FPhosphorus concsntrations in leaf at Vellayanl

(Mean value per cent)

s
*ree Reglon
e T %op ~Triddie Bottom
Wy W, Wy Wy Vi, Wy KR Wy

1. 0,15 0,10 0,08 0.16 0.12 Osll C.24 0,12 c.08
2. 0.12 0.16 0,08 0,12 0.10 | 0.08 0.20 0,10 0,411
3. 0,14 0,12 0,10 0.12 .11 0,10 0.12 0,11 0,10
4. 0.16 O.,i4 0,12 0.12 0.10 0,08 0.14¢ 0,12 0,10
S5¢ 0.12 0,10 0.08 0.11 0,10 0.08 0,10 0,08 0,06
6a OJ14 0,12 0.11 0a.l2 0.11 0.08 0.2F 0,08 0,08
Te Q.11 Q.08 0.06 0D.08 0,06 0.04 0e20 0011 Q.12
Be 0,12 0,11 0,09 0.12 0,11 0.09 0,12 0,11 0,09
Do 0O.,i14 0,12 0,09 0.12 0.,i1 0,10 0.22 Q.11 0,09
10, 0.12 e.11 0,09 0,10 008 0,08 0.08 0406 0.06

Mean 0,132 0,116 0,09 0.117 0,100 0,084 0.165 0.100 0,09

v 16,524 19,147 18.885 17.117 17.638 22,587 12.267 19.999 22,12%
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the third whorl, with cv values of 12,267, 19,599 and

22,125, respectively,
4.,2,2,4, Kulasekharam (Table 13)

The leaf P status of W; of the top region
indicated a varlation from 0,100 to Q.120 per cent
(me@an 0,110), The W, and W5 samples recorded P content from
04100 to 0.120 per cent (mean 0,107) and from 0,010 to
0.120 per cent (gmean 0,106}, respectively. The cv values
for this position were 19,147, 18,280 and 17,121 respec-

tively for the three whorls,

in the middle region the W3, ¥; and Wiy samples
vielded P ¢ontent ranging from 0,110 to‘0.150 per cent
(mean 0,125), from 0,100 to 0,130 per cent (mean 0,115)
and from 0,100 to 0,130 per cent (mean O.lléffZ; values of

17.116, 17.63 and 22,58,respectively,

In the bottom region the P status of W, samples
varied from 0,120 to 0,190 per cent (mean value 0.140),and
from 04,110 to 0,130 per cent (mean 0,117) for both the Wy
and Wy samples., The cv values for P content for the thres

whorle were 14,260, 16.520 and 22,12, respectively.

4.2,3. Potassium
4¢2 .3.1. Vithua (Table 14)
In the top region, the K status of Wye Wy and W3

leaf samples varied from 2,176 to 2,720 per cent (mean
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TABLE 13, Phosphorus concentration in laaf at Kulasekharam

(Mean values per csnt)

Tree Reglons

Tree Top Middlie Bottom
Moo
H1 Hz W3 W1 W: Wé Wl Wz Hs

P

o 0.11 0,10 0,10 0.11 0,11 0,11 0,13 “ 0,12 0,13
2. 0.12 0.11 0,10 0eiZ 0.12 0,12 0.19 0,12 0,12
3, 0.11 0,10 0,10 0.13 0,12 0,11 0.13 0,11 0.2
4. 0010 0,11 0,11 0Jld 0,12 0,13 0,14 0,12 Q.13
Se 0.i2 0,11 0,11 0.14 0411 0,11 0,14 0e13 0,12
6. 0.11 0,10 04,10 C.15 012 0,11 O.i4 0,13 0.11
Te 0,10 0,11 0.11 0,12 0,11 0.11 0.14 0,12 0,13
8. 0oll1 0410 0,10 0.11 0.11 0,11 0.12 0011 0,11
9, 0.12 0,11 0.11 0.12 0,12 0.12 0.14 0,11 0.11
10, 0ell 0l11 0,11 0.11 0,10 0,11 0.19 0.12 0,11
11, 0,11 0,10 0,10 0.14 0,12 0,12 0.14 0,11 0,11
12, 0.12 0.11 0,10 0.13 0.11 0,11 Oeld 0413 0,12
13, 0,10 0,10 0,11 0.12 0411 0.10 0,12 0,12 0,12
14. 0610 0411 0,10 0.13 0,12 0,12 0,13 0,11 0,12
15, 0.10 0,11 0.10 0.i1 0,11 0,11 0.24 0411 0,11
16, 0.11 0,11 0,11 0.14 0,13 0,12 0.14 0.13 0,12
17, 0,12 0,11 0.1l 0,12 0412 0,11 0l32 0,12 0,12
18. 0el0 0010 0,10 0011 0.12 0.12 De.14 0011 0ll2
19, 0,11 0,11 0,10 0.12 0,11 0,10 0el3 0412 0,32
20, 0.12 0,12 0.12 0.13 0,11  0.12 0.14 0,11 0,11

Mean 0,11 0.,107 0,105 0.125 0,125 0,114 0,140 0,117 0,117
cv 19,147 18.88 17,21 17,117 17,63 22,58 14.26 16,52 22,128
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Potassium concentration in leaf at Vithura
(Mean value = per cent)

Tres Trea Region

Noe Top Mlddle Bottom

Wl W2 913 Hl W2 . WS Wl Wz wa

1, 24176 2112 1,792 2,432 2,368 1,984 2,496 2,432 2,112
2., 243048 2,176 2,112 2,496 2,304 2,176 2,624 2,432 2,048

e 24612 22240 1,984 2,240 2,240 2,112 2,496 2,496 2,176

4., 2.240 2,240 2,048 2,112 2,048 1.984 1,980 2,122 1,856

S. 24240 2,176 1,920 1,920 1.856 1.600 2,176 2,112 1,856
6. 22432 2,368 1,984 2,368 2,304 2,112 2,368 2,368 2,240
7o 24344 2,176 2,112 2,176 2,176 1,824 2,400 2,304 2,048

Be 24240 2,304 1,920 2.304 2,368 1.98¢ 2,240 2,176 1.984
9., 2,720 1.948 1,920 2,112 2,112 1,988 2,176 2.176 1,920
10, 2,368 1,984 2,084 2,496 2,368 2,336 2,368 2,368 2.272
11, 2,432 2,368 1.,98¢ 2,176 2,112 1,792 2,400 2,112 1,984
12, 2.496 2,304 2.176 2.624 2.432 2,048 2,112 2.400 2,240
13, 2,402 2,240 2,112 2,112 1,980 1,792 2,211 1,980 1,792
14, 2,240 2,112 2,048 2,112 2,048 1,984 2,112 1,980 1.856
15, 2,400 2,176, 1.920 2,176 2.112 1,85 1,920 1,85 1.600
16, 2,304 2.112 2,304 2,432 2,368 2,112 2,368 2,112 2,112
17. 2,400 2,304 2,048 2,144 2,176 2,112 2,176 2,176 1.824
18, 2,304 2,002 1.984 2,240 2,304 1.920 2,176 1.984 1,984
19, 2.612 2,112 2,048 2,176 2,176 1,920 1,920 1,984 1,856
20. 2,568 2.368 24272 2,368 1,984 2,084 2,496 2,368 2,336
Mean 2,262 2,192 2.038 2.260 2,198 1,985 2,256 2,246 2,004
CV  5.582 64236 6.074 7.687 4,706 8,260 8,994 11,091 9.482
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2,262) from 1.984 to 2,368 per cent (mean 2,192} and from
1,792 to 2,304 per cent (mean 2,038), with cv values of
5.582, 6.236 and 6.074,respectively.

In the middle reglon the K status of Wy, W, and
W, ranged from 14920 to 2.624 per cent {mean 2.26) Ffrom
0,186 to 2,432 per cent {(mean 2.198) and from 1.600 to
2,336 per cent (mean 1,985) with ev values of 7.687,6,706

and 8.260)respect1vely.

In the bottom region the K status of Wy, VW, and
Wy leaf samples ranged from 1,920 to 2.624 per cent (mean
2.256) from 1,85 to 2,432 per cent (mean 2,246) and from
1,600 to 2,240 per cent (mean 2,004) with cv value;f8.994,
11,091 and 9.482,respectively.

4,2.3.2, Pattom (Table 15)

In the top region of the trees of Pattom locstion
the K content varied from 2,176 to 2,688 per cent (mean 2,.486)
for W, samples, from 1.408 to 2,560 per cent (mean 2.169)
for W, and from 1.408 to 2,496 per cent (mean 2.024) for Wq
lesf samples. Thelcoefficients of varlation for Wy, Wy

and w3 leaves weré 6.650, 12,374 and 12,211, respectively.

In the middle region of the tree, the K status=
of Wy, Wy and Wy leaf samples varied from 2,020 to 2,680
per cent (mean 2.393), £rom 1.792 to 2,680 per cent (mean
2,174) and from 1,504 to 2,464 per cent (mean 1.997)
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TABLE 15 Potassium concentration in ieaf at Pattom
{Me2n value = par cent)
T;:I:e Top Zres Rl%%%?o Bottom
: Wy W, Vg Wy Wy Wy W, Wy Wy
1, 2,368 1,920 1,760 2,496 1,920 2,464 2.560 2,400 1.856
2¢ 2560 2,176 2,240 2,680 2,680 2,336 2.400 2.212 2,020
3. 2,400 2,368 2,112 2,624 2,368 2.240 2,656 2,655 2,688
8, 295607 2,432 1,984 2,496 2,464 2,368 2,560 72,624 2,304
Sa 2,688 1,400 1,984 2,368 2,368 2,176 2.560 2,560 2,496
6. 2,496 2,240 2,144 2,400 2,144 2,144 2,240 2,144 1,856
Te 24625 2,560 2,496 2,556 2,432 1,760 2,304 2,208 1.920
Be 24212 2,176 1,588 2,432 2,240 2,016 2,432 2,240 2,240
9. 2,660 2,400 2,112 2,464 2,240 1.920 2,368 2,208 2.176
10, 2,176 1,984 1,696 2,368 2,240 1,632 2,432 2,368 1,696
11, 2,368 1,920 1,920 2,112 2,020 2.016 2,020 2,020 1,920
12, 2,660 2,112 2,020 2,432 1,792 1,504 2,112 1,982 1.982
13, 24560 2,202 2,020 2.400 2.020 1.920 2,202 - 2,020 2,016
14. 27368 1,920 1,920 2,202 1.920 1.760 2.112 2,020 2,020
15. 2,688 1.984 1.408 2,368 2.176 1,984 2,400 2,212 2,016
16. 2,240 2,202 1,920 2.020 2.020 1.760 2,144 2,144 1,920
17. 2,624 2,560 2,496 2,400 2.169 2.020 2,212 1.982 2,020
18. 2,400 2,212 2,176 2,240 2,016 2,016 2,400 2,020 1.976
19, 2,660 2,400 2,122 2,400 2,240 1,920 2,400 2,240 1.920
20, 2,420 2,220 2,020 2,420 2,020 2,001 2,240 2,016 2,018
Mean 2,486 2,169 2,024 2,393 2,174 1,997 2,337 24227 2,053
CV 6,650 12,374 12,211 6,585 9,991 12,302 7,45 9,307 11,195
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respectively with correspending cv values of 6,686,
9.981 and 12,302,respectively.

The bottom region of the trees exiiblted marked
variation in the K status in Wy, Wy and W3 sanplesz, the
values being 2,020 to 2,656 per cent (mean 2.337); from
1,982 to 2,656 per cent (mean 2,227) and £rom 1.6956 %o
2,688 per cent {(mean 2,053), The cv velues obtalned were
7.454, 9,307 and 11,195, respectively, for whole 1,2 and 3,

4.2,3.3. Vellayani (Teble 16)

At this location the leaf samples of top Zegion
recorded varied walues for K in the Hq oWy and Wy positions.
The values ranged from 2,048 to 2,648 per cent (mean 2,227)
for the firat whorl, £rom 1.800 to 1.984 per cent (mean
1.794) for the second whorl and from 1,600 to 1,792 per csnt
{mean 1.693) for the third whorl., The corresponding cv
values were 4.613, 7.141 and 6.433,respectively,

In the middle region the K status of Wy, W; and
Wy positions ranged from 1,728 to 2.304 per cent (mean 2,009),
from 1,664 to 2,112 per cent (mean 1.844) and £rom 1,536 to
1,824 per cent (mean 1,657) with corresponding cv values of
10,074, 8.189 and 4.724, “spad'l'ww\J

In the bottom region the K content of W,,W, and
Wy leaf gamples varied from 1,664 to 2,582 per cent (xzean
2,024) from 1,536 to 2,432 per cent (mean 1,99) and from
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TABLE 16. Potassium concentrations in leaf at Vellayani
(Mean value per cent)

Tree Trea Reglon

No. Top Hiddle Bottom
Wf"’" N HZ E‘JB 1‘11 5‘?2 W3 Hl— - Hz Ha

1. 2,048 1,696 1.600 2,176 2,112 1,536 24240 2,400 1,600
2. 2,284 1,792 1,600 2,240 1,855 1,664 2,368 2,240 2,240
3. 2,048 1,760 1,760 2,016 1,766 1,632 2,176 1,884 1,696
4 2,200 1,728 1,728 1,728 1,664 1,664 1,664 1,536 1,440
5. 24272 1,584 1,792 24304 1.824 1.924 2,582 2.432 1,738
6. 2,048 1,600 1.600 2,112 2,048 1,600 2,176 2,112 1,536
Te 2,176 1,984 1,792 2,048 1,856 1,664 1,884 1,792 1,600
B. 2,220 1,728 1,728 1,920 1,664 1.664 1.760 1,760 1,664
9s 2,648 1,920 1,664 1.728 1,728 1.600 1,984 1,984 1,600
10, 24304 1.760 1.664 2,227 14920 1,720 2,016 1,760 1,632

Mean 2,227 1,794 1,693 2,009 1,844 1.657 2,094 1,990 1,673
cv 4,613 67,141 6,433 10.074 8,189 4,724 13.074 15,012 12,843
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1,440 to 2,240 per cent (me=an 1,673) respectively. The
corresponding cv values obtalned were 13,074, 15,012 and
12,843 for the £irst, second and third whorls.

4.2.3.4. Kulasekharam (Table 17)

At this location the K status of leaves showed
marked variaticn among the three regions of the plants,
In the top region, the K status of Wy, Wy and Wy leaf
samples varied from 2,176 to 2.688 per cent {mean 2,412)
from 1,882 to 2,304 per cent (mean 2,188) and from 1,760 to
2,284 per cent (mean 1,969 per cent) with cv values of
4,846, 7,151 and 6.935)respect:ively.

In the middle reglon, the K status of W3, W, and
Wy leaf samples ranged from 2,048 to 2,368 per cent (mean
2,23), from 1.856 to 2,202 per cent ( mean 2,050) and
1,680 to 2,100 per cent (mean 1,916) with cv values of
5,810, 6,139 and 6,155 ,respectively for the three whorls,

In the bot:tom region, the K status ranged
between 2,048 and 2,304 per cent for whorl 1, from 1,920
per cent to 2.204 per cent for whorl 2 and from 1,62 to
2,048 per cent for whorl 3 with corresponding means of
2,205, 2,011 and 1,900 per cant. The respective cv values
were 8,969, 10,565 and 5,240,
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Potaszium concentration in leaf at Kulasskharam

PABLE 17.
{Mean value = per eant)
Trea Region
e Top Middie Bottom
Hl Wz W3 Wl Wz Ha E'Ji 1‘22 Hs
le 2,368 14920 1,760 2,368 2,176 1.920 2,112 1,98¢ 1,920
2, 2,688 1,986 1,960 2,560 2,176 1.920 2,304 2,304 2,048
Se 2,560 2,176 24176 2,240 2,176 2,048 2,176 2,176 1,920
de 2,368 2,112 2,112 2,176 1,920 1,920 2,112 1,920 1.855
5. 2,400 2,208 24,920 2,176 2,112 1,856 2,176 1,920 1,856
6. 2,400 1,920 1.856 24208 2,048 14696 2,240 2,176 2.856
To 24308 2,304 1,920 24176 24088 1,856 2,112 1,920 1,856
Ba 24464 1,882 1,802 2,112 1,920 1,920 2,176 1.920 1,856
Sa 24240 2,176 1,856 2,112 1,984 1,920 2,048 1,920 1,856
20, 24176 1,920 1,856 24043 1,856 1,984 24112 2,002 1,920
11i. 24400 2,028 2,002 2,176 2,112 2,002 2,112 2,112 1,520
12, 24304 2,048 1,984 2,112 1,984 1,920 2,176 1,920 1,924
13,  2.368 24300 2,048 2,176 1,980 1,680 2,112 1,980 1,788
14, 24560 24176 2,008 24300 2,048 24068 2176 1,980 1,620
15, 2,688 2,084 1,864 2,200 2,008 2,002 2,112 1,920 1.856
16, 24460 2,008 1,882 2,240 2,002 1,882 2,176 2,112 2,002
17. 24240 2,176 1.856 2,140 2,070 1,746 2,200 2100 1.800
18, 24223 2,176 2,006 2,167 2,008 2,001 2,176 2,176 2,048
19, 24443 2,284 2,284 24,224 2,184 1.800 2,114 2,004 1,900
20, 2,604 2,404 2,200 2,404 2,202 2,100 2,308 2,304 2,048
Mean 24412 2,118 1,969 2,230 2,050 1,926 2,205 2,011 1,900
CV 4,486 7,151 6,935 5,801 6,139 6.155 0,060 10,565 5,240
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4.2.‘. Calcium
4e204e1¢ Vithura (Table 18)

The calcium concentration in the leaves of the
top region of the trees at Vithura location varied from
whorl to whorl, The Wie Wy 8nad Wy samples reglistered
calcium content ranging from 0+233 to 0,363 per cent
(mean value being 0.288 par cent), £from 0,182 to 0,362
per cent (mean value of 0.286 per cent) and from 0,182
to 0.3856 per cent (mean value 0,300 per cent) with cv
values of 16,812, 15,893 and 21,268,respectively.

In the wmiddle region the Ca status of W; leaf

indicated a lowest valuel 0f 0.101 per cent and a highest
value Oof 0,370 per can&Ehe mean b&ng 0«271 par cent.
A range value from 0.174 to 0,362 per cent (mean 0,280
per cent) and from 0,159 to 0,386 per cent (nmean 0,299
per cent) were chserved in the W, and Wy leaf samples.
The coefficients of variation were 20,469, 19,739 and
21,185 for Wye Wy and g 1eaves,r:espectively.

The ¢alcium gtatus of Wee Wy and Wy leag smples
of bottom region of the tree varied from 0235 to 0.385
per cent (mean 0.303 per cent), from 0,168 to 0,366 per cert
(mean value 0,287 per cent) and from 0,211 to 0,386 per cent

(méan value 04307 per cent) with corresponding cv values of
14.242, 15,916 and 12.513,11:?ad1vdd.
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TaBlE 18, Calcium concentration in leaf at Vithura
(Mean values -~ per cent)
Tree Region
Tﬁge Top Middie Bottom
: Wy v, Wy Wy W, Hy Wy Wy W,
1. 0.233 04,205 0,220 0101 0,174 0,217 04235 0§.241 0,283
2. 0.244 0,285 0,194 06222 0,233 0,272 0.310 0,273 0,285
3. 0,312 0,324 0,297 0,296 0,319 0,291 0,313 0,281 0,345
4. 06292 06263 04,311 06370 04273 04265 0,385 0,267 0,326
5. 06336 04253 0,272 D.,320 0,260 0,230 0.325 0,226 0,238
6. 0363 0,326 0,297 0,228 0,215 04,223 0280 0.279 04,251
7e 0.252 0,182 0,182 0245 0,175 0.159 0371 0,276 0,227
8. 0358 0,304 0,235 D228 0,283 0.275 0.368 0,345 0,278
9. 06259 0,270 0,273 0.242 0,262 0,268 0.352 0,280 0.246
10, 0,295 0,260 0,213 0,272 0,210 0,273 0.251 0,168 0,211
11, 0.234 0,210 0,262 0.210 0,286 0,310 'J02230 0,240 0,281
12, 0.268 0,301 0,386 0,302 0,342 0.368 0,208 0,280 0,301
13, 0,290 0,311 0,362 0,266 0,304 0,344 0,290 0,326 0,386
14, 0,298 0,318 0,336 0,282 0,300 0,309 0.268 0,301 0,322
15, 0,268 0,308 0,362 0.302 0.362 0,384 0,301 0,344 0,368
16, 0,300 0,362 0,384 0,306 0,340 0,366 0,322 0,366 0,386
17. 0.260 0,258 0,309 0,296 0,316 0,265 0.296 0,342 0.342
138, 0.286 0,200 0,308 0.322 0,346 0.386 0.311 0,323 0,368
19, 0.302 0,322 0,382 0.276 0,306 0,368 0,296 0,280 0,306
20, 04302 0,304 0,380 0,268 0,312 0,346 0,288 0,292 0,342
Mean 0,288 0,286 0,300 0.271 0,280 0,299 0,303 0.286 0.307
CV 16,812 15,693 21,268 20,459 19,739 21.185 14,242 15,916 12,573
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4.2.4.2, Pattom (Table 19)

The calcium status of Wy, W, and Wy leaf samples
of the top region of the clove plants abt Pattom varied
from 0,173 to 0,435 per cent (mean 0,277 per cent), from
0,131 to 0,326 per cent (mean 0,221 per cent) end 0,173
to 0.424 per cent (mean 0,297 per cent) respectively. The
cv values- for Wye Wy and Wy were 23,787, 24,377 and 26,488,

respectively.

In the middle region the calcium content in
leaves varied from 0,198 to 0,440 per cent (mean valus
0,284 per dent), from 0,194 to 0,299 per cent (mean 0.274
per cent) and from 0,194 to O.44 per cent (mean value
0,294 per caent) for Wye Wy and Wq leaf semples,respectively.
The cv values were 19,163, 22,057, 21,003,

In the bottom reglon of the tree, the leaf samples
collected from Wye Wy and ¥y positions registered calecium
content ranging from 04,177 to 0,383 per cent (mean value of
0,273 per cent), £rom 1,900 to 0,472 per cent (mean value
of 0,259 per cent) and from 03177 to 0,425 per cent {mean
value 0,309 per cent),respectively. At this region the cv
for=Ca—content were 21,308, 29,093 and 17.439 for Wye Wp
and W, ;respectively.
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TARLE 19, GCalclunm concentration in lgaf atl Pattom
(Meaan value - per cent)
Tree Tree Reglon
Fo. Top Middle Bottom
W1 Wz Wa Hl WZ Wa Wl 'kIz WB
1. 0346 04,2906 04,415 04293 0,345 04291 0,365 0,290 04,425
2e 04319 0,131 06173 04312 04,235 04194 0e325 04306 04315
3. 0,335 0,234 0,307 06275 0197 04260 0228 04150 0,206
4, 0.206 0,183 0,224 0,262 04202 0,206 06247 0,156 04232
Se 0,281 (0,150 0,186 0,247 0,307 0,215 0.311 0,301 0,177
6« 02248 02201 0,211 0.304 0,294 0,285 0.224 0,203 0,212
7. 0.253 0,255 0,274 0,440 04334 0300 04277 0a316 0,320
oBe.ois0e435 04273 0,424 0,309 0.299 0,326 0.383 . 0,472 0,336
9. 04245 0.197 0,242 0.353 0.316 0,207 0.3i1 0,130 0,253
10, 0.285 0,240 0.318 0316 0,252 0,280 0,311 0,275 04,338
11, 0.345 0,296 §,.,405 0,292 0,308 04296 0.325 0,290 0,413
12, ..0.,173 0.172 04319 0,235 0,291 0,346 0,325 0,291 0,414
13, 0.307 0,234 0,336 0.1g8 0,194 0.313 0,190 0,227 0,316
14, 0,210 0,182 0,226 0,261 0,202 0,273 0,197 04246 0,282
15, 0.186 0,150 0,281 0.215 0,265 0,307 0,177 0,301 0,311
16. 0.218 0,219 0,248 0,285 0,294 0,304 0,212 0,203 0,304
17. 0.274 (0,256 0,356 0.301 0,334 0,440 0.277 0.308 0.320
1. 0,286 0,326 0,404 0.308 0,299 0,289 0.286 0,296 0,346
1s, 0.242 0,196 0.245 0,207 0,265 0,384 04253 0,230 0,362
20, 0.268 0D.,248 0,363 0.268 0,258 0,366 0,253 0,130 0,311
Mean 0,277 0,221 0,297 06288 Q274 0,294 0.273 0,259 0.309
CV 23,787 24.377 26,448 19,163 22,057 21,003 21,308 29,093 17.435
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4.2.4.3. Vellayani ('l‘ab].e 20)

™ The calciun content in the three whorls of
leaves at Vellayanl site ranged from 0,165 to 0,240 per cent
(mean 0,201 per cent), from 0,167 to 04236 per cent) (mean
0,197 par cent) and from 0,148 to 0,265 per cent (mean
0.222 per cent) for Wye Wy and Wy leaf samples with cv
values of 12,892, 15,476 and 16,591, respectively.

The middle ragion yielded calcium values from
0.186 80 0,256 par cent {mean 0,221 per cent), £rom Oo142
to 0.288 per cent (mean 0,224 per cent) and from 0,156 to
04291 (msan 0.224 pex cent) for W, W, and ¥, leaf sanples
with cv valves of 20.388, 18,905 and 18,758, respectively.

At the bottom region of the treesg, calcium status
in leavaé 0% the different whorls viz,, Wye W, and Wy
_ranged from 0,194 to 0,296 per cent (mean 0.229 per cent},
from 0,133 to 0,259 per cent (mean value 0.189 per cent)
and from 0,160 to 0,333 per cent (mean value 0,234 per cent)
with coefficlents of variation valves of 14.175, 21,039
and 11.1?2)reapecbiwly.

4,2,4.,4, Xulasakharam (Table 21)

The calcium content of Wy, W, and Hy leaf gsaxples
of the top regicn of the trees at Kulasekharam had varled
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TABLE 20, Calcium concentration in leaf at Vellayeni
(Mean value per cent)
Tree Region
Tree Top fiddle Bottom
RO«
W 1 W2 WB W 1 W 2 W3 Wl Wz W3
i. 0.165 0,175 0,221 0,256 0,188 0,209 0.206 0,133 0,333
2. 0,236 0,236 0,251 0,246 0,288 0,291 04237 0,154 0,227
3. 0.240 0,180 0.227 0.186 0.142 0,206 0.296 0,193 0,210
4. 04172 0,161 0,148 0.210 0,214 0.l192 0.247 0,254 0,241
Se 0,198 0,251 0,240 0.250 Q04,264 0,290 0,227 Co.145 0,294
6, 0.168 0,15 0,187 0196 0,167 0,187 0,194 0,169 0,160
7. 0.222 0,156 0.187 0.196 04,167 0,156 0.194 0,236 0,218
Be 0,201 0.206 0,265 0,220 Q42256 04,246 04201 0,194 0,222
Ge 0,216 0,206 0,265 0,201 0,216 0,218 0.220 0,221 0,224
10, 0204 0,198 0.234 0,211 0,216 0,226 0.201 0.200 04216
Mean 0,201 0,197t 0.222 0.221 0,213 0,224 0,229 0,189 0.234
cv 12,892 15,476 16,591 20,388 18,905 18,758 14,175 21,039 11,172
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TABLE 21. Caicium concentration in leai at Kulesekharan
(Mesn value - per cent)
Tree Ragion
e Top _ Miadic Bottom
Wy Wy W, Wy Wy Wy Wy W W,
1o 04367 00223 0,297 044876 04404 04414 04403 0,327 0,367
2, 0,389 0,312 0,304 0,318 0,302 0,307 0,382 04385 0,312
3. 04316 04301 0,321 0,274 0,306 04353 0,368 0,316 0,268
4. 0,396 04366 0,354 0,309 0,317 0,302 04276 04247 04412
B, 0¢374 04366 0,382 0,316 0,302 0,311 0,366 0,302 0,293
6.° 04376 0,304 0,316 0,351 0,370 0,378 0.363 0,323 0,465
7o 04304 0,398 0,387 04414 0,401 0,396 0.376 0,355 0,345
Be 00387 0,365 0,366 0,345 0.360 0,310 0,385 0,298 0,299
Ga 0.380 ©,360 0,360 0,395 04,377 04392 0.365 0,364 0,303
10. 04296 0,265 0,231 0,290 0,261 0,265 0,286 0,271 0,250
11. 0,365 0,323 0,312 0,365 0,323 04365 00382 0.385 0,388
12,  0.367 0.327 04403 0,293 0,302 0,366 0,312 0.382 0,385
13, 0,327 0,367 0,403 0,323 0.365 0,365 0,368 0,336 0.404
14, 04293 0,302 0.306 0.276 0.247 0,312 0.312 0,227 0,385
15. 04247 0.27% 0,312 0,268 0.287 0.302 0,234 0.233 0,388
16, 0.368 0.380 0,404 0.357 0,387 0.398 0,368 0.336 0.412
17. 0.366 0,323 0,312 0.244 0.312 0,365 0.312 0.328 0,404
18, 0.206 0.265 0,291 0,294 0,266 0.284 0.266 0,248 0,340
19, 0.327 0.360 0,396 0.311 0.316 0.366 0,302 0,308 0.382
20, 0.388 0,202 10,312  0.366 0.318 0,202 0.363 0.383 0.203
Mean 0,346 0,339 0,344 0,334 0.320 0.345 0,339 0,322 0,360
cv 14,009 13,718 15,56 15.533 14.644 17,138 14.025 14,448 11,578
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from 0,247 to 04396 per cent (mean value 0,346 per cent),
£rom 04265 to 0,423 per cent (mean value of 0;539 per cent)
and from 0,291 to 0.404 per cent (mean value 0,347 per cent),
with coefficients of variation of 14,003, 13,718 and 15,56,

respectively,

The middle region of the trees had varied values
of calcium content among Wy, Woy and w3 sarmples, Thea values
ranged from 0.268 to 0,476 per cent (mean 0.334 per cent),
0.261 to 0,404 per cent (mean value 0,239 per cent) and
from 0.265 to 04,414 per cent (mean value 0.345 per cent)
with coefficients of varliation of 15,533, 14,644 and 17.138
for Wy, W, 2nd Wy,respectively.

The bottom rdgion of the trees also showed marked
variation in their calcium content which ranged from 0.240
to 0,403 per cent (mean value of 0.33% per cent) from
0.233 to 0,385 per cant (mean 0,322 per cent) and from
0.250 to 0.465 per cent (mean 0.360 per cent) for W,, W, and
Wa samples vith corresponding ¢v values of 14,029, 14.448
and 11,578, n,sPa,chJﬁ.

442454 Magnesium
4,2,5,1, vithura (Table 22)

The magnesium concentration in the leatf samples
of Wy, Wy 2nd Wy positions of the top region of the treec at
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TABLE 22, Magnesium concentrations in leaf at Vithura

(Mean value - per cent)

Tree Raglon

Tf;;: “Top Middie ' Do ttoR
Wl Wz W3 Wl Wz W3 Wl 1’12 WB

1e 06226 0,203 0,195 0,190 0,183 0,152 0,212 0,190 0,185
2. 0,205 0,192 0,241 0,203 0,178 0,173 0,230 0,177 0,186
3¢ 04167 0,181 0,217 0,215 045200 0,188 0,216 0,189 0,207
4, 0,212 0,190 0,200 0,215 0,171 01162 0,209 0,172 0,175
Be 0,218 0,170 0,278 0,208 0,159 0,194 0,196 0,201 0,212
6e 06234 0.287 0.285 0,252 0,190 0,227 0,246 0,251 0,211
Te 0.288 0,207 0.286 0,260 0.185 0,268 0,247 0,204 0,192
8s 04294 0,311 0,290 0,275 0.238 0,230 0,308 0,222 0,223
O« 0.311 0,276 0.289 0.259 0.299 0,221 0,326 0,257 0,275
10, 0,302 0.286 0,240 0,251 0,229 0,239 0,312 0,180 0.203
11. 0,195 0,201 0,224 0,162 0,173 0,192 0.185 0.180 0.212
12, 0,140 0,182 0,206 0.172 0,178 0,202 0,186 0,176 0.232
13. 0.218 0,180 0,216 0,188 0,209 0,220 0,189 0,206 0,216
14, 0,190 0,192 0,214 0,162 0,172 0,226 0,172 0,175 06210
15. 0,170 0,178 0,212 0,190 0,159 0,221 0,162 0,182 0,212
16, 04186 0,216 0,312 0,221 0,192 0,226 0,211 0,241 0,246
i7. 0,186 0,207 0,288 0,148 0,166 0,260 0,160 0,204 0,256
18, 0,210 0,313 0,294 0,230 0,275 0.288 0,221 0.202 0,312
19, 04268 0,276 0,301 0,253 0.298 0.220 0,316 0.246 0,278
20, 0,302 0,268 0,244 0,261 0,228 0,236 04312 0,262 04,202

Maan 0,226 0.225 0,251 0,216 0,206 0,219 0,231 0,205 0,222
CV 22,773 21.644 14,625 17,971 22,924 16,253 23,593 20,971 15,635
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Vithura showed varlied values from 0,140 t5 0,302 per cent
(mean 04226 per cent), from 0,170 to 04311 per cent
(nean 0.225 per cent) and from 0,195 to 0.312 per cent
(mean 0,251 per cant), respectively. The coefficients of
varlation of the above samples were 22,773, 21,644 and
14.625,rospective1y. |

In the mlddle region, the Wy Jeaf samples varied
in Mg concentration £rom 0,148 to 0,275 per cent (mean
value ~ 0,216 per cent) vhereas ¥, and W, samples gave
magnesium contént ranging from 0,159 to 0.298 per ceant
(mean 0.206 per cent) and from 0.152 to 0,288 per cent
(mean 0,219 per cent),respsctively. The coefficients of
variation were 17,971, 22,924 and 16,253 for Hys Wy and w3 >
respectively.

The magnesium content of the leaf szmples of
bottom reglon varied from whorl to whorl and the values
ranged £rom 0.162 to 0.326 per cent (mean 0.231 per cent)jom
06172 to 04262 per cent (mean 0,205 par csnt) and from
0,175 to 0.312 per cent (mean 0,222 par cent) for Wye W,
and 1;*13 sanples, respectively, The cv values for magnesium
for these leaf samples were 23,595, 20,471 and 15,635,

respectively,
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Ge2.5+2¢ Pgttom (Table 23)

The top region of the trees at this location
showed remarkable variation in the magnesium content
from whorl to whorl. The W,, W, and Wy leaf sazples
registered magnesium content varying from 0.154 to
0338 per cent (mean 0.223 per ceant), from 0,138 to
0.312 per cent) (mean 0,212 per cent) and £Tom 0.233 to
04362 per cent (mean 0,275 per cent) respectively, The
cogfficients of variation for magnesium ln these samples

were 28,100, 25,665 gnd 12,777/.respectively.

In the middle region, the magnesium content of
Wee Wy and wa samples were found to vary from 0,161 to
0,284 per cent (moan 0,215 par cent), from 0.172 to
04276 per cent (mean 04235 per cent) and from 00171 ko
0,362 per cent (mean 04253 per cent),respectively, The <v
values for the above samples wera 21,017, 28,017 and
194506 for Wy, W, and Wy leaves,respectivaly.

In the bottom region the magnesium contant of
Hl’ W, and Wy leaf samples raglstered values from 0.156 to
04278 per cent (mean 0,218 per cent), from 0,170 to 0,264
per cent (mean 0.216 per cent) and from 0,131 to 0.286
per cent (mean 0.237 per cent) with cv values of 15.688,
13,591 and 22.464}reapactively.



81

TABLE 23. Magnesium concentrations in leaf at Pattom
(Mean value - per cent)
Tﬁ;" Top Tmeni?fg'izns Bottom
) Wy Wiy vy W, Wy Wy Wy W, Wy
1o 04312 0.312 0,226 0,279 04250 04289 04226 0.246 0.247
2, 0.161 0,244 0,278 0,172 0.276 0.172 0,213 0.226 0.246
3. 0,169 0.169 0,290 0.272 0,272 0.172 0.231 0,213 0.131
4, 0.244 0,173 0.264¢ 0.161 0,196 0.227 0.278 0.229 0.196
Se 0.338 0,132 0.233 0.249 0,241 0.179 0.260 0.257 0,150
€. 0.287 0.194 0,266 0,166 0,193 0,226 0.178 0.193 0.250
7o 04289 0,225 0,274 0,284 0,228 0,236 0,237 04211 0,154
8. 0.153 0,156 0,254, 0.232 0,248 0.286 0,249 0.235 0,192
9« 04237 0,270 0.271 0.209 0,220 0,236 0,278 0.170 0,186
10. 0,279 0.234 0,249 0.283 0,257 0,223 0,244 0.204 0,194
11, 0,226 0,302 0,312 0,269 0,260 0,298 04236 0.257 0,266
12, 0.261 0.272 0,362 0,170 0,172 0.273 0.203 0,226 0,256
13, 0,168 0,168 0,296 0,172 0.271 0,362 0.241 0.242 0,362
14, 0.168 0,174 0.244 0,162 0,196 0,228 0.196 0,226 04262
15. 0,136 04138 0,301 0.178 0,242 0,268 0,156 0,168 0,262
16, 0.166 0,194 0,284 0,168 0,192 0,236 0,178 0.183 0,260
17. 04176 0.224 0,284 0,228 0.236 0.323 0,194 0,211 03263
18. 0.154 0,156 0,262 0.231 0,248 0.286 0.198 0.264 0.286
19,  0.271 (0.270 0,290 0,201 0.249 0.262 0.186 0.170 0.278
20, 0.269 0.234 0,268 0.226 0,247 0,284 0,194 0.204 0,244
Mean 0.223 0,212 0,275 0,215 0,235 0,253 0,218 0.216 0.237
CV 28,10 25.665 12.777 21,017 28,017 19.506 15,688 13,501 22,464
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4.2.5.3. Vellayani (T&le 24)

The top region of the tress of this location
also had variable magnesium content between the three

whorls. The values ranged from 0,150 to 0.242 per cent
(mean 0.178 per cent) £rom 0,135 to 0.233 per cent

(mean 0,179 per cent) 2nd from 0,200 to 0,278 par cent
(mean 04247 per ceat) £or ¥y, ¥, and W, samples respec-
tively. The coefficlents of variation were found to be
20,973, 14,427, 9,577 £for the three respective whorls.

The middle region showed marked variation in
magneslum content ranging from 0,150 to 0,239 per cent
{(meen 0,102 per cent), from 0,138 ko 0,239 per cent
{(mean 04194 per cent) and from 0.142 to 0,232 per cent
(mean 04195 per cent) with coefficients of variation of

17.150, 18,601 and 16.746 for Wq. ¥, and wa)respacl:ively.

The magnesium content at the botton region of

- the trees was found bto vary £rom 0,157 to 0.302 per cent
(mean 0.181 per cent)  £rom 0.133 to 0.196 per cent (mean
0,171 per cent) and from 0.191 to 0,302 per cent (mean
0,212 per cent) for Wye Yy and Wy leat samples)respecbively.
The coefflclients of variation for the above leaf gamples
were ca:f.culat:ed to be 27,241, 10,713 and 22,451 rsspec-
tively.
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TABLE 24, Magnesium concentration in leaf at Vellayani
(iean value - par cent}
Tree Tre=z Region
06 Top Middle Bottom
Wl Hz WB Wl 1'12 W3 wl ’ 'ﬂz WS
1, 0,196 0,123 0.200 0,239 0,215 0,.%42 0,235 0,183 0,302
2, 0,242 0,233 0.233 0.231 G,232 $,226 0,169 0,133 0,193
3. 0,150 0,168 0.273 0,152 0,138 0,194 0,166 0,161 0,191
4, 0,175 0,162 0,252 0,167 04,140 0,197 0,157 0,196 0,20%
S5« 0.134 0,135 0,248 0,191 0,192 0,230 0.135 0,173 0,195
6. 0,196 0,183 0,200 0.215 0,239 0,142 0,302 0,183 0,302
7. 0.233 0,233 0,242 0.226 0,231 0,232 0.166 0,162 0,193
8. 0,152 0,168 0,274 0,156 0,138 0,196 0,166 0,168 0,191
9. 0,152 0,166 0,278 0.168 0,180 0,198 0,162 0,054 0,192
10, 0,152 0,162 0,275 04,167 0,190 0,197 04157 0,192 0,205
Mean 0.178 0.179 0,247 0.192 0,194 0,185 0.181 0,171 0,212
CV 20,973 17.477 9,577 17,15 18,601 16,746 27.241 10,713 22.451
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8.2,5.,4, Kulasekharam (Tabls 25)

The magnesium content in the W;, W, and Wy leaves
ranged from 04205 to 0,325 per cent (mean 0,261 per cent),
from 0.216 to 04322 per cent (mean 0.264 per cent) and
from 0,224 te 0.365 per cent (mean 0,278 per cent),
Taspactively, The coefficlents of wvariation were found
to be 50.448, 12,525 and 10,397 for Wy, W, and Wy »
respectively,

In the middle region the magnesium content of
Wi,¥y and W, leaf samples Tanged £rom 0.220 to 0,323 pst cent
{mean 0,247 per cent), from 0,207 £0 0,340 per cent (mean
0,241 per cent) and from 0,211 to 0,360 per ceat (mean
0,262 per cent) respectively. &t this reglon the Wy Wy
and W, leave samples gave coefficlents of variagion values
for magnesium content as 11,098, 12,769 and 12,919,
raspectively.

The magnesium content of the leaf mamples of
Wy, Wy and Vg ¢f the bottom reqgicn registered range valuaes
£rom 0.19;7 to 0.296 per cent (mean value 0,247 per ceat),
from 0,200 to 0,304 per cent (mean 0.247 per cent) and from
06197 to 0.296 par cent (mean value 0,245 per cent) with
the coefficients of wariation of 16,542, 13,014 and
11,161 ,resp ectively,
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TABLE 2%, Magnesium concentrations In leaf at Kulasekheraa

(Mean value - per cent)

Tres Region )
e s o
W1 H2 H3 WI WZ Ws W1 Hé Wé

1, 0285 04265 04286 06242 04262 0,304 04250 0,227 0,262
2, 04265 0,235 04208 0,266 0.262 0,288 0,247 0,268 0,323
3, 04325 0322 04365 0,323 04295 06262 04288 0,304 0,296
4. 0.312 0,306 0,130 0,244 0,262 0.284 0,221 0,225 0,197
5. 04244 04260 0,204 04240 04260 06268 0,296 0,292 0,270
6., 0244 04236 00,264 04249 0.254 04211 0,223 04224 0,205
7. 04250 04277 0,282 0,244 0,267 0,286 0,212 0,212 0,262
8. 0.247 0,268 0,268 0,223 0,244 0,260 0.212 0,222 0,240
9. 0,208 0,288 0,304 0.22¢ 0,243 0,300 0,240 0,223 0.264
10, 0,297 04259 06312 04225 04221 0,322 0,197 04221 0,25
11, 0,270 0.292 0,296 0,240 0,262 0.268 0,210 0.210 0.246
12, 0205 04223 0,224 0,200 0,213 0,238 0,210 0,212 0.264
13, 04262 04227 0250 0,242 0,221 04240 0,262 0,200 0,260
14, 0.238 04247 0,268 04218 0,207 0.262 0.210 0,206 0,282
15, 04288 0,287 0.304 0.266 0.247 0,308 0,242 0,262 0,286
16, 00270 0,292 0,297 ©.230 0,340 0,360 0.210 0.230 0.260
17. 0.205 0,223 0,224 0,205 04222 0.246 0,212 04236 0.284
18, 0.250 0,226 0,280 0,240 0,260 0.280 0,210 0,200 0.240
19. 0,212 0,216 0.262 0.202 0,220 0.240 0,200 0.246 0.228
20, 04240 0,264 04284 0,223 04266 0,304 0.212 0,218 0.226

Maan 06261 04264 0,273 0.247 0.241 0,269 0,247 0.227 0,245
CV 50,448 10,397 10,397 11,088 12,769 12,919 16,542 13,044 11,161
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402464 Copper manganese and zinc

4,2,6,1, Vithura (Table 26, 30 and 34)

At this location the Cu, Mn and Zn~concenbration
in leaves varied from region to region of the tree,
The mean valuss f£or Cu concentration in the leaves in
whorl'8' U}, W, and W, of the top reglon were 5.06, 5.13
and 5,38 ppm,respectivaly. The cv values were 48,24,
4711 and 46,21 respectively for the threc whorls, In the
middle reglon the mean values of leaf Cu cortent were
S.41, 5.45 and 5.69 ppm with respect to whorls Wy W, &nd
W3e The cv values for these gamples were 45,84, 45.62 and
43,25 for Wys ¥, and ¥ig,Xespectivelys In the bottom region
the mean valuas were 5.70, 5.83 and S.92 ppm for Wys Wy
and Wy leaf samples,respectively. The coefficlants of
variation for these three whorlas were found to be 44,67,
42,69 and 42,08,

The manganess concentration of the leaf gemples
of W,, W, and Vis of top region of the trees gave me2n values
of 247, 231 and 250 ppm,respectively. Tha coefficients of
variation for the above samples were 22,81, 23,46 and 2049,
Fespectively, In the middle region the mean values of Mn
concentration in the leaves of Wie Wy and W; were found
to be 221, 217 and 226 ppm with coefficlents of variation
values of 29,24, 30,14 and 29.01,respectively, In the
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TABLE 26,%°°Copper concentration in leaf at Vithurs =~

(Mean value - ppm)

/~ Tree Reglon

Tree Top Middle Bo ttom
Boe W W, w3 Wy iy . Wy Wy Wy
1. 3.8 4.0 4,4 4,6 £.8 5.2 Be2 543 5.4
2e 4.0 4.4 4,6 4.6 4.9 DU Sel St 23
3. 6.0 64,2 €5 6.2 Ged 6.6 6.6 6,8 6.4
4. 4,0 442 4.4 4o 446  4a8 $.0 542 Sub
5. 70 6,9 6,8 6.8 6,48 7.0 0.8 Sed 6.6
€. 7.0 646 7.1 6,8 648 649 646 6.4 6.8
Te Se0 Sed Sed 5«6 5.8 5.8 6.0 6.2 6ot
8. 3.0 3.2 3.4 3.6 3.6 4,0 4.0 4,2 4.4
9. 60 641 6.6 6.6 §.8 7.0 €.8 648 Te0
10, 7.0 7«0 7o 6.8 .8 7.0 7.0 T2 Ta4b
11, 4.0 4.2 4.6 4.0 4.2 4.8 5.0  Se2 5.4
12, 6.0 6.1 646 6.2 642  God 6.2 6.4 6.6
13, 6.0 6.2 643 6.2 6.4 643 6.2 6.6 6.4
14, 4.0 4.2 4.6 6.2 6.3 644 6.8 6.8 6.8
15, 7.0 7.0 6,9 Tl 7.0 742 To0 T2 Tk
1s, 242 2.6 3,1 3.2 3.2 3.5 4,0 - 442 - 3
17. 70 6.8 70 Tal T=0 Tel 546 6.8 Eeh
is, 2.8 3.1 3.2 3.2 3,3 3.4 3,6 3.8 3.4
19, 6.0 642 6.4 6.2 5.3 Bl 6.6 6.4 6.8
20, 208 246  21.8 226 2,8 3.0 302 3.4 3.6

Msan S.06 5,13 5,38 5,41 5,45 5,69 5.7 5.83 5,92
cv 48,24 47,11 45,21 45,84 45,62 43,25 44,67 42,69 42,08




TABLE 30, Mpaaganese councentration in leat at Vithura
(Hean value - ppm)

Tree Region

th;;e Top Middle Bottom ]
. _
Wy Way Wy Wy Wy vy Wy iy Wy
1, a7t 205 234 186 is1 151 222 209 215

2a 263 253 214 253 264 276 247 227 287
3. 360 300 277 303 329 326 242 245 309
4. 229 235 261 294 256 254 324 259 292

5, 358 285 285 ase 280 253 347 300 313
6e 211 iss 169 13g 139 154 189 199 179

7. 243 286 176 200 151 139 241 206 193
Se 234 228 232 240 198 166 330 23890 284
S 219 225 236 ig4 205 209 301 244 254
10, 197 177 168 156 151 120 208 iss 1%
i1, 205 236 272 152 166 186 212 246 3io
12, 260 286 288 250 264 282 227 248 282
13. 300 340 385 312 342 as3 240 266 312
14, 221 234 262 254 256 209 250 282 360
15, 280 286 342 230 238 334 ago 316 348
is. 210 212 318 i3z 139 154 188 ise 202
17. 232 182 185 168 200 212 221 242 266
ig. 232 221 230 242 158 199 02 346 388
19, 218 240 262 182 206 208 268 282 298
20. 202 217 218 156 162 180 200 212 218
Mean 247 231 250 221 217 226 a47 251 265

CV 22,81 23,46 20,90 29,24 30,14 29,08 22,81 19,03 17,59

-
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TABLE 34, Zinc concentration in lernf at Vithura
{(Mean value -~ ppm)
Tres Region
T;:f T TOP Middle ~ Bottom
Wy Wiy Wiy Wy W,y Wy Wy Wy Vi
i. 4346 836 173.6 230,8 190,2 26,8 155.6 38,6 Tdo6
2, 29.4 9,8 16.4 11,4 21.4 9.8 10,2 108.4 109.4
3. 172 12,0 23.4 42,2 14,8 12,2 Saé 5.0 7.0
4, 12,8 17.2 746 89,0 25,0 Be2 10,0 80 5.8
Se 4.2 14,8 12,0 11,0 7o Bab 9.0 13.0 B.4
Be 34,0 54,8 10,0 42,0 @ 2,6 3.4 4.0 7.2 104.4
Te 7.6 76 12,0 3.4 157.8 5e¢2 12,0 29,0 129.8
Be Bed 62,6 70 45 .6 17.0 4.0 9.8 8.8 3.2
Qe 15,6 644 6.0 3e8 6.8 4,2 38.8 Bed 6.0
10, 24,0 8.0 O.8 i8,6 4,2 20,6 9.6 32,2 14,2
i1, 40,2 B0.6 170.2 102,2 104,2 40,6 66,6 40,2 80,6
12, 9.4 942 18.4 12,4 26,2 18.8 12,2 110.2 1lig.4
13, 16,2 18,2 44,4 42,1 24,2 22.4% 4.4 6.0 9.2
14, 10,8 18,2 14 .4 80,0 26,0 24,2 10,0 16,2 15.8
15, 44,6 14 .4 16,0 2.0 17.6 18,6 10,0 23,0 16,4
i6, 12,9 64,8 20,0 i2,0 2.4 6.4 4,0 6.2 104,6
17. Te7 14.6 15,2 30,4 164.8 124,0 12,0 24,0 224.4
i8. Ba4 62,6 T 42,6 27.,0 4.0 5.8 18,8 3.2
19, 14,6 6.4 €40 3.8 Ge8 4.2 30,8 18,8 16 .0
20, i2,0 8.0 16,8 12,0 4.2 26 o6 Be6 30,2 24,2
Mean 148.5 28,55 30,74 34,22 42,4 19.9 21,57 27,33 53,61
cv 149.,6 124,2 113.4 O5.46 B82.,2 140,.6 134,01 121,2 7545
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bottom region the mean values for Wis Wp and Wy were 247,

251 and 269 ppm with cv values of 22,81, 19,03 and 17.59.

The mean values of Zn concentration in W,, W,
and Wy lesaf samples of top ZFeglon were 14,865, 284,55
and 30.73 ppm,respectively with cv values of 149,6,124,.2
and 113.4 per cent respectively. In the middle region
the Wye Wy and H3 leaf samples, the mean values of Z2n
concentration were 34.22, 42,40 and 19,90 ppm,respectively.
The cv values for these samplaes were arrived at 95,46,
82,20 and 140,60 ,respectively. In the bottom region the
Wy, Wy and Wq samples had mean values of 21,57, 27.23 and
53.61 ppm zinc with <v values of 134,01, 121,20 and 75.50.

respectively.

4422642, P;@ttom (.Tab‘e 2"?, 3l and 3-5.)

The Cu concentration of W,, W, and'W, leaf
sanplea of hb@om region had mean values of 2,52, 2.79
and 5.99 ppn with cv values of 139.06, 141,10 and 117.45)
respactively, In the middle region the mean values of
copper content in Vg, Wy and Wy leaf samples were found
to be 3,21, 6,75, 8,33 ppm with cv values of 122,60, 85,01
and 66.43,respectively. In the bottom region the Wigs Wy
and ws sample reglstered mean values of 4,625, 6.445 and

9.26 ppm, The respective cv values were 119.42, 48,99

and 56,00,
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TABLE 27. Copper concentration in leaf at Pattom

(Mean valuss - ppm)

Tres Reglon

Tros Top Hiddie Bottom
Boe =T W W W, W W, W W W,
1. 7e2 . 1.6 5,0 S0 S5.4 2,6 1.6 2.2 2.6
2, 5.0 1.0 4.4 2.2 4.4 1.0 2,4 4.4 83
3. 1.0 1.2 1.0 3.2 2.8 2.6 Ted 143 2.8
4. 1.2 1la4 2,8 44 Sué& 7.0 2,6 1,0 3.6
5. 3.4 2.0 4.4 3.6 B.8 8.8 1.2 2,2 5.4
6. 3.6 dod 540 5S¢0 2,4 6.2 642 Bed 4.8
7. 2,4 1,0 4.0 1.0 1.4 3,0 1.0 242 3.6
8. 1,0 1.2 3.2 1.0 2,0 2,2 3.8 3.2 1.8
9, 12 1.6 1,0 1,0 2,2 3,2 1.2 1.2 642
10, 2,0 244 3.2 2.6 2.8 3.2 1.8 2.2 4.6
11, L2714 3,2 1,6 1.8 2.6 1.8 2.2 3.6
12, 1.4 2,2 1.8 2.0 8.6 8.8 2,6 2,4 2.6
13, 2,6 2,8 3.2 3.0 3.2 3,6 1.8 3.2 3.6
14, 202 2.6 3.3 3,2 4,2 6.2 4,2 8.4 4,2
15, 344 12,4. 6.8 4,4 12,6 2,2 540 2.2 4.4
16, 2.6 2,8 10,2 def 10,2 10,8 642 842 446
17. 3,2 3.6 4.8 2,2 10,2 12,6 3.8 3.8 9.8
184 8e2  4e2 10,0  .8.6 1042 12,2 2.6 1242 3.2
19, 246 248 2,2 246 2.6 2.8 3.0 3.2 3.6
20, 3.0 3.3 3.6 3.2 3.8 440 3¢3 4.2 4.8

MEAR 2492 2,79 5499 321 6,75 833 4,625 S5.445 9.26
OV 139,06 141,10 117.45 122,60 85,01 66.41 119,43 58,99 56,00
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TABLE 31, Mgngancsa congentration in leaf at Pattom
(Mean walue « ppm)

Trea Reglon

T';oe? pmro  TOP ¥Middle Bottom
11 1 i1 2 'ris Wl Wz i'lg Hl W2 Wa
1., 130 131 164 206 162 160 137 139 288
2, 548 146 123 299  §55 332 146 186 312
3. 388 398 670 472 516 615 434 499 491
4. 802 723 620 38¢ 583 549 589 520 663
5. 338 341 287 281 265 641 242 232 263
6. 308 220 284 290 299 384 388 596 670
7. 151 186 195 143 388 192 188 211 262
8. 143 120 142 237 168 202 18¢ 172 207
9. 232 290 247 113 1331 169 299 ' 7137 332
10, 380 384 455 300 315 376 282 309 363
11, 132 136 264 216 186  1isg 162 188 265
12, 348 246 423 253 399 346 247 286 366
13. 322 368 570 272 416 530 232 366 389
14 402 416 723 234 283 449 389 420 468
15. 318 2380 420 431 430 398 442 436 502
16, 218 298 299 240 260 360 288 398 580
17. 252 286 298 246 380 290 286 208 272
18, .242 229 242 212 262 280 182 178 242
19, 212 280 268 112 130 162 280 288 349
20, 289 284 406 212 312 2366 286 310 368
Mean 308 347 355 267 321 347 28¢ 308 370

CV 47,38 43,61 40,75 62,21 50,11 43,61 51,12 47,38 37.76
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TABLE 35. Zinc concentration in leaf at Pattom
{Mean values - ppm)
Tres Region
"’“‘*“"mﬁgt Top Middle ~—Bottom
Wl Wz ??3 Wl Hz Wa Wl Wz Wa
1. 9.8 19,2 8.8 Be6 13,6 13,6 15.6 24 .6 33.6
2, 12,2 21,4 11.4 -2 9.8 16,4 10,2 - 8.4
3. 8,2 14,8 42,2 17.2 12,0 23.4 5.4 7.0 15,0
4. 8.6 25,0 9.0 12,8 17,2 76 10,0 5eB 8.0
Se 3.4 76 11,0 4,2 14,8 12,0 9.0 Bed 13,0
6e 5.2 2,6 42,0 14,0 4,8 10,0 4,0 4.4 67,2
e 4.0 7.8 34,2 746 T.6 17,0 12,0 29.8 29,0
8. 4.2 17.0 46,6 Bed 12,6 7.6 98 3,2 Be8
9. 29,6 6.8 2.8 15,6 G.d 640 38.8 6.0 18,2
10, 4046 4ed 18.6 24,0 860 5.8 046 i4.2 32,6
11, 18.8 442 2.2 10,2 10,6 10,2 6.6 10,6 40,2
12, 22,4 26,2 12,4 94 Ge2 18.4 i2.,2 18,4 30.2
13, 24,2 24,2 42,1 16,2 18,2 44,4 4.4 962 16.0
i4, 18.6 26,0 840 10,8 18,2 14.4 10,0 15,8 16,2
15, 64 17.6 12,0 4.6 14.4 16,0 10.0 16,4 23,0
16, 4,2 2,6 12,0 12,0 4.8 20,0 4.0 4.6 6.2
17. 4.0 4.8 10,4 Te7 14,6 19,2 12,0 24.4 24,0
1g, 4.2 27,0 42,6 Bed 12,6 7.6 9,8 3.2 18,0
19, 26,6 6.8 3,8 14.6 S.4 6,0 30.8 16,0 18.8
20, 626 4,2 12,0 12,0 Be0 16,8 8.6 24,2 30,2
. Mean 12,9 13,35 20,62 12,36 11.05 14,73 11,57 12.61 23,05
CV  123,7 116,42 ©57.46 132,3 134,02 107.3 130,2 118.84 082,42
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The leaf Mn concentration of whorls Wye Wy
and H; of top xregion of the trees at Pattom viclded
mean values of 308, 347 and 355 ppn,respectively,
The coefflclients of variation for the 3 whorls wexa 47.38,
43.61 and 40,75,respectively. In the middle region, tha
W,, W, and Vi, samples recorded mean values of 267, 321
and 347 ppm of Mn with cv wvalues of 62,21, 50,11 and
43.61,respectively. In the bottom region in the Wy e Wy
and W, leaf samples, mean Mn concentrations were foumd to
be 284, 208 and 370 ppm. The respectlive cv values were
51,12, 47.38 and 37,76,

The mean Zn concentration of Wye Wy and W3 leaf
scmples of top region of the trees located at Pattom were
found to be 12,90, 13,35 and 20,62 ppm with cv values of
123,70, 116.42 end 97.46,respectively. In the middle
region, leaf samples exhibited mean values of 11,36, 11,08
and 14,73 ppm Zn in whorls Wie W, and W;. The corresponding
cv values were 132,30, 134,02 and 107,3, In the bottom
reglon, the Wy, Wy and Wy leaf samples recorded mean Z2n
concentrations as 11,57, 12,61 and 23,03 ppm with
coefflcients of variation velue of 130.,2, 118.8¢ and

82,43, respectively.
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4.2,6.3. Vellayani (Table 28, 32- and 30 )

The copper concentration of Wys Wp 2nd W, leaf
sanples of the top region of the tress at Vellayani gave
mean values of 4,72, 4,63 and 4,98 ppm with corresponding
cv values of 55442, 51,81 and 43,83, In the middle
region the leatf samples of wl. Wa and ""3 registered mean
values of Cu concentration as 5,14, 5,23 and §5.47 with
cv values 0f 37421, 32,55 and 29,30,

The Mn concentration of ¥ s Wy and Wy leaf
samples of top region recorded mean values of 339.0,338.6
and 352.6 ppm with cv valuos of 22,13, 15.45 and 21,61,
In the middie region mean leaf Mn content were 350,.4,
345,6 and 373 .4 ppm for Hye Vig and '.1!3 leaves, The corresg-
ponding coefficlients of variation were 13,10, 14.58 and
10 +85, respectively for Wy, W, and ¥iq« In the bottom region,
Wee Vg and Wy leaves registered mean valuss cf 350.0,376,.5

and 379,6 ppm Mn with correspording cv values of 13,90,
10.76 end 9,59, )u&jui«:wjz.

The leaf Z2n concentration of Wys ¥y and W, leavas
of the top region registered mean valucs of 12,92, 13,20
and 13,58 ppm and cv values of 107,02, 90,21 and 88.12,
respectively. I, the middle region the above whorls had
mean values of 13,30, 13,64 and 14,32 ppm Zn concentration



PABLE 28, Copper concentration in leaf at Vellayani

(Mean value - ppm)

Tree Reglon

Tfl;? T Top Middile Bottom _
W1 Wz Ws Wl . WZ Ws Wl Wz Wa

1. 505 Sel 5.0 542 Sué 5.6 Seé  5¢6 549
2, 642 6e2 642 642 6oh 6.6 646 648  TaD
3. 662 660 6ab  64b 64h 647 6k 648 6.6
4. Sed 5.2 546 5.8 546 548 5.6 542 Seb
5, Sed 546 S4B 56 5.6 6uD 6,2 6.4 6.4
6. 3.6 342 3.8  3.6° 3.6 A 0 4.2 4.2 4.8
7. 304 342 3.6 3.4 3.6 3.8 3.6 3.8 4.0
8, 3.2 3.2 3.2 3.3 3.6 3.9 3.6 3.3 3.9
9. 24 2.6 2,8 3¢ 3.2 3.4 3.4 3.6 3.9

100 642 6.0 6Ged 648 6.2 6.6 6.4 6.6 6.8

Mean 4,72 4.63 4,98 4,85 4.98 5,25 Seld4 5,23 5.47
cv 55,42 51.81 43,83 40,25 40,00 29,31 37,21 32,55 29,30
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TABLE 32, MANGANESE CONCENTRATION IN LEAF AT VELLAYANIL
(Mean value = ppm)
Tree Region
Tg‘ Top iiddle Eotton
Wy Wy Wy Wy g Vg Wy Vig Wy
1. 322 324 326 326 528 400 azs 402 444
2e 402 408 414 416 440 420 442 442 460
3. 318 320 322 324 326 328 320 324 328
4, 308 300 324 26 328 400 328 400 400
Se 332 320 334 336 338 338 340 440 380
€. 242 252 262 266 268 300 268 269 288
Te 402 410 418 418 424 444 4086 408 408
8. 342 346 374 376 372 378 360 366 368
Qe 338 340 352 354 356 358 352 354 h. 11 3
10, 384 366 400 383 362 368 350 352 364
Mean 339 333.6 552.6 350.‘ 3"’506 373.4 35000 3A76.,5 379.6
cv 224,13 156,45 12,61 13,1 14,58 10,85 12,9 10.76 7.5%
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TABLE 36, 2inc concentration in leaf at Vellayani
(Mean value = ppm)

Tree Tree Ragio:z .
Noe &~ Top Middle - Bottom
i. 8,2 942 10,2 11,0 11,2 11,6 12,2 12,4 14.6
2. Tal Be2 = 10,2 1042 11,0 11,2 11,6 14.8

e 12,2 12,4 13,0 12,6 12,8 13,2 13,2 13.6 14,0
4, 13.4 13.6 13.8 13.6 14,0 16,2 16,4 16,8 16.8
S5« 24,2 24,4 24,4 20,4 21,2 23.0 22,2 22,0 22.4
6. 11,2 11.2 11,6 11,8 12,0 12,4 12,4 12,2 14,8
e 12,0 12,6 12,4 12,6 13,0 13,0 1342 13,4 13,6
8. 13.4 13,6 13.8 14.0 14,2 1.4 14,2 - 14,8 14,8
Qe 14,2 14,4 14,6 14,2 15,0 15.2 15,4 15,4 16,0
10, 12,2 12,4 12,6 12,6 12,8 13,2 13,2 13,6 14,0

Mean 12,82 13,20 13,58 13,3 13.64 14,32 14,36 14.58 15,58
CV 107,02 90.21 88,12 89,67 86,13 T4.,66 T4.13 72,29 52,5




with cv walues of 89.67, 86.13 and 74,66, In the bottom
region mean values of 14,36, 14,58 and 15,58 ppm of Zn

were recorded in leaves of W,, W, and Wye The cv values
vwere computed to be 74,13, 72,29 and 52,5 for the three

whorls.
¢.2.6.4. Kulasekharam {(Table 29,33 and 37)

The Cu concentration of Wie Wy and.w3 laaf
samples of the top region of the trees located at
Kulasekharam registered mean values of 4,12, 4,93 and
7.86 ppm with cv values of 80.91, 57.52 and 52,62, 1In
the middle region, the leaf samples from Wys Wy and ty
ylelded mean values of 6,16, 6,92 apnd 9,35 ppm, The cv
values were found to be 57,22, 55,64 and 41.67 for the
three whorls. In the bottom region, mean values of 9,03,

10,06, and 14,71 ppm Cu content were observed in Wy, Wy

and Ws leaf samples with corresponding cv values of 46.40,

37.96 and 35.75.

The Mn ccnecentration of wl, W2 and ws leaf

sarples Of top region of the trees raglstered mean valuss

of 274, 314 end 372 ppm and cv values of 15,01, 15,11 and

15,14, In the middle region, mean values of 304, 375 and

485 ppm Mn content were raglstered by W;, W, and W, leaf

99

samples wlth corresponding cv values of 15,73, 15.87, 13.12,
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57422 55,64 41,67

TABLE 29« Copper concentration in leaf at Kulasekharam
(Maen value « ppm)
Trae Region
T:,;: T Dep Middle Bottom
W1 Nz Hs Hl 9"2 Wa wl Hz w3
1, 1.2 1.6 2,0 1.6 1.8 2.2 2.1 2.6 3.2
2 1.4 4.1 6,2 2,6 3.3 4,4 4.2 8.2 6.2
3. 2.6 2.8 3.2 3.2 3,9 12,0 11,4 11,0 12,0
4, 842 8.6 10,2 11,2 10,2 846 12,2 12,4 13,0
5e 4.4 4.6 66 6,3 Tal 842 11,6 11,8 32,2
6. B8e2 12,0 11,0 8.8 12,2 14,2 12,6 12,2 14,2
7 1.4 1.6 2.4 2.4 3.8 12,2 11,6 11,6 14.4
Be 2.8 8.2 8.8 6,2 Ge8 10,2 10.4 10,6 12,8
91 662 1042 646 11,6 11,8 13,0 12,2 12,4 12.4
10, 2.2 2.6 2.8 3.8 3.6 6.2 11.6 12,2 12.4
11, 242 2,8 4.0 2,2 3.6 4,4 2.2 2.4 3.6
12, 2,2 842 10,2 8.2 8.6 12,2 12,2 12,4 14.4
13, 822 6.8 I 8a2 8.6 8.2 1144 12,4 12,8
24. 3.6 3.8 3.6 4.4 4,8 12,2 4.8 4.0 11,2
15, 642 Ba2 8,8 B.4 B.8 12,2 11,2 11,6 11.8
16, 4,2 4.4 6e2 4.8 4.8 6.8 6.2 12,2 6.2
17, Be2 11,2 11,2 11.1 21,4 12,6 10,2 12,4 12.4
‘18, 4.6 4.8 642 6,6 eS8 10,2 11.1 12,2 11,2
19, 2,2 2,2 - 2,6 - 244 2,8 4.4 2.8 4.4 4.8
20, 4.2 10,2 11,2 +872 Be8 12,2 8.6 12,2 Gud
Mean Gel2 5,93 7,86 6416 6,92 9,35 9.03 10.06 14,71
cv 80491 574,52 52,62 46,40 37,96 35,75
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TABLE 33.” Manganese concentration in leaf at

{Mean value - ppm)

Tree Region

iree Top Middle Fottom
e Wém !\72 W3 Wl Wz WB Wl . u?ﬁiz “’3
1. 310 360 380 320 450 516 376 565 437
2. 3663958 412 410 380 456 407 363 524
3. 282 330 382 275 306 401 308 308 359
de 210 332 420 238 420 612 441 479 612
5. 300 310 340 312 240 386 320 357 459
6o 310 346 366 353 440 794 360 449 454
7. 280 320 436 342 420 760 350 440 482
8. 266 282 320 310 412 560 368 466 - 820
9, 320 380 420 340 412 488 360 12 510
10, 312 280 318 320 360 382 344 368 478
11, 288 289 340 293 292 320 412 480 612
12, 266 198 320 238 312 380 3as 450 484
13, 312 368 416 344 412 620 450 480 500
14, 360 288 340 300 366 330 420 512 602
15, 244 346 506 288 484 720 320 360 480
16, 217 336 420 270 320 440 430 480 608
17. 226 260 320 288 306 388 360 394 476
18, 210 262 320 240 288 340 320 354 436
19. 260 310 380 280 340 380 366 304 476
20, 260 288 360 266 320 356 342 368 « 455
Mean 274 314 372 304 375 485 372 424 503

CV 154,01 15,11 15,14 15,73 15,87 13,12 13,99 13,82 11.68
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TABLE 37. Zinc concentration in leaf at Kulagekharan
{mean value - ppm)
Tree Raglion
Tf;' oD Miadle Bottom
* Wy ¥y Wy Wy W, Wy Wy Wa Wa

1, 244 642 8.4 3.2 6.2 Tod 442 8.0 L
24 16,2 12,2 120,2 4,2 10,0 642 4,6 S0 3.2
3. 3.4 2.8 6042 6,8 1.6 23,2 5.0 34.6 114,.6
de 24,2 8.2 36.2 2,0 10,2 26,2 1.0 542 18,6

Se 4,2 12,2 62,1 6.2 8.4 12,2 4.8 1.0 115,2
6. 12,1 24,2 26042 T0a2 13,2 8.4 5042 4.2 5.8

7 3.6 8.2 12,4 4.2 73 14.0 B3 6,0 12,2
8. 12,2 24,0 28,2 6.2 2,0 110,0 De7 10,0 106.4
D 4.4 6 o2 12,2 7.2 4.7 36,2 10,0 12.2 8.8
10, 4,4 12,2 30,2 4.4 2,1 66,2 2,0 € a2 28,6
11, 5.2 13.4 B84.2 72 S.4 16,0 6.8 2.0 110,2
12, 13.2 24,2 26,0 72 .2 23a2 T4 60.2 1442 15.8
13. 346 4e2 €2 5.2 Be3 12,0 6.2 12,0 14,2
14, 14.2 i6,2 36 .2 12,0 11,0 120.0 6.2 5.0 116.4
15, 4,6 3.2 6.2 3.2 14.7 46 .2 11,0 22,0 i18.8
i6, 2.6 442 24,2 24,4 22,1 6042 3.0 12,2 30.2
17. 6.2 12.4 83.2 8.2 10,4 7642 8.8 4,0 12,2
18, 4.2 12,4 74.4 6.2 8,4 115,0 5.8 1,0 119.2
19, 12,2 22.2 25,0 62.0 13.2 62,2 50,2 12,2 0.5
20, k PN 2.2 3.2 4,2 5e2 72 3.2 6a2. 12,2
Mean 6,73 11,55 33,26 15,97 10.58 41,63 12,71 9,65 44,34
cv 144 .22 84,15 68,43 82.87 140,51 63.98 83.97 142,2 49,31
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In the bottom region the Woe Wy nnduwa leaf sanples gava
mean values of 372, 424 and 503 ppm of Mn with ev values
of 13,99, 13.48 and 11.68, Topechively.

The mean Zn concentration of Wyse Wy and Wy leaf
samples of the top region were found to be 6,13, 11.55
and 38.26 ppm, The corxresponding cv values were 144,22,
84,15 and 68.43. 1In the middle reglon, the Hye Wy and
w3 saﬁgiggﬂregistered.mean values of 15.97, 1D.§8 and
41.63 ppm of Zn content with cv values of 52.87, 140.51
and 69,98. In the bottom region the mean values were 12,71,
9,65 and 44.34 ppm of Zn for whorls Vigs Wy and W,+ The cv

values for the 3 whorls werc found to be 83,97, 142,2 and
490,31 ’ T %’11@ eJ':'vu)-Z

4,3. CORRELATION STUDIES

Correlation studies were underteken to £find ocut
the correlations between the seil nutrients and leaf nutrient
concentrations, Simple correlation coefficients between the
avallable soll nutrient status with reference to N, P, K,
Ca, Mg, Cu, Mn and Zn and the content of these nutrients in
the leaves of whorl I (W,), whorl II (W,) and whorl IIT (dg)
of top region, middle region &nd bottom region of the trees
(totally 20 trees) were also worked out for each location
except Vellayan!l (vhere only 10 trees were selected). The

results are presented in Tables 38 to 45,
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4d.,3.1, Correlation between soil zvalliable N snd leaf H
(Table 38)
4.3.1.1, Vithura

In the top reglon (W), significant positive
correlation was cbserved between scil N arnd wW; leaf
samples (Fr = 0,453%), The W, samples had positive rela-
tionship with s0il N but was not found to be statistically
significant. The leef N content in Wa gsanples showad nega-
tive relsationship with the =z0il avallable nitrogen. In
the middle region invarisbly all the whorls showed positive
relationship with the soil nitrogen, though mot significant.
In the bottom region the same trend of positive xelationships

88 in the midele region were observed]

The pooled ana_lya!.a for =21l the regions of the
canopy alszo indicated a positive relationship betwesn leaf
N content and the respective z0il avallable No But the
rclat:ionéhip wag not found to be statistically significant,

4.3.1,2. Pattom

At this location the top region yielded signie
ficant positive correlation betwsen the soil availlable
N and the leaf K (r = 0,492%), uWith reference to the Wy
and the Wy leaf samples a negative relationship was
cbserved between leaf and soll available N, Similarly in



TABELE 38,

Correlation coefficients (r) between s0il avallable N and leaf N

Locations Top T Hiadle Bottom Ragions poocled
W 1 Wa W 3 v 1 WZ W 3 W 1 W2 W3 W1 W2 W3
vithara 0,453 0,066 ~0.150 0,057 0.206 0,173 0,177 0,305 0,335 0,055 0,206 0,126
Pattom 0,495 =0,004 «0.440 0.110 ~0,401 ~0.369 0,004 0,069 =0.183 0,502 ~0,173 ~0,440
Vellayani. 0.064 ~0.348 ~0.521 0,108 -05054 ~0,088 0,135 0,005 0,044 0,643" 0,311 0,286
Kulagekharam 0,410 0,307 0,343 0,167 0,190 0,051 0,392 04036 0,345 0,445 0,225 0,319
Locations 0.501% 0,016 «0.110 =0,004 -0.026 =0,057 0,179 0,119 0,139
peoled -

* slgnlficant at 0,05 levsl
*% gignificant at 0,01 level

GOT



the midele region also the W, and W; leaf samples had
negative relationship with the soil available N, But
the W; leaf samples ylelded a positive though not signl-
ficant relationship batween soil available N and leaf N,
In the bottom region both Wy and W, leaf nitmogen had
positivae relationships with the s0il K, while the Wy
sanples showed negative relationship with the soil
available N.

The pooled analysis of the three regions
indicated that a significant relationship (r = 0,502%)
exists between the Wy leaf sanples and the soil N. But
in the case of W, and Wy seamples pooled analys.i;s gave a
negative relationship with the zoil available N,

4,3,1.3. Vellayani

At this location, the relationship betwssn
the leaf N content and soil svailable N content with
Tespect to all the whorls as well as in all the regions,
were found to be positive though statistically not
significant.

But the pooled analysis for all the 3 regions
of the plant showed a gsignificantly positive correliation
between ieaf N and soil availeble R in the case of Wy

leaves only.

106
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4,3,1.,4, Kulaaskharam

In the top reglon the correlation coefficient
values for leaf N content in all the whorls, had positive
relationships with their respective soll éontentu.

The same trend was also exhibited by both middle and
bottom regions,

The pooled analysia_ for all the three regions
shoved significent positive correlation betwsen W, leaf
N and the respsctive scil content (r = 0,448%«), The
other two whorls had also positive relationships though
not significant,

443424 Correlation coefficiant betwsen 2011 available
P and leaf P (Teble 39)
4,3,2.1, Vithura

e, A=

In the top region, W; and W, leaf P:-had positiwe
correlation with the soil P content. The W, leaf mamples
showad negative relationship with the so0il P content. In
the midele regicn, in contrast to top region the Wy ].t.af
samples showed negative :elationship and the W, and Wy
leaves had positive relationship with the soil P content,
In the bottom region, significantly positive relationship
(£ = 0,477%*} wos observed between W, leaf P content with
s0il svailable P, The other two whorls wers also having
positive relationship but not statisticslly significant;



TABLE 39, Correlation coefficients () between soil availsble P and leaf P

Locations Wy "{-‘gp Wy N mgfl. Wy W, Boﬁ';;m Wy wlae i‘"SES':"'ED'D' 1&43 '
vithura 00247 «04307 0,107 «042069 0,412 0,188 0,477 0,294 0,205 04241 0,418" 0,304
Pattom 0e317 0,214 03066 0,266 0,127 0,223 0,307 0,336 0,088 0,445 04177 0,065
Vellayani 0,426 =0,105 0,356 0,039 0,106 0,223 0,750" 0,109 04358 0,158 =D,064 0,279
Kulagekharem =0,314 =0,263 0,374 0,111 0,428 0,365 0,513 04327 0,023 0.578" 0.174 0,102
Locations 0,060 0,0579 0,209 0,153 0,291 0.280 0.478" 0.32% 0.160

rooled

*

L8

Significant at 0,05 leval
Significant at 0,01 lavel

801
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Pooled analyeis for all the whorls ln the three
regions showed positive relatiohship with their respective
soil P content, But the correlation values were
statistically significant only in the case of W, followed
by Wy ( © = 0,418+* and 04302%),

4.3.2.2¢ Pattom

At thisg location invarliably all the leaf whorls
of all the regions had posltive relationships with their
raspective soll P content though not significant.

The pooled analysis indleated that the soil P
correlated well with the leaf P content of whorl 1 leat
samples (r » 04,446%%), The othears also indicated positive
relationship though not statistically significant,

4.3-2 .3. Vellayani

At this lccation, in the top region except W,
lcaves, leaves of the other two regions showed positive
relationship, though not significant. In the middle
Tegion the s0il P had positive Yrelationship with the
leaf P, Similarly in the bottom reglon also the soil
available P had sghown positive relationship with the leaf
P content, But highly significant positive correlation
was cbserved only bstween Wy leaf samples (r = 0,750%%)
and the soil P content.
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A pooled analysis of all the 3 whorls of the
different regions, vielded positive correlations in
whorls one snd three only whereas the correlation value

was negatlve with refereﬁce to W, leaves.
4,3,244, Kulasekharam

In the top region, the coill avallable P had
negative relationship with leaves of W, and W, whorls
but expressed positive relationship with Wy leaf samples.
But positive relationship was obtained among =vallable
spil P content and leaf P content of Wy, and tg vhorls of
the middle and bottom regions. Poaltive and significant
correlation was obtained only in the case of leaves of
whorl I 4in the bottom region and the soil available P
(z = 0,513%),

Tha pooled analysls of the thres regions indicated
that the s80il avallable P had significant positive correla-
tion with the Wy leaf P content {xr = 0.576%*), The P
content of. Wy and Wy leaves and soll available P in all
the three regions were also found to be positivaly corr&lau.
ted with the soil avallable P, but the correlation values
were not found to be 3tat:!.sticaily significant.
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4:3:3s Correlation cosfficients between soil available
K and leaf KX (Toble 40)

4@3.3l1- ‘Vithura

In the case of top region, soil K content was
found to be poslitively correlated only with leaves of
vy and Wy whorls whereas ths relationship was negative

with referenca to wz.

The relationship batwsen the leaf X content
and the solil aveilable K was positive in relation to all
the three whorls of both middle and bottom regions.

The pooled analysis for this relationship was
found to positive but not significant in the case of
gll the three whorls,

4,3.3.2, Patton

The correlation between soil avallable K and
leaf K in whorl I of the top reglon was significantly
positive whereas the correlgt:ﬁon was negative in the
case of leavez of W, and Wy samples. In the case
of the middle region Wy and W, leaf K content was found
to be negatively correlated with soll available K,
though the 2nd whorl had a positive but statistically
insignificant correlation, In the bottom region of the



TABLE 40,

Correlation coesfficients (r) betwasn soll available K and leaf K

Locations Top Middle Bottom Reglions pooled

W1 Wz Wa W1 WZ W3 Wl Wa Wa W1 Wa W3
Vithura 04151 =0,007 0,186 0,322 0,150 0,003 0,149 0,113 0,090 0,123 0,148 0,104
Pattom 04485 «0,345 0,066 =0,310 0,277 =06370 =0,430 =0,180 0,170 04455 0,398 «0.i41
Vellayani 04311 0,342 =0,315 0,009 0,106 =0,323 =0,283 «0,315 0,002 0,149 =0,258 =0,198
Kulasekharam 0,510 =0,266 «0,128 0,317 0,419 0,226 «0.103 0.060 0,093 0,471 0.043 0,175
;ggigiacns 0,280 0,226 0,041 0,097 0,103 ~0,087 «0,236 ~0.042 0,102

* gSlgnlficant at 0,05 levels

211
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canopy the correlation between the K content of W, and
W leaves were negatively correlated with the soll
evallable Ke The coxresponding correlation was positive

but not statistlcally significant iIn the case of Waye

The pooled analysls for the tiree ragions
revezled that leaves of the W, whorl gave significantly
positive coTrelation batween leaf K and soll avallablas

K, vhereas the relationship was negative, in the case

of Wi and 1-13 whorlsa.
4,3.3.3. Vellayani

The soll avallable K was positively coxrelated
with the K content of leaves of Wy leaves in the top region
whereas: the relationship was negative with reference to
1eav.es of whorl, and lys I, the caze of the middle reglon,
the correlation was positive but not significant in
relation to whorl 1 and whorl 3. The correlation between
soll avallable K and lea2f K in whorls 1 and whorl 2 was
negative whereas the value was positive with feference to

Wy in the bottom reglon.

The pooled analysis showed a positive though not
sicnificant relationship in whorl 1 whila the corresponding

corrglation values were nagative in the case of Wy and Wae
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4.3 .3-4. Kulaﬂekharam

The correlation betwaen the soll available
K and the Wy leaf K was found to be positive and statis-
tically significant In the top region of the plants,
whereas the relstionship was negative in the case of Wiy
and Wy vhorl leave. In the middlie region Viqe Wy and Wa
leaves ylelded a posltive but not significant relation=
ship between the soll avallablie K and leaf K. In contrest
to the above resulis, a negative correlation was found to

L avarlable K

exist between the soll,and leaf X in whorl 1 of botton
reglon whereas W, and -"’;3, gave a positive but not signi-

ficant relationship.

Pooling -all the three regions and the three
whorls, the correlation coefficient value for the whorl I
wag found to be statistieally superior to W, and W3 Where ab
also the wvaluas wars positive but not significant.

Poollng the results of the four locations of
top region showed that leaf K content of the Wy leaves
was positively and significantly correlated with soil
availaﬂle Ka
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4.3.4. Correlation cocfficlent betwesen solil avalleble

Ca and leaf €a (‘Table 43).
44.3.,4.1, Vithura

The available Ca content of the soil was found
-to be positively correlated with the Wy, W, and W3 leaves
of the top regiocn of thas <love plants at this site, But
the relation=hip was not found to be statistically sigal-
£icant, In the middle region a negative correlation was
found to exdst in the case of W; leaves vhere as W, and
Hy leaves showed a positive but statlstically non-signi-
ficant relationship. The same trend was noticed in the

case of bottom region of the clove plants at this location,.

The pooled analysis also gave positive correla~
ticn between soil and leaf Ca in all the three whorls,
with highly statistically significant values in the case

4.3 -4'2. Pattom

As agalnst the Vithure location, a nesgative
correlation was obascrved in the cage of W, whorl while
the correlation values were positive but not significant
for W, and Wae 1In contrast to the top Tegicn the
correlation values for the middle region were all positive

for the leaves of 211 the whorls, The bottom region



TABLE 41, Correlation coefficients

(r) between moil available Ca and leaf Ca

Locations Top Middle Bottom Ragi_onn poolied

W1 Wz W3 Wl WZ Wa Wl Wz WB Wl W2 wa
vithura 04112 0,317 0,293 «0,241 0,353 0,347 =0,122 0,356 0,324 0,141 0,368  0,353"
Pattom -0,128 0,120 0,025 0,001 04234 0,296 <=0,309 0,034 0,555 0,184 0,116 0.535"
Vellayani 0,197 0,025 0,109 =0,121 0.015 0.019 =0,289 0,112 0,126 0,222 0,085 0,012
Kulasekharam -0,253 =0,054 0,283 0,109 0,085 0,166 =0,024 0,151 0,479 0,060 0,074 0,206
Locations  =0,073 0,119 0,187 =0,057 0,197 0,245 0,168 0.226 0,328

pooled

¥

Significant at 0,05 level
Significant at 0,01 level

9711
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presented a different plcture with a negative correlation
vzlue for whorl 1 and positive values for whorls 2 and
3, the last being atatistically significant.

On a po.ol:ea snalysis of thiz parameter for all
the regions the correlation coefficient values of all
the three whorls were found to be positiw, the value
for wherl 3 beling high.ly‘ stetistically significant,

4.3.4.3. Vellayani

As 1n the case of Vithura location, the
correlation values betwean leaf and soll Ca of the top
reglon wera found to be positive but not stastically
signiflcant. 1Ip the case of middle region, negative
correlation was observed for W, and positive values for
W, and W,« None of the vslues were statistically signi-
ficant, The trend in the bottom reglon waz the same as
in the case of middle reglon. Leaves of W, and Wy whorls

gave a positive though not significant values.

The pooled analysls showed a positive correla-
tionsEEp betyeen the Ca content of the soll and that of
the leaf of all the three whorls. But the values were
not statistically significant.
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4,3.4.,4, Xulasekharam

ihe correlation batween leaf Ca and soll Ca
in Wy and W, of the top reglion was found to be negative
while the value was positive in the case of Wy leaves,
The correlation coefficient values for Wy, Wy and Wy
leaves Vs, soll Ca of tha middle region were all positive
but not statistically significant. In the bottom recgion
the correlatlon coefficient value was negative with
reference to Ca content in ¥W; leaves asg in the case of
the previous three locations, The corresponding values
were positive with reference to W, and Viy leaves, the
latter belng statistlicslly significant as in the case of
the plants of Pattom location. The results of the pooled
analysis for all the regicons of the plant showed that the
correlation coefficients were positive, but not significant

among Wl' wz and w3 leaves.

However, & highly significant correlation
(0¢320%%) was obtained in the case of Wy leaves teking
into consideration the leaves of all the whorls in all

the regions of the plant at sll the localities.
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443.5. Correlation cosfficient betwesn solil avallsble
Mg and leaf Mg (Table 42)
4.3.5.1, Vithura )

At Vithura location the correlation coefficient
between soll extractable Mg and leaf Mg were positive in
W, and Wy while it was negative in W, of the top Xeglon,
The corresponding value for Wy was found to be statis-
tically significant (r = 0,580**), In the middle regicn
the correlation coefficient values were negative in Wee
positive in W, and W5 but not statistically significant,
In the bottom region the cozrelation coefficlents bstween
so0il Mg and leaf Mg were all positive, but not significant,

When all the three regions were pooled, the
value for W, was found to be statistically significant
(r = 0,271%), The correlstion betwsen soil available ¥g
and the leaf Mg was found to be positive and significant
in the case of ii; leaves also. (r = 0.,439*%%),

4,3.,5.2, Patitom

The corresponding values were positive but not
significant for Wy leaves, negative for W, and positive
and statistically significant for Wy with regard to the
top region. In the middle ragicn the 'r' value was
negative in relation to 7y and positive in the case of



TABLE 42, Correlation coefficient (r) bstween soil available Mg and leaf Mg

Locations Tcp Middle Bottom Regions pooled

WI Wz Wa W1 Wz Wa W1 W2 W3 W1 Wz Ws
vithura 0,183 =0,298 0.580" 0,234 0,278 0,403 0,345 0,147 0.077 0,278 <0.285 0.433"
Pattom 04208 ~0,205 0,480 =0.325 0,329 0,076 0,169 0,086 0.255 0,311 -0,263 0.387"
Vellayani 0,011 0,108 0,183 0,011 0,037 0,140 0,017 04137 04028 0,017 0,037 0,048
Rulasekharam 0,331 =04,358 0,471 0,130 0,416 0,155 0,424 04385 04393 0,172 =0.259 0.493"
Locations  =0,138 0,273 0,405 =0,114 0,216 0,039 0,013 «0,143 =0,0714

peolad

x

=k

Significent at 0,05 level
Significant at 0,01 level

0c1
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W, and Wy, both of which were not statistically significant,
All the correlation coefficient values for Wy, W, and Wy
laaves for the bottom region ware positive tut not statise
tically significant, When all the values were pooled

and analysed, the correlation betwsen soll and leaf Mg were
found to be negative for Wy and W, vhile the value was
positive and significant for Wy (r = 0.,387*%),

4e3:5.34 Vellayani

The correlation betwesen scil and plant Mg was
invarisble found to be positive asmong the regions and among
the whorls and also when pooled. Kone of the value was
found to be statisgtically significant,

4,3.5.4, Kulasekharam

The correlation coefficlent was positive but
not significant in Wy, negative in W, and positive and
statistically significant in Wy in the top region of the
plant. In the middle regiocn the *r* values were all posi-
tive, but not significant, The same trend was noticed in
the bottom region of the plants in ell the thres whorls,
On pooling the resultsa of all the locstions, it was found

that W, was statistically supericr (r = 0.499%%) to W,
and Wz.
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Considering locations, regions of the plant
and leaves of different whorls, 1t was found that W,
wvas very much statistically correlated between the leaf
and soil Mg (r = 0,409**),

4e3.60 Correlation coefficients between z0ll DTPA
extractable Cu and the leaf content ( Table 43)
4-306.1. Vithura

The correlation bstween the DITPA extractable
Cu and the leaf Cu content was found to be negative in
Wy of top regiom, W, of middle region 2nd W, and W, leaves
in the bottom region only. The correlation coefficlient
values were positive but not significant with reference
to all other whorls of the three regions, The pocled
analysis showed that a positive correlation exist betwsen
the soll Cu and leaf Cu in W, and W, leaves of all the
thres regions of the plant (r = 2,77% and R = 2,64%)

4e3.5.2, Pattonm

At this site all the correlstion values were
positive between the DTPA extractable Cu and leaf Cu but
statistically significant only in the caese of L leaves
-0f the bottom region of the plant (r = 0,513%), The
pooled analysiz revealed that the relaticnship bém



TABLE 43, Correlation coefficient (r) bestween soil DTPA Cu and leaf Cu

Location - Tk.':p‘d’::'tsgi':m.W - 2iddlo . . zpttom _ WRogion: poolég

1 1 3 1 2 3 1 2 3 1 2 3
vithura 00119 0,220 =0,043 0,242 =04145 0,128 0,073 =0,408 0,300 04002 0,27F 0,264
Pattom 04267 04399 0,178 04363 0,432 0,432 0,068 04,033 0.513 0,241 0.413" 0,543"
Vellaysni 0,078 0,373 =0,031 «0,395 0,300 0,365 =0,033 =0,110 0,583" «0,178 0,105 0,538"
Kulasekharam 0,355 0,071 «0.073 0,294 0,176 0,082 0,262 0.214 0.d98 0,335 0.175 0,107
:gg;l.::‘lion 04159 0,256 04112 0,216 0,145 0,076 0.072 -0,064 0.,471"

* Significant at 0,05 level
*% Significant at 0,01 level

gel
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e

soil DIPA extractable and soil Cu was highly significant

in W, and Wy leaves (X = 0412%% nd r m 0,543%%) ,

403,6.3. Vellayani

FRAT e amra o
afy

The correlation bstween soil and leaf g::
content was found to be positive in Wy and W, of top
Tegion, Wy and Wy of middle region and W, of bottom
ragion, the last only being statistically significant
(r = 0,583%*), Pooled analysis of thse data from all the
thres regions of the plant showsd a positivs and signifi-

cant correlation in the case of Wy only (r = 0.535%*),
£s3e6e4s Kulasekharam

Except Wy of the top region the corrclahién
cosfficient values were positive in all other cases, But
among these, the value was statistically simificant in
Wy of the bottom region only (r = 0,491%), The pooled
analysls howcver yielded statistically significant
coefficlent of variation in the ca2se of W; leaves alone
(r = 0,335%%),

A pooled analysis of the data from all the
regions of the plant from the four locations studied,
gave significantly positive relationship in W, of top
region (r = 0.,254*%) ana Wy of bottom region (r m 0.4714%)
only.
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46367 Correlation batween DTPA extractable soll MMn
and leaf Mn content (Table 44)
4,3.7.1. Vithura

All the correlation coefficient values except
for Wy of middle region were positive, but statistically
not significant. The pooled analysis alsc did not reveal
any superiority among Wye Wy and W,.

4.3.7.2. Pattom

At this site the extractable Mn and the leaf
Mn content were positively corrglated. But the value
was statisticelly significant only in the case of W, of
bottom region only (r = 0,493%)_, The pooled analysis
gave positive corralationships in the casa of all the
thres whorls (r = 0,384%** for Uge T = 0,397%* for W,
and T = 04463** for W,).

4,3.7.3. Vellayani

The same trand as in the case of Pattom location
was noticed at this site also, with the correlation
coefficient value of r = 0,424* for W4y of bottom region,
Pooled analysis of all the data relating tc the thres
whorls in the thres regions of the plant vielded posi-
tively significant correlation coefficients (r = 0.,422%%,
0.422%* and 0,498%* for W;, W, and Wy respectively).



TABLE 44, Correlation coefficient (r) betwaen soll DTPA Mn

and leaf Mn

‘Locneion | Top region Middle Bottom Regilons pooled
vithura 00123 0,079 0,041 =0,069 04003 0,073 04202 0,146 0,092 0,088 0,088 04055
g z* bt g Sty
Pattom 0,358 04810 0,288 04177 04323 0,413 04363 0,437 0,493  0,384" 0.397 0.463
x * kA3
Vellayasni 04204 04351 0,045 ..0.234 0,129 0.030 0,431 0,388 0.424 0.422" 0.422" 0,404
Kulasekharam -0,187 =0,222 =0,213 0,313 0,325 0,325 0,311 0,235 0,557 -0,177 0,177 0,373"
Locations 00141 04324 0,041 0,033 0,133 0,012 0,271 0.213 0.320
peoled

%

Wi

Significant at 0,05 level
Significant at 0,01 level

921



127

- o

"-3.7.‘. Kulasekharam

At this location, the correlation betwsen soil
extractable Mn and leaf Mn content was found to be
nagative in the case of all the thras whorls fcr;g’ﬁn
top region, In the case of middie and bottom region of
the plants, the correlation cosfficient values were
poaltive but statigticaliy significant only in the case
of Wy of bottom reglon (x = 0.557%). The pooled analysis
rqvealed that a positively significant correlatlonship

exigted only between the goll extracteble Mn and leaf Mn
¢ontant in whorl 3,

The pooled analyslis of the dats from all the
whorls of the threa regions of the plants from the four
localities, showed that Wy and Wy of bottom region alone
had positive and significant correlation values.

4.3.8, Correlation betwaen DTPA extractable soll zZn
and leaf Zn content (Table 45)
‘.3.8.1‘ Vithm.‘l

The corrglation coefficient valugs betwsen the
soil extractible Zm and tho leaf Zn content were positive
ezcept in Wy of the bottom reglon of the plant. The
correlation coefficlent value was statisticelly superior
only in the case of W3 of the bottom region (X = 0,586%%),



TABLE 45, Correlation cosfficlent (r) betweecn soil DTPA Zn and

leaf Zn
ko Top rsgion Middle Bottom Regions pooled
Locations 5
Wl ‘Wz WS W1 ?12 “3 W1 Wz Wa W1 wz wa
Pl e

‘ * R *wr
Vithura 0,106 0.437 0,153 0,381 0,385 0,201 06317 -0,177 0.583 04365 0,249 0,791
velliayand 0,430 5,434 0e07§’w70.369 0,111 0.066. 0291 0.348 0.4‘?,_-Q,§46 «04,304 0.51!*

Kulagekharem «0,333 ;0.419 0el94 =0,436 «0,173 0,213 =0,431 0,145 0i526 =0,475 =0,244 0,343

Location
pocled

X

ik

04025 0,181 0,294 0,164 0,116 =0.,074 0,320 -0,075 0.48l

w Significant at 0,05 level
S had Significant at 0,01 level

821



A pooled anelysis showed that leaves of whorls W, and Wy
ware superior and significant, as compared to Wy
(r = 0,365** for Wy and r = 0.791** for W,).

403.8.2. Pattom

At this location the correlation coefficients
between DTPA extractable Zn and leaf Zn was found to be
negative in tho case of Wy and W, of the top and bottom
raegions., The value for all other whorls of the three
_ regions were positive, but not significant., The pooled
analyslis revealed that the vy leaves were the most indica-
tive of the influence soll extractsble Zn to leaf Zn,

4.,3.8.3. Vellayanil

The correlation coefficient values at this site
preszented a different plcture, The values were negative
for W; and Wy of top region and the midile region only.
All the other values were positive but of which the value
of Wy of the bottom region proved to be positive and
statistically slgnificant (r = 0,445%), A pooled analysis
has revealed that the extractable DTEA Zn was positively

and significantly correlated with tho leaf Zn content
In Wy (r = 0,5672%%),

§43.8.4. Kulascskharam

The correlstion coefficlients were almost similar
to Vellayani in trend in the case of Kulasekharam, the

129



exception being a negative correlation coefficient valus
for W, leaves of the bottom region., Only tha wa leaves
©f the bottom region gave a positively significant value
of correlation coefficlient (xr = 0,529%), The pooled
analysis 2lsc was exactly similar to that of Vellayani
location, Only whorl 3 ghowad statiétical supcriority
over the other two whorls (r = 0.343%%),

A pooled analysis cf data from all the locations
also showed that the =inc content of tho W, whorls of the

bottom region had a highly significant positive correla-

tion with DPPA exiractsble soil Zinc (r = C,481%%),
L4, YIELD DATA OF DRIED FLOWER BUDS (Table 46)

The mean value of yield of dried flower buds
for 2 years in kg per tree per year are presentad heres
under (Table 46}, The mean yield data at Vithura ranged
from 1.2 to 4,450 kg per plant with a mesn of 3.183 kg
pex tres per year, it Pattom the mean value of yleld
ranged from 1l.15 to 4.6 with a mean of 2,593 kg par tree
per yeatk., At Vellayani 1i¢ ranged from 0.6 to 1,6 (mean
value 0,82 kg per tree per year). At Kulasekharam, the
yield data varied f£from 10.75 to 14,5 kg per tree per
year with a mean value of 12,439 kg per tree per vear,

130
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TABLE 46, Yield data of dried £lowar buds
(Mean values kg/tree/venr)

Tree Locations
No. Vithura Pattam Vellayanl Kulasekharam
1, 3.000 1,400 0.600 11,750
24 1,750 14400 1.600 12,250
3. 1.200 2.300 0,800 13,625
£, 3.750 2,400 0.400 13,500
S5e 3.985 2,125 0,600 13,650
6. 2,600 1,150 1,050 i1.750
7. 3.375 2,400 1.150 10,125
8. 3.375 3,800 0,800 12,750
9 1,500 2,200 0.600 11,750
10, 2,300 3.125 03600 11,000
11, 3,400 2,150 - " 124,150
12, 3,000 2,400 - 13,225
13, 3,750 1.700 - 11,750
14, 3.500 3.900 - 12,228
15, 3.375 4.600 - 14,500
1s6. 4,000 2,600 - 12,750
17. 4.378 2,395 - 12,250
18, 3,125 2,325 - " 13.250
19, 3,250 2,625 - ' 12,575
20, 2.450 4,375 - 11.570

Grand total 63,060 51.870 8.206 248,775

Mean 3.153 2,593 0,820 12,439
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4.4.1, Correlation studies with yield (Teble 47~ Ffa. 11 5)

In order to make an attempt to standardilse the
index leaves for various nutrients, the values of leaf
concentrations of nutrients having =ignificant correlation
with the soil nutrients were correlated with the yleld
data obtained from the respective trees, The correlation
coefficlents and the regression eguations arrived from
these studles are presented in Tzble 47.

e

The leaf nitrogen concentrations of the irij:' leaves
of the top region at all the four location had positive
significant relationship with yield and the coxralation
coefficients were r = 0,873%<, r = 0,627%*, r = 0,455* and
r = 0,533% for Vithura, Pattom, Vellayani and K}jlasckhesam
respectively. The regression equations were also worked

cut for this variable as given in Table 47,

The leaf P concentration of W, s=mples of bottom
region of Vithurs, Pattom, Vellayani and Kulasckharam had
also well correlated with the respective ylelds
(£ = 0.465%, 0.,465%, 0,542*% and 0,592* respectively).

The leaf X concentration of W; leaf samples of
the top region at Kulasekharam only had slgnificent posli-
tive relationship with the respective yleld (£ = 0.540%),



TABLE 47, Correlation coefficients betwesn leaf nutrient concentrations and the yleld
51 Relationship between Correlation Regression egquation Noe.of
Noe X Y ﬁ‘fﬁ%d‘nt Y w2+ bx palzs
1, Leaf Nof top (w,) at Vithura vield 0.783%% Y m 6707 + 4432%. 20
2, Leaf N of top (W,) at Pattom Yield 0,6274% Y w ;zi,'—;i?n... ﬁwaf 20
3¢ Leaf N of top (W,;) at Vellayani Yield 0,455 Y m «2,51 + 1,5%x 10
4. Leaf N of top (Wq) at Kulasekharam vield 0,533* Y = 0,563 + S5.,23x 20
5. Leaf P of bottom (W,) of Vithura  Yield  0.465% Y = 0,75 + 10,75x 20
6. Leaf P of bottom (Wﬂ of Pattom Yield 0490 Y m «0u47 + 12,022 20
7. Leaf P of bottom (W;) of Vellayani Y eld 0,542% Y = 0,277 + 3,505x 10
8. Leaf P of bottom, (W,) of Iégl.::;- ' Yield 0e592% Y = 10,06 + 16,71x 20
9« Leaf K of top (W,) at Kulasekheram Yield 04540% Y mw 667 + 2,43x 20
10, Leaf Ca of bottom (W,) at Vithura Yield 0,455% ¥ = 1,44 + B5.,68x. 20
11, Leaf ¥y of top-(W;) at Kulasekharam Yield 04462% Y @ 9,21 + 11,12x 20

€ET



TIELE 47, (Contd.s)

31 Relationship batwesn Correlation Regrassion equaticon m.ﬁ"

No. R Y coefficlent Y = a 4 bx paire

12, Leaf Cu of bottom (ws) at Vellayani Yield 0,512 Y= 0,46 + 0,07x 10

13. Leaf Mn of bottom (W,) at Vellayani Yield 0,503 Y w«0,03 + 0,002x 10

14, Leaf Mn of bottom (wa) at Yield 0.465% Y= 9,19 + 0,006x 20
Kulasekharam :

15, Leaf Zn of botivm (w3) at T Yield 0,484 Y » 12,07 & 0,008 20
Kulasekharam

¥e1
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Fig.1l. RELATIONSHIP BETWEEN LEAF N CONTENT OF
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Fig.3. RELATIONSHIP BETWEEN LEAF K CONTENT OF TOP (Wl)

AND THE YIELD AT KULASEKHARAM
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a

The leaf Ca concentration of W, leaves of bottom region
at Vithura correlatsd well with the respective yleld.

(r = 0,455*). In the case of magnesium the W, lsaves

of top reglon at Kulasekharam corrclated well with the
respactive vield (r = 0,462*%), The leaf copper and
manganese concentraticn of W3 lgaves of bottom region

of the trees at Vellsyanl had positive significant rela~-
tionship with their respcctive vield (r = 0,512+ and
0,503* raspectively). The leaf manganese concentration
of W3 of bottom region at Kulasekheram also indicated
significant positive relation with the yield (r = 0,465%),
In the case of zinc the leaf concentration of W, leaf
samples of bottom reglon at Kulasekharam had correlated
significantly with the yield (r = 0.484%),

Ragression equationg were also worked out for
the above signlficant correlation coefficlent values for

the prediction of response as furnished in Teble 47.
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5. DISCUSSIORN

The result data presented in the previous chapter
pertalined to the physico~-chemical properties of the experi.
mental solls, the avallable nutrient status of the soils
in which the experimental trees are located; the leaf -
concentrations of the nutrients under study; the correla-
tion coefficients between soll nutrients snd leaf concentra-
tionsy yleld data and the correlation studies are discussed

below :

5.1, PHYSICO-CHEMICAL PROPERTIES OF SOIL

-

The soil type of Vithura, Pattom, Vellayani and
Kulasekharam was found to be forest soil (sandy clay);
laterite soll (sandy clay loam)s red soil (sandy clay loam)
and forest soil (clay loam) respectively, all acidic in
reaction and in low in electrical conductivity. The
organic carbon content was found to be highest in Kulase-
kharam followed by Vithura, Pattom and Vellayani, The total
nitrogen percentage was found to have the same trend in
relation to the organic carbon content. The cation exchange
capacity and the exchangeable cations were also found to be
highest in Kulasekharam sample and lowest in Vellayani
solls. Vithura solls registered hichest value for total
phosphorus (0,06 per cent) followed by Vellayani, Pattom
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and Kulasekharam, The total Cu, Mn and Zn status of the
soll were highest in Kulasekharam followed by Pattom,

Vithura and Vellayani as given in Table 1,

Clove growsg satisfactorily on laterite;y clay
loam and rich black so0ils having good drainage (Clove,1979)
and in India it is grown successfully in loamy solls rich
in humus (Shanmugavelu and Madhawa Rao, 1977). Since the
experimental sites of the present study are also located
in places vhere forest soils, laterite soils and red soils
occur, it ls evident that the selection of sites for this

present study are in concurrence with the above literature,

It was observed that Xulagsekharam soil is best
sulted for clove cultivation among the four socils, as the
same soll was found to have highast amount of organic
carbon and other essential elements besides baing good in
their physical make up. Vellayanl sclls were considered
not ideally sultable for profitable clove cul tivation,
as the physico-chemical properties were found to be very
poor. From the yleld data of this location alsp it is
safe to presume that this soil necd to be improved in ies
physical properties for bringing it up for profitable

clove cultivation,
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The Vithura and Pattom solils were also found
to have the required fertilityxfor clove cul tivation
(Table 1) and the yield data from this locatlon vouches
for their suitabllity for clove cultivation.

524 VARIATION IN AVAILABLE SOIL NUTRIENTS AS INFLUEKCED
BY THE LOCATION AND THE DISTANCES FROM THE MAIN

TRUNK OF THE TREE

The mean values of goll available nutrients such
ag N, P, K, Ca, Mg, Cu, Mn and 2n recorded from different
radlal distances from the boll of the plant are presented
in Table 2 and ﬁhe datal are discussed below.

S5.2.1. Nj trogen

The mean values of available N status of soil
for different radial distances f£rom the main trunk of the
tree located in vithura were 0,023, 0,018 and 0,01 per cent
for half metre, one metre and one and half metre respec-
tively (Table 2), At Pattom, the mean values were 0,027,
0.01 end 0,015 per cent respectively (Table 3). At Vellayani,
the mean values of N status were 0,014, 0.013, 0,011 for the
above dlftances. Mean values of 0.016, 0,014 and 0.014 were
recorded in Kulasekharam soils., From these data, it is
found that the soil available nitrogen status varies from
place to place and for different radial distances from the



144

main trunk of the tres, These observations sre in accordance
with the £indings of Annie (1982) who reported that specific
variations were observed in the major and sub-mejor nutrient
contents of the scilg of the tree tract in a study in
Trivandrum district of Kerala on cocoa plants.

It was also interesting to note that the highest
available nitrogen content was recorded at the half matre
distance from the maln trunk of the tree invariably in all
the locations. This might be due to the presence of hichest
amount of microorganisms asszoclated with hich organic matter
in this place which might have been responsible for the

mineraslisation of nitrogene.
5.2,2. Phosphorus

The soll available phosphorus content at Vithura
Lecorded mean values of 00,0011, 0.0010 and 0,.0010 per cent
for the radial distances of half metre, one metre and one
and a half metre from the main trunk of the tree respectively,
2t Pattom the mean values were 0,0012, 0,0012 and 00,0011
per cent and at Vellayanl the mean values were 0,0012, 00,0012
and 00,0012 per cent and at KulasekhaCam the mean values were
0.0007, 0,0007 2nd 0,0007 per cent half metre, one metre
and cne and a half metre of radial distances from the tree

of the said locations respectively.
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It was seen from the data that the avallable
phosphorus content of soll varied from place to place as
already reported by Annie (1982), But the phosphorus
availability at different radial distances from the trees

trunk was more or less gsame in all the locations.
542¢3, Potassium

[ The mean aveilable potassium content at- the
radial distances of half metre, one metre and 1¥2 ﬁeére
from the tree base, at Vithure were 0,03,0,024 and 0,016
per cent, at Pttom 0,03, 0.024 and 0,03 per cent at
Vellayani 0.018, 0,015 and 0.015 per cent and at Kulases
kharam 0,025, 0,026 and 0,025 per cent.

It was obaserved that at Vithura, Pattom and
Vellayani the soil available potassium content was highest
at half metre distance from the main trunk and the values
decreased at one metre distance from the main trunk and
further decreased at one and half metre distance. The
decrease in available éotassium content with distance was
only minimal in the case of Kuiasekharam. This may be due
to the good management practices followed there and the
uniformity in fertility status irrespective of distance
from the tree trunks,
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At Vellayenl the content of available potassium
(-
was comparatively lower than,other locatlons indicating the

poor fercility status of the soll as already discuased,
5.2,4. Calcium

The exchangeable calcium at vithura had mean
values of 0.019, 0.012 and 0.009 per cgnu' for half metre,
one metre and one and a half metre respectively. At Pattom
the values were 0,101, 0,030 and 0,082 per cent; at
Vellayanl the values were 0,019, 0,014 and 0,011 per cent
and at Kulasekizaram the valueg were 0,081, 0,070 and 0,085
per cent for half metre, one metre and one and a half metre

respectively (Table 2,3,4 and 5).

It is to be noted from the data that the exchan-
geable ca.}cium content of soll varied from place to plzce.
Pgttom and Kulasekharam soils contained much more exchan-
geable caleium when compared to other 2 gites. This feact
may be linked to better management practices followed at
these places and also to regional variation. The exchangeable
calclium content had the similar pattern of soil nitrogen
indlcating the highest values recorded at half metre distance
from the t.nain bruryi—f)f the tree and the lowest values
decreasing progressively from one metre distance of the

tree onwards,
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5.2,5. Magnesium

The exchangeable magnesium content of soil at
Vithura ylelded mean values of 0,017, 0.015 and 0,015
per cent for half metre, one metre and one and a half
metre distance f£rom the main trunk of the tree respec—
tively. At Pattom also the same mean values were recorded,
At Vellayani the mean values were uniformly 0,011 per cent
in the soils from the three distances., At Kulasekharam,
the mean values were 0,02, 0,019 and 0,018 per cent for
solls from the three distances respectively (Table 2,3,
4 and 5), The place to place and the dlstance to distance
differences ln exchangeable magnesium 1s not much. However
the amount of exchangeable calcium recorded at Vellayani
were lowest as in the case of other nutrients. The highest
values in all the locations were recorded at half metre
distance from the main trunk of the tree, which diminished

with an increase in distance.
5.2.6, Copper, manganese and zinc

The DTPA extractable copper content of soil at
Vithura registered mean values of 16,736, 10.821 and
12,26 ppm for half metre, one metre and one and a half
metre distance from the maln trunk of the tree respectively,

The mean values were 9,674, 5,723, 10.987 ppm at Pattom;
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0,648, 0,685 and 0.742 ppm at Vellayani and 2,47, 2,97 and
3.52 ppm in Kulasekharam, at half, one and one and a half

metre distances from the msin trunk of the tree.

The mean values of DTPA extractable manganesa
content of soll were 6,194, 6,341 and 5,83 ppm at Vithura,
62.98, 64,29 and 73,75 ppm at Pattom, 18.3, 17,38 and
19.28 ppm at Vellayanl and 35,1, 69,63 and 66,47 ppm at
Kulagektharam at half, one and one and a half metra distance

respectively (Table 2, 3, 4 and 5),

The DTPA extractsble zinc had the mean values of
3.498, 2,656 and 2,27 ppm in vithura solls, 2.539, 2,105
and 2,022 ppm In Pattom soils, 1.64, 1,321 2nd 1,71 ppm in
Vellayani soils and 4,81, 4.8 and 5,31 ppm in Kulasekharam
solls, at half,one and one and ahalf metre dJdistances

respectively.

The DTPA extractable Mn, Cu and Za content in
soils from the distances of half, one and one and half
metre distances from the four locations did not show any
consistent trend, Copper showed an increasing trend with
increasing distance from the tree at Vellayani and Kulase-
kharam sites, But at Vithura copper content was highest
at 1Y/2 metre followed by 32 metre zand then 1 metre., The

same trend was observed in Pattom solils also.
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In the case of manganese, the Vithura and Pattom
solls showed an increasing content with increasing di stance
from the plants., Entirely different trend was observed in
the other two locations. The manganese content was maximum
at a distance of 1}/2 metre, followed by ¥2 metre and one
metre at Vellayanl. In Kulasekharam solls the decreasing
trend was in the order of 1 metre, 1Y2 metre and 32 metre

with reference to this element,

The DTPA extractable zinc showed a decreasing
trend with distance from the tree in solls from Vithura
and Pattom., In Vellayanl and Kulasekharam solls the
maximum zinc content was noticed at 12 metre, followed

by Y2 metre and one metre.

While analysing the soil avallable nutrients as
influenced by locations and by the distances from the main
trunk of the tree it is inferred that the quantity of all
the avallable nutrients contents veried from locations to
locations. This is in conformity with the f£indings of
Annif (1982) who observed similar trend in cocoa plants.
It was also noted that within each location, the soil
avallable N, P, K, Ca and Mg contents were found to be
the highest at half metre distance of the main trunk of
the tree and afterwards the mean values were found to
decrease and the lowest values were recorded at one and half

metre dliatance in most of the cases,
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In the absence of avallable literature it is
difficult to explain the covalic occurrence and quantity
of micronutrients, Zn, Cu and Mn with reference to
distances from the tree base, The avallability of these
elements is dependent on the organic matter content, natural

abundance, presence of microflora and moisture regimes,

5.3. VARIATIONS IKN THE LEAY NUTRIENT CONCENTRATIONS AS

INFLUENCED BY THE LOCATIONS ANMD THE SAMPLIKG POSITIONS

The leaf nutrient concentrations were found to be
influenced more by the sampling positions, than by the

locations.
5.3.1s Nitrogen (Tsbles 6, 7, 8 and 9)

The mean value of nitrogen concentration in leaf
at Vithura ranged from 1.744 to 2,133 per dent. The highest
concentrations was recorded by Wy of the top region of the
tree, Simlilar trend was also cobserved in other regions. The
lowest value was recorded invariably in LES leaves of all the
three regions. The coefficient of variation was also lowest

(7,757) in the W, of the top region as given in Table 6,

At Pattom, the mean nitrogen concentration varied
from 1,946 to 2,385 per cent, the highest being the Wy leaves
of top region, which gave the lowest coefficient of varia-

tions as in the previous case (Table 7). At Vellayani, the
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mean values ranged from 1,883 to 2,145 per cent, The
highest values registered in W, leaves of top reglon, with

a coefflcient of variations of 2.457 (Table 8).

At Kulasekharam, the mean values varied from 1,519
to 2,755 per cent. Here also the Wy leaves of the top
region of the tree registered the highest value and aslso
yielded the lowest coe-efficlent of variation among all the
leaf positions (Table 9).

It was observed from the above data that the leaf
nitrogen concentrations were in the normal ragge as reported
by Loue (1962), The nitrogen concentration varied from
region to region of the tree and also from wholr to whorl
within each region. This £inding is in conformity with the
flndings of Burridge et al. (1964)s Murray and Maliphant
(1965} and Annie (1982), It was clearly indicated that the
¥, of the top ragion of the tree had the highest nitrogen
concentration coupled with the lowest coeffilcient of varia-
tions irrespective of the location and region of the tree.
This might be due to therxmobilization of nitrogen to the

active growlng region.
5.3.2. Phosphorus (Table 10, 11, 12 and 13)

At Vithura the phosphorus concentration in the

leaf had mean values from 0,160 to 0,382 per cent. The
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highest concentration was registered in the Wy leaves of
the bottom region of the tree, which had also indicated
the lowest coefficlent of variation of 15.389 (Table 10).
At Pattom, the mean values ranged from 0,170 to 0,258

per cent. The highest value was registered in W; leaves
of bottom region of the tree as in the previousc:ase. The
co-efflcient of variations was slso the lowest {(6.859) in
this position (Table 11). At Vellayani the mean phosphorus
concentration ranged from 0.084 to 0,165 per cent, The
highest value was registered in the W, leaves of bottom
region with lowest coeffiecient of wvariation of 12,267
(Table 12). At Kulasekaram, the mean values ranged from
0.10§E§o 0,140 per cent. The highest value was obsgerved
in Wy leaves of bottom region with the lowest coefficient

of variations of 14,26 per'cent (Table 13).

The leaf phosphorus <cnzentrations in all the
locations were within the normal range. Within the location,
the sampling regions differed in phosphorus concentrations
as already observed by Murray and Malliphant. (1965) and
Annie (1982) ap in the case of nitrogen. Within the region
the Wy leaves had highest phosphorus content followed by
W, leaves and the least in Wy leaves, Among all the region,
irrespective of the location the Wy leaves of the bottom

region of the tree had the highest concentration of phosphorus
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with the lowest coefficlent Of wvaristion, indicating

signlificant presence of phosphorus at this part.
5.3.,3, Potassium (Tables 14, 15, 16 and 17)

The mean potassium concentration in leaf at
Vithura, ranged from 1,985 to 2,262 per cent. The highest
amount of potassium was registered in the Wy leaves of the
top region of the tree, There was a tendency for the
element to decline towards Wy leaves in 211 the regiona,
Ampong all W, leaves of top region had the highest concen-
trations with the lowest cve of 5,582 (Table 14)., At
Pattom, the mean values ranged from 1,997 to 2,486 per cent.
Here also the same trend was noticed. The higheat walue
wasg recorded in ¥y leaves of the top region with the lowest
cv of 6.650 (Table 15). At Vellayani, the mean vaslues
ranged from 1.673 to 2,227 per cent. The highest amount was
reglstered in W, leaves of top region with the lowest cv of
4.613 (Table 16). At Xulasekharam also, the scme trend as
in the previous cases wag exhibitsed. The mean values ranged
from 1,90 to 2,412 per cent. The highest amount was recorded

in W, leaves of top region with a cv of 4.846 (Table 17),

It was observed from the above data that the
potassium concentration in leaf had a variation from 1.673
to 2,486 per cent as influenced by the location and the
sampling position, This 1is in accordance with the £inding
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of annle (1982), It was lnteresting tc note that aven-
though the potassium concentration was influenced by the
above factors, the W; leaves of the top region of the
éree invariably in all the locations had the highest
potassium concentration with the lowest percentage of
coefficient of variation., Hence, Wy leaves of top region
may be considered as an index of the potassium status of

the plant,

5e3+4. Calcium (Tables 18, 19, 20 and 21)

}

The mean values of calcium concentration in leaf
at vithura, varled from 0.271 to 0,307 per cent. There was
an” increasing trend from Wy to ﬂ3'of each region of the
Canopys Among a}l the 3 regions Waq leaves of bottom reglon
recorded the highest amount of calcium (év = 12,573). At
Pattom, the mean velues ranged from 0,221 to 0,309 per cent.
The highest amount was registered by Wy of bottom region as
in the previous case. The lowest cv (cv.=17.439) was also
noticed in this group (Table 19), At Vellayani, the mean
values ranged from 0,189 to 0,234 per cent. Here also,
the w3 leaves of the bottom reglon registered the highest
calcium coneentration (cv = 11,172), At Kulasekharam, the
mean values varied from 0.322 to 0,360 per cent. In this
case also W3 leaves of the bottom region regilstered the

highest concentration of Ca {(cv = 11,578).
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It was obgerved that W; leaves of the bottom
region registered the higheast émount of Ca concentration
uniformly in all the locations. Annie (1982) also £cund
simliler trend in cocoa. Calcium being an immobile elcnent
usually accumulates in the older region and older leaveco
of any plants. This is probably the reason for the highest
concentration of calcium in the 3rd whorl of the bottom

region of the above plante.
5¢3.5. Magnesium (Table 22, 23, 24 and 25)

The magnesium concentration in leaf at vithura,
ranged from region to region and had a mean value between
0.205 and 0.251 per cent., Ip the ¥, leaves of top region
had the highest concentration of Mg with a lowest cv of
14,625 (Table 22). At Pyttom, the mean valuss ranged from
0.212 to 0,275 per cent, Here aleo the Wy leaves of the
top region recorded the highest value with the lowest
percentage of cv viz., 12,277 (Table 23). At Vellayani,
the mean values ranged from 0,171 to 0.247 per cent., As in
the previous cases, Hy leaves of the top region registered
the highest concentration of Mg with the lowest percentage
of ecv ( 9,577) as given in Table 24, ALt Kulasekharam, the
mean values varled from 0.227 to 0,278 per cent, The W,
leaves of the top rogion recorded the highest concentration
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of leaf Mg, The lowest coefficlent of variation of 10.397,

was reglstered in this case,

It was observed that the Mg concentration in the
leaf was influenced by the sampling positions and the mean
Mg concentrations ranged from 0,171 to 0,275 per cent. This
was in conformity with the findings of aAnnie (1982), The
Wy leaves of bottom region in sll the locations had invaria-
bly shown the highest concentration of Mg with lowest
percentages of coefflcient of variation. This might be due
to higher photosynthetic activity due to the abundance of

profuse sunlight at the top region of the plant cancpy.
5.3.6, Copper, Manganese and Zinc

The copper concentratlion in leaf varied from
region to region and the mean values ranged from 5,06 to
5.92 ppm at Vithura, from 2.79 to 9.26 ppm at Pgttom, from
from 4.63 to 5,47 ppm at Vellayanld and from 4.12 to
44.71 ppm at Kulasekharam, The highest concentration of
copper was recorded in Hq of the bottom region invarlably
in all the locations. The perceantages of coefficient of
variations were also the lowest in the above sampling

position (Table 25, 27, 28 and 29).

The manganese concentration in leaf also showed

marked varliation between the locations and within the
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locations between regions. The mean values of manganese
concentration ranged from 217 to 269 ppm at Vithura,

267 to 370 ppm at Pattom, 345.6 to 379.6 ppm at Vellayanl
and 274 to 503 ppm at Kulasekharam, In all these locations,
the manganese concentration was the highest in W, leaves of
bottom region as in the case of copper. There was an
increasing trend f£rom Wy to Yy more or less 1n all the
regions. The Wy of the bottom region had also invariably
the lowest coefficient of vafiations (Teble 30,31,32 and 33).

The mean values of zinc concentrations in leaf
ranged from 14.86 to 53.61 ppm at Vithure, 11,05 to 23.05 ppm
at Pattom, 12.82 to 15,58 ppm at Vellayani and 6.73 to
44,34 ppm at Kulasekharam. The highest concentration of
manganese was noticed in the Wy leaves of the bottom region
of the tree in all the four locations, with lowest value of

coefficient of variations as glven in Table 34,35,36 and 37,

From the above data it was observed that even-
though high variations were exhibited in the concentrations
of copper, manganese and zinc as influence@ by the location
and the sampling position, the highest concentration of the
above sald trace elements were found to be at the Wy leaves
of the bottom region irrespective of other factors. The
above position could also be confirmed with the lowest

values of coefficlient of variztion.
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5.4. RELATIONSHIPS BETWEER SOIL AND PLANT NUTRIENTS

5.4,1. Nitrogen (Table 38)

Positive correlation between soil availablae
nitrogen and Y, leaves of top region leaf nitrogen was
established at Vithura (r = 0,453%), The seme trend was
also observed at P, ttom and Vellayani. At Kulasekharam

the relationship was positive but not significant.

Pooled analysis for all the locatlons and
different regions of the plant in individual locatlons gave
positive correlations between W, leaves and avallzble soll
nitrogen (r = 0,511%*% for locations and r = 0,448% for

regions).,

Wessel (1970} reported that the nitrogen content
of soll was an indication to the nitrogen availasbility to
cocoa plant. The positive relationship between soil test
values nitrogen and leaf nutrient concentrations were zlso
reported by Annle (1982),., Hence the above finding of the
present study are in conformity with studies of the abgve

workers.,
5,442, Phosphorué (Table 39)

Posltive correlations were observed between soil
available phosphorus and leaf phosphorus more or less in

all the correlation studies as given in Table 39, Significant
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positive relationship was observed between soil available
nitrogen and Wy leaf nitrogen of bottom region at vithura
(r = 0.477*) and at Kulasekharam (r = 0,513*%), Similar
highly significant positive correlation (r = 0,750%%)

was also observed at Vellayenli. At Pgttam location alone
eventhough the correlation was positive it was not signi-
ficant with reference to any leaf position. When the
reglions were pooled positive sigﬂificant relationship was
observed both at P,ttom and Kulasekharam between v, leaves
of bottom region and soil available phosphorus, The pooled
analysis of data from the different locations alsc had
highly significant positive correlation (» = 0,474**) betwsen
ﬁl leaf samples of bottom region and soll avalleble

phosphorus,

The positive relationship brought cut between
soll and leaf phosphorus in the present study is in confor-
mity with the findings of Verliere (1965), Wessel (1570) and
Annie (1982). sSignificant positive relationships were
existgd in the Wy of the bottom region in 311 the locations
except Pattom where also positive relation existgd though

not significant.
5.4.3. Potassium (Table 40)

The correlation coefficlents between soil available
K and leaf K ylelded significant positive relationship
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between W, leaves of the top reglon and soil avallable
potassium both at Pattom (£ = 0,485%) and Kulasekharam

(r = 0,510%), At the other two locations the same group

of leaves gave positive relationship thouch not significant.
Analysis of pooled data from @ll the 3 regions of the plant
alsc indicated positive significant relationship ag given
in Table 40. wWhen data from the locations were pooled and
analysed, it also ylelded a significant positive relation-

ship with reference to the Wy leaves of the top reglon..

Positive relationships between soil avallable K
and leaf K of the Wy leaves of the top region of the plant
were observed more or less in all the correlation studies
which corrcborates the finding of Acquaye et al. (1965)
and Annie (1982),

5.4-4‘ Calcium (Table 41)

The correlation coefficient studies between soil
avallable calcium and leaf calcium indicated that there was
positive felationship between these variables uniformly in
all the locations. Significant positive relationships
between these varisbleg were gbserved in the Wgq leaves of
bottom reglon koth at Pattom (r = 0.,559*) and at Kul asekharan
(r o 0,477). The other locations also showed positive
Telationship in the same leaf group of bottom region, When
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region were pooled highly significant positive relotionship
was gbtalned in the same sampling position at Pattom and
Vithura also. This was confirmed with the location pooled
analysis which also indicated highly significant positive
correlation (r = 0,329*%) in the gsame sampling region
(Table 41), Significant positive relationship between the
soll calcium and leaf calcium were already observed by

Acquaye et al. (1965} and Annie (1982)

5.4.5, Magnesium (Table 42)

P

| The correlation studles between soil magnesium
and leaf magnesium showed that positive relationship existed
invariably in all the 1océﬁions and sampling positions.
sigpificant positive relations were observed in the WB
leéVes of top region at Pattom (r = 0,480*%), Vithura ‘
(rLfJO.SBO**{ and Kulasekhar;m (r = 0.471*%F, Pooled analysis
for the reglon gave the same trand, The correlation
coefficient values for pcoled analysis of data from all the
locations also showed that hiéhly significant relationship
existed baetween the Wy leaves of top region, and the soll

avallable Mg (Table 42),

The findings are corroborated by the results
obtained by Annie (1982) who observed positive correlations

between soll test values and leaf nutrient concentration
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in the order of magnesium folloved by calclum, Among all
the sampling position Wy leaves o0f top reglon recorded
significant positive correlation irrespective of the
locations which might be due to the high magnesium concen-
tration in the same sampling position as already discussed,

5.4.6. Copper, Manganese and Zinc (Table 43,44 and 45)

The correlation studles between soll DTPA extrace
table copper, manganese and zinc with that of leaf copper,
manganese and zinc showed that in most cases a positive
relationship Qas present between the above variables
invariably in all the locations., Significant positiva rela=-
tionships for thege mitrients were observed in the w3 leaves
of the bottom region of the plant in Tables 43, 44 and 45,

It was observed that the same sampling position was found
to have significant positive relationship when data both
from the regions and locaticns were pooled for the zbove

nutrients separately.

It was interesting to note from the above data
that all the three micronutrients under study had shown the
same trend i,e., these correlation between Wy leaves and
soll avallable Cu, Mn and Zinc were significantly positive

invariably in all the locations,
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5¢5¢ YIELD (Table 46)

The yield data of dried flower buds of clove was
found to be highly influenced by the locations under study.
The meen yield ranged £rom 0.820 to 12,439 kg tree'i year"l.
The highest yleld was recorded at Kulasekharam followed by
vithura (3.153 kg), Pyttom (2,593 kg) and the lowest by

Vel 1ayani .

The high varlation in the mean yleld between
locations might be due to the variations in the inherent
soll fertility status and other environmental factors such
as climate ete. The Kulasekharam soil was found to be the
best for the clove cultivation than the other locations
studied, Vellayani waz found to be the least suited location
for profitable clove cultivation in the existing condltions,

5.6 RELATIOKRSHIP BETWEEN LEAF NUTRIENT CONCENTRATION

AMD YIELD (Table 47)

Correlation co-~efficient studies between lesf
‘nutrient concentration and yield showed that significant
positive relationships existed between lecaf nitrogen of Wy
leaves of top region and the yield invariably in all the
locetions as glven in Table 47, Similarly significant
posltive relationships with the yleld by the leaf phosphorus

concentration of W, leaves of bottom region of all the
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locations were also observed. In the case of leaf potasmsium
Wy of top region at Kulasekharam had shown significant
positive relationship with the yield, In the case of
calcium, Wq of bottom region at Vithura, had shown a signi-
£icant relationship with the yield, In the case of magnesium
Wy of top region at Kulasekharam expressed significant rela-
tionship with the yleld, I, the case of leaf copper,
manganese and zinc Vg of bottom region at Vellayeni and
Kulasekharam showed significent positive relationship with
vield,

The leaf nutrient concentrations in the above
discussed sampling positions were having highest concentra-
tion of the respective nutrients, When the soll nutrient
stabus was correlat=d with the respective leaf nutrient
conéentration the above sazid sampling positions were obsgerved
to have significant positive relationship with the respective
elemenp.. To confirm the above said £indings leaf matrient
concentrations were again correlated with the yield obtained
from each location. it is interesting to note from these
correlation studies that the same sampling positions
reglstered significant positive relationships with the
yield (Table 47).

A close relationship between leaf cemposition and
yield was already noticed by Hgrdy et al. (1935), Sevitene
EH26%5) and Wessel (1965).,



Hence 1t can be safely inferred that the nutrients
concentration in the index leaves now located for different
nutrients could be used am a quide for a rationalised
fertilizer recommendation. But before doing so an elaborate
study involving more locations and more number of plants
visa vis leaf samples should be undertaken to give credie

bility to the results of the present investigation.



SUMMARY




6. SUMMARY

The present study was an attempt &% standardising
the index leaf/leaves for assessing the nutritional status
of clove in relation to soll fertility. Four clove growing
locations, representing different soll types were selected
(vithura, Pattom, Vellayani and Kulasekharam)., Clova
plantations of 10 years of old at the above locations were
selected for the studles, Soll samples from three different
radii frcm‘the maln trunk of each experimental tree and the
leaf samples from three regilons (viz.,top, middle and bottom)
and three positions (whorl I, II and III) from each region
were collected, during the flushing period invarisbly from
all the locations., The soll samples were analysed for
their important physicofhemical properties and available
hhutrient status of N,P,K,Ca, Mg,Cu, Mn and Zn, Leaf samples
were alsa analysed for the above sald nutrient concentrations.
The nutrient content of soll were corrélaeaa with the respec-
tive leaf nutrient concentrations to find out ikhked:” degree
of dependence. Those leaf nutrient concentrations which
had positive relationship vwere again correlated with the
respective yield obtained at different locations. The
salient f£indings observed in the present study are

summarised hereunder,
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1, Among the different type of soils studied,
forest moils with high organic matter and cation exchange
capaclty with clay loam texture was found comparatively
better suited for clove cultivation than laterite and/or

red soll,

2, The physico-chemlcal properties of the soils
studied were found to be varied from locations to location
and the available nutrients in the soil were highly

influenced by the locations.

3. The radial distance from the main trunk of
the experimental tree had significant influence on the
s0ll avallable nutrients invariably in all the locations.
It was found that (1) the soil available N,P,K,Ca and Mg
were highest at half meter diastance and lowest at one and
half meter from the main trunk of the tree. (il) The DTPA,
Cu, Mn and Zn content of so0lls at different distances from
the tree base did not show any consistency. But identical

trends were not seen at different locations.

4. The leaf nitrogen concentration was highest
in leaves of whorl-I (wl} of top reglon coupled with
lowest coefficient of variationg irrespective of the

location.

5. The leaf phosphorus concentration was highest
in whorl-I (uW;) of bottom region of the tree inveriasbly in
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all the locations., The coefficlents of variations were

found to be lowest at thls sampling position.

6. The leaf potassium concentration was found
to be highest in the whorl-I (W,) of top region with the
lowest co-efficient of variations for all the four

locations,.

7. The calcium concentration of leaves was
observed to be highest in the whorl-III (W,) of bottom
region of the tree with the lowast coefficients of variation

irrespective of the location.

8. The magnesium concentration of leaf registered
nighest value in the whorl.IilI (w3) of top. region of the
tree for all the locations, which had the lowest

co=-efficlents of wvariation.

9., The copper, manganese and zinc concentration
of leaf recorded the highest value in whorl-III (w33 of

bottom region of the tree irrespective of the locations.,

10, The correlation studies between soil nitrogen
and leaf nitrogen had shown significant positive relations
in the whorlel (wl) of top region of the tree.

11. The soil available phosphorus and leaf phosg-
phorus concentration expresgsed significant positive rela-

tionship in the Wy leaves of bottom region of the tree.
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12, Significant positive rel ationships were
exhiblted between the sopil available potassium and leaf

potassium in the whorl-I (wl) of top region.

13. The soll exchangeable calcium and leaf
calcium concentration had significant positive relationship
in the W, leage of bottom region of the tree irrespective
of the locations,

14. There existed significant poaitive relation-

wwuq Ma. Co VJ’U\.}'
ship,in the whorl-III (wa) leaves of top region of the tree

and the soll exchangeable magnesium,.

15, The whorl-III (W,) of bottom region of the
tree gave slgnificant positive relationships for ell the
locations when the soll DTPA copper, manganese and zinc

were correlated with theilr regpective leaf concentrations.

16. The highest yileld of dried flower buds of
clove was registered at Kulagekaram and the lowest yleld
Wwas recorded at Vellayani, presumably due to the high
variations in soll fertility status and agroclimatic

conditions existing in these locations,

17. The correlation studies between the leaf
nutrient concentration and the yield recorded significant

positive relationships in the following cases.
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Leaf ssmples

1) Leaf nitrogen - whorl I (¥W,;) of top region of all
localities

ii) Leaf phosphorus - whorl I (W) of bottom region of
all localities

111) Leaf potassium - whorl I (Wl) of top region only

at Kulasekharam

iv) Leaf calcium - vwhorl III (wa) of bottom region

of Vithura only

v) Leaf magnesium - whorl IIT (W3J of top region of

Kulasekharam only

vi) Leaf copper, -~ whorl III (w3) of bottom region
manganese and
zinc of Vellayani and Kulasekharam only

From the observatlons recorded in the present
study it can be concluded that the following leaf samples
of clove can be taken as the index leaf/leaves for assessing

the nutritional status of clove irrespective of the locations.

Index leaf Nutrients
1. Top region~Whorl I - Nitrogen and potassium

2. Top region-Whorl III - Magnesium
3. Bottom region-iwhorl I - Phosphorus

4. Bottom region-~Whorl III- Calcium, copper,manganese
and zinc
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Though the present study glves encouraging results,
for effective implementation of rationalised fertilizer
recommendation, further indepth studies on the upper and
lower critical limits of each nutrient for clove are
needed, An extensive investigation involving large number
of trees from several location or from a single location is
necessary to confirm the results obtained in this preliminary

study.
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ABSTRACT

Clove being an clite spice of immense aconomic
and gastronomic importance, it wes felt necessary to under-
toke an investigation into the fertility status of the '
major clove growing soils of Southern Peninsula with special
rcferencae to Trivandrum dlgtrict of Kerala and Kanyskumsri
district of Tamil Nadu and also the mineral nutrition of
the crop in relation to the fertility of the soils in which
thay flourish. The investigation was slso aimed at este-
blishing the index leaf/leaves for the formlation of a
more pragmatic and scientific fertiiizer recommendation,

With a view to achieve this alm, four major clove
growing regions viz,, Vithurs, Pattom, Vellayani of
Trivandrum district and Kulassekharam of Kanyskumari district
of Tamil Nadu were chosen for tha study. The soll types
encountered at Kulasekharam and Vithuras were forest solils,
whereas laterite soll was cncountered at Pettom and red
soll) at Vellayani. Solls from three dlifferent radii
(0.5, 1.0 and 1,5 m) from the base of the plant were
collected, composited, sampled and analysed.

e el

Leaves from clove plants were collected ;I.mnc‘éiatoly
aftar the completion of f£lushing., The tree canopy was
divided equally into three regions viz., top, middle and



formtlation of a more pragnatic and sensible fertilizer
recommendation for the c¢rop., Moreover, an extonsive
investlgation on the lines of present investigation
involving largs number of clove plants £rom several
location or from a sgingle location is necessary €o
confirm the present finding obtalned from this basic
study.



bottom, Three semples ezch from theze regions were drawn
by collecting the first, sscond snd third whorls from the
spex of the branchlets criented towards the east, west,
south and Dorth. Leaves from the £irst whorl, eecond whorl
and third whorl) from each direction were pooled, sampled
and analysed,

The goil =vailzble and plant N, P, K, Ca, Mg, Cu,
ln and Zn were corralated to £ind sut thelr relationships.
Yield data for two year from all the four locations were
also correlated with the significant cosrelation values
obtained from the correlation studies batween soil available
nutrients and their rssrective ieaf nutrient concentration.

Ag a rasult of the study, it was brought out that
forest molils of Rulasskharam with high organic matter and
CEC and having a clay loam texture were found ko be batter
suited for clove eultivation‘ as compared to the other solls
studied, The highest yield was alse obtained from Kulae
sekharan, wialle lowest yleld was noticed at Vellayani,

The leaf nitrogan concentrstion was found to be
the highest in whorl I of the top ragion of the plant
canopy. -in the case of phosphorug, the whorl I ieaves of
botten segicn were proved to be the richest., The leaf
potassium was found to be the highest in whosl I of the
top region of the plant,



Celcium concentration in the leaves was found to
be the highest in whorl III of bottom region, while
magnasium concentration was the highest in whorl III of
the top region,

se-~COPper, manganesa and zinc in the leaf were
found to be tha highest in the whorl III of the bottom
region,

Based on the correlation between soll availsble
nuu'ieizts and the respective leaf ﬁut:r:ient concentration
and also the correlation between leaf mutrient and yleld,
the following index leaves ware identified in zc}:t_:fiﬁn to
diﬁfcr?n?:!ﬁtrienbs. | |
1. Xitrogen ~ leaves of whorl I of top region
2« Phosphorus ~ leaves of whoxl I of bottom reglon

3. Potassium - leaves cf whorl I of top region
4, Calclum - leaves 0f whorl III of bottom ragion
5. Magnesium - leaveos of whorl III of top ragion
6. Copper, = leaves of whorl III of bottom region
manganese and
zinc

Though the present study has ylelded scveral
valuable £infdings, further indepth atudieg are necessary
to fix the eritical limlts of each mutriant through field
trials involving graded doase of fertillizers for the
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