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nr.rRODUC'lIOB

!he coconut palm (Coco, nue1ler,. L1nn.) is a

crop that is most int1JDately oonnected w1th the tropical

11te. It is a regular supplier ot tood and other

necess1ties to man. 'lbe importanoe of coconut cannot be

confined to statistical figure. as each and every part

of the palm 1s used tor some purpose or other. Currently

it 1s grown in an area ot 1.1 m111ion ha in India. Among

the states Kerala ranks tirst in the area and production

ot coconut. Coconut occupies 66265'7 ha 1n Kerala, with

an annual production ot 3032 DI1ll1on nuts.

though essentially a tree crop ot the humid.

tropics, cocOIlut is veraame in its adaptabil1ty to a

wide range ot 8011 and o11matic Cond.1t10DI. Because or
the teterogeneous nature ot the 80US in which coconut

is grown around the wor1d, assessment of the fertility

status ot the sol1 be0088s ditticult. Moreover, a _re

8011 test data will not renect the amount or nutrients

that 1s actually ava1lable 1io the roots of the palm.

Alain, the caPacity or the paJ.m to absorb nutrients Tary

trom palm to palm. A be"er index ot the nutritional

uptake by the palm can be obtained through the technique
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of foliar diagnosis. As pointed out by Manciot .u JIJ...

(1980) prospection or toJ.iar diagnosis allied to a

thorough knowledge of the IOUS is an excellent means to

study the nutritional status ot the palm, to work out

the nutrient balance, to discover the d.egree or response

and the threab.old of protitab1l1'ty of fertilizers and to

define the linkage bet-ween ele.nts.

!he pioneering works in toliar diagnosis 1n

coconut were done by the sCientists of !RHO in West Atrica

and they have standardised different aspects of foliar

anal.ysis aa a diagnos\1c tool in oooonut. Ziller and

Prevot (1963) have recOJIIDlended the leaf lamina of the

frond 14- as the index leat tor fo1iar analysis in cooonut

and they haye defined the critical levels ot different

nutrient elements in this leaf. However, works ot theae

scientists are confined to oertain climatic conditiona,

80 that, their observations cannot be applied in other

parts of the world, where the 8011 and climatic oCl1ditiona

under which coconut is grOWB -7 be entirely ditterent.

Hence it becomes necessary to .tandardise the technique

of foliar diagnosis tor ditferent CODd!tions.

In India, works attempting to standardise toliar

diagnosis is scanty, espeoiall,. in the Case of ooconut.

When we consider the 1JDportance of coconut in the economy
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of the country, the require.ent of greater attention

in this line beoomes v11'id. One of the 1JDportant

attempts in 1Cerala to standardise the foliar diagnostic

techni,ue in coconut 1s that or Gop1 and Jose (1983).

In order to find out the lear that v111 best reflect the

nutritional status of the palm, the,. sampled all the

aVallable leaves froll the palms of e.. liPK fert1lizer

trial maintained at Balaramapuram. iheir work emphasis es

the importance of standard.ilation of foliar diagnosis,

as the index leaf" that they sUlg.sied was different frQIJ

the index lear suggested oy IRHO. However, their obser

vations vere limited to a few nUDer ot pallls only and vas

confined to a particular coconut growing area of the

Itate, n8118l1 Balaramapuram. !he present study, therefore,

a1ms at testing the resU!" oota1ned by these scientists

over a large number of palma and Wlder different climatic

and soU conditions. Such a work will help to determine

which w1lJ. be the leaf' that CBD be recommended as the

index leaf' throughout the state, and to estimate the

critical levels of difterent Dutrients in that lea!

based on vhich fertilizer schedules can be worked out.

!herefore , the objectives of the present study aTe,

1. to standardise the index lear tor foliar

diagnosis in coconut based on the analysis of a large



number of palms trom d1tterent parts at the state.

2. to estab11sh the critical levels ot

d1tferent nutr1ents in that. lea! below wh1ch the appli

cation of that nutr1ent v1ll show response.

3. to de"elop yield prediction models tor

forecasting the y1eld of a palm based on the contents

ot nutrients in the index leal and other parameters

related to y1eld.
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the present inftstigation, "Yield prediction

1ncoconut baseel on foliar I, P anel 1( value." was carri_

out with the objective of developing regre.sion Dlodel.

tor predicting the yield ot coconut ba.ed on the foliar

nutr1ent statu.. !he reView perta1n1Jlg to the investi

gations on foliar 41asno.ia in coconut carr1ed. out in

India and abroad is given l:Htlow.

1. Foliar d1&lI1081s

Foliar diagnosis 1a a technique of assessing the

nutrient status or the plant by analysing a particlt1.ar

part ot the plant tiasue at a particular period of grovtb

of the plant. Making uae or this technique d.eteciion or
nutr1ent level ot the plant, aaseasment ot the nutrient

need of the crop and prediction of crop pertol'll&nce have

been succeasfully followed in maDY crops.

!he term "Diagnoatic Foliare" was first used 1n

France by Lagatu and MauIle (1926) and their concept at

tissue analysis &a a diapoatic teo1 tor nutrient

deficiencies in plan ta gave a tundamental. and scientific

tooting to the field ot foliar diagnoais.
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WacUellh (19't-9) remarked that, for &1l1giveD

combination at enTiro_ental tactors, vithin a plant

ti.sue, there i8 an opt1Jlum content ot mineral nutrients

for maximum plant growth, and deviation from this

arfects it. '!his is the strong basis on which plant

analysis as a diagnostic tool stands.

1.1 Sampling technique

Since leaf is the pr1Jlary centre (Lundegardh, 1951)

vhere the major synthetic proce.ses and Vital functions

of the plant take place, changes in the nutrient pattern

of the leaf can be related to the nutritional status of

the solland the level of tertllisation to be adopted.

Rogers .11 IJ.. (195;> opined that lest was as sensitive or

even more sensitive than 8%11 other plant part as an index

of the nutr1tional statuI at the orop.

The leaf samples are collected and anaJ.ysed in

a period when the leaf nutrient oootent remains relatively

stable and the result 1s related to the final performance

o! the plant in quant1t1 and qUal1ty • AJJ a common practice,

the orit1ca.1 levels of the ditterent nutrients are

determined by analysis of 1eave8 whioh have not entered

to phaae or senescence and have tully matured physiolo

gically. The leaf' thus selected is termed as the rererence

or index lear.
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BTan. (1979) stated the importance or 1denti-

fy:1ng all factors that cause variation in leat nutr1eDt

levels v1z., climate, season, time of day, age of tree,

age ot foliage, between tree variation, position ot the

crown, nutrient balance, effects ot diseases and other

factor.. !his indicates the importance of standard1zat:l.on

of sampling techniques for fo11ar diagnosis. Development

and selection at sampling technique have been discussed

by many investigators like Goodall (19lt-9) , Ulrich (195'2)

and Smith (1962). Suggested foliar sampling technique. for

80me important crops were reviewed by Gopi (1981).

1.2 Critical level of nutrients

Critical level ot a nutrient can be defined aa

the concentration ot that nutrient in the lea! above "hich

a yield response from tn. element in the fertilizer 1s

unJ.1kely to occur (Prevot and Ollagn1er, 195'7). The_rm

entical concentration actual~y indicates the opt1llwa

conoentration of' a given nutrient element in the sampled.

tissue above which response to further increment is

doubtful or occurs at rap1cU.y d1m1nish1ng rate • .A revie"

of the or1tical concentrations of difterent nutrient

elements for difterent crops has been done by Gopi (1981).
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1.3 :ro~lar diagnosi8 .s. soU analysis

Le'Yer1ngton .u.!Yr.. (1962) reported that unless

pota.sium is 'Yery deficient, so11 analysis is more reliable

thal'l leaf analysis for usess1ng potassium reqUirement

of sUlarc aile.

However, Jones (1963) established a general re1a

tionah1p between the micro-nutrients in the top so11 and

those in the leaves in app1e and raspberry.

A cOIIpari.on of foliar diagnosis with soU analysis

for the est.1JIation or phosphorus alld potassium requirements

of croundnut in Senegal was mede by Ollagnier and GUler

(19,5') in Vhichfoliar diagnosis values were better

correlated with yield and response to phosphorus and

potass1UJ1, than soil analysis. S1.m1lar superiority of

foliar diagnosis over 8011 analysis was reported by Latevre

(196,) and Ruer (1966). However, Champion (1966) remarked

that foliar diagnosis and soil analysis are both necessary

in judging fertilizer requirements in banana.

2. Foliar diagnosis in coconut

the pioneering works on roJ.iar diagnosis in coconut

were done at the Institute &Ie Recherches pour les Huiles

at Oleagineux (DUm) in We.t Africa. This institute is

doing rout1ne foliar diagnosis in coconut since 19~O.
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ACcording to Ziller and P1'evot (1963>, the a1m

of foliar diagnosis is to reveal, by chemical analysis of'

leaf', the nee4s of the plant and possible deficiencies

in certain Bd.neral elements.

Sever-u works have been done by d1fferent scientists

to ascertain the po,sibility at using difterent parts of

the coconut palm as a material. the analysis of which will

give a picture of the nutritional status ot the palm.

Nathanael (1955) indicated the po.sibility of using toddy

as such a material. In an eXhaustive study, he found that

the Nt P, ell e.nd Mg content of toddy rema1ned remarkably

constant between plants or s1m1lar yield characteristios.

But this was contradicted by De 811va (197'+) who found that

toddy a8 a plant material was unsUitable for nutritional

studies in coconut. Salgado (1948) obtained close corre

lation between the K and P contents of the liqUid endosperm

of ripe coconuts with nut yield and copra. content. In

his work t he indicated the possibility of directly analy.ing

the tresh liquid endosperm tor P and K without digestion

or ash1nl.

Eventhougb. a tew ot such reterences as mentioned

above utilising plant parts other than leaf for finding

out the nutritional status of the palm are ava11able

lIajority of the works reveal the capacity of leaf to reflect



10

the nutritional atatus or the palm. D. SUva (1971+)

pointed out that, ot all the d1fterent plant parts, leaf"

will be the best one to be selected for plant analysis.

2. 1 Sampling

In foliar diagnosis, 88Jlpling procedure is very

important and should be carefully standardised and followed

so as to get a representative sample. Leaves must be

taken trom all the palms of an area to get a representative

sample of that area. Romney (1964) in Jamaica recommended

not less then 15 palms whUe ZUler and Prevot (1963)

suggested 25 palms. From each paJ.m, a sample ot six

leaflets (three from each side of the rachis) is taken

without cutting the leat. FrOID each leaflet, the middle

section of about 10 em long, is taken. 1he margins of

this segment (about 2 mm) are trimmed and the mid-rib

removed leaTing two halves (lamina) which are taken for

analysis.

2.2 Index leat

Palms below the age ot 18 months after planting

are not recommended for sampling. For palms upto four

year old, the 9th leaf (taking the YOlmgest leaf with the

leaflets vell separated as the lear lfo.1) is recommended

tor sampling.
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In the case of Malayan dwarf palms, Romney (1965)

recommended the following leayes for foliar diagnosis

according to the age ot the palms.

Age of palm Total living Leaf recommended for
fronds per palm foliar diagnosis

1 - 1+ ,.ears 6 - 9 Leaf It-

1* - 2 7881'8 9 - 12 Leaf 6

2 - 3 ,.ears 12 - 1'" Leaf 8 or 9

3 - It- ye81'S 1'" - 17 Leaf 11

Bearing 16 - 30 Lea! 11 - 15

Ziller and Prevot (1963) suggested the 1lt-th leaf

as the index leaf for foliar diagnosis. They have

described the 1lt-th lea! as the an. which carried nuts

that are about the size of the :!lat. According to them it

is that leaf which has attained full physiological maturity.

De Silva (1973) revealed a low content of magnesium in

the 1lt-th frond of Kg deficient palms. Shanmuganathan and

Loganathan (1976) also supported the use of 1lt-th lea! for

detecting the K deficiency in some K deficient 8011s of

8r1Lanka. In Olle stUdy by Jeganath8ll (1981) ~ the leaf

nutrient contents showed lesser variation in 13th to 16th

fronds. From this, they concluded 1lt-th frond as the index
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leaf of coconut. !he IRHO 1s doing foliar diagnosis as

a routine work making use' ot the 14th frond as the

index leaf. The use of 1'+th frond as the index leaf in

foliar diagnosis of coconut is more or less well accepted

throughout the vor1d.

Howeyer, works indicating the possibllity at

using other leaves for foliar diagnosis in coconut are

also there. Nethsinghe (1963) detected Mg deficiency

based on analysis of the 6th trond. De SUva (197'+)

pointed out the necessity ot using d1tferent leaves for

different elements. He recommended the mature fronds 1n

determining iron and manganese, and the youngest full;y

opened leat in Case of copper and boron. Southern and

Dick (1968) also supported the view that iron content ot

mature leaves gave a better index of :Fe status of plants.

Gopi and Jose (1983) recommended the 2nd leaf

as the best for the simultaneous detection of N and K,

since he observed maximum correlation between yield and

the content of N and K in this lear. According to their

work, the yield was best correlated with the nitrogen

content of the 10th leaf followed by the 2nd leaf. In the

case ot potassium, maximum cQrre1ation was obtained between

yield and the potassium content of 2nd 1ea!. !he phosphorus

content was not correlated significant1.y with yield,

irrespective or the leat position.
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2.3 Critical level of nutrients

Critical level of an element was defined by

Ziller and Prevot (1963) as the percentage on dry matter

basis of that element, below which an application of the

appropriate fertilizer had a fair chance in increasing

the yield.

Zlller and Prevot (1963) sho"Ted that the content

of nitrogen increased from 1at to 6th leaf, and thereafter

decreased. fhe above finding was confirmed by Gopi ~ JJ...

(1982 ).

There was a decrea.e in the contents of P and K

as the age of the lea! increased whUe Ca and Mg con~ents

increased (ZUler and Prevot t 1963). Jaganathan in 1981

also Ulustrated a steady decline in the concentration

of P and K as the frond age increased. Ca showed an opposite

effect. Gopi (1981) also indicated a decrease in the

contents of P and K with increase in the age of the frond.

Southern and Dick (1968) found that there was an

accumulation of Fe in the mature leaves. This view was

supported by De SUva (19'74) who revealed an increase of

Fe content from 20 ppm to 40 ppm &s the age of the frond

increased. However, Eschbach and Man1cot (1981) remarked

that the Fe content of coconut leaf' can vary from It-O to

100 ppm.
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Manc1ot, OllagD1er and Ochs (1980) reported

that A1 cont.mt al80 increased with age of the frond.

They reported a variation tl'ODl 6 to 127 ppm. But in

1981 Eschbach and Hanciot got a var1aticm from 9 to 48 ppm

in the A1 content.

D. 811va (197'+) reported that the Mn content

ranged from 75 ppm in the 1st lest to 175 ppm in the 14th

leaf.

De SUva (197'+) stated that the eu content

decreased with age of the leaf. He could not obtain a

clear trend in the pattern of distribution of zn in the

leaves. However, he reported that 1n content of young

leaves varied between 12 and 20 ppm and that or mature

leaves, between 10 and 22 ppm. But he found that B content

decreased with age of the leaf, from 15-38 ppm in the

1st lea! to 12-17 ppm in the 14th leaf'.

Ziller and Prevot (1963) suggested the following

critical levels based an the frond 14 sample of the

variety t1Pioa.

N - 1.70

P 0.10

K - 0.45' Per cent dry matter

Oa - 0.50

Kg - 0.40
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Fremond !i &. (1966) modified the critical

levels orig1.nally suggested by Ziller and Prevot. The

Fremond's ctitical levels are given below.

N - 1.80 - 2.00

~ - 0.12

K - 0.80 - 1.00 Per cent dry matter

Ca - 0.5'0

Mg- 0.30

In Sr1Lanka, Beth.singhe (1966) suggested for

four years old palms, the optimum lear composition or

2.20 per cent nitrogen, 0.14 per cent phosphorus and

2.10 per cent potassium. Romney (1966) reported that

Malayan dw¢ paJ.ms have higher critical levels ot nitrogen

and potassium than Juaican tall palms. Kanapathi (1971)

suggested tentative opt1mum levels for tall, semi tall

and dwarf' palms as f'ollowsl

B% p% K~ Ca% Mg.

Tall 1.8 0.12 0.80-1.1 0.1,-0.30 0.30

Semi-tall 1.8.2.0 0.12 0.80-0.9 0.15'-0.30 0.30

Dwarf' 1.9-2.0 0.12 0.7,-1.0 0.15'-0.30 0.30
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In 1981, Kan*1ot, Ollagnier and Oebs stated

that the criticd level of potassium ot the 1lt-th leaf'

vas 0.80 - 1.0 per cent tor tall variet1es. Por new

hybrids, they suggested a value of 1.lt- per cent.

Gop1 and Jose (1983) worked out the cMtical

level of nitrogen in the 2nd leaf as 3.31 per cent. The

critical le..l for potassium was 2.17 per c~nt in the

same leaf'. !hese values are much higher than the vaJ.ues

originally suggested by other scientists ~ich is obviously

because of the invariably higher content of potassium

observed in the 2nd leaf' as oompared to that of the 1lt-th

led.

Manciot, Ollagnier and Ochs (1980) suggested

the oritical level of iron as 50 ppm in the 14th frond.

!hey recommended the or!tical level of copper aa S to 7 ppm.

On the other hand Eschbach and Mano1ot (1981) fixed the

critioal level of copper at It- to , ppm.

!he optimum level ot boron in the 1lt-th leaf was

suggested by Manciot, Ollagn1er and Oehs (1980) as , to

10 ppm. In 1981 Eschbach and Manc10t stated that the

optimum level or boron is 10 ppm.

Henc1ot, Ollagnier and Oobs (1980) tound that

the.critical level ot sulphur is 0.15 to 0.20 per cent.
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This was a modification ot the critical level of sulphur

originally suggested in 1968 by Southern and Dick which

was 0.15' per cent.

Eschbach and Manciot (1981) fixed the critical

level of manganese at 100 ppm and that of zinc at 15' ppm.

In the case of sodium. Ziller and Prevot (1963)

fixed a level which was not desirable to exceed. This

was 0.40 per cent in the 14th leaf.

Teffin and QUence z (1980) reported the critical

level of chlorine as 0.5' to 0.6 per cent. On the other

hand. Eschbach, Massimino and Mendosa (1982) found that,

levels of chlorine below 0.1 per cent showed chlor1ne

deficiency.

2.4 Importance of chlorine in coconut nutrition

The essentiality of chlorine in the nutrition of

coconut palm was brought to the fore through foliar

diagnosis. It was Ollagnier in 1971 who first recognised

the importance of chlorine for coconut and 011 palm.

Ollagnier in 1971 remarked that, potassium is not always

necessary and that response to muriate of potash (KC1)

which hitherto attributed to I, should, in fact, have been

credited to Cl.
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APac1ble (19'1'+) showed that with application of

Kel, the chlorine cootent of the lea! will markedly change.

The chlorine content of the leaf was also highly correlated

with yield. Thus he assumed that, response to KCl was

actually due to chlorine aJ'ld not due to potassium.

Magat, Cadigal and Habana (1975') stated that,

the correlation between the yield and the chlorine content

of the lea! was higher than the correlation between yield

and the potassium content of the leaf. Prudente and

Mendoza (1976) found that the chlorine cootent of the lea!

was highly correlated with nut/tree, wt./nut and copra/tree.

Manciot, Olla.gnier and Ochs (1980) remarked that

potassium, nitrogen and chlorine predominated in the

mineral requirements of ooconut. Because of the relative

abtmdance 1n nature, deficiency of ohlorine was generally

l1mited to specific situations, sheltered from the influence

of the sea.

!effin and QUaneez (1980) made a detailed stUdy

of the importance of chlorine for coconut. They got two

types of responses to KCl application.

1. Only chlorine was a8s1m11ated in large quantities

with positive effect on yield. Very little potassium was

assimilated, or the level was even lI1ightly depressed.



19

2. Potassium and chlorine both prefectly assi

milated. both having positive correlation with yield.

Eschbach. Massimino and Mendosa (1982) found that

chlorine deficiency affected the growth of young palms

and the yield of mature ones. They said that levels of'

chlorine below 0.1 per cent in leaves showed deficiency.

Hair and Sreedharan (1983) stressed the importance

of chlorine in the nutri tion of' oU palm and coconut.

According to them, the ettect of Chlorine content ot leaf'

tissue on morphological characters and yield is greater

than that ot potassium.

2., Nutrient interactions

Smith (1969) challenged the concept of independent

critical levels of major nutrients in foliar diagnosis

ot coconut. He remarked that the yield vas related to

the interaction between nutrient elements.

Prevot and Ollagnier (1961) explained the inter

action between potassium and sodium. They found that at

low potassium leve1.s (less than O. ,,,) and at low sodium

level.(less than O.4~), the role of' potassium in the palm

could partly be substitutecl: by sodium. When potassium
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level exceeded 0.5 per cent or sodium level exceec:led.

0.4 per cent, this synergism changed to antagonism.

Ziller and Prevot (1963) also pointed out the

interaction between potassium and other cations. When

potassium content was less than critical, potassium and

sodium showed synergism (1" • +0.775**). When potassium

content was more than critical, they showed antagoniSll

(1" =: -0.742**). Such double reciprocal relation was also

noticed in the cases of potassium with calcium and potassium

wi th magnesium.

Coomans (1974) also revealed potassium - magnesium

antagonism. He was of the opinion that, only when

potassium deficiency was corrected, magnesium manuring

had a positive action on production. This finding was

later confirmed by Manciot, Ollagnier and Ochs in 1981.

In their study, application of 5 kg muriate of potash per

tree resulted in a fall of magnesium content of the leaf

from 0.5'67 per cent to 0.188 per cent. Loganathan and

Balakrishnamurthi (1981) also noticed a decrease in

calcium and magnesium content of the leaf upon application

of muriate of potash.

Smith (1969) suggested that yield was related to

the ratio between foliar nitrogen .and potassium. He
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concluded that at low B levels (less than 1.8 per cent),

X nutrition was of limited importance. As N content

increased, X nutrition alao attained importance. Based

on this, he pointed out that the proposed critical level

of X, i. e., 0.8 per cent vas applicable only in Case of

adequate N supply. When B was less than 1.8 per cent,

the critical. level of X vaS determined by the Nix ratio

which shoUld not be less than a critical minimum. Ziller

and Prevot (1963) pointed out that the correlation between

N and P was negative for young leaves and positive for

old leaves.

De 8ilva (1974) reported that uptake of manganese

was high in palms starved of nitrogen. Palms deprived

of a.l1. macronutr1ents (N, P, K, Ca and Kg) had a very

high concentration of copper in leaves, causing toxicity.

In a stUdy to ascertain the importance of chlorine

to coconut, Teffin and QUence z (1980) f ound that,

absorption of chlorine (01) vaa accompanied by an absor

ption of cations (1(+, Ca2+, Mg2+, ~+ ••• ) to ma1nt81n

an electric balance vithin the tissues. In soUs with a

high exchangeable caJ.cium (more than 4 me/100 g >, C1

uptake goes hand in hand with Oa2+ uptake, and potassiwa

deficiency vas noted. Thus, in such cases, there was



Cl-- Oa2+ synergism and xt'. Ca2+ antagonism. In the

case of sol1s with exchanleable calcium le8s than

4 me/100 g, there was Cl-- x+ synergism. Their conclusion

was that, in soils high in exchangeable Ca, application

of potassium as KC1 would result in poor response and

we would have to go for other potassic fertllizers. But

in soils low in exchangeable Oa, KCl was the best source

as it supplied both K and 01. ~ey also indicated a

possible superiority of HI\.Cl as a n1trogenous fertilizer

than urea because of the supply of Cl and all increased

uptake of ~.
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Coconut palms maintained in the I •••U. Research

Stations at three regions of the state, vis. t Balarama

pur8ll, Harmuthy and P11icode t were -.de use or tor the

present study. Details of the palms maintained at these

three different sites are giTen below.

1• 1 Balaramapur8ll

!he Coconut Research Station, Balaramapuram is

situated in !rivandrum district about 15' km south from

!rivandrum city. The area enjoys a typical humid tropicaJ.

climate.

1he 80U of the experimental area was deep red,

well drained and moderately acidic sandy loam. The area

represented a more or leas leTel topography. !he soU

test data are given in APpendix I.

Coconut palms of a BPI fertilizer trial established

since 1964 at the Coconut Research Station, Balar8llapuram

were made use of tor the study. !he detaUs of the field

experiment are (Fig.1)z
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Design

Total number of treatments

Number or replications

Number of blocks

Total number of plots

Number of plots per block

Plot size

Spacing

Number of exper1ment~

trees per plot

Factors confounded

Variety

Date of start

Levels or nitrogen

Levels of phosphorus

Levels of potassium

I 33 confounded factorial

J 2? (N, P and K each at 3 levels)

: 2

I 6

I 54
I 9

• 1, m x 1, m

I 7., m x 7., m

I It-

I NPx2 in replication I

1P2x2 in replication II

I West Coast Tall

I 17.6.1964

I DO 0 g N/tree/year

D1 ~o g N/tree/year

D2 680 g N/tree/year

I Po ° g p2o,/tree/year

P1 22, g P20,/tree/year

P2 It-,o g P205/tree/year

I k O °g ~o/tr.e/year

~ It-,O g ~o/tree/year

k 2 900 g ~o/tree/year



Treatment combinations
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81.
No. Notation Treatment

combination
81.
Bo.

Treatment
Notation combination

1 000 ·OPoXO 1~ 112 H1P1~

2 001 NOPO~ 16 120 H1P2Ko

3 002 NOPO~ 17 121 H1P2~

4 010 NOP1Ko 18 122 H1P2~, 011 NOP1x., 19 200 H2POKa
6 012 NOP1~ 20 201 N2POx.,
? 020 NOP2Ka 21 202 N2PO~

8 021 NoP21ty 22 210 N2P1Ko

9 022 NOP212 23 211 N2P1x.,
10 100 N1PoKo 24 212 N2P1~

11 101 N1POx., 25 220 H2P2Ka
12 102 N1PO~ 26 221 N2P2x.,
13 110 N1P1Kc 27 222 N2P2~

14 111 N1P1x..
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Hitrogen, phosphorus and potassium were applied

in the form of &monium sulphate, superphosphate and

muriate of potash, respectively. No organic manure was

given to the experiments]. pa1ma.

1.2 Mannuthy

The Agricultural Research Station, Mannuthy is

situated in !richur district. !he area has a humid tro

pical climate.

The experimental area was having typical laterite

soU. 1he soU test data is given in APpendix II.

Coconut palms of the variety West Coast Tall

maintained at the Agricultural Research Station, Mannuthy

were selected for the study. tne palms were given BPI

fertilization according to the Package of Practices

Recommendations of the KeraJ.a Agr1cuJ. turaJ. University.

1.3 PUicode

Coconut palms maintained at the Regional Agricul

tural Rese arch Station, Pll.icode were also included in the

study. The Regional Agricultural. Research Station,

PUicode is 8ituated in Cannanore district.
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The experimental area consisted of laterite

so11. 1he 80il test data is given in APpendix III.

The palms selected for the study were of the

variety West Coast Tall. ihe palms were given NPK ferti

lization accord1ng to the Package of Practices Recomen

dations of the Kerala AgricUltural University.

2. Selection of palms for the stud1

.All the available palms in the NPK fertilizer

trial at the Coconut Research Station, Balaramapuram, were

selected for the stUdy. !here were four palms in each

plot, thereby totalling to 216 palms from 5l+ plots. Thus

all the 8 palms were selected for representing one treatment,

four being from one replication, and four being frOID the

other.

Sixty palms were selected from the Agricultural

Re se arch station, Mamuthy. S1m1larly, 60 palms were

selected from the Regional Agricultural Research Station,

PUicode.

Thus the total number of paJ.ms selected for the

stUdy was 336.
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2.1 Collection of so11 samples

So11 samples were collected trom the bale of

the selected palms trom four different spots within a

radius of two metres. In the case or the palms of the

Coconut Research Station t BaJ.aramapuram, samples drawn

from base of the four palms ot the same plot were made

into a single composite sample. Soil samples were

separately collected for each individual palm in the case

of the palms at Mannuthy and P1licode.

2.2 Collection of leaf samples

Leaf samples were collected trom all the selected

336 palms. n,.e last fully opened leaf at the centre of

the crown was referred to as the leaf No.1 and 'the leaves

were numbered in the order of their increasing age. Leat

samples were taken trom the 2nd, 10th and 14th leaves of

the palm. For the preparation ot lea! samples, sample

from J.eaf was made by cutting two J.eaflets from the middle

portion of the leaf from either side of the rachis with

the help of a hook knife. So, tour leaflets from each

lea! were collected. The midrib as welJ. as the marg1nal

threads of the laminae were removed and the sampJ.es were

taken by cutting 10 to 20 em J.ong strips trom the m1ddJ.e

of the laminae. %he samples were cleaned and sun dried.
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3. Analytical methods

3.1 Soll

The total nitrogen was determined by kjeldahl

digestion - distillation procedure described by Jackson

(195'8). The available phosphorus was extracted using

Bray No.1 extractant. The phosphorus content was deter

mined colorimetrically by the chlorostannous-reduced

molybdophosphoric blue colour method in hydrochloric acid

system (Jackson, 195'8). !h.e avaUable potassium was

extracted by II neutral ammonium acetate. The exchangeable

calcium, magnesium and sodium were extracted by leaching

with IE neutral ammonium ac etate afte r washing the sample

with water. The potassium and sodium contents were

determined flame photometrically. The calcium and magnesium

contents were determined by versene titration method using

caleon and Erichrome mack T indiCators described by

Hesse (1972).

3.2 PlaJlt material

The total nitrogen vas determined by the JD1cro

kjeldahl digestian-distUlation method described by

Jackson (195'8). For the determination of total phosphorus,

potassium, calcium, magnesium and sodium, the plant

material vas digested 111 a mixture of nitric acid. sulphuric

acid and perchloric acid (91211). The phosphorus content
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was determined colorimetrically by the vanadomolybdate

yellow colour method in nitric acid medium (Jackson,

1958). The potassium and sodium contents were determined

flame photometrically (Jackson, 1958). The caJ..cium and

magnesium contents were determined by versene titration

(Hesse, 1972).

3.3 Statistical analysis

StatisticaJ. analysis ot the data was carried

out by adopting standard methods desoribed by Panse and

S,ukhatme (1967). 1he etrect of' NPK treatment on the

number of leaves retained and the 'y1eld of the palm was

studied by analysing the observations trom the 33 partially

confounded tactorial experiment at Balaramapuram, through

analysis of variance teohnique.

1he degree of relationship between yield and

nitrogen, phosphorus, potassium, calcium, magnesium and

sodium contents of the lest lamina at 2nd, 10th and 14th

leaf positions was estimated by oalculating simple

coefficients of line~ correlation. Simple linear corre

lation coefficients were also worked out between yield

and number of leaves retained. In addition, intercorre

lations between aJ.l pairs of variables were worked out.
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Yield prediction equations were worked out for

forecasting the expected yield of the experimental palma

on the basis of leaf nutrient contents. Simple linear

regression equation of the form Y =a + b X where Y is

the yield and X is the amoWlt of a particular nutrient

in the leaf were fitted separately for each of the different

leaf nutrients. Multiple linear regression equations

were uso worked out for predicting the expected yield on

the basis of nutrient per cent for different nutrients and

number of leaves retained. Coefficients of multiple

determination (R2 ) vere calculated to know the percentage

variabUity explained by the fitted model. The degree of

relationShip between observed yield and its best linear

estimate was fotmd out by using the multiple correlation

coefficient.
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RESULTS

1. General characteristics of 8011

Data on pH, content of nitrogen, phosphorus,

potassium, calcium, magnesium and sodium of the experi

mental soU at Balaramapuram, in relation to the treatments

of nitrogen, phosphorus and potassium are presented in

Appendix I. In general, the pH of the soU varied from

5.4 to 7.1. The total nitrogen content of the soU

varied from 0.056 to 0.168 per cent. The mean values for

total ni trogen corre sponding to DO' n1 and n2 levels of

app11cntian were 0.090, 0.118 and 0.168 per cents

respectively. Available phosphorus content, as extracted.

by Bray No.1 varied from 1.92 to 1+2.13 ppm. The mean

values corresponding to PO' P1 and P2 treatments were

3.14, 12.79 and 29.51 ppm respectively. Such an !ncreaae

in the content of the element with application of the

element was noticed in the case or potassium also. The

available potassium varied from 15.960 to 70.20 ppm.

The mean values oorresponding to kO' k1 and k2 levels

of potassium application were 23.01, 50.31 and 51.8? ppm

respectively. The exchangeable cal.cium content of the

soU varied from 0.49 to 1.95 me/100 g. The mean values

corresponding to kO' k1 alld k2 levels of application of



33

potassium were 1.12, 1.06 and 1.10 me/100 g respectively.

On the other hand, the exchangeable magnesium content,

Which showed an overall variation from 0.14 to 0.91

me/100 g decreased with increasing levels of potassium

application. The mean values for k Ot k 1 and k 2 were

0.61, 0.48 and 0.41 me/100 g respectively. The exchange

able sodium content varied tram 0.05 to 0.13 me/100 g

of soU. The lIean values were 0.07, 0.07 and 0.08 me/100 g

for ko' k 1 and k 2 levels respectively.

Appendix II presents ~~e observations on the

general characters of sol1 at Mannuthy, such as pH, total

nitrogen, available phosphorus and available potassium

and exchangeable caJ.cium, magnesium and sodium. The pH

of the soll varied :from 1+.7 to 6.9 wit.."l a mean value

of ,.5. Tne total nitrogen content of the soU ranged

between 0.112 and 0.211 per cent. The average value was

0.168 per cent. The available phosphorus content of the

8011, as extz'aoted by Bray 10.1, ranged tram 32.83 to

~4.?O ppm with a mean of 37.91. ~1e ava1lable potassium

content v;:..ried fx'om 74.10 to 167.70 ppm with mean value

ot 120.90. The ranges for exchangeable calcium, magnesium

and sodium were 0.25 - 0.93, 0.05 - 0.50 and 0.03 - 0.09

me/100 g sol1 respectively. The soil contained 0.88

me/100 g of calcium OIl an average. The mean magnesium
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content vas found to be 0.21 me/1oo g whereas the

me an of sodium vas 0.06 .e/1oo g.

Data pertaining to the generaJ. characteristics

of 80U at P11icode are presented in APpendix III. The

pH of the so11 varied from ~.3 to 6.6 with a mean of 5.8.

The total nitrogen content varied between 0.125 and 0.266

per cent with a mean value of 0.180 per cent. The

ava11able phosphorus content of the 8011, as extracted

by Bray No.1 ranged tr~ 32.88 to 59.?1t ppm with a mean

of 44.32. The ranges of the aVailable potassium and

exchangeable calcium, magnesium and sodium contents were

331.50 - 565.50 ppm and 1.32 - 2.~9, 0.03 - 0.09 and

o. 15 - o.~9 .e/100 g of 8011 respec t1vely. The corres

ponding mean vaJ.ues were 518.70 ppm potassium and 2.25,

0.06 and 0.22 me/100 g calciwa, magnesium and sodium

respect1vely.

2. Effect of NPK treatment on the number of leaves
retained by the exper1Dlental palms at Balaramapuram.

Data on the number of leaves retained by the

paJ.ms receiving different levels of H, P and K are

presented in fable 1. The analysis of variance is

presented in APpendix IV.
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2.1 Nitrogen

Nitrogen decreased the number ot leaves retained

by the palms. The nO treatment registered the highest

number or leaves" 19.85. The numbers of leaves for D1 and

n2 were 18.25 and 1?18 respectively. Thus, in this

respect, nO treatment vas superior to n1 which was superior

to n 2•

2.2 Phosphorus

Increasing levels of phosphorus application could

not bring about any increase in the number ot leaves

retained by the pums. The values for average number of

leaves retained per palm in the Case of PO' P1 and P2

treatments were 18.?8, 18.13 and 18.37 respectively.

2.3 Potassium

Increasing levels of potassium application produced

a drastic increase in the number ot leaves retained by the

palms. Palms receiving the kO treatment were able to

retain only 11.75 leaves per palm whereas the corresponding

values for k1 and k 2 were 20.61 and 22.92 respectively.

Thus, an increase in the amount ot potassium g1ven to the

palm from 0 g ~O per tree to If.50 g 120 per tree re sUlted

in ?5.40 per cent increase in the number or leaves whereas

there was 95.06 per cent increa.. as the potassium
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application was increased from 0 g ~o per tree to

900 g ~o per tree.

2.lt- NPK interaction

A study about the ettect ot interaction between

levels of nutrients added on the number of leaves produced

revealed that the interaction between the le aves of

nitrogen and phosphorus was not significant. On the other

hand, interaction between the levels of nitrogen and

potassium was highly significant. When potassium was not

applied, application of nitrogen decreased the number of

leaves produced. This is because, the mean number of leaves

produced steadUy declined from 1lt-.96 at nOkO to 10.67 at

n1kO and then to 9.63 at nitO' Thus nOkO was superior to

D 1kO and n~Q 1n terms of the number of leaves produced.

The maximum number ot leaves which was 23.17, was registered

by n1k2 combination which was on par with ¥2' nOk 2 and

nck1. The etfect of potassium 1n increasing the number

of leaves produced was accelerated at higher levels of

nitrogen. Application of 900 g 120 per tree resulted in

S2.34 per cent wcrea.. in the number of leaves produced

at nO level whereas the corresponding vaJ.ue at ~ level

was 136.66 per cent.

The interaction between the levels of phosphorus

and potass1u.'.D was also significant. !he me.ximum number of
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Table 1. Humber of lea....s and nut yield of the experimental
palJlls of Coconut Researoh Station, Balaramapuram.

No. of leaves retained Average yield at nuts/
al. Treat- palm/year (1979 to 1982)
No. lIeDt

n p k Rep.I Rep.II Mean Rep.l Rep. II Mean

1 000 19.2~ 17.00 18.13 8.~6 6.~6 7.~6

2 o 0 1 2lt-.OO 20.00 22.00 6.00 15.94 10.97
3 002 21.25 19,,0 20.38 6.7, 31.31 19.03
4- 010 14.00 12.00 13.00 4.,6 3.81 4.19, 011 20.?~ 21.,0 21.13 13.2, 33.50 23.38
6 012 21.75 23.,0 22.63 9.81 12.7, 11.28
7 020 13.75 13.1, 13.15 2.31 1.94 2.13
8 021 20.75 23.7, 22.2, 10.69 13.13 11.91

9 022 26.7, 24.00 25.38 18.81 29.,0 ~.16

10 100 10.25 13.50 11.88 1.15 It-.,o 3.13
11 101 22.00 22.2, 22.13 30.»+4 32.06 31.25
12 1 0 2 23.00 20.,0 21.1, 3.13 35.69 19.4-1

13 1 1 0 13.,0 9.75 11.63 It-. ,6 0.69 2.63
14 111 21.15 19.7, 20.7, 5'2.13 50.69 51.41

15 1 1 2 2,.00 22.2~ 23.63 It-9.2~ 82.,6 6,.91
16 120 9.~0 7.,0 8.,0 0.06 0.19 0.13
17 121 20.75 19.00 19.88 20.41+ 22.63 21.5lt-
18 122 2lt-.25 24.00 24.13 39.,6 44.38 It-1.97

19 2 0 0 10.,0 9.25 9.88 1.7, 8.13 It-.94-
20 201 23.75 19.,0 21.63 ,3.19 35.06 44-.13
21 202 23.2, 19.2, 21.2, It-3.25 56.31 49.78
22 210 9.50 8.7, 9.13 6.7, 0.00 3.38

23 211 18.25 16.00 17.13 52.44 60.19 56.32
24 212 2lt-.75 23.,0 2lt-.13 69.7, 68.94 69.35

2~ 220 9.25 10.5'0 9.88 2.38 0.41+ 1.41
26 221 19.,0 17.67 18.5'9 5'2.lt-lt- 71.75 62.10

27 2 2 2 24-.00 22.00 23.00 83.25 64.38 73.82
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leaves (24.17) was registered by '2K2 which was on par

nth P1k2' At kO level, application or phosphorus

decreased the number of leaves retained as shown by the

mean leaf Dumber of 13.29 at POkO which decreased to

11.2, at P1kO and 10.71 at P2KO' Application of potassium

increased the number of leaves produoed at all levels or
phosphorus, and especiaJ.ly so at higher phosphorus levels.

There was 58.99 per cent increase 10 the number of leaves

produced from POkO to PrJ'2' But the increa.se trom p~O

to P2K2 was 125.68 per cent.

3. Effect of .PI treatment OIl the :lield ot: the experimental
palms at Bala;am~puram.

The average yield of nut8/pal.m/year was worked

out trom the total y1eld of the paJ.ms during the last 1+

years viz., 1979 to 1982. The yield data are presented

in %able 1.

3.1 Nitrogen

Levels ot nitrogen signifioantly influenced the

yield. The yield obtained at n2 level was 40.578 nuts/palmi

year which was superior to the yield obtained at n1 and DO'

Significantly increased yield was also registered by D 1
over DO' Results showed an increase in yield by '07.15

per cent as the level of nitrogen increased fron nO to n,.
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The increase in 1ield tram no to n2 vas 218.18 per cent.

This showed that, application of nitrogen at 81J. J.e.,.els

of the exper1ment significantly influenced yield.

3.2 Ph0 sphorua

1'h.e yield increased with an increase in the level

of phosphorus appliCation trom Po to P1. A further

increase from P1 to P2 resulted in a reduction in yield.

!he yield registered at PO' P1 and P2 levels was 21.13,

31.98 and 26.5'1 nuts/palm/year respectively. An increase

in phosphorus level from Po to P1 rasu1 ted in 5'1.35' per cent

increase 1n 11e1d whereas from Po to '2 it was 25.15' per cent,

vith a decline or 16.92 per cent from P1 to P2.

3.3 Potassium

!here vas greatly prono\D'1ced influence or potassium

on 1ield. !he mean 11e1d at kO level was only 3.27 nuts/

palm/year, which was boasted to j+.16 at k1 1e"81 ot pota

ssium applications. A further merease in potassium

app1ication to ~ leve1 also registered a significant increase

in 1ie1d to '+1.63 nuts/palm/year. But this increase vas

not as pronoWlced as that seen from kO to k1• An. increase

in potaSSium application from kO to k1 produced 963 per cent

increase in the 1ieJ.d whereas the increase in yieJ.d .from

kO to k2 was 1113.09 per cent.
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3..... IPK interaction

Among the interactions between levels of nitrogen,

phosphorus and potassium, only the inter action between

oitrogen and potassium was significant both at 5 per cent

and 1 per cent levels. At kO lenl, application 01'

nitrogen decreased the yield, but this decrease was not

significant. !he yields of nuts/palm/year at nako t J1.ako
and n~O levels were ..... 62, 1.96 and 3.21+ respectively. But

these three levels were statistically on par, showing that

at kO 18yel, application ot nitrogen had no influence on

yield. On the other hand at k2 level, nitrogen markedly

increased yield, a change trom Dak2 to n2k2 registering an

increase in ;yield of 254.13 per cent. APplication 01'

potassium increased the yield at aJ..l levels 01' nitrogen.

But the influence 01' potassium was more pronounced at

higher levels of nitrogen. A.t DO level, an increase in the

level of potassium from kO to 1t2 produced an increase in

yield or 293.03 per cent whereas the corresponding value

at n 2 le....l was 1884.88 per cent. Eyidently, the highest

yield of 61+.31 nuts/palm/year was registered by n~2 level

which was on par with nte1 leftl.

The interaction between nitrogen and phosphorus

was signif1cant at 5 per cent lenl. AJ)p11oation or nitrogen

increased the yield at all levels of phosphorus, the effect
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be1ng more pronounced at higher levels of phosphorus.

At PO level, an increase 1n the n1trogen level froll

nO to n2 produced an inorease in yield from 12.5'2 to

32.95' nuts/palm/year. This was an inorease of 163.18

per cent. On the other hand, a change in the level trom

noP2 to n2P2 produced an increase in yield trom 12.73 to

45.77, Whioh was an increase of 2;9.$4 per cent. APpli

cation of phosphorus had no effect at DO level as shown

by the values of yield for DoPO' nOP1 and DOP2 which were

12.;2, 12.95' and 12.?3 respectively. At n2 level, however,

an increase in phosphorus application :from PO to P2

registered an inorease in yield of 38.91 per cent. At both

nO and n1 levels, application of phosphorus increased

the yield only upto P1 level so that the highest yields

at nO and n1 levels were for nOP1 and n 1P1 respectively.

However, at D2 level, the yield increased upto P2 level,

the highest yield being registered by n2P2 level.

The interaction between the l8vels of phosphorus

and pota.8sium was also found to be significant at 5' per cent

level. At kO level, application of phosphorus decreased

the yield, the mean yield for poko' P1kO and p~O being

,.21, 3.40 and 1.22 nuts/palm/year respectively. On the

other hand, at k 1 level, application of phosphorus increaaed

the yield upto P1 level only, and thereafter the yield vas
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decreased. 'fhe _an yields for POk 1, P1k1 and P~1

were 28.78, 1+3.70 and 31.85 nuts/palm/year respectively.

At k 2 level also, the trend was simllar as that show at

k 1 level, the mean yields tor P0«-2' P1k2 and Pi'2 being

29.1+1, 1+8.84 and 1+6.65 nuts/palm/year respectively.

Maximum yield at 48.84 nuts/palm/year was 'registered by

P1k2 level, which was on par with Pt'2 and p,k1 levels.

Among the NPK combinations, the highest yield ot

73.82 nuts/Palm/,-eEtr was registered by n2Pit2 tollowed

by n 2P1k2 having an yield of 69.35 nuts/palm/year.

4. Effect of' NPK treatment on the nutrient contents at the
leaves at the experimental palms at Balaramapuram.

4.1 Hitrogen

Data on the nitrogen content ot 2nd, 10th and

14th leaves (lam1.na) of the palms are given in fable 4.

In general, application of nitrogen increased the nitrogen

content of the leaves at all the three lea! positions.

In the 2nd leaf, the mean values of nitrogen content were

,.45, 1.69 and 1.83 per cent at nO' b, and n2 levels. The

10th leaf aJ.so registered an increase in the nitrogen

content with applic 8ti.;D of nitrogen, the values tor

nO' n1 and n2 being 1.,0, 1.79 and 1.8, per cent respectively

The same effect was noticed. 1n the 14th leaf also which
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recorded 1.31, 1.64 and 1.71 per cent of nitrogen at

nO' D1 and D2 levels respectively.

4.2 Phosphorus

Data on the phosphorus content or leaves of 2nd,

10th and 14th positions are given in Table 7. Application

of phosphorus increased the phosphorus content of all the

three leaf positions. In the 2nd leaf, the PO' P1 and P2

levels showed phosphorus contents of 0.149, 0.161 and

0.169 per cent. The corresponding values at the leaf

position 10 were 0.143, 0.152 and 0.1,9 per cent. !he 14th

leaf also registered an increase in phosphorus content

from 0.142 per cent at Po level to 0.1,1 per cent at P1
level. But further increase of phosphorus aPplication to

P2 level resulted in a decline in the content of tlle

element to 0.147 per cent. When the phosphorus content

of the leaf lamina of the 2nd lear increased by 13.42

per cent from Po to P1 level ot application, the correspGIl

ding increases in the Cas. of 10th and 14th leaves were

only 11.19 and 3.,2 per cent respectively.

4.3 Potassium

Data on the potassium content of leaf lamina at

2nd, 10th and 14th leaf pasitiona as influenced by the NPX

treatment are presented in Table 10. Increasing levels

of potassium aPplication resulted in .increased content or
this nutrient in all the three leaf positions examined.

In the 2nd leaf, the potassium contents at kO' k1 and k2



levels were 1.19. 2.03 and 2.29 per cent respectively,

whereas the corresponding values in the Case or the

10th leaf were 0.63, 1.16 and 1.46 per cent and 1n the

Case of 14th leaf 0.64, 0.93 and 1.25 per cent. The

increase in content of this element 1n the leaf due to

its increased application was more conspicuous than in

the case of phosphorus.

5. Number of leaves retained by the palms

Data on the number ot leaves retained by the

palms at Balaramapuram is presented in Table 1. The

average number of leaves retained by the palms at Balara

mapuram was 18.29. Palms at Hannuthy had a higher number

of leans, the mean being 32.23 as can be seen trom

Ta.ble 2. Palms at Pilicode vere intermediary between the

above two sites. As Table 3 shows, the mean number of

leaves retained by the palms at Pilicode was 28.95.

The number of leave. retained was significantly

correlated with yield at all sites. The correlation

coefficients (I) were 0.465•• , 0.635•• and O.7~•• tor

BalaramapuralD, Mennutby and PUicode. A pooled analy81a

of all the palms at the three s1tes showed a correlation

coeffic1ent of 0.735•••



Table 2. Number of leaves and nut yield of coconut palms or
Agr1eultural Research Station t Mannuthy.

Ayerage AYerage
81. Number ot yield ot nuts/ Sl. lumber of yield of
No. leayes ;year 10. leaves nuts/year

retained (1979 to 1982) retained (19k9 to
19 2)

1 22 32.00 31 1+ 76.,0
2 28 It-1.'0 32 40 ,6.2,
3 26 42.,0 33 37 81.00
4 2, 28.00 :jt. 41 77.00
; 20 31.,0 3; 36 106.00
6 29 37.7, 36 32 89.7,
7 2, It-7.00 37 38 99.7;
8 33 It-o.oo 38 29 30.00
9 22 32.2, 39 3, 92.;0

10 29 ;1.2, -'0 34- 90.2,
11 33 66.,0 It-1 32 73.33
12 31 37.7, It-2 3, 40.;0
13 33 It-,.7, -"3 33 81.7,
1-" 31 38.,0 lt1f. 37 64.2;
1, 28 38.,0 -.., 1+ 83.;0
16 24 30.,0 46 30 '7'+.2,
17 36 60.2, 47 35 70.25
18 41 101.,0 -..8 3, ;2.,0
19 38 90.;0 49 2, 38.,0
20 3; 101.2; ;0 32 9'4-.00
21 35 71.00 51 36 82.00
22 j+ 123.00 ;2 32 92.;0
23 38 71.,0 ,3 31 78.00
214- 39 99.2; ;tt. 22 31.25
2, 35 12,.75 5, 33 70.2;
26 40 10;.7, ,6 2-" )6.,0

2? 39 9,.2; 57 22 37.2,
28 28 120.,0 ,8 33 76.00
29 38 111.2; 59 32 ;2.2,
30 40 64.,0 60 1+ 32.7;
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Table 3. lfumber ot lea"•• and nut Celd of coconut palllS
ot Regional AIr1cuJ.tural . search S,tation, PU1eode.

81. Number of .lVeraaeh1eld Sl. Nuber or ."eraae;;ield
Bo. leave. ot nut. 78&1' Bo. leaves or nut. fear

retained (1979 to 1982) retained (1979 to 1982)

1 29 It-4.75 31 29 65.2;
2 33 69.00 32 25 51t-. ;0
3 25 49.75 33 35 83.25
4 35 82.00 1+ 30 67.00
5 36 101.25 35 33 83.?5
6 23 65.20 36 26 64.?5
7 22 36.25' 37 38 86.25'
8 2? 62.25 38 25 37.50
9 32 ?lr.25 39 26 76.00

10 25' 5'2.?5' 40 26 63.75'
11 1+ 87.25' "'1 38 81.,0
12 26 68.00 42 38 88.00
13 28 62.25' 43 27 66.00
14 2? 70.5'0 44 1+ ?2.5'0
1; 2? 60.00 4; 33 9;.;0
16 20 42.2; 46 1+ 86.7,
1? 40 102.00 47 33 63.2,
18 25 38.00 48 24 44.?5
19 36 49.75 49 2; ;3.25
20 26 ;1t-.OO 50 2; ;9.50
21 26 69.;0 51 24 50.25
22 25 61.50 52 40 98.00
23 27 6?;0 53 28 62.;0
24 25 ;5'.25 51t- 3? 99.7;
25 26 72.25 ;5 29 81.2~

26 30 ?3.50 56 2? 64.,0\
2? ~ 48.25 5? 29 69.?; \,
28 25 ;0.,0 58 2? 69.00
29 28 ?8.25 ,9 30 9f..2; I.

30 23 41.50 60 2? 54.;0
,
1
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The number of lea....s retained was sign1ticantJ.y

and pos1t1vely correlated with the n1 trogen, phosphorus

and potassium contents of the 2nd, 10th and 14th leaves.

It was negatively correlated with the calcium content

of the 2nd.. leaf, magnesium and sodium content of the 10th

leaf, and the magnesium content ot the 14th leaf. on the

other hand, it was positively correlated with the calcium

and sodium content of the 14th lear.

6. Variation in the content ot different nutrients in
leaf (lamina) at d1fterent leaf positions.

6. 1 Hitrogen

Variations in the nitrogen COlJtent of the 2nd, 10th

and 14th leaves of the expel'1mental palms at Balaramapuram

are presented in Table 4. The con tent of n1 trogen in the

2nd leaf varied from 1.23 to 2.28 per cent. In the Case

of the 10th leaf this range was from 1.10 to 2.33 per cent,

whereas the 14th leaf shuwed a range from 0.91 to 2.05

per cent. In general, the 10th leat' contained the highest

8Jnount of nitrogen followed by the 2nd leaf'. !his was true

in all the three levels of nitrogen application.

Table 5 presents the variation in the nitrogen

content ot 2nd, 10th and 14th leaves of the p". at Hannu'thy.

The 2nd leaf registered the highest n1trogen content at

2.14 per cent followed by the 10th lest having 1.96 per cent



fable 4. litrogen content at leaves of the experimental palms
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of' Coconut Research Station, Balaramapuram at
dirferent lest positiona,

(Nitrogen %on moisture free basis)

Treat- Leat position
Sl. ment 2nd 10th 14thNo. npk

Rep. I Rep. II Rep.l Rep. II Rep. I Rep. II

1 000 1.73 1.26 1.65 1.41 1.40 1.52
2 001 1.40 1.44 1.70 1.51 1.40 1.45'

3 002 1.23 1.35' 1.30 1.73 1.37 1.59
4 010 1.5'9 1.28 1.75 1.33 0.91 1.40
5' 011 1.37 1.42 1.;2 1.5'9 1.43 1.09
6 012 1.;2 1.32 1.66 1.37 1.31 1.17
7 020 1.67 1.45' 1.2l+ 1.10 1.40 0.93
8 o 2 1 1.66 1.63 1.;2 1.4; 1.31 1.46
9 022 1.30 1.40 1.61 1.47 1.12 1.23

10 1 0 0 1.6; 1.9+ 1.49 1.68 1.;6
11 101 1.42 1.68 1.28 1.79 1.;6 1.58
12 1.0 2 1.4; 1.84 1.37 1.73 1.49 1.;8
13 1 1 0 1.54 1.54 1.83 1.75 1.93
14 111 1.98 1.89 2.33 2.1; 1.72 1.77
15' 112 1.72 1.88 1.79 1.89 1.54 1.68
16 120 1.72 1.82 1.;1 -
17 1 2 1 1.37 1.38 1.68 1.98 1.59 1.93
18 122 1.78 1.70 1.92 2.06 1.61 1.37
19 200 2.01 1.86 1.75' 1.72 1.54
20 201 1.79 1.30 1.89 1.63 1.73 1.61
21 202 1.5'6 1.91 1.;6 1.97 1.42 1.49
22 210 1.54 2.03 1.73 1,68

23 211 1.7; 1.56 2.26 1.65' 1.87 1.3;
24 212 1.93 2.28 2.23 2.0; 1.65 2.0;
25 220 1.80 1.7; 1.J5 1.38 - -
26 221 1.77 1.93 1.80 2.08 2.04 1.70
27 222 2.12 2.00 2.15 2.00 1.99 1.72
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Table ~. .itrogen c onten t of lea••,. of coconut pallls of AgricUltural

Research Station, ManDu\bJ, at different leaf pasit1on8.
(Nitrogen ~ an moisture free bas1a)

Leaf position Lear position
Sl. &l.
10. 2nd 10th 14th 10. 2nd 10th 14th

1 2.43 2.0; 2.10 31 2.43 1.99 1.93
2 2.00 1.88 1.93 32 2.05 1.93 2.23
3 2.36 2.0; 2.10 33 1.88 1.60 1.;1
4 2.36 1.99 2.0, 1t- 1.88 1.78 1.93, 1.93 1.69 1." 35' 2.36 2.23 1.88
6 1.88 1.69 1.88 36 2.23 2.36 2.16
7 2.00 1.88 1.60 37 2.10 2.0; 1.69
8 1.88 1.74 1.93 38 1.99 1.'9 1.78
9 2.0, 1.88 1.?4 39 2.43 1.88 1.64

10 2.00 1.88 2.36 lto 2.10 2.05 1.88
11 1.88 1.60 2.00 41 2.10 2.10 1.99
12 2.43 2.43 2.16 42 1.88 1.60 1.69
13 2.0, 1.93 1. ?4 43 2.23 2.10 1.88
14 2.00 1.74 2.23 ~ 2.0; 1.93 .2.36
1; 1.88 1.69 1.93 1+5 2.10 1.99 1.69
16 1.93 1.69 1.69 46 2.00 1.88 1.99
17 2.0, 1.93 1.78 47 2.10 1.99 1.99
18 2.05 1.69 2.36 48 2.00 1.88 1.88
19 2.43 2.23 2.43 49 1.88 1.72 1.69
20 2.10 2.0; 1.93 50 2.36 2.23 1.93
21 2.10 1.99 1.73 51 2.10 1.88 1.69
22 2.36 2.23 1.69 52 2.43 2.16 1.88
23 2.10 1.93 1.83 53 2.23 2.10 1.64-
24 2.10 2.10 1.60 ~ 1.93 1.88 1.69
2, 2.43 2.36 2.43 5; 2.10 1.99 1.99
26 2.43 2.23 1.60 56 1.99 1.69 1.78
27 2.23 2.10 1.93 57 2.05 2.10 1.93
28 2.36 2.43 2.10 58 2.23 2.16 1.99
29 2.05 1.60 0.55 59 2.)6 2.23 2.16
30 2.36 2.23 2.0; 60 1.65 1.65 1.93
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fable 6. 5itrogen content or lea...es of coconut palms of Reglonal
Agrlcultural Reaearch Station, PUlcode, at different
leaf positions.

(Hitrogen ~ on mois ture tree baais)

81. Leaf poslt1on 83.. Leat posltion
Ho. 2nd 10th 14th Jo. 2nd 10th 14th

1 1.33 1.0, 0.91 31 1.96 1.82 1.68
2 2.43 1.96 1.96 32 1.33 2.03 1.33
3 1.19 0.91 0.96 33 2.0, 1.96 1.68
4 1.68 1.40 1.61 1+ 2.0, 1.89 1.82
5 1.96 1.82 1.61 35 2.05 1.96 1.33
6 1.82 2.05 1.82 36 1.82 1.82 1.26
7 1.96 0.96 1.33 37 2.0, 1.25 1.05
8 1.82 1.96 1.33 38 1.26 1.33 1.26
9 2.05 2.d' 1.89 39 1.96 1.82 1.33

10 1.82 1.33 1.26 40 1.26 1.12 1.05
11 1.33 0.42 1.33 41 2.33 2.05 1.82
12 2.05 1.96 1.82 "-2 1.96 2.05 1.68
13 1.82 1.89 1."-0 "-3 1.40 1.68 1.40
14- 2.43 1.96 1.89 ~ 2.05 1.33 1.40
15 1.89 1.89 1.33 "-5 2.05 1.33 1.26
16 2.05 1.05 0.96 '+6 1.82 2.03 1.68
17 2.43 2.34 1.96 41 2.36 2.05 1.89
18 1.33 1.61 1.82 "-8 1.96 1.68 1.40

19 1.96 1.46 1.33 "-9 2.43 1.96 1.33
20 1.96 1.82 1.89 50 1.82 1.33 1.26
21 1.40 1.96 1.26 51 2.05 1.82 1.68
22 1.26 1.89 1.26 52 2.43 2.36 1.96
23 1.61 1.82 1.82 53 1.82 1.54 1.33
24 1.89 1.33 1.26 51t- 2.05 2.1+3 1.96
25 1.61 1.33 1.25' ;5' 1.82 1.15 1.68
26 2.05 1.96 1.82 56 1.68 1.82 1.40
27 1.75 1.96 2.05 57 1.96 2.03 1.82
28 1.33 1.82 1.68 58 1.33 1.26 1.12
29 2.34 2.05 1.82 ;9 1.68 1.1+0 1.33
30 1.26 1.26 0.96 60 1.96 1.82 1.33
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nitrogen. The 1lt.th leaf was hanng only 1.89 per cent

nitrogen.

!able 6 shows the ni'trolen content of 2nd, 10th

and 14th leaves of the palms at Pilicode. Here also, the

nitrogen content was highest in the 2nd leaf which showed

a value of 1.8lt- per cent. !he 10th leaf registered 1.70

per cent nitrogen, and the 1lt-th leat had only 1.50 per cent.

When all the palms at the three sites were pOoled,

the 2nd leaf had a nitrogen content of 1.77 per cent.

The 10th leer was only a little behind, registering a

value of 1.75 per cent whereas the 14th leaf ha.d only 1.60

per cent ni trogen.

In order to study the degree of relationship

between the yield of coconut palms enl the percentage of

nitrogen in the lea! at the three leaf positions, simple

linear correlation coefficients were calculated. These

are presented in Table 22. !he yield. was significantly

correlated with the nitrogen content of. the 2nd and 10th

leaves at all the three sites. There was significant

correlation between yield and the nitrogen content of the

14th leaf USO t in the palms of Balaramapuram and Pllicode

whereas the palms at Mannutby faUed to show such a

correlation. When all the palms at the three sites were
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pooled and analysed, the nitrogen content showed signi

ficant correlation with yield in the Cas. of 2nd, 10th

and 14th leaves. However, the 10th lest registered the

highest correlation coetficient or o. '1a.. followed by

the 2nd leaf with a value or 0.47,•••

,

The nitrogen content was significantly correlated

with the number ot leaves retained by the palm in all the

three leaf positions studied. The highest correlation

coefficient here was 0.297•• which was sho'WD by the 2nd

leaf. The nitrogen content was also correlated significantly

with the phosphorus oontent in the case of 2nd and 14th

leaves. Here the highest correlation coefficient of 0.249••

was obtained in the Case or the 14th leaf. The nitrogen

content was correlated with the potaasium content only in

the 10th leaf. The nitrogen content was correlated signi

ficantly with calcium content in the 14th leaf' whereaa the

2nd leaf showed significant correlation with the magnesium

content. %he data pertaining to the above correlations

are presented in fable 23, 24 and 25'.

6.2 Phosphorus

Data pertaining to the variation in the phosphorus

content of the 2nd, 10th and ''''th leayes of the exper1.mental

palms at Balaramapuram are presented in Table 7. ihe 10th
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Table 8. Phosphorus content of leaves of coconut palma ot
Agr1cultural .search &taU-on, Mannuth1, at different
lest position8.

(Phosphorus • on moisture tree basis)

81. Leaf' positioD 81. Leaf position
No. 2nd 10th 14th Ho. 2nd 10th 14th

1 0.200 0.077 0.177 31 0.295' 0.223 0.319
2 0.247 0.211 0.177 32 0.211 0.200 0.200
3 0.1;4 0.211 0.177 33 0.211 0.200 0.200
4 0.223 0.177 0.117 1+ 0.200 0.177 0.179
~ 0.200 0.319 0.2lt-7 3~ 0.211 0.271 0.247
6 0.'2}+7 0.247 0.Jlt.3 36 0.320 0.271 0.29~

7 0.200 0.1;4 0.200 37 0.1;4 0.200 0.177
8 0.320 0.16~ 0.177 3B 0.'JJ+7 0.211 0.16~

9 0.223 0.211 0.200 39 0.23, 0.177 0.177
10 0.211 0.211 0.177 "0 0.319 0.271 0.~7

11 0.200 0.211 0.271 41 0.29, 0.223 0.223
12 0.320 0.223 0.211 42 0.131 0.177 0.211
13 0.177 0.177 0.15'+ 43 0.23, 0.223 0.~7

14 0.200 0.1;4 0.200 lt4 0.200 0.200 0.223
1~ 0.223 0.211 0.319 It-, 0.2lt-7 0.223 0.2~

16 0.271 0.223 0.223 46 0.23, 0.211 0.223
17 0.200 0.177 0.1?? 1t7 O.29~ 0.2'+7 0.2J+7
18 0.295 0.223 0.211 1+8 0.200 0.177 0.177
19 0.320 0.211 0.223 ..., 0.319 0.271 0.23~

20 0.16, 0.200 0.1;4 ~O 0.247 0.223 0.200
21 0.177 0.211 0.223 ~1 0.23, 0.200 0.247
22 0.223 0.211 0.200 ~2 0.271 0.223 0.320
23 0.23, 0.23, 0.29, S3 0.200 0.177 0.177
24 0.29~ 0.211 0.223 ;4 0.177 0.16+- 0.131
2, 0.211 0.200 0.16, ~~ 0.211 0.271 0.247
26 0.1;4 0.151+ 0.109 S6 0.164- 0.223 0.177
27 0.223 0.211 0.200 ,7 0.131 0.16l+ 0.1;4
28 0.200 0.211 0.171 ~8 0.247 0.223 0.223
29 0.177 0.177 0.151+ S9 0.177 0.177 0.177
30 0.1;4 0.211 0.200 fO 0.211 0.200 0.200
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table 9. Pho8Phorus content or lea".' of coconut palms ot Regional

AgrieulturaJ. Research sta'tlon, PUieode, at d1tferent
lear posltlon••

(Phosphoru. ~ on moi.ture free basls)

81.. Leaf' posltion 81. Lea! position
Xo. 2nd 10th 14th ITo. 2nd 10th 14th

1 0.205' 0.193 0.180 31 0.141 0.110 0.086
2 0.1,3 0.15', 0.114 32 0.20, 0.191 0.183
3 0.061 0.116 0.15'9 33 0.153 0.147 0.166
4 0.183 0.116 0.116 j+ 0.166 0.11+7 0.128
5 0.205' 0.17'+ 0.183 35' 0.183 0.1,3 0.141
6 0.180 0.15'3 0.15'9 36 0.166 0.153 0.128
1 0.193 0.166 0.166 31 0.112 0.1)4 0.116
8 0.231 0.180 0.187 38 0.153 0.116 0.128
9 0.149 0.1'74 0.20, 39 0.2,9 0.183 0.187

10 0.181 0.166 0.1,3 40 0.205 0.128 0.187
11 0.140 0.128 0.116 41 0.153 0.116 0.104
12 0.212 0.149 0.180 42 0.2lt-, 0.211 0.205
13 0.112 0.187 0.1)4 43 0.1,9 0.140 0.128
14 0.1)4 0.180 0.20, 44 0.166 0.166 0.140
1, 0.15'3 0.1)4 0.116 4, 0.147 0.159 0.187
1f 0.166 0.166 0.166 1+6 0.147 0.140 0.104-
11 0.187 0.1,3 0.166 1+7 0.2,9 0.166 0.166
18 0.134- 0.128 0.128 48 0.187 0.1,3 0.128
19 0.231 0.197 0.187 49 0.116 0.166 0.20,
20 0.197 0.098 0.056 ,0 0.20, 0.1,9 0.116
21 0.1,9 0.1"'0 0.110 5'1 0.211 0.205 0.183
22 0.231 0.166 0.180 5'2 0.18, 0.166 0.104-
23 0.116 0.147 0.183 53 0.122 0.116 0.140
24 0.183 0.20, 0.1,3 9t- 0.149 0.11+0 0.11+1
25' 0.20, 0.141 0.1)4 55 0.172 0.187 0.205
26 0.213 0.166 0.166 5'6 0.183 0.140 0.092
27 0.213 0.166 0.183 5'1 0.1)l+ 0.166 0.180
28 0.141 0.128 0.128 5'8 0.153 0.1)4 0.116
29 0.183 0.197 0.183 59 0.1'74 0.147 0.140
30 0.166 0.166 0.166 60 0.172 0.183 0.092
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leaf' had the highest content or phosphorus, the mean

value being 0.1? per cent. !he 2nd leaf oontained 0.16

per oent phosphorus on an a'Yerage whereas the 14th leaf

had 0.14 per oent.

Table 8 presents the data on the phosphorus

content of the 2nd, 10th and 14th leaves of the palms at

Mannuthy. In general, the 2nd leaf re gis tered the highest

content of phosphorus, 0.22 per cent. The 10tl~ as well

as the 14th leaf he.d 0.21 per cent phosphorus.

Data on the phosphorus content of leaf lamina of

the 2nd, 10th ~nd 14th leaf pos1t10ns of the palms at

Pl1icode are presented in Table 9. Results showed that,

in general, the 2nd leaf had the highest content of the

element, the mean phos.phorus content :l.n that leaf' being

0.18 per cent. As in the Case of the palms at Mannuthy,

the 10t."l and ti1.~ 14th leaves had similar phosphorus contents

showing a value of 0.15 per cent in both.

When all the PUlIS at the three ditferent s1 tea

were anaJ.ysed together, there also the 2nd leaf had the

highest ccmtent of phosphorus, the value being 0.18 per cent

on an average, followed by the 10th leaf which had an

average content of 0.17 per cent. ~e 14th leaf had only

0.16 per cent phosphorus on an average.
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!he degree or relat:Lonship between the yield of

coconut palm and the percentage of phosphorus in the leat

lamina at the three leaf positions was examined by way of

simple linear correlations. !he coefficients of corre

lation are presented in Table 22. When the relationship

was studied for each site independently, the phosphorus

contents of aJ.l the three leaf positions were not signifi

cantly correlated with yield. In some Caaes even negative

correlations were noted though not significant. For example,

the phosphorus content of the 2nd leaf was negatively

correlated with yield in the Case of palms at Balaramapurall

and Pllicooe. !he phosphorus content of the 10th leat was

also negatively correlated with yield in the case of palms

at PUicooe, whereas at Balaramapuram, the phosphorus

content of the 14th lea! was negatively correlated with

yield. On the contrary, an analysis of all the palma at

the three sites together showed that the phosphorus contents

o! the lea! la;n1na at aJ.J. the three leaf' pos1 tions were

significantly correlated with yield. The highest corre

lation here was obtained tOl" the 14t.'-'l leaf t the coefficient

of correlation being 0.20,.*. ~le coefficient or corre

lation in the case of the 10th leaf was O.1~9.* whereas

the 2nd leaf r&g1utered a vaJ.ue of 0.164*••

The phosphorus oontent was signifioantly oorrelated

with the DtDDber of leaves retained by the palm, the highest

correlation being shawn by the 14th leaf fo1.lowed by the
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10th leaf. The coefficient or correlation between the

phosphorus content of the 1ltth leat and the leaf number

was 0.)22*.. The phosphorus contents of the 2nd and

14th leaves were significantly correlated with the

nitrogen content of the .&me leaf, the highest correlation

coefficient of O.2l+9** being registered by the 14th leaf.

The phosphorus content was eJ.so significantly correlated

with the pot~.8sium content in the case of the 10th and

14th leaves, the highest coefficient of correlation ot

0.315'•• being registered 1n the case of the 14th leaf. It

is interesting to note that the phosphorus content ot the

2nd leaf showed a. high degree of correlation jf1th the

magnesium content. This 'Was the same Case with B.d1um,

though the coefficient of correlation was a little lower.

Data pertaining to the above correlations are presented in

Tables 23, 24 and 25.

6.3 Potassium

Table 10 shows the variation in the content of

potassium of the 2nd, 10th and 14th leaves of the experi

mental palms at Balaramapuram. The content of potassium

was higher in the 2nd leaf which sl101tled a mean value of

1.81 per cent. The 2nd leaf was followed by the 10th leat

"lith a mean value of 1.11 per cent end the 14th leaf with

a mean value of 1.02 per cent.
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'fable 10. Pota.slum content of leave. of the experimental pilJl. of

Cooo.nut Research ataUcm, Balaramapuram at different
lear posltions.

(potass1um • em moisture tree baais)

lteat p081tion .

81. ~eat- 2nd 10th 14th.entBo.
npk Rep.I Rep. II Rep. I Rep.n Rep.I Rep. II

1 000 2.02 2.86 0.78 1.8~ 0.66 1.38
2 001 2.86 2.11 1.85 1.23 1.38 1.34
3 002 2.24 2.21 1.31 1.73 1.24 1.,6
4 010 1.63 0.88 0.5'6 0.43 1.48 0.30, o 1 1 2.17 2.12 1.46 1.22 1.18 0.93
6 012 2.,,"0 2.64- 1.68 1.88 1.39 1.71
7 020 1.23 1.21 0.54 0.47 0.44 0.27
8 o 2 1 2.06 2.29 1.54 1.;8 1.ltlt- 1.19
9 022 2.86 2.4; 1.68 1.31 1.44 1.26

10 100 0.93 1.07 0.;0 0.;2 - 0.29
11 101 2.14 2.10 1.40 1.13 1.31 0.93
12 102 2.26 2.08 1.98 1.43 1.77 1.01
13 1 1 0 1.38 0.9'+ 0.3; 0.28 0.48 -
14 1 1 1 2.19 1.93 1.01 0.94- 0.93 ·0.69
1, 1 1 2 2.30 1.98 1.9+ 1.37 1.08 1.22
16 120 0.94 0.62 0.31 - - -
17 121 1.9\4- 1.81 1.28 0.8, 1.13 . 0.46
18 1 2 2 2.28 2.ltlt- 1.;; 1.2; 1.31 1.26
19 2 0 0 1.09 0.71 0.24 0.38 - 0.3,
20 201 2.18 1.78 0.83 1.13 0.60 0.89
21 202 2.,8 1.89 1.70 1.40 1.35 1.36
22 210 0.94 0.96 0.68 0.18 -
23 2 1 1 1.7; 1.34- 0.89 0.74- 0.68 0.;3
2lf. 2;2 a ·2•• I.alt- 0." a.at 0.74 0.91
25 22O 0.92 1. alt- 0.41 0.36 -
26 221 1.94 1.7; 0.79 0.93 0.40 0.64-
27 222 2.18 2.13 1.31 1.30 0.88 0.9,
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!able 11. Pota.siU11 content at lea..... ot coconut palms or

Agricultural Research stat.ion, Mannuihy, at different
lear positions.

(Potassium _ on aoisture tre. basis)

&1.. Leaf position 81. I.ee! positian
10. 2nd 10th 11t-th 10. 2nd 10th 11t-th

1 2.05 1.35' 1.33 31 2.38 1.68 1.98
2 2.05 1.68 1.,0 32 2.05' 1.68 1.,5'
3 1.63 1.35' 1.20 33 1. '70 1.63 1.0,
1+ 2.1+0 2.0, 1.1t-5' j+ 2.38 2.18 1.85, 1.65 1.35 0.90 35 2.45 2.0, 2.00
6 2.0, 1.80 1.35 36 1.98 1.63 1.1+,
7 2.18 1.98 1.4, 37 2.48 1.78 1. '75
8 1.98 1.63 1.3, 38 2.05 1.80 1.60
9 1.63 1.,5 1.35 39 1.95 1.63 1.05

10 1.63 1.35 1.35 40 2.05 2.18 1.30
11 1.98 1.80 1.65 41 2.18 1.98 1.83
12 2.05 1.80 1.05 42 1.98 2.05 1.95
13 2.40 1.98 1.53 43 2.35 1.88 1.75
14 2.05 2.18 1.60 It-4 2.35 1.98 1.5,
15 1.85 1.63 1.1+8 45 2.48 1.'78 1. '70
16 2.05 1.35 1.65 46 1.18 1.83 1.80
1'7 1.98 1.)0 1.50 4'7 2.40 2.05 2.18
18 2.38 2.25 1.55 48 2.10 1. '78 1.85
19 2.40 1.'73 2.05 49 2.05 2.18 1.85
20 2.38 1.98 1.73 50 2.40 1.98 2.03
21 2.1+8 1.80 1.60 51 2.38 2.18 2.10
22 2.0, 1.80 1.80 5'2 2.38 2.13 1.65
23 2.18 1.88 1.75 53 2.05 1.80 1.80
2l4- 1.63 1.75 1.85 ;t+ 2.40 2.05 1.45
25 2.40 1.98 1.70 5'5 2.38 1.83 1.60
26 1.63 1.55 1.)0 56 2.48 1.80 1.65
27 2.40 2.05 1.45 ;7 1.98 1.35 1.50
28 2.1, 2.05 1.85 58 2.05 1.63 1.60
29 2.0, 1.35 1.5, 59 2.38 1.98 1.90
30 1.70 1.45 1.20 fa 2.38 2.05 2.15
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Table 12. Pota.sium content of leay•• ot coconut palms of Regional
Agricultural Research Station, P1l1code, at dirferent
leaf' position••

(Pota,s1um content on mOisture free basi8)

Leaf position Leaf position
81. &l.
Ho. 2nd 10th 14th Ho. 2nd 10th 14th

1 1.1+5 1.25 1.1+0 31 1.8, 1.43 1.08
2 2.05 1.98 1.43 32 1.,8 1.1, 1.15
3 1.63 1.35 1.0, 13 2.20 1.68 1.43
4 2.25 2.00 1.88 1+ 1.8, 1.40 1.4,, 2.35 2.08 1.8, 35 2.05' 1.48 1.23
6 1.4, 1.03 1.00 36 1.73 1.65 1.05'
'7 1.40 1.35' 1.03 37 2.40 2.03 1.25
8 1.65' 1.40 1.65 38 1.38 1.18 1.23
9 2.05 1.63 1.30 39 1.7, 1.03 1.3,

10 1.45 1.00 1.48 40 1.55 1.05 1.35'
11 2.13 1.55' 0.98 41 2.35 1.98 1.65
12 1.43 1.05 1.10 42 2.40 2.10 1.35
13 1.83 1.60 1.10 43 1.70 1.95 1.18
14 1.68 1.;8 1.. ,0 4lt- 1.90 1.33 1.6,
15 1.63 1.25 1.20 45 2.20 1.,0 1.33
16 1.2; 1.10 1.28 1+6 2.18 1.40 1.5,
17 2.43 1.90 1.38 47 2.13 1.23 1.00
18 1.58 1.55 1.,5 48 1.38 1.20 1.38
19 2.1; 1.95 1.30 1+9 1.45 1.10 1.23
20 1.50 1.55 1.05 50 1.58 1.2; 1.1+0
21 1.63 1.40 1.30 51 1.43 1.50 1.30
22 1.,3 1.2; 1.4, ,2 2.55 2.13 1.33
23 1.83 1.25 1.33 ;3 1.70 1.40 1.13
24 1.45 1.35 1.15 ;1+ 2.15 2.15 1.53
25 1.75 1.58 1.40 ,5 1.93 1.10 1.30
26 2.03 1.70 1.40 56 1.93 1.10 1.30
27 1.40 1.33 1.,0 ,7 1.88 1.70 1.40
28 1.43 1.,3 1.,0 ,8 1.63 1.93 1.18
29 1.88 1.20 1.05' 5'9 1.00 1.25 1.28
30 1.38 1.45' 1.68 60 1.68 1.38 1.33
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Data on the Y&r1.ation in the content of

potassium of the 2nd, 10th and 14th leaves of the palms

at Mannuthy are presented in Table 11. As in the Case

of the palms at Balaramapuram, the 2nd leaf had the

highest content of potassium followed by the 10th leaf.

In general, the content of potassium of all the three

leaves waS higher than the potassium content encountered

at Balaramapuram. The mean potassium content for the 2nd

leaf was 2.14 per cent, that of the 10th leaf 1.81 per cent

and that of the 14th leaf' 1.61 per cent.

Variations in the content of potassium of the 2nd,

10th and 14th leaves of the palms at PUicode are presented

in Table 12. Here also, as in the case of the palms at

Balaramapuram and Mannuthy, the 2nd leaf had the highest

potassium content, the mean value being 1.80 per cent. ihe

10th leaf had 1.,0 per cent potassium and the 14th leaf',

1.32 per cent.

Analysis of all the palms at the three different

5itea aJ.so showed that the 2nd leaf had the highest

content of potassium, registering a mean of 1.87 per cent.

The 10th leaf came next with an average of 1.32 per cent.

The average potassium content of the 14th leaf was 1.21

per cent.
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In order to stud1 the relation between the

potassium content ot the leaf and yield of the palm,

simple correlat10n coel':t'1c1ents were worked out wh1ch

are presented 1n Table 22. The potassium contents of

the 2nd and 10th 1 ea..s of the palms at Balaramapuram

were signif1cantly correlated w1th y1eld, the highest

correlation at o. 31~· being registered by the 2nd leaf.

The potassium content of the 14th leaf was negatively

correlated with yield at Balaramapurum. At Mannu'thy, no

s1gn1.ficant correlation was obtained between the potassium

content and yield for the 2nd a¥ld 10th leaf positiona.

In the case of the palms at PU1code, the potassium content

of the 2nd leaf showed a high corl"81ation with yield.

The 10th leaf also showed significant correlation with yield.

When all the palms at the three sites were pooled

and analysed, s1gni:t'1cant correlation coefficients were

obt?1ned between the potassium content and yield tor al.l

the three leaf posit1ons. The highest coefficient of

correlation, however, was registered by t:'le 10th leaf, the
"if.*

value being o.ltJ+B. The 2nd leaf' came next with a corre-
« #

lation coefficient ot 0.3,5' and the 14th leat with 0.223.

The potassium contents of all the three leaves

were highly correlated with the number of leaves retained
*"1';

by the paJ.m. %he highest correlaUon of 0.710 vas obtained
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in the case of the 10th leaf. The coefficient of

correlation of the pota.sium content of the 2nd lea!

*"and the number of leave. retained was 0.622vhereas the
.l'*-

val.ue for the 14th lest was 0.5?9. The potassium content

of the 10th leaf had significant correlation with the

nitrogen content of the same leaf. The potassium contEl'lt

was correlated significantly with the phosphorus content

in the Case of the 10th and 14th leaves, the coefficient

of correlation for the 14th leaf being higher than that

for the 10th leaf.

There was antagonism noticed between potassium

and the other cations, namely calcium, magnesium and sodium.

Potassium content was negatively correlated with the

calcium content in all the three leaf positions, the

negative correlation ooefficient in the case of the 2nd
.*r:

leaf being highly significant with a value of -0.432. ihe

potassium content was negatively correlated with the

magnesium content in the 10th and 14th leaf positions, the
't~.

coefficient o.f correlation for the 14th leaf being -0.521.

Potassium content was negatively correlated 'With the sodium

content in all the leaf positions, the correlation
-i'>K

coefficient for the 10th leaf being -0.441. Data pertaining

to the above corr:!lations are presented in the Tables 23,

24 and 25.
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6.4 Calcium

Table 13 presentl the variation in the content

of calcium of the 2nd. 10th and 14th leaves of the

experimental paJ.ms at Balaramapuram. Contrary to nitrogen,

phosphorus and potassium, the calcium content was highest

in the 14th leaf, the mean value being 0.42 per cent.

This was followed by the 10th leaf with a value of 0.41

per cent and the 2nd leaf with 0.27 per cent.

Data relat:1llg to the variation in the content

of calcium of the 2nd, 10th and 14th leaves of the palms at

Mannuthy are presented in Table 14. As in the case of

the palms at Bal.aramapuram, the 14th leaf registered the

highest calcium content, with a mean value of 0.61 per cent.

On an average, the 10th leaf and 0.60 per cent and the 2nd

lee.! 0.30 per cent calcium.

The palms a,t P1licode also showed t..~e same trend.

the data pertaining to which a.re presented in the Table 1,.

Hpre the mean calcium contents of the 2nd, 10th and 14th

leaves weI~ G.32, 0.45 Bnd 0.63 per cent, respectively.

When all the palms of the three different 81tes

were pooled and anaJ.ysed, the lame trend that was seen for

each site individually, was obtained. 1!he mean values of
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'!able 13. Calcium content of l.a..... of the experimental palms ot
Coconut Research S,tat1on, lelaramapuraJI, at difterent
leaf positions.

(Calcium :' on moisture tree basis)

Treat- Lear position

81. )lent
2nd 10th 14th

No. npk
Rep. I Rep. II aep.I Rep. II Rep.I Rep.II

1 000 0.271 0.312 0.333 0.471 0.355 0.510
2 001 0.168 0.3"" 0.1+7 0.291 0.353 0.380
3 002 0.232 0.323 0.422 0.355 0.425 0.355
4 010 0.358 0.395 0.380 0.416 0.360 0.500
5 o 1 1 0.178 0.189 0.387 0.370 0.388 0.393
6 0.1 2 0.327 0.147 0.285 0.318 0.403 0.283
7 020 0.281 0.371 0.463 0.490 O.lt90 0.483
8 021 0.260 0.173 0.283 0.370 0.333 0.335
9 022 0.189 0.178 0.350 0.401 0.383 0.400

10 100 0.)02 0.314 0.,03 0.486 - 0.423
11 101 0.178 0.330 0.273 0.475 0.483 0.415
12 102 0.188 0.193 0.230 0.:;41 0.218 0.453
13 1 1 0 0.30, 0.291 0.416 0.333 0.610 -
14 111 0.218 0.183 0.383 0.432 0.388 0.568
15 112 0.188 0.260 0.260 0.380 0.333 0.438
16 120 0.348 0.357 0.514- - - -
17 121 0.233 0.281 0.327 0.413 0.3,5 0.543
18 122 0.229 0.16'+ 0.1+9 0.3S't- 0.403 0.400
19 200 0.250 0.291 0.5'1+8 0.369 0.670
20 201 0.209 0.312 0.4lt-1 0.326 0.585 0.397
21 202 0.229 0.260 0.270 0.335 0.425 0.lt-43
22 210 0.282 0.1+1 0.497 0.485 - -
23 211 0.337 0.291 0.4lf.3 0.541 0.§23 0.,35
24 212 0.264 0.260 0.425 0.1+45 0.5'+0 0.,23
2, 220 0.333 0.31lt- 0.,22 0.lt-97 - -
26 221 0.2lt-0 0.1+3 0.,31 0.441 0.655 0.,00
27 222 0.222 0.261 0.3?'t- 0.3'78 0.lt-80 0.lt-93
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fable 1lt-. Calcium content of leaves of coconut palms of
Agricultural Research Station, MannuthYt at d1f'ferent
lear positions. .

(Calcium %on moisture free basis)

Sl. Leat position 81. Leat posltion
No. 2nd 10th 1~th

No. 2nd 10th 1~th

1 0.291 0.,8; 0.6;0 31 0.2;0 0.,;6 0.600
2 0.250 0.5;0 0.450 32 0.208 0.58; 0.7,0
3 0.425 0.333 0.500 33 0.;2; 0.511 0.800
It- 0.208 0.325 0.;00 j+ 0.166 0.425 0.600
5 0.;25 0.545 1.050 3; 0.166 0.~66 0.500
6 0.333 0.495 0.500 36 0.166 0.555 0.550
7 0.3'7'+ 0.455 0.450 37 0.166 0.511 0.550
8 0.291 0.556 0.550 38 0.291 o.~99 0.550
9 0.250 0.560 0.600 39 0.374 0.550 0.500

10 0.375 0.566 0.600 40 0.3;0 0.391 0.500
11 0.291 0.485 0.500 41 0.350 0.325 0.750
12 0.350 O.~99 0.850 42 0.166 0.365 0.550
13 0.475 0.425 0.950 43 0.166 0.456 0.550
1"- 0.333 0.)4; O.~50 44 o. "'1 0.491 0.4;0
15 0.412 0,549 0.700 45 0.166 0.511 0.550
16 0.325 0.;8; 0.650 4f 0.250 0.525 0.600
17 0.425 0.;65 0.;50 41 0.166 0.385 0.600
18 0.291 0.400 0.450 48 0.325 0.500 0.850
19 0.3'7'+ 0.525 0.800 l+9 0.212 0.391 0.550
20 0.312 0.466 0.450 50 0.250 0.485 0.650
21 0.208 0.511 0.550 ;1 0.208 0.385 0.650
22 0.250 0.500 0.600 ;2 0.212 0.388 0.600
23 0.400 0.485 0.8;0 53 0.325 0.499 0.550
24 0.3'l4 . 0.;11 0.600 54 0.333 0.425 0.;50
2; 0.166 0.1+65 0.45'0 5; 0.32; 0.511 0.800
26 0.1+25 0.5'65 0.5;0 ;6 0.130 0.525 0.700
27 0.208 0.385 0.550 57 0.333 0.575 0.6;0
28 0.325 0.365 0.650 58 0.208 0.555 0.700
29 0.291 0.577 0.550 ;9 0.2;0 0.491 0.;00
30 0.315 0.566 0.;50 60 0.414 0.411 0.550
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fable 15. Calcium content or leaves of ooccmut palms of Regional
Agricul tural Research Station, Pllicode, at d1fferent
leaf positiona.

(Calcium %on moisture tree basis)

Sl. Leaf position 81. Leat position
1l0. 2nd 10th 14th No. 2nd 10th 14th

1 0.425 0.477 0.600 31 0.333 0.411 0.790
2 0.333 0.411 0.580 32 0.3'74 0.485 0.760
3 0.52, o. ,00 0.800 33 0.250 0.444 0.500
4 0.37'+ 0.375 0.400 ~ 0.333 0.432 0.590, 0.212 0.325 0.320 35 0.208 0.477 0.670
6 0.333 0.521 0.800 36 0.333 0.443 0.790
7 0.3'74 0.485 0.780 37 0.208 0.~5 0.660
8 0.325 0.444 0.490 38 0.3'74 0.411 0.650
9 0.300 0.435 0.640 39 0.425 0.511 0.640

10 0.425 0.500 0.590 40 0.425 0.500 0.430
11 0.208 0.4lt4 0.820 41 0.208 0.405 0.450
12 0.325 0.521 0.730 42 0.212 0.395 0.600
13 0.312 0.432 0.740 43 0.3'74 0.400 0.65'0
14 0.300 0.450 0.550 4lt- 0.300 0.475 0.440
15 0.300 0.455.' 0.650 45 0.250 0.475 0.640
16 0.37'+ 0.311 0.640 46 0.291 0.485 0.550
17 0.250 0.425 0.630 47 0.208 0.485 0.810
18 0.212 0.465 0.430 48 0.374 0.491 0.660
19 0.208 0.420 0.670 49 0.3'74 0.491 0.670
20 0.425 0.42~ 0.800 50 0.350 0.491 0.610
21 0.325 0.465 0.620 51 0.333 0.411 0.630
22 0.3'74 0.511 0.590 52 0.208 0.385 0.620
23 0.330 0.499 0.600 53 0.333 0.475 0.750
24- 0.425 0.485 0.750 54 0.250 0.400 0.510
25 0.325 0.411 0.620 55 0.291 0.430 0.630
26 0.291 0.422 0.590 56 0.325 0.475 0.640
27 0.425 0.475 0.500 57 0.333 0.425 0.590
28 0.391 0.455 0.510 58 0.325 0.411 0.700
29 0.325 0.499 0.800 59 0.250 0.4lt-lt- 0.650
30 0.450 0.495 0.510 60 0.325 0.)26 0.600
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calcium content at the 2nd, 10th and 1lt-th leaves vere

0.28, 0.43 and 0.52 per cent respectively.

As can be noted fr_ tbe Table 22 the calcium

contents of the 2nd and 10th leaves were negatively corre

lated with yield in all the three sites. In the case or
the 14th lest, the calcium content was negatively corre

lated wi. th yield only at Mannuthy and PUicode whereas at

Bfllaramapuram, the correlation was positive and statisti

cally significant. When all the paJ.ma of the three 8i tea

were pooled and analysed, significant positive correlatian

was obtained between yield and the calciuln content or the

14th leaf.

Th~ calcium content of the 2nd leaf' was negatively

correlated with the number of leaves retained whereas

th~re was significant positive correlation in the Case of

the 14th lea!. The caJ.cium content was significantly

correlated with the nitrogen content in the case of the 14th

leaf. This was the same Case for the correlation between

the calcium content and the phosphorus content 81.so. fhe

calcium content was negatively correlated with the potassium

content, espec1.ally in the caae of the 2nd leaf. !here was

signif1.cant positive correlation between the calcium content

ano the magnesium content in the Case of the 2nd and 10th

leRvas. There was significant correlation between the



calcium and sodium contents only in the 1'th(1 leaf.

Data pertaining to the above correlations are presentecl

in Tables 23, 24 and 2,.

Data relating to the variation in the content

or magnesium of the 2nd, 10th and 14th leaves of the

experimental palms at Balaramapuram are presented in

Table 16. !he content of magnesiUII vas, on an average,

O. Jl+ per cent in the 2nd leat which increased to O.l+1

per cent in the 10th and the 14th leaves.

The magnesium content of the leaves of the palms

at Mannuthy, as can be seen from Table 1? was 0.3? per cent

for the 2nd leaf, 0.41 for the 10th leat, and 0.29 for

the 14th lest.

fable 18 presents the variation in the content

of magnesium of the 2nd, 10th and 14th leaves of the palms.
at Pllicode, The contents of magnesium in the 2nd, 10th

and 14th leaves vere 0.38, 0.36 and 0.33 per cent

respectively.

When all the palms of the three 8ites were pooled

and anUysed,~• .mean values for the magnesium content

of the 2nd, 10th and 14th leaves were, 0.3', O.l+o and

0.37 per cent respectively.
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Table 16. Magnesium content ot leaves of the experimental palms

ot Ooconut Research Station t Balaramapuram at different
leat position8.

(Magnesium ~ on moisture free basis)

Leat position

81. Treat- 2nd 10th 14thNo. ment
npk Rep.l Rep. II Rep. I Rep. II Rep.I Rep.II

1 o 0 0 0.269 0.294 0.321 0.4,5' 0.5'08 0.425'
2 001 0.316 0.281 0.378 0.338 0.288 0.305'
3 o 0 2 0.254 0.313 0.373 0.394 0.388 0.345'
4 010 0.477 0.4,0 0.4,9 0.438 0.300 0.380
5 011 0.297 0.303 0.404 0.379 0.373 0.385'
6 012 o.32lt 0.285 0.433 0.362 0.399 0.290
7 020 0.392 0.413 0.412 0.45'2 0.403 0.603
8 021 0.294 0.2,0 0.306 0.390 0.325' 0.338
9 022 0.219 0.2'9 0.1+0 0.429 0.350 0.400

10 100 0.394 0.369 0.478 0.492 0.397
11 101 0.321 0.263 0.438 0.35'3 0.315 0.440
12 102 0.319 0.283 0.291 0.306 0.225' 0.,63
13 110 0.366 0.394 0.483 0.5'00 0.375'
14 111 0.300 0.344 0.409 0.410 0.428 0.498
15 112 0.288 0.381 0.34'+ 0.300 0.403 0.383
16 12 0 0.5'27 0.489 0.475' -
17 1 2 1 0.306 0.363 0.419 0.386 0.473 0.510
18 122 0.313 0.313 0.369 0.377 0.365 0.36,
19 200 0.288 0.302 0.492 0.475 0.460
20 201 0.394- 0.'13 0.525 0.324- 0.475' 0.493
21 202 0.225 0.275 0.338 0.335' 0.375 0.448
22 210 0.371 0.392 0.4lt1t 0.525 -
23 211 0.314 0.425 0.lt'3 0.437 0.395 0.488
24 212 0.435' 0.338 0.415' 0.388 0.480 0.470
25 220 0.4lt4 0.1+9 0.,08 0.475' -
26 221 0.323 0.496 0.488 0.45'0 0.465 0.510
27 222 0.242 0.292 0.367 0.415' 0.240 0.420
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Table 17. Magnesium content of leaves of coconut palms of
Agricultural. Research Station, Mannuthy, at different
leaf pos1tiona.

(Magnesium ~ on moisture free basis)

Leaf position Leaf position
81. SJ..
No. 2nd 10th 14th Ho. 2nd 10th 14th

1 0.412 0.500 0.300 31 0.333 0.485 0.270
2 0.208 0.325 0.180 32 0.400 0.495 0.360
3 0.208 0.325 0.180 33 0.425 0.500 0.360
4 0.3'74 0.333 0.270 :j+ 0.412 0.411 0.330
5 0.525 0.525 0.480 35 0.425 0.400 0.330
6 0.325 0.511 0.240 36 0.525 0.325 0.330
7 0.42; 0.32; 0.290 37 0.312 0.475 0.240
8 0.212 0.300 0.1;0 38 0.333 0.411 0.270
9 0.4;0 0.511 0.390 39 0.399 0.400 0.330

10 0.166 0.52; 0.090 4-0 0.466 0.325 0.360
11 0.62; 0.400 0.630 41 0.166 0.300 0.030
12 0.412 0.466 0.330 42 0.400 0.291 0.300
13 0.250 0.411 0.180 43 0.333 0.222 0.210
14- 0.32; 0.325 0.270 44- 0.425 0.400 0.330
15 0.300 0.485 0.210 4; 0.625 0.425 O.~O

16 0.291 0.4;5 0.150 46 0.312 0.411 0.210
17 0.660 0.499 0.780 47 0.208 0.32; 0.150
18 0.291 0.399 0.180 48 0.333 0.491 0.270
19 0.291 0.485 0.330 49 0.250 0.325 0.120
20 0.425 0.411 0.240 50 0.291 0.400 0.120
21 0.333 0.400 0.300 ;1 0.645 0.366 0.600
22 0.425 0.425 0.120 ;2 0.333 0.325 0.210
23 0.208 0.411 0.120 53 0.300 0.425 0.270
24 0.465 0.500 0.510 ~ 0.333 0.400 0.24-0
25 0.466 0.425 0.360 55 0.625 0.485 0.240
26 0.3'74 0.400 0.270 56 0.333 0.411 0.270
27 0.325 0.300 0.240 57 0.130 0.32; 0.060
28 0.412 0.325 0.330 58 0.376 0.500 0.270
29 0.525 0.499' . 0.270 59 0.325 0.425 0.270
30 0.412 0.499 0.330 60 0.450 0.325 0.330
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'fable 18. Magnesium cOrltent of leaves of coconut palms or
Regional Agr1cuJ. tural Research station, P1l1code, at
different leaf positions.

(Magnesium ~ on moisture tree basis)

81. Leaf position &1. Leaf pas1tion
Ito. 2nd 10th 14th No. 2nd 10th 14th

1 0.lt-2; 0.370 0.330 31 0.32; 0.300 0.410
2 0.4"'" 0.311 0.300 32 0.37'+ 0.1+11 0.300
3 0.325 0.425 0.;00 33 0.425 0.211 0.370
... 0.333 0.291 0.180 ~ 0.350 0.200 0.270
5' 0.333 0.250 0.100 35 0....1... 0.325 0.380
6 0.350 0....21 0.560 36 0.3;0 0.jt3 0.420
7 0.312 0.ltJ.1t. 0.450 37 0.291 0.367 0.310
8 0.425 0.325 0.220 38 0.350 0.;2; 0.320
9 0.416 0.333 0.370 39 0....2; 0.411 0.410

10 0.450 0.400 0.320 40 0.;2; 0....2; 0.210
11 0.466 0.32; 0.51+0 41 0.42; 0.400 0.;;0
12 0.333 0.411 0.4;0 42 0.414 0.299 0.220
13 0.3?'t- 0.311 0.460 43 0.32; 0.)21 0.210
14 0.300 0.322 0.270 44 0.374 0.411 0.180
1; 0.412 0.350 0.370 45 0.333 0.42; 0.290
16 0.300 0.300 0.360 46 0.333 0.4;0 0.320
17 0.42; 0.37; 0.3;0 47 0.42; 0.44lt- 0.420
18 0.414 0.36; 0.220 It-8 0.32; O.lt-;O 0.300
19 0.32; 0.311 O.lt-OO 49 0.3;0 0.3;0 0.320
20 0.4;0 0.32; 0.4;0 ;0 0.39; 0.311 0.300
21 0.425 0.388 0.3;0 ;1 0.333 0.325 0.290
22 0.450 0.400 0.320 ;2 0.2;0 0.291 0.210
23 0.3?'f. 0.32; 0.330 53' 0.3'74 0.425 0.390
2"- 0.208 0.375 0.300 54 0.400 0.325 0.220
2; 0.214 0.311 0.2?0 55 0.300 0.411 0.300
26 0.425 0.300 0.220 56 0.350 0.425 0.)20
27 0.4;0 0.365 0.200 ,7 0.)21 0.325 0.190
28 0.425 0.355 0.210 ,8 0.425 0.300 0.330
29 0.374 0.375 0.420 59 0.41lt- 0.411 0....20
30 0.;2; 0.377 0.;10 60 0.,2; 0.325 0.210



In order to study the relationship between the

leaf magnesium content and yield, simple linear corre

lation coefficients were worked out which is presented

in Table 22. The magnesium content vas significantly and

posi tively correlated with yield only in the case of the

14th lea! at Belaramapuram. In no other site, and in ca••

of no other leaf position t signUicant correlation was

noticed between the magnesium content of leaf lamina and

yield.

The magnesium content of the 10th and 14th leaTea

was negatively correlated with the number of leave. retained

by the palm. The magne sium content of the 2nd leat was

positively correlated with the nitrogen content and the

phosphorus content of the same leaf. The magnesium content

had a negative correlation with the potassium content in

the Caae of the 10th and 14th leaves whereas there was a

positive correlations with the calcium content in the case

of the 2nd and 10th leaves. In the 10th leaf't the magnesium

content was positively correlated with the sodium content.

Tables 23, 21+ and 2, present the observations pertaining

to the above relation~p8.

6.6 Sodium

Table 19 shows the variation in the content or
sodium of the 2nd, 10th and 11+th leaves of the experimentaJ.
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table 19. Sodium content of leaves of the experimentaJ. palms of
Coconut Research Station, Balaramapuram, at different
leaf positions.

(Sodium %on moisture free basis)

I.ea.f position

81. Treat- 2nd 10th 14thDI811tHo.
npk Rep. I Rep. II Rep. I Rep.II Rep. I Rep. II

1 000 0.151 0.152 0.171 0.159 0.149 0.123
2 001 0.065 o.oBo 0.11? 0.089 0.107 0.126
3 002 0.060 0.069 0.091 0.0'}? 0.070 0.060
4 010 0.166 0.167 0.195 0.109 0.140 0.200
5 011 / 0.098 0.105 0.119 0.131 0.109 0.076
6 012 0.039 0.081 0.050 0.115 0.021 0.086
7 020 0.152 0.163 0.167 0.193 0.163 0.143
8 021 0.086 0.102 0.076 0.129 0.081 0.143
9 022 0.0,2 0.099 0.098 0.144 0.099 0.135

10 100 0.209 0.170 0.147 0.171 0.123
11 101 0.102 0.094 0.125 0.12' 0.1"" 0.133
12 102 0.039 0.067 0.014 o.oSli 0.040 0.074
13 1 1 0 0.145 0.146 0.132 0.092 0.143
14 111 0.116 0.109 0.151+ 0.138 0.1,1 0.120
15 1 1 2 0.029 0.113 0.0,2 0.119 0.096 0.097
16 120 0.151 0.166 0.132
17 1 2 1 0.103 0.101 0.157 0.142 0.123 0.114
18 122 0.092 0.09+ 0.144 ,0.158 0.125 0.149
19 200 0.196 0.268 0.204 0.188 0.186
20 201 0.110 0.09+ 0.143 0.115 0.115 0.111
21 202 0.042 0.073 0.065 0.110 0.061 0.076
22 210 0.151 0.123 0.145 0.100 -
23 211 0.068 0.102 0.138 0.119 0.114 0.089
24 212 0.125 0.064 0.153 0.101 0.125 0.071
25 220 0.140 0.136 0.137 0.130
26 221 0.113 0.100 0.12'} 0.143 0.073 0.117
27 222 " ..042 0.088 0.0'}8 0.106 0.058 0.106
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fable 20. Sodium content of leaves of COC<X1ut palms ot Agricultural
Research station, Mannuthy, at different leaf positions.

(Sodium ~ on moisture free basis)

Lea! position Leaf position
81. sa.

14thNo. 2nd 10th 14th )(0. 2nd 10th

1 0.092 0.032 0.120 31 0.011 0.096 0.096
2 0.092 0.110 0.112 32 0.091 0.080 0.130

3 0.112 0.116 0.132 33 0.111 0.080 0.202
4 0.050 0.003 0.100 j+ 0.050 0.056 0.113, 0.168 0.092 0.135 35 0.042 0.092 0.062
6 o.oBo 0.132 0.122 36 0.125 0.100 0.132
7 0.070 0.140 0.112 37 t.025 0.080 0.112
8 0.108 0.100 0.125 38 0.092 0.086 0.126
9 0.112 0.112 0.102 39 0.100 0.096 0.202

10 0.120 0.092 0.118 40 0.100 0.021 0.213
11 0.112 0.092 0.050 41 0.100 0.060 0.112
12 0.099 0.092 0.120 42 0.112 0.050 0.103
13 0.033 0.092 0.080 43 0.030 0.062 0.135
14 0.051 0.005 0.Q76 44 0.030 0.072 0.145
15 0.100 0.080 0.096 45 0.025 0.080 0.135
16 0.099 0.112 0.070 46 0.065 0.082 0.105
17 0.100 0,050 0.120 47 0.033 0.030 0.003
18 0.055 0.080 0.132 48 0.050 0.050 0.100
19 0.032 0.091 0.052 49 0.120 0.003 0.100
20 0.066 0.096 0.122 50 0.050 0.060 0.090
21 0.025 0.080 0.136 51 0.060 0.012 0.060
22 0.092 0.072 0.100 52 0.070 0.020 0.150
23 0.080 0.099 0.122 53 0.100 0.120 0.123
24- 0.142 0.060 0.092 ~ 0.120 0.112 0.164
25 0.100 0.120 0.100 55 0.042 0.120 0.146
26 0.125 0.011 0.162 56 0.033 0.072 0.140
27 0.030 0.009 0.143 ,? 0.125 0.211 0.150
28 0.050 0.112 0.112 58 0.080 0.202 0.149
29 0.082 0.100 0.132 59 0.070 0.198 0.100
30 0.142 0.096 0.166 60 0.0?5 0.119 0.055
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fable 21. Sodium content of leaYeI of ooconut palms of Regional

Agrioultural Research Station, P1l1code, at different
leaf pos1 tiona.

(Sodium %on moisture tree basis)

Leaf position &1. Lear position
81. No.No. 2nd 10th 14th 2nd 10th 14-th

1 0.136 0.186 0.1'76 31 0.144- t.210 0.Jl+8
2 0.108 0.178 0.160 32 0.136 0.244 0.284
3 0.116 0.135 0.160 33 0.0'78 0.19'+ 0.154
4- 0.108 0.168 0.268 1+ 0.1)4- 0.1]4- 0.158
5 0.116 0.148 0.135' 35 0.106 0.184 0.268
6 0.064 0.114- 0.148 36 0.114- 0.196 0.264-
'7 0.092 0.168 0.136 Yl 0.108 0.180 0.272
8 0.086 0.148 0.160 38 0.116 0.1'72 0.172
9 0.094- 0.188 0.148 39 0.094- 0.256 0.256

10 0.104 0.194- 0.150 40 0.088 0.190 0.264-
11 0.1]4- 0.152 0.184 41 0.066 0.200 0.174-
12 0.108 0.194- 0.264- 1+2 0.088 0.168 0.174
13 0.100 0.152 0.156 43 0.088 0.118 0.160
14 0.126 0.128 0.1'7ti l+4 0.096 0.188 0.152
15' 0.126 0.172 0.268 1+5 0.080 0.1....0 0.174-
16 0.130 0.246 0.150 4-6 0.080 0.088 0.138
17 0.094- 0.152 0.15'4- 4-'7 0.060 0.136 0.144
18 0.094- 0.1)4 0.146 4-8 0.102 0.150 0.158
19 0.100 0.130 0.188 49 0.062 0.160 0.180
20 0.100 0.15'4- 0.260 50 0.090 0.156 0.132
21 0.098 0.160 0.172 51 0.082 0.156 0.168
22 0.114- 0.192 0.15'0 52 0.080 0.140 0.174-
23 0.100 0.246 0.162 53 0.096 0.194 0.280
24- 0.096 0.. 246 0.180 54 0.106 0.092 0.156
25 0.088 0.192 0.252 ,5 0.068 0.120 0.164
26 0.088 0.188 0.158 56 0.122 0.158 0.1.38
27 0.090 0.168 0.150 57 0.106 0.092 0.1)lt.
28 0.092 0.220 0.188 58 0.112 0.1j+ 0.200
29 0.064 0.150 0.194 59 0.062 0.190 0.186
30 0.104- 0.210 0.152 60 0.088 0.128 0.164



palms at Balaramapuram. The mean value s tor the content

of sodium in the 2nd, 10th and 14th leaves were 0.11,

0.12 and 0.11 per cent respectively. The corresponding

values for the 2nd, 10th and 1l+th leaves of the paJ.ms at

Mannuthy, as can be noted from fable 20, were 0.08, 0.09

and 0.t2 per cent respectively. Similar trend was observed

at PUicode (table 21) where the mean sodium content for

the 2nd, 10th and 14th leaves were 0.10, 0.17 and 0.18

per cent respectively. However, when all the palms at the

three difterent sites were pooled and analysed, the mean

value 8 of sodium content were 0.11, 0.13 and 0.12 per cent

for the 2nd, 10th and 14th leaves respectively.

When the relationship between the sodium content

of the leaf' lamina of the 2nd, 10th and 14th leaves with

yield was studied by computing simple correlation

coefficient., it was found that in no place significant

positive correlation was observed. In many instances,

for example, the 2nd lest of the paJ.ma at Balaramapuram,

nega~Ve correlation ....re obtained with yield. However,

when all the pal.ms at the three difterent sites were pooled

and analysed, it was revealed that, the sodium content

of the 14th lest had a signifioant positive correlation

with ;yield. Data on the above observations are presented

in Table 22.



Table 22. Coefficients of correla.tion (simple linear) between yield (y) and
nutrient content of the leaf lamina in relation to leaf position.

Leaf Coefficients of correlation (r)
posi- Number of pairs
tion

(n) . Nitrogen Phosphorus Potassium Calcium Magnesium Sod1.um

2nd BaJ.aramapura.m 214 0.315** -0.031 0.319*· -0.166* -0.103 -0.225··
Mannuthy 60 0.33~· 0.083 0.223 -0.250 0.2'+9 -0.2,36
Pi1.icode 60 0.40~· -0.213 0.842*· -0.595·· -0.096 -0.058
Pooled 331+ 0.475·· -0.164·· 0.355" -0.058 0.01+9 -0.012

10th Balaramapuram 192 0.611·· 0.027 0.191·· -0.060 -0.086 0.001
Jfannuthy 60 0.488*. 0.145 0.215 -0.063 -0.021 -0.022
PUicode 60 0.369** -0.103 0.563·· -0.2lt-8 -0.29\+· -0.167
Pooled 312 0.518** 0.199** 0.41+8*· 0.067 -0.130* -0.035

1'+th Balaramapuram 163 0.,36;·· -0.009 -0.172* 0.271·· 0.263*· -0.0;7
Harmuthy 60 -8.0?1 0.036 0.270* -0.176 0.191 0.092
PUicode 60 0.]66*· 0.014 0.18, -0.202 -0.11+3 0.056
Pooled 283 0.338** 0.20,·· 0.223*· 0.386·· -0.060 0.21;··

.. Significant at 5 per cent level
•• S1.gnificant at 1 per cent level



fable 23. Coefficients of correlation (simple linear) between the leaf number
and mineral. elements of the 2nd leaf of coconut palms (n = 33'+).

Leaf No. Nitrogen Phosphorus Potassium Calcium Magnesium

Nitrogen 0.297·· -
Phosphorus 0.223·· 0.21," -
Potassium 0.622" -0.026 0.049 - -
Calcium -0.18,·. 0.128* 0.081 -0.432··

Magnesium 0.001 0.161*· 0.731·· 0.146-- 0.7~ -
Sod1uJll -0.021 -0.009 0.183** -0.026 0.008 0.006

• Significant at , per cent level

*. Significant at 1 per cent level

00
o



!able 24. Coefficients of correlation (II1mple linear) between the leaf
number and the mineral. elements of the 10th leaf of coconut
palms (n = 312).

Leaf No. Hitrogen Phosphorus Potassium CaJ.cium Magnesium

:Nitrogen 0.251*- - -
Phosphorus 0.21+3'- 0.109

Potassium 0.710·· 0.160*· 0.19<>** -
Calcium 0.076 -0.013 0.125· -0.079 -
MagnesiUll -0.232'- -0.001 -0.016 -0.398** 0.11+7*· -
SodiWII -0.2lt1·· -0.068 -0.135· -0.41+1·· 0.038 0.11+a-·

*' Significant at 5 per cent level
•• Significant at 1 per cent level



Table 25'. Coefficients of correlation (simple linear) between the lear
number and mineral elements or the 14th leaf of coconut
pa1ms (n • 283).

Leaf No. Nitrogen Phosphorus Potassium Calcium Magnesium

Nitrogen 0.25'8**

Phosphorus 0.322** 0.24~·

Potassium 0.5'79*'· 0.096 0.315'·. - -
Calcium 0.292** 0.193·· 0.205''- -o.o'l't- -
.Mapesium -0.325"' -0.097 -0.128* -0.5'21·. -0.019

8od1U1l 0.1~·· -0.081 -0.103 -0.107 0.33~· -0.070

• Significant at 5' per cent level
•• $lgn1ficant at 1 per cent level

00
['V
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......en in '.rable. 23, 2.... and 2;, sodium content

of the 10th leaf vas negatively correlated with the

number of lea"s vbereas in the 1....th Ieat', the relation

ship vas positive. !he sodium content of the 2nd lea!

vas positively correlated with content of phosphorus. The

sodium content alvays had a negative correlation with

the potassium content, especially in the 10th leaf. The

sodium content was positively correlated with the calcium

content in the 1l+th leaf', and with the magnesium content

in the 10th leaf.
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1>ISCUSSIOlJ

!he pre.ent studJ vas undertaken to standardlse

the leaf tissue to be _pled 1n order to assess the

nutrlent status or the coconut palm. llar11er work

carried out by Gop1 and Jose (1983) indicated the poss1ble

leaf' pos1t1on, the nutr1ent status or which 1s well

correlated with y1eld. In their study, Gop1 and Jose

sampled the leaf l8ll1na and the leaflet Dl1drlb of all leaf'

posltions and, theretore , th,.- restricted the n\Dber of

paJ.ms to 108. Again, the tour lear samples from a parti

cular leaf' pos1tion of the tour palms of the same treatment

were made into a composite sample for chemical analY8is.

Thus, there were only 2'/ pairs of observations for the

purpose of examining the correlation between yield and

the nutrient status 1n the leaf of a particUlar leaf'

posit10n. The present. study was, theretore, oriented to

assess the val1dity of the lear position reco_ended by

Gopi and Jose w1th a larae Dumber of palms representing

difterent tracts or the State. A tot.al ot 336 palms were

sampled at three leaf positions each, namely, the leaf

number 2, 10 and 14. !he leaf samples were anaJ.ysed.

separately without compoa1t1ng. !he palms ot the Coconut

Research Stat10n, Balaramapuram belonged to a permanent
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HPI: trial, detaUs otwhich have already been furnished,

while the palllS or Agr1cultural Research Station,

Mannuthy and Regional Alricult11ral Besearch station,

Pllicode were trOll the bUlk crop JDa1ntained, which

received tertilizer app11cat.1on a8 per the general recommen

dation ot the Kerala .Agricultural University.

1 . General oharacteristios of the 8011

1. 1 Balaramapur8JI

The sol1 ot the experimental. site at the Coconut

Research Station, BalarUlapuram was deep well drained

and sandy loam in texture. As can be seen from the pH

of the sol1, which varied trom ,.It- to 7.1, the sol1 is

moderately acidic in reaction. %he content of the total

nitrogen in the soU increased with increasing leYels ot

nitrogen applioation. Application at nitrogen at D1 level

(Jlt.o g H/paJ.m!year) resulted in 31 per oent illcrease in

the content ot total nitrogen in the soU, over that at

nO level. !his inorease is not very appreciable consi

dering the tac,t that the 8011s ot the n1 treatment were

recelV1ng 1+0 g I/palm!;year tor the last 17 ;years. The

probable reason tor this low conten t of ni trogen 1n the

8011 receiving en annual applioation ot nitrogen, 1s the

low oapacity of the 8011 to retain nitrogen, due to a
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low content of organic -.tter. This is especially

true as the soll was not receiving any addition of

organic matter for several years. Another reason for

the low n1trogen content of the soll may be the increased.

utUisation of nitrogen by palms which can be ..en frOID

a higher content of nitrogen in the leaves of the pums

receiv111g higher nitrogen applioation. The increased

utilisation of n1trogen is further eVidenced by an

increased yield with an increase 10 nitrogen application.

Application or nitrogen at the n2 level (680 g N/palm/year)

also resulted in an increase 1n the content of nitrogen

in the so11 over that at n1 level. But there was only

12 per cent increase in the content of nitrogen in the

soU from 111 to n2• !his shows that application ot

nitrogen at higher levels has only less influence in

inCreasing the nitrogen content of the sol1. Here also

the increased applications resulted in a higher content

of the element in the leaf and an increased yield.

Application ot phoaphorus resulted 111 a drastic

increase in the content ot aVailable phosphorus in the

sol1. 80ils receiving no application ot phosphorus

~ having only 3.14 ppm P whereas application of

225' g P20S/paJ.mlyear resulted in a retention of 12.77 ppm

P in the ava1lable form. A further increase in the
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application to it,o i'20S/p~/year produced a further

increase in the avaUable phosphorus content of the

so11 to 29.'3 ppm P. Aaauming that the leaching 108s

of this nutrient from the 8011 is negligibly small, and

considering the fact that increased level of application

resulted ln only a marginal increase in the content in

the lea.f, we can conclude that a major portion of the

applied phosphorus remains in the sol1 in the available

form. OUt of the total amount of phosphorus added to

the sol1 in 17 years at P1 level, whlch will work out

ta )42.21 kg P20,1ha, 13 per cent remained in the avail

able form. On the other hand, 22 per cent of the

additional j+2.21 kg P20,lha, a4ded in 17 years at P2

level was retained in the aVailable form. !hls is

bec~?use, the enhancement of phosphorus application from

P1 to P2 resulted in no increase in yield showing that,

phosphorus application at higher l.evels re sulted 1n •

decreased utilisation by the palm.

App1.icatian or potas.lwa produced an incre.se

in the content of aVailable potassium in the soU. But

the accUDIUlat10n of potassllUD in the aVa11.able form is

much lOwer When compared to the accumUlation of phosphorus.

!h1s is because of an increased. utiliSation of potaaslum

by the palm at higher levels of appllcation, as evidenced
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by an increased oontent. in the lest and lIJ) enhanced

yield. This is al80 because ot a large los. of this

element through leach1ng. Thus application ot nitrogen

and potassium relul' in only a marginal accumulation

in the so11, whereas a .ajor portion ot the phosphorus

applied remains in avallable torm.

Analysis or the sol1 revealed that with "increasing

leTels ot phosphorus application, the exchangeable

calcium content ot the soU increased. It must be pointed

out that, this is not due to an interaction between

phosphorus and cBlcium, but because the phosphatic terti

lizer (single superphosphate) used itself contained

cBlcium. On the other hand, with increase in the level

or applied potassium, the c(Xltent of exchangeable magnesium

and sodium decreased. Potassium, magnesium and sodium

being cations, such an antaaon1sm can be expected .s

there will be competition tor exchange s1tes between

these elements.

1.2 Kannuthy

The exper1Dlental. site at M8JJnuthy was haTing

a typical. laterite 1011. !he nitrogen content ot the

8011 was higher than the nitrogen c<Xltent of the sol1

at Balaramapuram eTen with D2 le....l of nitrogen application.
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The amount of n1trogen applied at Mannuthy was

680 g/palm/,.ear whioh 18 the same as the n2 leYel or
application at Balaraaapuram. But, since there was

application ot organic matter at Mannuthy, the soil waS

able to retain a higher amount of nitrogen when compared

to the soU at Balar....apuram. The aVailable phoaphorus

oontent was also higher at Mannutb,. eventhough the

rate of application was l.ss than the P1 leYel at

phosphorus application at Balaramapuram. This also lIay

be due to the application ot organic matter, which woUld

have supplied some amount of phosphorus to the aYailable

fraction in the sol1. %he aYallable potassium content

also was higher at Mannutb,. which may be attributed to

a decreased loss of this element trom the soil in

presence of organic matter. On the other hand, the

exchangeable calcium, magnesium and sodium contents were

lower than their contents in Belaramapuram 8011. It is

possible that the sol1 of Balaramapuram being less

acidic as compared to MaDnuthy soU, 1s capable of

retaining basic cations like Calcium, lIagnesita and

sodium in the soU. Also, a relatiYely high content of

potassium in Mannuthy soil would haye suppressed the

content of other cations due to the probable competition

tor exchange sites in s011.
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1. 3 P11icOOe

The experimental soil at PilicOOe was also

Interitic in nature. Here also the total nitrogen,

aYailable phosphorus and aVaUable pota••ium contents

were higher than at Balaramapuram. !he presence of a

higher amount of organic matter !DUst have produced an

increased accumulation ot these elements in the soU,

as in the Case of the sol1 at Mannutby. The eXchangeable

calcium, magnesium and sodium contents were lover than

at Balaramapuram because of high ccmtent at avaUable

potassium and a more acidic reaction of the sol1.

2. Effect of HPK treatment on the number ot leaves
retained by the exPerimental palms at Balaramapuram

2.1 B1trogen

The results indicate that application of nitrogen

decreased the number of leaves retained by the palm.

!hus, palms receiving no nitrogen application were able

to retain a higher number ot leaves than palms reoeinng

nitrogen application at n1 and n2 levels. This ahows that

nitrogen 1s not required for the product10n and retention

of leaves, eventhough the yield was increased at all

levels of nitrogen application. The reduction in the

number of leaves retained at higher levels of nitrogen

application, could only be due to the nitrogen-potassium
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interaction in the 8011. As the result shows, appli.

cation of nitrogen resulted in a decreased content of

aVailable potassiUJI in the soU. The content or aVailable

potassium at DO and D1 levels or nitrogen appliCation

vas'"3.01 ppm which decreased to 39.10 ppm at n 2 level.

As the con tent of aVailable potassium in the sol1

decreased, the uptake or potas.ium by the palm also

decreased as can be seen trom a decrease in the content

of potassium in the lea! with an increase in nitrogen

application. Potassium being an element that is essential

for the production and retention of leaves, the decreaae

iD the content of available potassium in the soU and

uptake of potassium from the soU with an increase in

the aPplication of nitrogen, could have caused a decrease

in the number of leaves retained by the palms.

2.2 Phosphorus

The increasing levels of phosphorus appliCation

could not bring about any influence on the number of

leaves retained by the palJlls. %his may be because, the

requirement or phosphorus for the production ot leave a

may be very lOW, so that the sol1 may be able to supply

the required quantity even ¥ben no phosphorus is added

to the so11. Thus, l.Ulder no conditions, does phosphorus

become a limiting factor tor leaf produetion and retention.
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2.3 Potassium

Application ot potassium produced a drastic

increase in the number of leaves retained by the palms.

PumS which received no potassium application were

able to re tain only 11.75 1ea.es whereas at k1 leTel,

the number or leaves retained was 20.61, and at k2
level, it was 22.92. This accounts tor 75.~0 per cent

increase from kO to k 1 and 11.00 per cent increase trolD

k 1 to k 2• This shows that the increase in the number of

leaves retained by the aPplication of 4,0 g K20/Palm/year

vUl be higher than the increase that is obtained for

an additional ~50 g/palm/year. Fran this it can be

concluded that for the production and retention ot a

desired number of leaves, a minimum supply of potassium

is required. Thus, potassium 1s the primary and deciding

factor determining the production and retention of leaves.

This relation is further eliphasiHd by the high, positive

and significant correlation existing between the pota8siUll

content of leaves a%ld the number of leaves retained by

the palms (r = 0.710-* for 10th leaf).

2.~ NPI interaction

Results show that, the interaction between the

1eT8ls of nitrogen and phosphorus was not significant
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whereas interaction between nitrogen and potsssiUII

greatly influenced the number of leaves retained by

the palm. When potassium was not applied, application

of nitrogen decreased the number ot leaves retained.

As pointed out earlier, this could be due to a decreased

retentiC)n ot potassium in the soU at higher levels of

nitrogen application, and oonsequent reduced uptake

and utilisation ot potassium by the palm. Potassium

being the most important nutrient involved in the produ

ction and retention ot leaves, this decreased utilization

at higher levels of nitrogen application will definitely

hamper the ability o£ the palm to produce and retain

leaves, especially at low levels of potassium supply.

The interaction between n1 trogen and potassium is further

pronounced by the fact that the combined application of

nitrogen and potassium is superior to the independent

application of the elements. Eventhough potassium appli

Cation increased the number of leaves retained at all

levels of nitrogen application, the effect was more marked

at higher levels of nitrogen application. As the resU!t

shows, application o£ 900 g ~O/Palm/lear resulted in

52. 'j+ per cent increase in the number of leaves produced

at nO level, whereas the corresponding value at ~ leTel

was 136.66 per cent.
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The etfect or interaction between levels of

phosphorus and potassium on the number of leafts retained

is sim1lar to the interaction between the levels of

nitrogen and potassium. As in the Case of nitrogen,

application ot phosphorus at kO level decreased the number

of leaves retained by 'the palm. But, at higher lepls of

potassium application, addition ot phosphorus increased

the number of leaves retained by the paJ.m. On the other

hand, application of potassium increased the number of

leaves retained at aJ.l levels of phosphorus application,

the infiuence being the more pronounced at higher levels

of phosphorus aPplication. ,4pplications ot 900 g ~o/

palm/year resulted in ,8.99 per cent increase in the

number or leaves at Po level whereas the corresponding

value at P2 level was 12,.68 per cent. It appears that

the potassium content ot the soU is more critical than

that of the phosphorus in the expression of leaf number.

When the soU contains only a relatively low content of

potassium, appliCation ot phosphorus could not increase

the leaf number whereas applications ot potassium alone

improved it, and, appliCation of the two elements together

drastically increased the leaf number.

3. Effect of HPK treatment on the yield ot the experi
men tal pal:ns at Balaramapuram.

The NPK tertilizer exper1Jlent at the Coconut

Research Station, Balaramapuram was established in order to
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study the effect of vary1ng levels of nitrogen,

phosphorus and potassium on the yield of the palms. Under

the present study t the average yield of nuts/palm/year

was worked out from the yield or the palms during the

last 4 years, viz., 1919 to 1982.

3. 1 Nitrogen

Levels of nitrogen had a significant influence

on the yield of the palma. The yield steadily increased

as the level of nitrogen application was increased from

nO to n2• This reveals the importance of nitrogen for

coconut. 7he high utilization of nitrogen by coconut

palm is further emphasied by the increased content of

this nutrient in the leaves with an increased application.

3.2 Phosphorus

The results indicate that application of phosphorus

increases the yield upto 225 g P20~/paJ.m/year • .A. further

increase in the phosphorus application reduces the yield.

This shows that the requirement of phosphorus for coconut

is tar less when compared to the requirement of nitrogen.

This low requirement of phosphorus is further eVidenced

by the considerably low content of this element in the

leaves when compared to the content of nitrogen and potaasiUII.

Further, the coefficient of correlation between yield and
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the phosphorus content or the leaves in relatively

low showing the absence of a decisive influence or
phosphorus on yie1d. E"Ienthough the above results he1p

to conclude that the requirement of phosphorus for

coconut is low, it does not explain why there i~ a

decrease in lI1eld when the rate of application was

increa-sed to 4.50 g P20,/palm/year. Probably, this might

be due to a decreased uptake ai' potelssium trom the soU

at higher leTels of phosphorus application which is

reflected in a decrease in the content of potassium in

the leaf at higher levels or phosphorus application.

3.3 Potassium

The results show that the influenoe of potaasium

on yie1d of coconut is much greater when compared to

the influence of e1ther nitrogen or phosphorus. APp11

cation of potassium at k1 level increased the yield or
the palm by 963 per cent over kO leYe1, whereas, the

incre aae in yield from nO to n1 vas only 107.15 per cent.

'!bis points out the importance of application of potassium

to the coconut Palms, which is not for the production of

nuts alone, but for the production and retention or
leaves as well. In this re-fJ8ct, it is more important

than nitrogen, as nitrogen does not faTourably influence
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the number of leaft8 retained by the palm at low

levels ot pota8siwa. As the results show, the increase

in yield obtained b7 enhancing the application rate

from k 1 to k2 is les8 when ocupared to the increase in

yield obtained when the rate of aPplication was changed

from kO to k 1• This reveals that at kO leVel, the plant

might have been yery deficient in potassium, so that an

application at that stage might have produced a drastic

increase in the yield. On the other hand, at k1 level,

the plant is already receiving some amount of the

nutrient so as to fulfU a major portion of its require

ment, and an application at this stage might haTe had

only a moderate etfect in correcting the deficiency.

3.4 NPK interaction

The interaction between the levels of nitrogen

and potassium had a significant influence on yield of

the palms. At kO level of potassium application, nitrogen

had no infiuence on yield. This shows that at kO level,

the palm is not in a position to utUize nitrogen since

potassium level remained as a limiting factor. Moreover,

it is already seen that, applicat.1on of nitrogen reduces

the content of' aVailable potassium in the soU. 1'1is

would mean that, at lower levels of potassium applicatiCll,
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add1tion of n1trogen cannot bring about an increase

in yield. since the potaaa1um level is ontically

aftected.. On the other hand, at k2 leYel, nitrogen

markedly increased the yield as eYidenced from 254.13

per cent increase in the yield when the leYel of appli

cation was increased from nO k2 to n2 k2• !his also

supports the fact that when potassium is l1m1ting, app11

cation ot nitrogen has no influence on yield, whereas,

when potassium is not l1m1ting, aYailability of nitrogen

becomes cr1tical and markedly 1nfluences the yield.

Application or potass1um on the other hand,

increa.sed the yield at all leYels of nitrogen. But this

effect ot pota.ssium was more pronounced at higher leYels

of nitrogen. At nO leYel, application of potassium at

900 I K20/pa1m!year increased the yield by 293 per cent

whereas at n2 leyel, this increase was by 1884.88 per cent.

Applioation or nitrolen inoreased the yield at

all leYels of phosphorus, the effeot being more pronounced

at higher leyels ot phosphorus. Hence, the etfect of

nitrogen becames more pronounced When phosphorus is not

l1m1tinge At DO leYel ot nitrogen application, addit10n

of phospborus had no etfect OD yield. This is because,

in absence ot the adequate amount of nitrogen, the

capac1 ty ot the palm to absorb and utilize phosphorus 1s
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limiting. This is turther eVidenced by an increase

in yield upto P2 level ot aPplication when the rate ot

application of nitrogen was at n2 level. It is interesting

to note that, at both DO and D1 level of nitrogen appli

cation, addition o£ phosphorus increased the yield only

upto P1 level whereas aPplication of phosphorus at P2

level gave the maxiJDUJl1 yield 'When nitrogen vas given at

n2 level. It is likeJ.y that the effect or nitrogen in

the production of dry matter is more decisive than that

01 phosphorus though the level ot phosphorus shoUld not

be a limiting tactor for the utilization or nitrogen.

When nitrogen vas given at the highest level, tor the

production or a proportionally increased yield, a relatively

higher amount of phosphorus has to be utilized and that

may be the reason for the respon.e of palm to the appli

cation ot phosphorus upto P2 level at n2 level ot nitrogen.

When the interaction between the levels ot

phosphorus and potassium vas stUdied, it was found that at

kO level, applic ation of phosphorus decreased the yield

though that decrease va. marg1nal. This reveals that

at kO level, the pallls are unable to utUize the phosphorus

applied, probably due to the etfect of potassium as a

l1miting tactor. When potassium vas SUPPlied, the palms

were able to utUize phosphorus resulting in an increase
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in yield. At both It, and k2 levels, application ot

phosphorus increa..d ,the yield only upto P1 level.

4. Ertect of NPI treatment on the nutrient contents ot
the leaves or the experimental palms at Balaramapuram.

4. 1 Jlitrogen

Resu! t showed that aPplication ot nitrogen

resulted in an increase in the content of the nutrient

in the 2nd, 10th and 14th leave.. As can be expected,

application of increased levels of nitrogen produce. an

increased uptake by the palm and a consequent inorease

in the content in the leaves, in addition to an enhance

ment in yield.

4.2 Phosphorus

In general, application or phosphorus resulted

in all increase in the content of the same in the leaves

at all the three lest positions. This shows that, when

the level of phosphorus appli84 i. increased, the palm

takes up more amount ot the same nutrient thereby producing

a higher content in the leavel$. fhis increase is more

Marked in the 2nd leaf followed by the 10th and 14th

leaves.
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Increased application of potassium resulted

in an increa. in the content of the element in all

the three lest position studied. As in the case of

nitrogen, palms receiving a higher amount of avaUable

potassium was able to absorb and retain a higher content

of the same in all the leaves. 'lb.is was followed by an

increase in the number of leaves produced and an

enhanced yield. The increase in the potassium cont ent

of the leaf with increase 1n the application was more

pronounced than in the Case of phosphorus, showing that,

coconut responds to the ~plication ot potassium more

readily than to the application of phosphorus.

,. Relationship between yield and number of leaves
retained by the pallia.

Palms selected for the present study varied in

the number of leaves retained quite widely. While puma

at Balaramapuram were able to retain only 18.29 leaves

on an average, palms at MaDnuth;y retained 32.23 leaves.

Palms at P11icode were intermediary between the above

two sites, retaining, on an averase, 28.95 leaves. 1h1s

reveaJ.s that, depending upon climatic and other conditions,

the capacity of the palm to produce and retain leaves

will 'Vary.
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When the simple linear corre1ation coefficients

between the number of leaves retained and yield vas

worked out, it was found that, at all sites the number

of leaves retained was positively and significantly

correlated with yield. The Talues or simple linear corre

lation coef'fic1ents were 0.465.· at Balaramapuram, 0.635••

at Mannuthy, 0.794-*· at PUicode and 0.73,•• when all the

paJ..ma at the three sites were pooled. and analysed. The

s1mp1e linear regression equation of yield an number of

leaves (Fig.,) was Y := -25.33 + 2.92 X. 1'h1s equation

reveals that, the minimum number or leaves required tor

the very expression of yield is 8.74 and that a unit

increase in number of leaves v1l1 correspond to a y181d

increase of 2.92 nuts/palm/year. More the number of

leaves, more will be the oapacity or the palm to synthesize

dry matter which will result 111 an increased yield.

MOreover, since the flower inflorescence is borne in the

axils of the leaves, an increase in the number of leaves

w1l1 result in a corresponding increase in the number of

bunches of nuts produced thereby resulting in an increased

yield.

!he number of leaves retained was significantly

and positively correlated. with the nitrogen, phosphorus

and potassium contents of the 2nd, 10th and 14th leaves.
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However, the highe.t correlation vas obtained between

the number of leans and potassium content in all the

three leaves. Mong the three leaves studied, highest

correlation of pota.siwa oontent vith the number of

leaves vas for the 10th leaf' (r =: 0.710*.) £0110\'/e4 by

the 2nd and 14th leaves (r • 0.622•• and 0.579** respe

ctively). The s1mple linear regression equations of

number of leave. on the potassium content of 2nd, 10th

and 14th leave. (Fig.2, 3 and It-) respectively are,

Y • 6.lt-5 + 8.71 X (2nd leaf)

Y • 6.lt-3 + 8.72 X (10th lea!)

Y. 1.... 79 + 8.;'1 :x (1lt-th leat)

The simple linear regression eqUation of potassium

content of 10th lear on number of leaves (which had the

highest correlation coefficient) reveals that a unit

chaJ')ge in the per cent of pota.siUII in th1.s leaf' wUl

register an increase in the number of lea't'8s by 8.72.

From the data the optimum number of leaves for

maximum yield was "Jorked out as 46.62. Evidently, palms

in our cond.!tion are retaining considerably le8s number or
leaves when compared to the optimUJD number. Based on the

linear model, the max1mUm y1eld can be worked out al

110.80 nuts/palm/year.
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6. Prediction of ;yield based on the nutrient contents
of leayes.

6. 1 Ni trogen

Anal;ys1s of the content of nitrogen in 2nd, 10th

and 14th leaYes revealed that the content of nitrogen

was highest in the 2nd leaf followed by the 10th and 14th

leaves. The result is in conformity with the observations

of Ziller and Prevot (1963) and Gopi .n 11. (1982 ) • The

decrease in the content or n1trogen lI1 th increase in age

of the lea! is beCause of the translocation of this

mobile element from the older leaves to the younger leaves.

An analysis of the leaves of the palms at Balaramapuram,

where there are different levels of nitrogen aPplication,

revealed that there is snincrease in the percentage of

nitrogen in the leaf at all leaf positions with increasing

levels of nitrogen application. fbis shows that increased

application of nitrogen results in an increase in the

uptake of this nutrient b;y the palm, and a correspondmg

increase in yield.

Simple linear correlation coefficients were

calculated in order to stud;y the degree of relationship

between the yield of coconut palms and the percentage

ot nitrogen in the leaf at the three leaf positions.

The nitrogen content of the 2nd leaf was significantly

correlated with yield at all the three lOCations under



105

our stud.y. When palms at all the si18s were pooled

and analysed, there alSo, the nitrogen content of the

2nd leaf was significantly correlated. with yield, the

coefficient of correlation being 0."-7,... rhe partial

correlation coefficient (eliminating the .ttects of

phosphorus and potassium) in this ca•• was O.lt41••• HoweTer,

the correlation between the nitrogen content of the 10th

leaf and yield vas higher than the corresponding vAlue

f or 2nd leaf, 111 the case of palms at Balaramapuram and

Mamutl'ly. Pooled anaJ.ysis also showed that yield was

correlated with the nitrogen percentage of the 10th leaf'

more than that of 2nd leaf. the simple and part1al linear

correlation coefficients in this respect were 0.518•• and

0.499•• respectively. Nitrogen content of the 14th leat,

on the other hand, shoved only a lea s degree of correlation

wi th yield. In the case of palms at Mannuthy, even a

negative correlation was obtained, though not significant.

The pooled analysis indicated that the simple and partial

linear correlation coefficients between yield and nitrogen

content of the 14th leaf were 0.338** and 0.291•• respe

ctinly. The resUlts, thus are in contorm1ty with the

observatims of Gopi JU.I1.. (1982) who also obtained

significant correlation between y1eld and nitrogen content

of 2nd, 10th and 14th leaves. !he present study thus

confirms the report of Gop1 .Ii.Al. (1982) that the 10th
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leaf wUJ. be the best reflect ot the nitrogen status

of the palm 1n relation to yield. Ziller and Prevot

(1963), on the other hand, have recommended the 14th

leaf tor revesJ.1ng the nitrogen status of the palm. Under

the present study also, the nitrogen content of the 14th

leaf was significantly correlated with yield. However,

the nitrogen contents ot the 10th and 2nd leaves are more

correlated with yield under our conditions. Ziller and

Prevot (1963) haye defined the index leaf' as the one which

has attained full physiological matur1 ty but yet to enter

the phase of 8enescence. In ttfe palms stud1ed by the

above scientists this might have been the 14th leaf, u

the number of leaves reta1ned by their palms are high,

say above 40. On the other hand, palms under our condi

tions are haYing only much less number of leaves. For

example, the average numbers of leaves retained were 18.29

at Bal.aramapuram, 28.95 at PUicode and 32.23 at Mannuthy.

There are even palms which have number of leaves aa loY

as 8. Under these circumstances, the 14th lea!, which

was described by Ziller and Prevot (1963) as the leaf that

has attained full physiological maturity but not entered

the pha.. of sene scence, wUl be a leaf in 1ts early stage

of senescence. Perhaps the lear number 10 Can be

recognised as the one that will satisfy the attributes
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of index leaf' as sUllest8d by Ziller and Prevot, under

our conditions. !hat must have been why in the present

study, the nitrogen oontent of the 10th lea! was more

correlated with y1eld, than the n1trogen content of

2nd or 11+th lea"es.

The relationships between the nitrogen content

of the lear lamina of leaf posit10n 2, 10 and 11+ and yield

have been graphically represented in F1g. 6, 7 and 8.

Simple linear regression of yield on the nitrogen content

of the 10th leaf was Y • -33.98 + l+l+.27 X. ibis reveals

that, unit increase in the nitrogen per cent of lear lamina

of leaf' number 10 wUl resUlt in an increaae in yield to

the tune of 44.27 nuts/palm/year. This also indicates

that for the very express10n of y1eld, the minimum percen

tage of nitrogen to be retained in the 10th leaf will be 0.77.

Assuming the lea! number 10 as the index leaf

for predicting the yield based on the nitrogen content,

the optimum leftl of nitrogen for obtaining maximum yield

was worked out to be 2.90 per cent. According to Fremond

n .... (9966), the optimum level of n1trogen was 1.8 to

2.0 per cent based on the analys1s of the 14th lea!. The

optimum level suggested by the present study 1s higher

than Fremond' s optimum. Ev1dentally 1 t 1s because, the
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10th leaf retains a higher content c4 nitrogen than

the 14th leaf.

The nitrogen content was significantly corre

lated with the number of leaves retained. Since both

nitrogen and leaf ntaber are correlated with yield, it

is not surprising that they are also correlated with

each other. Consequently, the product of nitrogen per cent

and leaf number (Il% x I,) was significantly correlated

with y1eld, the correlation coefficient being 0.691••

tor the leat pos1 tion 10. S1m1larly, the product of

nitrogen per cent and potassium per cent (:N% x 1%) was

eorrelated with yield significantly (r • 0.277-.).

6.2 Phosphorus

Results ot the present inyestigation indiCate

that the content or phosphorus was highest in the 2nd

leat followed by the 10th and 14th leaves. 1il18 obserYa

tion is s1mUar to the report or Z1ller and Preyot (1963)

and Gopi and Jose (1983). The content of phosphorus

in the leaves is muoh less when compared to the content

at nitrogen and potas.ium. In general. t the content of

phosphorus was only 1/10th of the content or nitrogen and

1/8th of the content of potassium in the leaves. 1hi8

shows that the requ1rement ot phosphorus tor coconut i8
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much lover when oQIIPared to the re qUirement of ni trogen

and potassium.

!he simple l1near oorre1ation coefficient worked

out between the phosphorus content and y1e1d was signi

fioant in all the three leaf POSitions, the highest

correlation being registered by the 14th leaf followed

by the 10th leaf. Th1s observation is quite different

from the result obtained by Gopi and Jose (1983) vho

failed to obtain signif1cant correlation between phosphorus

content and yield at any leaf posit1ons. However, the

partial correlation coetficients were not significant in

the present study, showing that the yield 1s not signifi

cantly correlated with the phosphorus content of the Ieat'.

when effects of' other nutrients, namely nitrogen and

potassium are removed.

6.3 Potassium

Results of the present stUdy reveal that the

content of potass1uJI is highest 1n the 2nd lea! followed

by the 10th and 11t-th 1.a....s. !his observation also agrees

wi th the findings or ZUler and Pre.ot (1963) and Gopi

and Jose (1983) who obsened a decrea" in the oontent

of this element, w1th increase in age of the lest. Potassium

being a mobile element as nitrogen, there vUl be
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translocation or pota••lum from the older leaves to

the younger tissues or the plant thereby resultag in

its accumulation in younger leaves. As in the case

of nitrogen, application of potassium resulted in an

accumulation ot this element in the leaves of the

experimental palms at Balaramapuram, indicating an

increased utilization b1 the palJls. In general, the

content of potassium in the leaves was lower when compared

to the content of nitrogen.

Simple linear correlatlon coetfic1.ents between

the potassium content or the 2nd leaf and yield were

slgnificant in the case or palllS at Balaramapuram and

Mannu'th1. The pooled analysis registered a simple

correlation coefficient of 0.3,5-* whereas the partial

correlat10n coefficient was 0.~1?'". Potassium content

of the 10th leaf also was aign1ticantly correlated with

yield in the flase of palDlS at BalarUlaPuram and PUicode.

The simple and partial correlation coefficients for the

pooled data were 0.'+48*. and 0.4)2•• respectively.

Potassium content of the 14-th lear failed to show corre

lation with yield at ane per cent level at all the three

sites. However, the simple correlation coet'f1c1ent for

the pooled data was 0.22,3** which was s1gn1.f1cant at one

per cent level. On the other hand, the part1al correlation
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coefficient worked. out vas not significant. !he above

results contirm the findings ot Gopi and Jose (1983)

that the potassium content of 2nd and 10th leaves are

significantly correlated. with y1eld. AJJ pointed out

by them, the correlation coetflcient was highest for

the 2nd leaf :in the case of palJDs at Balaramapuram.

However, when the pooled data vas 8J1aJ..ysed, the potass1um

per cent of the 10th leat was more correlated with y1eld

than that of the 2nd leaf. !his is qU1te understandable

as the average number ot leaves retained by the palms

at Balaramapurc.m was much lower than the number or leavea

retained by the palms at other sltes. In general, the

potassium content ot the 10th leat will best reflect the

potasslum status ot the palm 10 relatlon to y1eld under

our ccmditiona. It should be pointed out that th1s leaf

position was aJ.so the best reflect ot the nitrogen status

o! the palm. Thus. the leat Dumber 10 oan be recommended

as an index leat for the simultaneous determination ot

the ni trogen and potassium status ot the palm. Moreover,

the phosphorus content ot this lear also was significantly

correlated with yield. 1his finding is not in oonformity

wi th the observat1ons of ZUler and Prevot (1963) who

recommended the 14th. leat for the deterll1nation ot

nitrogen, phosphorus and pot••slu. "" pointed out earlier,

this may be because or the higher number of leaves reta..1necl
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by the palms studied by them when cODIPared to the

number of leaves retaine4 by the palms of the present

study.

'lbe relationships between the potaasium per cent

of leaf 1am1na ot 1eat pos1tions 2, 10 and 14 and yield

are graPhically represented 1n F1g. 9, 10 and 11. The

simple linear regression of yleld on potassium per cent

of 10th leat waS Y • 7.79 + 27.13 X. This woUld mean

that a unit increase in the potassium per cent of the

leaf number 10 w1ll result in en increase in 71e1d by

2?13 nuts/palm/year. 7111s indicates that the relative

contribution of the potassium per cent ot the leat number

10 to yield is 1e.s when cOJIP&red to the contribution

by the nitrogen per cent of the same leaf since the

increase 1n the number of nuts per uni t increase in

nitrogen per oent is more 'than the increase in nuts per

unit increase in potassium per cent.

The optimum content ot potassium in the leat

lamina ot the lea! number 10 was found to be 1.80 per cent.

According to Framed!.!!Jr.. (1966) the optimum 1eYel ot

potassium was 0.8 to 1.0 per cent whereas Kanapathl (1971)

suggested 0.8 to 1.1 per cent as the optimum in the

ll+th lear.
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As pointed out earlier, the potassium contents

of all the three leaf positiona were significantly

correlated with leaf number, the highest correlation

being registered by the 10th leaf. 1'here was antagonism

noticed between potassium and other cations, namely,

calcium, magnesium and sodium. Potassium content was

negatively correlated with calcium and sodium contents

at all the three leaf positions, and with the magnesium

content at the leaf positions ot 10 and 1lt-. Such anta

gonism of potassium with other cations has been noticed

by Prevot and Ollagnier (1961), Ziller and Prevot (1963),

Coomans (197'+) and Loganathan and Balakrishnamurthi (1981).

According to Prevot and Ollagn1er (1961) such antagonism

between potassium and other Cations occurs only when

the content of potassium is more than 0.5 per cent.

When potassium content is less than 0.5 per cent, potassium

showed synergism with other cations. In the present

study, the relationship was antagonistic probably because

the content of potassium was more than 0.5 per cent in

general.

6.4 Cal.cium

Data relating to the oontent of calcium in the

three leaf positions reveaJ.ed that, contrary to nitrogen,

phosphorus and potassium, the content of calcium increase.
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with increasing age or the lea!. This trend was

obtained in all the three sites studied. Calcium

being an element that is relatively immobile when

compared to nitrogen and potassium, the content will

be highest in the oldest leaf where an accumulation

of calcium w111 occur. Moreover, the antagonistic

relationship between potassium and calcium acts as a

caUse for this increase in the content of calcium with.

increase in age of the lest as there is a corresponding

decrease in the content at potassium. Eventhough it

is not possible to reveal the exact trend in the varia

tion of calcium with age of the 1eat m8k1ng use of

only three leaves as in the present study, the result

definitely points out to the probable accumulation of

calcium in the 14th leaf when compared to the 2nd and
,

10th leaves. The low cantent of calcium in the leaves

helps to conclude that the requirement of thi8 element

is much iess when compared to the requirement of nitrogen

and potassium. The mean content worked out when all

the leaves at all the si'te.were pooled was 0.41 per cent

whieh is approximately 1Ath ot the content or nitrogen

and 2/7th of the content of pota8sium. However, the

content of calcium is greater than the content of

phosphorus by a factor of 2.1+.
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Simple linear correlation coefficients between

calcium content and yield were negative in all the

sites, in the case of 2nd and 10th leaves. The••

correlation coefficients were not significant at one

per cent le1'8l. This shows that, neither the 2nd leaf

nor the 10th leaf can reflect the calcium status or the

palm in relation to yield. The same was the observation

in the Case of 14th leaf also, for palms at MaJ'lDuthy and

PUicode. However, positive significant correlation was

obtained between the calcium content of the 14th leaf

and yie1.d in the Case of palms at Balaramapuram and also

when paJ.ms at al1. the sites were poo1.ed and analysed

(0.271•• and 0.386•• respectively). The palms at Mannutby

and Pilicode retained relative1.y higher content of calcium

in the 14th leat (0.61 and 0.63 per oent respectiveJ.y)

as compared to the palms at BalaramapuraDI (0.42 per cent).

The cri tical lim!t of calcium in 1 eat for optimum yield

as standardised by IRaO i8 only 0.,0 per cent. !herefore

1t is possible that the calcium content of the palms at

Mannuthy and PUicode could not critically innuence

the yield wh11e that ot the palms at BaJ.aramapuram

critical1.y influenced the yi81.d.

When the correlation coefficient between the

caloium content and the number of 1.eaves retained was

studied, it was revealed that the correlation coefficient
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vas significant and pos1ti.,e anl, tor the leaf' position

14. Since significant correlations vere obt81ned

between leat number and yield 'as well as between calcium

content ot 14th leaf' and yield. it i8 quite likely that

leaf' number is correlated to the calcium content ot the

14th leaf'.

6.5 Magnesium

the magnesium content, in general, is highest

in the 10th leaf followed by the 14th leaf. Magnesium

being a relatively mobile element in the plant and also

a component or the chlorophyll it is likely to be high

1n young and physiologically mature leaf. The first fev

leaves of the coconut palm retain only low content of

chlorophyll and that may be the reason for the low content

of magnesium 1rl the leaf lamina or 2nd, leaf.

A.s in the case ot calcium, the magnesium content

vas significantly and positi.,ely correl.ated 'lith yield

only in the 14th leaf' at Balaramapuram. At no other s1te,

and in the case of no other l.eat position, significant

correl.at1on vas noticed tor the magnesium content with

yiel.d. Hence, it can be concluded that the leat positiona

2, 10 and 14 cannot reflect the magnesium status of the

palm in relation to yield.
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6.6 Sodium

A. pooled anal7a1a or all the palms at the

three sitea revealed that the content of sodium vas

highest in the 10th leaf followed by the 14th leat. As

suggested by Prevot and Ollagnier (1961) the high content

of sodium in the 10th and 14th leave. may be due to a

decreased content of pota.sium in these leaves. Ziller

and Pre'Yot (1963) also reported such 8lltagonism between

potassium and sodium. The relationllhip is further

emphasised by the negative correlation obtained between

the leat number and the sodium per cent of the 2nd and

10th leaves. Moreover. sodium per cent vas han.ng a

negative correlation with potassium content in aJ.l the

lea! positiona.

An analysis of the palms at all the three sites

to stUdy the relationship between the sodium content of

the 2nd, 10th and 14th leaves with yield revealed that

the simple correlation coefficient vas significant only

in the case of the 14th leat. Hence, among the three

leaves stUdied, the leaf DUJlber 14 vUl best reflect the

sodium status of the palm in relation to yield.

7. Development of yield prediction models

The major objective of foliar diagnosis is to

estimate the nutrient status of the paJ.m in relation to
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its capacity to produce nuts. .An idea or the content

of the nutrients in the ind.ex leaf' will help to predict

the yield1ng potentiality or the palm and the possible

yield that could be achieved at a given time. For this,

standardisation of the index leaf 1s necessary. A trial

in this line was conducted by constructing difterent

yield prediction models for the 2nd, 10th and 1l+th leaves.

The regression models constructed for the 2nd,

10th and 14th leaves using the per cent of nitrogen,

phosphorus, potassium, calcium, magnesium and sodium and

the leaf number (L) are given below.

Regression model 1 (Leat number 2)

y = - 86.798 + 32.~23 I + 17.913 p + 4.381 K

+ 5.~0 Ca - 2.226 Mg + ~.7~ Ha + 2.171 L

R2 • 0.580**

Regression model 2 (Leaf' number 10)

y.. - )6.244 + 17.293 I - 33.827 p - 9.672 X

- 7.986 Ca + 4.o~ Hi + 0.338 Ha + 3.,41 L

Regression model 3 (Leat Dumber 14)

y = - 69.937 + 14.4~6 I - 15.716 P - 1. O~ K

+ 36.895 Ca + 31.7~3 Mg + 35.242 Na + 2.522 L
2R = 0.4~~
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Among the three reare_.ion models given above,

the regression model for the leaf number 10 has the

highest R2 value. By this equation, yield can be predicted

with 61.2 per cent accuracy. ~e next best model vlll

be the one constructed for the leaf position 2 where

the yield predicted is correlated with the experimental

yield with an R2 value of 0.,8. ~e leaf number 14 comes

only last, where the prediction of yield will have an

accuracy of only 4,.9 per cent.

The contents of caloium, magnesium and sodium

vere not significantly correlated with yield in any leat

positions at all sites. Hence it was thought to eliminate

these three variables and to construct regression models

using nitrogen, phosphorus, potaas1um and leaf number.

The regression equations thus constructed are given below.

Regression model 4 (Leat number 2)

Y. • 68.036 + 32.191 • + 13.292 P + 1.097 K

+ 2.306 L

R2 :: 0.560••

Regression model, (Leaf' number 10)

2R :: 0.629*.

Y=r - '5.9~ + 25.925 N - 28.055 p - 3.513 K

+ 2.749 L
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Regression model 6 (Leaf number 14)

Y a - 35.837 + 14.406 N + 2.726 P - 11.670 K

+ 2.992 L

The above three equations also reveal the

superiority of the regression model constructed for

the leaf number 10 over the other two leaves. ihe yield

can be predicted with an accuracy of 62.9 per cent based

on the regression model of leaf number 10 whereas the

accuracy of prediction for the 2nd and 14th leaf models

are only 56 per cent and 41.4 per cent respectively. It

must be pointed out that the leaf number 10 was superior

to the other leaves in predicting yield when all the

Variables were considered together (Regression model 2).

Moreover, this lea! has the added advantage of being the

best reflect of the nitrogen and potassium status of the

palm in relation to yield, at the same time maintaining

significant correlation with respect to phosphorus content

and yield. Considering all these, it is concluded that

leaf nunber 10 will be the best leaf to be selected as

the 1ndex leaf tor foliar diagnosis in coconut under Kerala

c<Xlditions. The leaf number 14 as suggested by ZUler

and Prevot (1963) can also be used though with less

accuracy as the nutrient contents of this leaf had a

positive correlation with yield. However, the lear number 2
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w1ll be better than the leat number 1»+ in this respect,

as pointed out by Gopi and Jose (1983). The apparent

anomaly in this respect between the works conducted

here and at IRHO may be due to the difterence in the

number or leaves retained by the pums at these two

different regions. .As pointed out earlier, the 14th

leaf under the conditions or this study is not the leaf

u that has completed its physiological maturity but not

entered the phase of senescence", but is the one which

is in its early stage of senescence. In many cases

there are even palms with number of leaves as low as 8.

As pointed out by Gopi and Jose (1983), the leaf number

2 will be better than the 14th leat. However, the woIit

of Gopi and Jose (1983) was confined to the palms located

at Balaramapuram where the average number of leaves

retained by the paJ.ms is less than the number of leaves

retained by palms in other parts ot the State such as

Mannuthy and Pllicode. Hence the recommendation ot 2nd

leaf as the index leaf cannot be generalised throughout

the StC1te as the experimental palms at Balaramapuram do

not ideally represent the palms of the cultivator's field.

On the other hand, the present study was conducted at

three locations that are widely apart, and the results

obtained can be taken as a. general observation for the
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entire State. As stated earlier based on the present

study the leaf number 10 18 suggested as the index leaf

for the foliar diagnolis in coconut under Kerala

conditions.

Considering the leat DUmber 10 as the index

leaf, a multiple regression model was worked out trom

the values of nitrogen t phosphorus and potalsium contents

of the lea! lamina and the number of leaves retained.

In addition to nitrogen-phosphorus, phosphorus-potalsiUll

and nitrogen-potassium interactions, the interactions

between lear number and n1 trogen, and leat number and

potassium were also included. ~is was done because the

total content of nitrogen and potassium in the leaf' w1ll

be a function of the total drymatter which is mainly

represented by the number of leaves, so that the product

of nitrogen per cent and leat number, and pota8sium

per cent and leaf number wUl given a value something

similar to the uptake ot theae nutrients. However the

phosphorus - leaf numbEr interaction was eliminated. since

the product of phosphorus Jer cent and lear number vaa

not significantly correlated vittl yield. The regrelsion

model thus worked out is given below.

Regression model ? (lear number 10)

Y. - 92.924 + ~4.682 • - 0.0004 p + ~9.39? K +

6.292 L - 6.910 I x P + 30.'729 • x K

- 2.218 L x I + 1'7.4lt9 P x lC - 0.205 L x K

R2 • 0.853••
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utilizing this model, the yield can be predicted

with an accuracy of 8;.3 per cent. The high R2 value thU8

obtained justify the selection of the 10th lea! as the

index lfiaf'. !he quadratic torm or the above regression

model was also oonstructed.

Regression model 8 (leat nWlber 10)

Y:= - 34.619 + 29.,94 X - 33. 827 p + ;1. 279 I:

+ 6.547 L + 23.646 xl - 0.932 • x P + 10.~ N x K

- 2.493 Lx N + 20.29't- P x Ie - ;4.768 r?- + 0.379 Lx K

2R • 0.862**

The Variable 12 vas ~l1m1nated from the model a.

it had only low correlation with yield. The predicted

yield and the experimental yield were highly correlated

here also (R2 • 0.862**). !his ••ans that, the present

model helps to predict the yield with an aCcuracy at 86.2

per cent. But it should be re"'end that, the regression

model 7 will help to predict yield witb an accuracy or
8;.3 per cent. In this respect the quadratic model has

got only a marginal advantage over its simple l1near form.

Hence the regression model 7 18 &8 good as the regre8.ion

model 8 in predic ting yi81d and tbere!ore can be 8as11y

employed due to its simplicity.
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SUMMARY

coconut palms of a NPK fertilizer trial

maintained at the Coconut Research Station, Balaramapuram

were selected for the pre sent study along with bulk

palms from two other sites, namely the Agricultural

Research Station, Mannuthy, and the Regional AgricuJ.tural

Research Station, Pllicode. Samples of leaf lamina were

drawn from three lea! positions, namely the leaf No.2,

10 and 14 separately from all the selected paJ.ms. Chemical

analysis of the leaf and sol1 samples were done in order

to find out the content of nitrogen, phosphorus,

potassium, calcium, magnesium and sodium. The nutrient

contents of the three leaf positions were correlated

with yield in order to standardise the tissue, the

nutrient contents of which will best reflect the yield

of the palms. Regression models were also worked out

in order to predict the yield based on tissue analysis.

Attempts were also made to establish criti~al levels

of the nutrients to be maintained in the index leaf for

optimum yield. The important findings are summarised

below I

1) Application o£ nitrogen and potassium

resul.ted in only a marginal increase in the contents of

these nutrients in the available form in the soU. On the



125

other hand a major portion of the applied phosphorus

remained in the sol1 in the available form.

2) Application of nitrogen decreased the

number of leaves retained by the palms whereas the

application ot phosphorus had no effect on the number

of leaves retained.

3) Application of potassium drasticaJ.ly

increased the number of leaves retained by the palms.

Also, the potassium content of the leaf samples was

significantly correlated with the number of leaves

retained (r = 0.710** for 10th leaf).

4) Application of nitrogen in absence of

potassium decreased the number of leaves retained whereas

application of potassium increased the number or leaves

retained at all levels of nitrogen application.

5) APplication ot nitrogen and potassium

steadily increased the yield whereas application of

phosphorus increased the yield only upto a rate ot

application of 225 g P20,/Palm/year.

6) Application ot nitrogen increased the yield

only at k 2 level of potassium application whereas appli

cation of potassium increased the yield at all levels

of nitrogen application.
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7) Application of nitrogen increased the

yield at all levels of phosphorus. On the other hand,

application of phosphorus steadily increased yield only

at n 2 level of nitrogen application.

8) Application of phosphorus increased the

yield only at k2 level of potassium application.

9) Application of nitrogen, phosphorus and

potassium increased the content of these nutrients in

the 2nd, 10th and 14th leaves.

10) ille number of leaves retained was highly'

correlated with yield, the regression of yield on number

of leaves being Y = -25.33 + 2.92 X (r • 0.735•• ) where,

Y is the y'ield in nuts/palm/year and X is the number of

leaves.

11) The minimum number of leaves to be retained

for the very expression of yield was 8.~. The optimum

number of leaves for maximum yield was 46.62.

12) The contents of nitrogen, phosphorus and

potassium were highest in the 2nd lea!, followed by the

10th and 14th leaves. On the other hand the content of

calcium was highest in the 14th leaf whereas the contents

of magnesium and sodium were hiGhest in the 10th leaf.
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13) Yield of the palm was significantly

correlated with the nitrogen per cent of the leaf

lamina for leaf positions 2, 10 and 14. The highest

coefficient of partial correlation of 0.499•• was

registered for the leaf position 10, followed by 0.441*

for the leaf position 2. The regression of yield on

the nitrogen per cent of the 10th leaf was Y :I -33.98

+ 44.27 X (r =o. 518*'-) where Y 19 the yield (nuts/

palm/year) and X is the nitrogen percentage.

14) The optimum per cent of nitrogen in the

leaf lamina of the 10th leaf for obtaining maximum

yield was found to be 2.90.

15) The partial correlation coefficient between

the phosphorus content of leaf and yield was not signi

ficant in the case of 2nd, 10th and 14th leaves.

16) The coefficients of partial correlation

between yield and potassium per cent of leaf lamina of

lea! positions 2 and 10 were significant, the highest

vaJ.ue of 0.432•• being recorded by the 10th leaf

followed by 0.417** by the 2nd leaf.

17) The simple linear regression equation of

yield on potassium per cent ot the 10th leaf was worked
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out to be Y = 7.79 + 27.13 X (r = 0.448**) where Y

is the yield in nuts/palm/year and X is the potassium

percentage.

18) The optimum content of potassium in the

10th leaf for maximum yield was 1.80 per cent.

19) Potassium showed an antagonistic relationship

with calcium, magnesium B.nd sodium as revealed by

negative correlation between potassium content and the

contents of these cations in the 2nd and 10th leaves.

20) The contents of calcium, magnesium and

sodium in the leaf lamina showed significant correlation

with yield only in the case of the leaf position 14.

21) The best yield prediction model constructed

with the number of leaves retained (L) and the per cent

of nitrogen, phosphorus, potassium, calcium, magnesium

"and sodium was for the lea! position 10 (R' :: 0.612**).

22) When the number of leaves retained and the

nitrogen, phosphorus and potassium per cent of the leaf

were considered, there also, the best yield prediction

model was obtained for the leaf position 10, where the

yield can be predicted with an accuracy of 62.9 per cent.
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23) UtU1sing the 10th leaf t the yield can be

predicted with an accuracy of 85.3 per cent by uSing

the regression model Y • -92.924 + 44.682 N - 0.0004 P

+ 49.397 K + 6.292 L - 6.910 NxP + 30.129 NxK - 2.218 LxN

+ 11.449 PxK - 0.205 LxX.

24) The yield can also be predicted with an

accuracy of 86.2 per cent based on the regression model

constructed for the leaf number 10.

y =-34.619 + 29.5~ N - 33.821 P + 51.2?9 K + 6.54? L

+23.646 N2 - 0.932 NxP + 10.044 NxK - 2.493 LxN

+20.29'+ PxK - 54. ?68 x2 + 0.3?9 LxX



~be'len.cej
==== ~~~ --~--
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~p.nd1x I. General ohara01;er1s t10s ot IOU
(Balaruapuram )

&1.. Treat- pH in Total Available Exchangeable, m8/100 i.
lio. ment water ~

ppm.
npk (1.2.,) p K ea Ms lia

1 000 6.1 0.05'6 2.,3 27.37 1.19 0.63 0.06
2 o 0 1 6.8 0.112 3.18 70.38 0.77 0.77 0.08
3 002 6.2 O.Oeq. 6.85 ,8.6, 0.84 0.,6 0.09
4 010 7.0 0.084 12.85 19.5'5 0.98 0.42 0.08
; o 1 1 7.1 0.08'+ 11.6] 46.92 1.61 0.21 0.07
6 012 ;.9 0.140 11.42 ~'1'}4 1.12 O.lt.9 0.07
7 020 5.8 0.056 23.19 19,;, 1.26 0.;6 0.08
8 021 6.0 O.1lt.0 19.1+0 It.6.92 1.47 0.42 0.06

9 022 6.4 0.0;6 35.20 S't.?'t- 1.9; 0.56 0.08
10 1 0 0 6.1 0.168 2.35' 19.,5 0.91 0.49 0.06
11 1 0 1 6.; 0.112 1.80 46.92 0.9+ 0.14 0.0;
12 1 0 2 7.0 0.084 1.90 ;8.62 0.70 0.35 0.11
13 1 1 0 ,.6 0.168 14.01 15.64 1.75 0.49 0.06
,4 1 1 1 6.1 o.of!lt. 9.83 '+3.01 0.9+ 0.49 0.07
15 1 1 2 6.2 0.112 12.09 27.31 0.98 0.63 0.06
16 120 6.7 0.112 12.33 ;0.83 1.05 0.77 0.13
17 121 7.0 0.112 27.08 ;8.6S 1.26 0.49 0.07
18 122 6.0 0.112 )6.38 ;8.6; 1.33 0.28 0.08
19 200 ;.9 0.1'+0 2.;3 1;.64 0.49 0.;6 0.0;
20 201 6.0 0.112 3.00 43.01 0.49 0.42 0.06
21 202 6.7 0.140 2.28 62.,6 0.70 0.,6 0.06
22 210 6.4 0.140 11.91 19.,5 0.91 0.70 0.0;
23 J 1 1 ;.8 0.1'+0 18.09 ;0.83 0.91 0.49 0.08
24 212 5.S 0.1'+0 ;.75 39~10 1.0; 0.14 O.fY!
25 220 5'.4 0.140 35.28 19.55 1.54 0.91 0.06
26 221 6.4 0.168 39.36 46.92 1.33 0.91 0.10
27 222 6.6 0.168 20.72 5't-'1?4 1.26 0.14 0.09



,Appendix II. Ge.e:ral character1st1c8 of 8011
(Mam1ut.h7 )

81. pH 1n AYa1lable llxohangeable _/100 i
fotal ppm10. vater
n~(1.2.,) p X ea Xa

1 It.7 0.112 30.67 74.66 0.7? 0.42 o.oS
a It.9 0.168 39.10 160.56 0.84 0.21 0.08
3 ,.2 0.140 30.67 75'.33 0.70 0.49 0.07
It ,.) 0.211 41.76 7'1-.29 0.84 0.1.,2 0.06, ,.3 0.211 36.66 151.33 0.49 0.49 0.06
6 6.1 0.168 36.66 160.6, 0.49 0.14 0.07
'1 6.3 0.211 ]0.67 1;1.1, 0.70 0.35 0.07
8 4.8 0.168 31.23 145'.00 0.91 0.lt-9 0.0,
9 6.1 0.168 32.66 11+,.00 0.91 0.28 0.06

10 6.1 0.112 31.23 151.33 0.25 0.50 0.08
11 6.3 0.112 30.67 160.5'6 0.49 0.05 0.06
12 6.3 0.11.,0 41.76 123.12 0.70 0.42 0.0'
13 6.1 0.140 41.76 112.01 0.33 0.49 0.03
14- 6.3 0.140 41.76 100.79 0.)4 0.14 0.051, ,.) 0.211 36.66 108.66 0.70 0.14 0.0;
16 5.7 0.211 36.66 151.33 0.70 0.1) 0.07
17 6.1 0.1lt-0 39.10 80.81 0.25 0.22 0.04
18 5.3 0.211 36.66 .,....29 0.28 0.35 0.08
19 6.1 0.168 ]0.67 168.13 0.26 a.1+-2 0.09
20 6.6 0.211 36.66 108.66 0.38 0.49 0.03
21 6.9 0.211 31.23' 120.6S 0.53 0.49 0.0)
22 ,.5 0.211 19.10 111.15 o.;lt 0.35 0.07
23 ,.2 0.211 39.10 120.65 0.;6 0.28 0.08
2lt ,.) 0.168 39.10 120.6; 0.;0 0.0; 0.06
25 ,.2 0.168 41.76 168.13 0.;4 0.49 0.04
26 5.2 0.112 39.10 1lt-5.1+ 0.?5 0.14 0.0,
27 ,.2 0.211 41.?6 145.1+ 0.40 0.22 0.0,
28 5.2 0.211 41.76 100.79 0.34 0.42 0.08
29 5.1 0.140 41.76 140.6, 0.70 0.42 0.08
30 5.3 0.112 30.67 135'.75 0.8l+ 0.11+- 0.07

(Con'td. )



APpendix n (Contd. )

Sl. pH in !otal Ava11able ppm. Bxchanpable, ••/100 g.
10. vater ••(1a2.; ) p I: O. Ms la

31 4.7 0.112 31.23 108.66 0.49 0.0, 0.06
32 4.7 0.211 36.66 74.46 0.93 0.3; 0.07
33 "-.8 0.211 32.66 74.66 0.91 0.49 0.05'
3"- 5'.9 0.140 31.23 75'.33 0.2; 0.3S 0.08
3, 4.8 0.1"-0 39.10 1,1.33 0.70 0.13 0.09
36 4.9 0.168 39.10 160.6, 0.34 0.1"- 0.05
37 ,.6 0.1"-0 39.10 1;1.1, 0.70 0.42 O.O?
38 ,.7 0.211 41.76 120.'" 0.28 0.,0 0.08
39 6.3 0.112 41.76 7't-.29 0.38 0.49 0.03
"-0 '.,. 0.211 39.10 108.66 o.~· 0.114- 0.07
41 ;.,. 0.211 36.66 111.1, 0.,6 0.42 0.06
"-2 ,., 0.168 30.67 120.6, 0.54 0.21 0.05'
4] ,.' 0.168 41.76 111.1; 0.4-0 0.42 0.07
44 ,.6 0.168 41.76 120.65' 0.77 0.42 0.08
..., ,.7 0.112 36.66 120.6" 0.70 0.3; 0.06
46 5'.4 0.140 33.27 168.13 0.49 0.,0 0.07
47 ,.2 0.168 31.23 1"-'. ;.. 0.70 0.49 0.08
its ,.1 0.168 35.28 160." 0.91 0.13 0.03
it9 ,.0 0.211 3,.28 100.79 0.49 0.42 0.07
,0 ;.0 0.211 39.36 112.01 0.33 0.35 0.09,1 ,.1 0.211 3,.28 1;1.33 0.70 0.49 0.0'1
5'2 '.S o.1lt-O 39.36 160.6; 0.2; 0.42 0.03
5'3 6.0 0.168 39.10· 1,1.1; 0.26 0.22 0.0'+
~ ;.8 0.168 36.38 74."-6 o.~ 0.05' 0.07

5'" ;.9 0.168 35.28 160.6, 0.,6 0.49 o.alt-
5'6 ;.2 0.140 36.38 108.66 0.;4 0.35 0.04
57 ,.0 0.211 35.20 7,.33 0."-0 0.14 0.07,8 ;.2 0.211 41.76 108.66 0.75 0.42 0.0?
;9 ;.1 0.112 41.76 108.66 0.56 0.28 0.07
60 ;.1 0.168 3;.20 140.45' 0.38 0.14 0.06



APpendix III. General characteristics ot 8011
(Pilleode)

&1. pH 1n fotal A'Va11able ppm. Exchanseable 118/100 i
No. vater .~

(1.2.;) ., It Ca Kg Ha

1 1+.3 0.12; 36.12 520.;0 2.J2 0.03 0.15
2 6.6 0.168 ;6.;; 331.;0 2.25 0.0'+ 0.29
3 6.0 o.2't-o 44.32 ;62.;0 1.66 0.06 0.20

'" 5.8 0.212 36.12 570.12 2.49 0.03 0.29
; 6.3 0.180 50.01 565.50 2.49 0.03 0.20
6 5.4 0.266 56.5; ~2.50 2.22 O.~ 0.22
7 5.3 0.168 32.88 56;.;0 2.66 0.06 0.33
8 6.6 0.12; 1+.59 ;20.5'0 2.32 0.09 0.15
9 5.8 0.180 ]6.12 531.50 2.1+9 0.03 0.2l+

10 6.0 0.212 41+.32 562.50 2.22 0.07 0.20
11 6.6 0.168 j+.59 4Jo.50 2.49 0.03 0.29
12 6.6 0.180 59.7lt- 531.,0 2.25 0.09 0.22
13 5.1+ 0.240 ,6.;5 456.00 2.32 0.06 0.37
11+ 1+.3 0.125 36.12 565.50 2.49 0.09 0.33
1; 4.3 0.125 56.55 570.12 2.66 0.07 0.1;
16 6.3 0.180 32.88 565.50 2.49 0.05 0.24
17 5.8 0.125 ~.59 470.50 2.01 0.03 0.20
18 6.4 0.212 ]6.12 331.;0 2.32 0.06 0.22
19 6.6 0.180 41+.32 456.00 2.49 0.05 0.15
20 6.6 0.180 32.88 ;18.70 2.25 0.06 0.15
'21 6.0 0.168 59.74 456.00 2.""9 0.03 0.37
22 "".3 0.266 32.88 565.50 2.01 0.09 0.29
23 5.4 0.180 ;9.71+ 491.20 2.32 0.09 0.37
24 6.6 0.180 32.88 331.50 1.66 0.08 0.22
25 5.8 0.12; 56.55 5't2.;O 2.49 0.06 0.15
26 5.3 0.212 36.12 570.12 2.32 0.09 0.27
27 5.8 0.180 ........ 32 1+-91.20 2.25 0.08 0.29
28 6.6 0.168 1i-.59 "'56.00 2.49 0.06 0.15
29 6.6 0.180 32.88 570.12 2.32 0.0) 0.15
30 "".3 0.125 59.74 531.50 2.66 0.03 0.2'7

(COl'ltd. )



APp.neUx III (Contd.)

ale pH in total Ava1lable, ppm. Bxehang8able, _/100 g
10. water If~

(112.;) p It Ca Mg X.

31 ;.3 0.180 SO.01 ;18.70 2.01 0.08 0.20
32 ;.8 0.168 5'9.?'" 331.;0 2.....9 0.03 0.29
33 6.6 0.180 ;0.01 560.10 2.32 0.03 0.29
j+ 6.0 0.12; '+4.32 442.60 1.98 0.03 0.15
35' 6.6 0.12; 32.88 ;65.;0 2.2; 0.06 0.11
36 5.8 0.212 :1+.;9 ;6;.,0 2.01 0.09 0.1;
31 6.6 0.12; 42.66 ;1+0.;0 1.66 0.03 0.20
38 6.6 0.212 50.01 45'6.00 2.32 0.06 0.12
39 4.3 0.180 32.88 518.10 2.49 0.03 0.1;
It-o ;.3 0.168 :1+.59 51t-2.;0 1.9; 0.06 0.29
'+1 4.3 0.212 ;9.74 565.;0 2.2; 0.09 0.11
42 6.3 0.266 ;0.01 ;65.,0 2.49 0.09 0.22
4) 4.7 0.12; )4.59 560.10 1.32 0.09 0.1;
44 6.0 0.212 41+.32 531. ;0 2.66 0.03 0.11
1+; 5.8 0.180 j+.59 ;22,40 2_49 o.OB 0.22
46 6.6 0.180 . ;6.55 5'18.70 2.2; 0.06 0.29
47 6.4 0.168 44.32 , ...0.5'0 2.01 0.06 0.11
48 6.6 0.180 l+lt-.32 ;42.60 2.32 o.Of 0.1,
49 6.6 0.180 1+.59 531.;0 2.49 0.09 0.214-
50 6.4 0.212 56.55 542.;0 1.98 0.09 0.22
;1 ,.8 0.212 32.88 522.20 2.66 0.03 0.1;
;2 6.6 0.180 32.88 518.70 2.01 0.08 0.1;
53 4.7 0.180 59.'7'+ 560.10 2.32 0.08 0.49
5'4 6.4 0.168 59.'l4 565.;0 1.98 0.06 0.20
5, 4.7 0.12; 50.01 56;.50 2.49 0.03 0.15
;6 ;.3 0.212 42.66 531.;0 2.2; 0.03 0.20
;7 6.6 0.266 ;0.01 542.60 2.32 0.08 0.1;
58 6.4 0.180 44.32 565.;0 2.66 0.09 0.22
5'9 4.7 0.180 34.59 51+2.50 2.22 0.09 0.1;
60 4.3 0.12, ,9.74 531.,0 2.49 0.03 0.49



APperul1x IV. Rtfeot at III treatments on the number of
leaves retained. by the experimental palma
at Balaruapur8ll (AIOTA)

8S M8 r

Total 15S7.41f.3 S3 - -
Block 33.035' 5' 6.601 3.488-

11 66.035' a 32.5'18 17.167--
p 3.911t- 2 1.9;7 1.033

I x P 11.103 4 2.776 1.466

x 125'0.821 2 625'.413 330.182-

N x K ,3.835' 4 13.4;9 7. 106M'
p x x 6,.173 1t- 16.293 8.60a-

IPK 1.,67 2 0.783 0.414

n 2x 21.630 2 10.815' ;.710-

BPx2 8.1+3 a 4.172 2.202

1P2x2 1.310 2 0.65', 0.1+6

Error 41.671 22 1.89l+ -

• Significant at 5' per cent level

_. Sign1tloant at 1 per cent leTel



APpendix v. urect or BPI: treatment. on the yield
01 exper1.dtal palms at BalaramaPuru
(AJlOVA)

ss

fotal 32908.085' 5'3 - -
Block 796.282 ,. 1;3.8;6 1.870

B 6919.331 2 ,3489.66; 42.1+02"

p 10,8.963 2 529.1+81 6.4-,jt.••

N x P 1187.0;6 1+ 296.764 3.606*

.I 1;064-.082 2 7;)2.01+1 91.;20-

XxX 3~6.496 1+ 986.62lt- 11.988**

P x Ie 1093.ltlt-7 It. 273.362 3,)2~

D 2X 326.0,9 2 163.030 1.981

nx2 It-67.9+6 2 233.923 2.8'+2

lfP2:g2 77.1+88 2 38.74lt- 0.1+71

Error 1810.,82 22 82.299 -

• S11D1f1cant at ; per cent level

•• 81gn1f1cant at 1 per cent level
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A study vas undertaken to standardise the foliar

diagnostic technique in coconut palm and to work out

regression models for predicting the yield based on foliar

nutrient contents. Palms were selected from three different

zones of Kerala state, namely the Coconut Research Station,

Balaramapuram, the Agricultural Rese~lrch station, Mannuthy

and the Regional AgricU1tura~ Research Station, Pllicode.

Leaf .samples drawn from the leaf positions 2, 10 and 14

separately from each p~m Yere analysed for nitrogen,

phosphorus, potassium, calcium, magnesium and sodium.

Attempts were made to standardise the leaf position, the

nutrient status of which will best reflect the yield and to

establish the critical levels of the nutrients in the

index leaf. Regression models were also worked out to

predict the yield based on tissue nutrient contents and

the number of leaves retained by the palm.

Observations revealed that application of nitrogen,

phosphorus and potassium resulted in an incre ase in the

content of these nutrients in the 2nd, 10th and 14th leaves.

The number of leaves retained by the palm was

mainly a function of potassium applied. The leaf number

waS highly correlated with the potassium per cent of the



leaf lamina of the three leaf positions the highest

correlation of 0.710-* was registered for the leaf

position 10. ~e number of leaves retained was also

significantly correlated with yield (r =0.73'.*)T The

optimum number of leaves to be retained for maximum

production waS worked out to be 46.62.

Yield of the palms was significantly correlated

with the nitrogen per cent of lear lamina of 2nd, 10th

and 14th leaves, the highest coefficient of partial

correlation being registered by the 10th leaf (r = 0.499**).

The partial correlation coefficients between yield and

the phosphorus per cent or leaf lamina of the three

leaf positions were not significant. The coefficient

of partial correlation between yield and potassium

per cent of leaf lamina of leaf posi tion 2 and 10 were

significant, the highest value or 0.432** being recorded

by the 10th leaf. On the other hand, the contents of

calcium, magnesium and sodium in the leaf lamina showed

significant correlation with yield only in the case of

the leaf position 14. The optimum contents or nitrogen

and potassium in the 10th leat for maximum yield was 2.9

and 1.8 per cent respectively.

Yield prediction models worked out using the

percenaage of nitrogen, phosphorus, potassium, Calcium,



magnesium and sodium, and the leaf number indicated

that the model worked out for the 10th leaf had the

maximum accuracy of prediction. l-bdels worked out

eliminating calcium, magnesium and sodium also confirmed

the supremacy of the 10th leaf for the prediction of

yield. Thus the leaf lamina. of the leaf position 10

can be recommended as the best tissue for foliar diag

nosis in coconut. Yield can be predicted with an accuracy

of 85.3 per cent by the regression model,

Y = -92.924 + 44.682 N - 0.0004 P + 49.397 K

+6.292 L - 6.970 NxP + 30.729 NxK - 2.218 LxN +

17.41+9 PxK - 0.205' LxK

utilising nitrogen (N), phosphorus (p) and potassium (K)

contents of the leaf lamina ot 10th leaf and the number

of leaves retained. Yield can also be predicted with an

accuracy of 86.2 per cent based on the following regression

model worked out for the leaf position 10.

Y. -~.619 + 29.5~ N - 33.827 P + 51.279 K + 6.547 L

+23.646 ~ - 0.932 NxP + 10. o'f.4 JaK - 2.493 LxN

+20.2~ PxK - 54.?68 x2 + 0.3?9 LxK.
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