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: . INTRODUGTION

The coconut palm (Cocos: nucifera L.) is one of the most

widely cultivated tree crops of the world. It is a crop of
great antiquity and has been known'to exisgt in India since 3000
jearSsago; Every part of the tree is put to a variety of uses:
including shelter and fuel, and the nut ‘is used.as a garnish and
as én edible oil. The juice tapped from the sPadix of the palm
" is used to produce toddy-an intoxicating beverage=-jaggery apd
the coconutjfeni. It hasalways been considered an object of
reverence in'lbcalntradition and has been aptly extolled aé'the

Kalpavriksha - the: 211l giving tree.

-'India is the third largest coconut producing country of the
“world with an:annuaﬂiproductiOn of about 6260 milliion nuts: from
an area of around 1.2-million hectares.. what is significant
however, is that the demand for these products in India far
exceeds’fhe supply qnd thgt‘we'are compeiﬂed to import about
15000 tonnes of coconut oil which is equivalent to 125 million
nuts; The cr0p makes a significant contrlbutlon to the natiocnal
econonmy w1th am annual export earning of around fs. 300. mllﬂlon,

malnly through the export tcade of co:Lr and coir productse

Coming to Kerala, coconut palm plays an 1mpartant role in
" the agrarian economy of .the State. It covers an area.of over-

674378 ha. which is around 32 per cent of the total cultivated



area in the State andi42 per cent of the total .area under
commercial cropss The estimated yield was: around 2450 milTion
nuts during the year 1982-'83., This is by itseif very significaﬁt
either in terms of the area or productiom in India as 62 per
éent of the total_area and 55 per cent of the total production

of the country is concentrated in Kerala. Besides Kefala, ‘the:
crop is grown in the coastal States of Orissa, Tamil Nadu, Goa,

| Karnafaka and Assam, contributing only at very low proportionss
to the total exteﬁt and production of coconut in the countrys

The contribution of the erop to the fotal,annual income éf the
State is around 15 per.eent»and the agricultural income around

30 per qenf. Coeconut provides: raw material to one of the major
traditional industries - the coir industry - which is of
considerable importance +to the'rural-economy of the State. The
tcapra' - the dried kernel forms thé raw>material for a variety
of'industries connected with edible oil, cosmetics and cattle
feed. It.is estimated that about T0- per cent of the rural
populétion depend on coconut either directly or indirectly, for
their source . of livelyhood ix; Kerala. Tlﬁis coconut plays a vital
role in the economy of the State and is closely associated with

the domestic life of the people of Keralao

The area and produciion of coconut have been on the increase

for the past 25 to 30 years. It is reported that the area has



increased by 3.1 per cent per.v annum é.nd the total production-

by 3.3 per cent per annum. However, the pitiable feature is .
that the per palm productivity of oﬁr cou.ntr‘y‘ is only below 40
nuts and the present prdductibn‘ of coe'onu'b‘j'.s'below the dbmestic'
‘demand. Thus the grosp‘ects i‘ér further development of this.
crop is promising not only in Kérala'lé.lone but in other Statess
also. On a 1ong “term bagis the,'p_raspe_c'bs are even better, as
the National Commigsion on A_g,ricul'l:ure' ( 1976 ) places our:

| requirement at 12000 million nuts by 2000 AD.

"The present low productivity of coconut in oﬁ.r country .is
attributed to lackof adequate management for maximm yield and
reduction in yield cazised by pests and diseasese Among the
.varlous d:!.seases, the- romjanw:u.lt d.lsease is the most serious
menace responsible for the ‘maximum ecenom:l.c loss to the countr'ya
The annual loss caused by this disease alone has been reported to

be approximately 340 millh on nﬁ‘bs‘;;a;

The important pr.e—r.eqqisites,fqr @aximising the prqduction
of coconut are: (1) Ex_pansio;ﬁ of area uﬁder coconut (2) Genetic
| improvement of the ci'op by pfédﬁcing and popu;la_rising ‘high
jielding .disease resistant varieties (3) Adoption of intensive:
agricultural prac:tices' for maximising. fhe production per palm
. and 1n'burn per unit area and (4) The prevent:.on of decllne in

the yleld by effectively contrelling the ‘pests and diseasess



Mogt of the coconut soiis are low in majpr natrients.
It has been found that continued applicatiom of fertilizers
to young palmss had improved the avallable nutrient status
of the top 50 cm soily the higher Ievel having superior effecte
It is also considered that the continued appliication of
fenﬁiﬂizers ha&ilittle effect on seil“organic_carbon'and
available nitrogen. But there. was considerable build up of
available P and K in the soil. The role of K in the mutrition
of coconut palm has also been welILestainshedgz%§? was ﬁhere~
fore felt necessary to conduct a critical study on the effect
of continued feréimizafian of NPK in coconut right from: the
planting of seeﬁ}ihgs;in”1964 to fulll bearing stage ass on
1982,, on soil mutrient status, leaf mutrient content,, growth
and yield aﬁﬂributesjr The objects of the study were

. 1. To assess: the effect of NPK and their interactioms
at varying levels on growth, yield and productivity
of the palms
2. To elaborate the role of major nutrients with
‘-special;referénce to K. nutrition of the palumy!
5. To study the: effect of continued use of fertilizers
. on nutrient build up in soil and in coconut palm

tigssues in relation to growth and yield o

A, To correlate the leaf mutrient content with growth

parame ters andﬂyield.~



5. To suggest fertilizer recommendations based on

critical levels of leaf nutrient content..
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REVIEW OF LITERATURE

A Dbrief review of the research conducted on mineral

nutrition of coconut and related crops is presented below:

2.1+ Mineral nutrition of the coconut palm

Rational manuring is one of the most important means for
obtaining higher and stebilised yields from the coconut palm,
The quantity and proportion of nutrients supplied through
fertilizers should meet the requirements of the palm and
should be determined on the basis 6f g0ill fertility and

productivity of the plantation.

The vital agpect of mineral nutrition of the palm is %o
ensure the availability of the essential mineral elements in
the soill in the requireﬁilevels_an& in right proportions for
its maximum productivity. The twelimportant approaches for
aehiéving this vital aspect are: (1) to assess the: mineral
demand of the'palm.for expressing its full predﬁctionﬂpotential
and (2) to assess the supply potential of the soil for nutrient

elementse

Nathanael (1958) suggested‘three approaches to study the
-mineral nutrition of the palm viZz(1) to assess the mineral
requirements: of the palm with the aid of fertilizer experiments:
and by successive approximation (2) to analyse the soil for |
its putrient supplying capacity and (3) to analyse the coconut
water and leaves for understanding the level of nutrition of

the palm in relation to its productivity as well as the



available nutrient status of the soil. Nathanael (1969)
further elaborated the concepfual baéié to assess the nutrient
" requirement of the coconut palm by the equation F = R - g + L
where I is the quantity of £ertiiizer nutrient, R is the
quantity of nutrient requlred by the crop for unrestrmcted
growth, S is the quantity of “the nutrient supplied by the soil.
and I is that portion of the fertlllzer nutrient not utilized
by the crop plant. He calculated the annual removal of the
magor nutrlents by a middle aged palm of the ordinary tall
variety as 0659 kg N, 0.26 kg Pz 5 and 0+86 kg Kéo, when the
yleld is aboat 40 nuts per year, If the mean yield is- around 60
nuts, he ecalculated the nutrient removal at 0.72 kg N, O:33ikg
P205 and 1.08 kg KZO per palm per years |

Ollagnie® et ale{1970) described tuo possible methods
for studying the mineral nutrition of oil palm, fhe first
method'waé to gtudy thé nutrient element uptake by the palm
and the second was based on field experiments coupled with
foliar'analysis for agssessing the deficiency/surplus levels

of the nutrient elements in relation té yield.

Recen't concepts and approaches in the assessment of
nutrient requirements of coconuﬁ include (1) estimation of
: nutrients~rémoved by the palm for its growth and productivity
(2) fertiliier trials (3) foliar analysis and soil testing and

(4) diaghosis of nutrient deficiencies by visual symptoms:



Any one of the above methods independently may not give a
cofnect picture of the situation. For example, fertiligzer
trials are location specifie and are not condusive for general‘
adoption. Conventional soil analysis is difficult to interpret
when a large volume of soill and subsoil is covered by the
cbconut rootse Very often the composition of the leaves is:
not velated %o soil contents as the depth of useful soil and
its structure are found more important than the nutrient
concentrations.' The susstained argument against soill testing
is its inability to provide information on the nutrient
absorption capacity of the palm. Visual deficiency symptoms
generally appear only under established deficiency conditions:
~after passing through stages of hidden hunger. Moreover the:
.oecurrence of multiple deficiencies ~ pests and diseases,
unfavourable environmental. conditions ete. interfere in thes
correct diagnosise. The most widely adopted method is foliar
aﬁalysis and fertilizer recommendation based on established
critical levels. This method has a limitation that it fails’
to differentiate between metabolically active: and inactive:
frqgtions of the elements in the leaf tissues. The
sinergistic/antagoniétic interaction between elements may
Tead to misinterpretation of foliaf values. Environmental
factors, type of cultivars/hybrids and the genetie potential

of the palm change the critical nutrient element values.



As: sueh an integrated approaeh giﬁing a meaningfuli inter-
pretatioh of the_diff@rent me thods based on practicai wisdom
with respect to each situation is very much required to

. agsess the nutrient fequirements of the coconut palm. However,
the résults and interpretationss of various approaches;madé to
understand the nutritional requirement of the palm are reviewed

in the folllowing pages.

2¢141..  Removal of nutrients by the palm

.0f the various componén£3‘of nutrient demand vige, (1)
Removal of nutrient by the palm (2) Toss by leaching,
volatilisation and also weed growth and (3) Immobilisation
of nutriént elements: at a particular soil=plant system, the:
quantity bf nutrient uptake for optimum production is an
important factor for the assessmentvof the fertilizer
requirement of a crop with due consideration and understanding

bor the fertility status of the soile

A number of workers as reported Dby Santiago (1978) have
estimated the removal of nutrients by middle aged bearing
pglms and have obtained widely varying values. This is
probably due to variation in agro-climatie condltlons,
management practices and the plant. material itself. Some

of the avallable data are. furnished in Table~1°

- Most of the workers had taken only the harvested

puts into account in thelr evaluations. But in coconut,



Nutrientss

P 4 Cau Mg
2,5  35.0 N4 N
12.7 79,0 WA NA
1861 11300 N& ‘NA
1342 1370 1245 19;4
1746 109,0 Ni NA
3,9 22,0 1044 13.6
11,9  T0O 33.9 1245
20,8 120,0 61.8 21,9
9.0 117.0 65.0 NA
20,0 249.0 70,0 39,0

SLl.lNCe
N
1 20,0
2 _'64.0
3 92,0
4 74.0
5 _9150
6 29.0
7 56,0
8 96,0
9 95:0
10 17440

, pable ,
Annual. removal of nutrients (kg/ha) by the coconut palm

1i

Basgis:

Reference:

4900 nuts/ha/year
annual removal/ha.
6900 nuts/ha./year.
Annual’ removal/ha.
Annual removal/ha

150 palmg/ha.
25 nuts/tree.

173 palms/hae
40 nuts/iree

173 palms/ha,
40 nuts/tree

105 -tonne copra/ha.

- 6.7 tonne copra/ha.

o— e s

Pildai (1919)

Jacob and Coyle {1927)

Gopeland: (1931)

BEckstein et al,

- Cocke. (1950)

. Georgie: and Teik (1932)

(1937)

Pillai and Daviss (1963)

Ramadasan and Lal (1966)

Ouvrier and Ochs: (1978)

Ouvaier and Ochs: (1978)




11

the leaves, stipules, spathes and spadices also contribute
major items of nutrient removal. A good amount of absorbed

nutrients is also retained in the growing stem (Santiago 1978).

The quantlty of nutrients removed annually bﬁ a singlef
palm (West Coast Tall) ylelding an'averagg of 40 nuts and 13
leaves: per year through the harvest of nufs‘or shedding of the
different parts as well as the quantity retained by the:
growing stem worked out frem the data of Pillai and Raviss (1963)

are given in Table~-2¢

Table 2
Nutrient removal by a single palm per year
in g.
N P K Ca Mg

The data reveal the quantitative sequential. of importance
of the major nutrients for adult bearing palms are K>>N>-
Ca>Mg >P.

Data on the percentage of nutrients removed throﬁgh
different parts of the palm are. presented in Table=3 which
reveals that the max1mum quantlty of K ig- exhausted through
the harvest of bunches whlle that of Ca and Mg through
the shedding of leaves plus stem growth (Pillai and Davis:
1963) .



fable 3

Pemoval of nutrients by different parts of the palm
' (in percentage)

s e cae emens oo 2 ey e

Authority Parts of - N P £ . Ca; Vg
the palm ‘ ‘
Pillai, NeBe:  Nut 43.0 40,0 63,0 1543 2540
and .
Davi-S?’ Pobo Peduncle 4.2 7 oo 121 3 ) 1104
1963, ‘ : '
: Spathe 3¢5 249 247 4.5 449
LA M2 450 124 3.8 5645
Stem 841 560 9.8 % el 22

Total 100.,0 100.0 100.0 ~ 400.0  100.0

D 3 6 D 62D O O e o) e e o I e € D B0 0T o D D S EDEm

_ It is further elaboratedithat the quantity of K exhausted
through the harvest of bunches is 78 per cent and that used
for the growth of leaves and stem is only 22 per cent., Among
all the nuitrients, the largest removal as well‘as the highest
proportion in the nut harvested is K which suggests the T —
oiientatioh of X for the'prpductivity of the palm irrespective
of its TLype. ' _ .

The étudies nade by Pillai and Davis_(1963) on the
- removal of nutrienté by Talmzpaims in the West Coast of Kerala
and that by Ouvrier and Ochs (1978) for the hybrid PB 121 in West
Africa;Were exhaugtive. Eventhough the differences in the

abgolute values between the authbrs are large, there is a lot
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of agreement in the I;attfern of exhaustion. The seqﬁen'bial
of importancé of the nutrients for coconut paim as reported
by @uvrier and Ochs. (1978) was K> ¢l > Ni>i(}@'.>' Na: > Mg
™8 = P. It is quite evident that the dominant requirement
of the palm is K.while P is the 1eé.s1'; in quari'bi'ty requiredes
The sequentiall requirements in quantity for both the Hybrid
and Tallls are found to be similar. It is reported by
Santiago (19"78) that the uptake of diffterent‘ ‘nutnients by
coconut seedlings is more or less in the same order

(K> N0—01 =Ca—Mg =7P) with K as the greatest and P
the least absorbed.

2¢1¢2. Nutritionall requirement of the coconut palm

The o;occ)nu‘c {vi'thits: massive 4structure and huge crown
-and i'ts unique nature of bearing round the year throughoutv
its 1life of eighty years or more, .requires a regular supply
of nutfients alll the years round‘ since its establishment

in the main field. The perennial nature of the palmlas well
as its extensive rowt éystem poses considerable difficultiess
in carrying out invesstigations on its miheral requirementé!.:.
Various field exﬁerimernts to vstu.dy the requiréments; of
major nutrients and to a 1imite<i extent of micronutrients,
on' growth and productivity of the palm have been carried

out in the major coconut growing countries of the world.
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Data on NPK reguirements of the pélmvaré~grquped under iﬁé
golﬂgﬁing three heads vize, (1) the requirement ofvsgedlingS‘
'ip_the nurseyy:stage (2) mhq requirement‘qf young palhséiﬁ,
the prenbearing stage and (3) the requirement of adult

bearlng plamsg

' - . . ey Lo
b am - . " B e ! '1.;,4 Yoo =

2.12(a)s NPK requlrement of coconut seedllngs in the nursery
: stage‘

~To produce healthy seedlings to facilitate qulcker growﬁh
and: early bearlng, it was found necessary o manure the
cooznut pursery. adequately, though it has been generally
believed that there is suff;elentzstoraﬂffoqd,1n81de-the -
seednut for.thé growth.of.the germinated seedlings in the
nﬁrsery stagez' | o )

. In SrlLanka ‘(Anon 1941) appllcatlon of potagh to the
seeﬁ“beds prodgced remarkable effect on the growth of the
seedlings in . the~nursery@‘-In‘Ivory coast-(Anonow1956)
seedlings ‘produced from nuts dbtalned from\palmstanureﬁi
with K dlsplayed be tter gr@wth than those obtained frmm if“y
unmanured palms. Ziller, :”Tayd Frempnd, . (1961) 'suggested
that N,nP;YKQLCa and: Mg maguring~in;thewﬂursery.wés:essent%al
tobpréduaé young palms with a satisfactory nﬁtrient.staigse-
Fremond gg,gl&(196§) necommﬁnd¢d<héavy organic.anq inorganie
fertilization of the nufsery to produce vigorous seedlings.

They suggested that a basal application of 6 tons of well
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rotten cattle mapure,élong with 409 kg each of ammonium
sulphate,;superphosphate and muriate of potash‘pér hectaré
would be‘benefi¢ial for efﬁéctively_raisiﬁg,vigarousvseedlingsa
Foale (1968) from Australia reported that the nutrieﬁt
- contribution by the endosperm to_thé gfowing,se@dling decreased!
from the fourth month: after germindtion. Thig implies that the
young seedlings are actually in short supply of nutrients feor
a major part of their one year grOWth.in the nursery.

~ These resultsindlcate tha need to change the concept
that there is .sufficient: stored food inside the seednu sk
It~isutherefore,:necessaryrto apply NPwae:tlIlzers in ‘the -
nuréerygto produce seedlings with.favourable nutrient status:
. so-as to .facilitate better establishment,, 6 faster growth:and -
earlier bearing in the main fields.ﬂ\Nelﬁiat"(1973) suggested
the application of fertilizers to the nursery in the ménths.'
of Iécember, February and April to;supply 40 kg N,-ZO kg P205:

and 40 kg K,0 per appiicatibn per heectare in the west coast

2
" of India,

2+.1.2(b) NPK requirement of young palms in the'pre-bgaring stage:

Ananden ef al&(i9520 found that favourable texture and
good fertility status of soil were associated with comparatlvely
excellent growth of some palms in a bulk plantlng area eventhoug
all the young palms in the area received identical fertiliger

treatments. Salgado, Mﬁﬁﬁ&.&19§8} reported that young palms
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adequately sta.pplﬁ.ed >with,K i‘ru,ite‘d efvth_e fifth year after
planting while it tock.elght years for the unmanured”pelms ‘o -
frﬁit, In Jamalca, Smith (1964) found significant increase in
grow%h characters of young paims AQue . to appﬂieatian.ef NQ
Malayan dwarf palms responded well to N applleatlon on early
growth, frond proaactlon, early yield and trunk height. Matgew
and Ramadasan Qj964)'reported that N _had.a significant effect
on ali;grewth,eheractere of young palms in the initiall stagesy
phosphorus increased girth at collar and number of ;rondsa |
prodaced,, and the effect was reported to ,,be,; indirect by
enhancing,jhe‘uptage of K, while;the.applieation of K increased
girth at collar onlye 'The“effect of.N in increasing the
;vegetatlve grawth of. young. palms was also reported by Fremond,1964
ystematlc fertlllzatlon of young palms is essential -
not only for. faster and.vigorous growthy but also for reducing -
the - preebearlng age. (Smlth,,1968) ~In-New Gulnea, Gharles (1968)
studied the uptakeﬁof nutrlents fromiappliedﬂfertlllzers'by:
‘hewly~p1anted,seeélings; -The fertilizers were applied at the
time ofvplanting'ahd after&bne-ﬁonﬂhi,two months.and three: =
months of plan“clngo He foﬁnd'thatﬂthere was:definite absorption
of nutrlents as._ ev1denced by follar analyslsg even from the ;
fertilizers apglled at the tlme of plantlng, but the efflclency
of uptake was greater in: the subsequent months.: In the ceastal

clay soils of Maﬂaysla application of N slgnlfleantly increased:
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the length and weight of the frond of young palms (So&%;d;é?%).
‘The importance of balanced NFK nutrition to young palms from
the time of planting in the main field was emphasised by
Fremond and Ouvrier (1971). A+t Veppanlalanm (Anon, 1971)
application of graded doses of fertilizers; the adult palm
‘dosage being 0.34 kg N, 0.23 kg ?205 and 0,45 kgvKZO induced
flowering one year ahead of the control (no fertilizer) plots.
When double the dosage was applied, the Pre=bearing period

was further reduced by four months,.

In an NPK factorlal experiment - (Anon, 1972a, Anon, 1974)
on young palms of the Tall. variety on a sandy Joam soil the
~ main effects of N and P and the interaction between N and P
%ﬁd that between N'and K were signifiéant in increasing frond
production while X had no effecﬁ on the growth characters:
-8tudied., Effect of N was also significant on the 1nngth of
leaf and leaflets.

- These studies indicate the need for NPK fertilization on
young palms right from the fime of plahting in the main field,
not only for faster and vigorous. growth, but also for reducing
the pre-bearing age and.to enhance the productivity in
subsequent years. Reviewing the NPK nutrition of coconut ?alm
Nelliat (1973) suggested that the adult palm dosage'should be
given to young palm from the third year onwards. He also

suggested that orce the seedlings are planted in ithe main fiéld
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about one~tenth of the adult palm dosage may be applied after 3
months, one-=third after one year, two-thirds after two years and

the full dosage after 3 years and onwards.
2.1.2(¢). NPK requirement of adult bearing palms.

Judicious manuring is one of ‘the mest important meansyfor
obtaining sustained ylelds at a higher level from the coconut
- palme Slgnlflcant yleld.lncreases ‘have been achleved by -
adéquate and balanced fertlllzatlon under varied SOLlnconditions

in alll the coconut grow1ng countrles of the worlds

Aecording to Salgada>(1946) W had a beneflolal efﬁect on
female flower production, while en copra contenty it had
an aGV¢rse effect as a hlgher number of nuts were requlred to
produce: a ton of copras - Phosphorus ‘had no. effect on the copra:
content and had a definite depressing effecx on female flower
productlon. From the results of NPK experlment that has been
in progress since 1936 in Baﬁlrippuwa Estate in sriTianka.
Salgado. (1952) observed that N gave.a~hlghly slgnlflcanV'
response 1n the- second year aﬁter the comnencement of manuring s
later on it progre331vely declined and actually depressed the
yield after the tenth year.. A high level pf N was found to
affect adversely,the‘respphse of X and this might be the
‘cause of a-decline in yield by higher doses of N The requnse

of X went on progressively increasing‘gnd reached the peak im
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the 15th yéaro. Based on the average yield for 9 years the
increase in copra was 183 kg/ha at a level of 340 g K,0 per palm
and 278 kg per ha at a level of 680,g'KéO‘per palm once in two

years.

&

commending upon P manuring of coconut in Srilanka,
HaﬂIiday ges4) and Sylvesser (1954) stated that there was no
response to P application at Bandlrlppuwa where soil. contalned
adequate reserves of P, but experlment on ponr laterlteu soxls
of Veyanagoda and.Ahangama with -low P resources in the so;ﬂ_on
the other handy gave spectaculﬁr_requnse to P application at
the rate of 275 g 3205vper.palm once in two yearss . The
inpreaSeﬂ oo@ra~yield in this: case was attributed to increased
-yield of nuts as weiﬂ_as to higher copra content per nute. I+
was reported that plots treated with NPK gave higher yieldss
than control plots from the third year onwards (Anon,,1957).
In the fourth year the increase in yield recorded by the NPE
plots was 18¢5 nuts per palm,asvagainst*4.2:nuts,in controll
-plots.,The control pliots in many cgsES'received manures like
green leaves, cattle dungy ash, oill cakes, bone meal etc. which
supp]ieﬁJalmest—the.same quantities:of'plant1nutrients received
by NPK- pliots through fertiliéersf,'ThuS'reghlar applicatiom of
WPK' fer tilizers to the coconut palms was quite beneficial and

resulted in marked increase in yields



Menen and Pandalai (1958) reviewed the work done in India

upto 1958 on the various aspects of fertilizer application to

coconut palm and the folllowing effects of fertilization was:.

reporteds
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There was a general response to appliication of N?and'
K while response to-P was seen only under certain

restricted conditions.

The response to manuring-was-dependent to a large
extent on the availability of nutrients in the soil,
A minimum period of-3yyears,was'required to obtain
the ‘fulll response of fertilizer in coconuts.
Nitrogen had a beneficial effect on.fémale flower
preducfion; K. had little effect, while P had a

depressing effects:

Nitrogen had an adverse effect on coepra content while
K.had;a,very‘beneficial~effect, but'P had no effect

on copra weights

0il and protein contents of copra were not influenced

- by the different nutrientss

Experimental evidence was oo meagre to-express any
conclusive opinion regarding - the alleged superiority

of organic form of fertilizers over im organic forms.

- Nathanael (1959) suggested an increased ratio of Wand K to

prarticularly on soil of low fertility. Smith (196&)
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reported that neither Nmor K inf}ueneed nut size, but P .

did favourably. AgcorQing to hiﬁg.the_number of nuts per .
bunch was the most va;iable;eompanent of ‘yield of céconutA_

and it w@s also the one that was most easily influenced by
fertilizer treatments. He presented the;res&lts;of'fentilizef
response by coconut on - two éontrésting coconut SOils:ViZo
Belfield Glay'(pH_S.S) and Ste.Annclay (pH 6.3).  His results
show&d'ﬁmat N defieiency limited female flower production,
bunch production rate and yield; P;déficieney reduced the nut

size and K deficiency reduced fruit set and yielde

Clael) ' _ '
Ne thsinghe ,and Edem et ale(196®) discussed coconut nutritior

and fertilizer reguirements:in relation to seiL;conditiensé
existing in Srilianka. The only main effect which had shown
,s¢atistical_significance,was‘that of Xo Althougi N by itself
gave no;Significant resp@ﬁse,its presence was ess&ntiax.fqr
the maximum response to K. Neither the main effiect nor the
interaction of P was a limiting factor at the upper levels of
NK combinatiens Marar and Pandalai (1961} concluded that the:
effects of‘N?andiK were equal‘andyadﬁitivewe‘They'qnantitatively
fized the effect of Wat 10,7 nuts, K at 11.3 nuts and NK a®
2048 nuts pér palm: per yearw. Mirray and smith (1982) reported
 from Trinidad that response to N was proportional to the
pre-treatment bearing level of the palm. The pour bearers
showed greater responses 1o appIEed N. The palms giving an

annual yield of 100 nuts and more showed no improvement in



no
%]

Productivity due to N fertiliéationo ~Itbwas suggested that

NPK manuring had both productive and economic advantageé for
coconut. The yield of nuts increased by nearly 34 per cent and
‘that of coPIa‘by 14 éer cent (Anon. 1964). Iekshmanachar (1964)
reported irom the results of.coconut fertilizér demongtration
trials conductéd in growers! gardens that the“balaneeﬁiNPK

: ménuring had helped‘to increase the yield appreciably. 4 detaiIed 
analysis showed thatzit was ﬁossible to increase the production of
coconuts by neérly 23 per cent and copra out turn by 44 per cent

by régﬁlar manuring'ahd prdper intereultural operationse

Pandalai and Marar (1964) reported that a regularly
cultivéted and fertilized plot produced 48.2 nuts as agaihst
a neglected plot with 15.3 nuts over a peribd of 25 yearse.
N and X at>1.5‘Pounds each pér treevimprOVed yields yearly while P
did not show any improvements on.yields. However, in the
seventh year of fertilizing,jcdpra prodgction was lowered bj»
about 2.0 per cent in the N plot but increased by 20 per cent - -
in the X plot. Rawther gglg;.(1966) found that regular
applﬁcatibn,éf an-anmal. dose of 0u35 kg N9V0¢3Q7kg P205 and
0.68 kg K20 per pglm progressively.inéreaseﬁ yieldse.
- Dolorne (1966) found that in»palms;of’the'semilarge Afriean
variety nomelly yielding 3000 tons of é0pratpex year from a -

plantation: of 8000 ha, the yield went upto 7000 tons per



‘year by fertilizing the existing palms at 500 g and 1000g N
and 1000g; and 1500 g K.zofpexa young and adult palmss respecti-
velyo Thomas (1968) found thaf‘additian of 320 g N, 340 g -
P 2 5 and 450 .g K, O per-. palmjper year in a s;ngle appllcatlan 
‘durlng August—September resulted in the maximum yield. -
Summarising fhé‘data'froﬁ"the ferfiLiZer experimehts'in
SrlLankag salgado (1968} reported that female flower productlon
T was . lncreased by 15 per cent by the appllcatlon of N. The
‘applleatlon of - po»ash at the rate of 680 gzKZO per palm
lncreased the frult setting by 35 per gent over the controlm
The NP 1nteractlon~had a. positive: effeet on number of/buncheS:
‘andffemaleifiﬁwersvpef bunch; -He;found that 340 & K2® appmiad;
once in two yearSjgave response'iﬁ the third yéar@z Studies:
con&ncfed‘in Jamaicé%shoyed that'Nfincreased trunk height;
feﬁalé flowér‘produéﬁionjaﬁd'numbér of nuts. Incfeasedﬂréte
| of N aplecatlen resulted ln corLespondlng 1ncrease in- frond
"productlgn upto the hlghest 1evel trled.VlZ& 760 g N per
palmi.per yeare Howeverg.hlgh Nwtreatment induced K‘deflcfgncy
(Anon9;9€8)eA It'wés also. reported from Jamaica that the
.benefiéial'effect-of N was- due té an increased-preduction-
of bunches ranging from 111 to 1298 per cent and female
flowen?productlon from 20 to. 40 per centy: although there was
.reductlon in frult se't'blng (A.ﬂong., 1968) . Fur.‘l:herr resultss |
~}J‘.‘J:,-«am SrlLanka (Anong 1968} show&ﬂ that the main effects of

N, P and K and the 1nteractlons of NP sNK and PK were.



: significaﬁ’c in respect of yields of nuts. Muhtimed and e Ec_z_‘
Fenkebogwaran (1969) reported from simplﬁé fertilizer trials.
with: N, P and K in coconut cultivators holidings: in sandy loam
soils of Panjavur District,"Tamilnadu the maximum: positive:
response to the application of N at 0468 kg, P at 06227 kg and
K 04454 kg per palm per year with a net profit of Re¢10.53 per |
palm per year. Muliyar and Nelliat (1971) obtained response to
appliication of N in terms of yield from the third year onwardss
.a.nd the mean increase in nut production was 1649 per cent. |
There: was practicallly no response to P for the first eight years.
but from: the nineth year omwards significant increase in nut
/production was obtained. Potash gave significant increase in
yield from the fifth year onwards::. They also found that forr
palﬁns yielding lesé than 60 nu ts annually,, the optimum dose.

of N ranged between 400 and 600 g with a mean of _480 g and
that of K ranged between 890 and 1210 g per palﬁ-per yearis
According to them: N adversely affected all. the nut characterss
studied vize weight of whole nuty weight of husked nu vty

volume of husked nut,, and copra weight per nute These:
characters were highly improved by K mutrition while P had
negligible effect. Although N application increased the yield
of nuts by 16.9 per cent, copra yleld was increased only

by 6 per cent. With X, the increase in nut preduction and

.copra. productlon were 12 per cent and 22 @®r cent respectlvely.



Barrant (1975) reported the beneficial effecté of N and NK
interaction on the yield of Malayan Dwarf ?alm growing on K
deficient soil.

Reviewing tﬁe NPK nutrition of coconut, Nelliat (1978)
suggested that the genéral requi?ement of fertiliger elementss
_flor pa;ms yielding an average of 50 nuts per annum would be
590 g Ny, 320 g P205 and 1200 g Kéo per-palmzper year. He also
recommended a higher dose of 1000 g N, 500 g P205 and 2000 g

KéO per palmuperlyear for palms with high yield potentiali. An
excellent and exliaustive review on the present status of
mineral. nutrition énd fertilizatiantof the coconut around the
~world has been made’most recently by Manciot, Gllagniexr andel al.
Geks: (1979) |

261 e2(d) K nutrition of cocdnut palm

The coconut palm is a heavy consumer of potash. Studless
conducted in all. the coconut growing couﬁtries of the world
-have shown that potash is a'dominént nutrient of the palm. and
outstanding increase in yield have been obtained by its:
apgﬂicétion.’ The severity and frequency of K deficiency in
.most of the coconut growihg areas of the world has been
found to be one of the limiting factors in the economic
production of coconut. The cause is mainly attribufed to soils
which rarely possess the large quantities of K required by

the palm.



According to Salgado (1953) potash deficiency led %o
chlorosis and leaf scarching and the development of pomr
crown with short fronds. The palms remained stunted with thin
trunks. Menon (1956) reported foliar yellowing in‘paims dae
to K deficiency. Tip scorching of:leaves had been well '
known to be a nutrient deficieney symptom which was cbrrécted
by K manuring (Menon et §35ﬂ958)o : Pilma%,(1959) observéd
geheral flacidity énd drying of leaf tips and necrotic
: pamches of - léaflets of older 1eaves on young palms growing
“in pots which werefnot supplied with Ke In the fertlllzer
demonstration trials conducted allldvér the west coast of
Indla, John and Jacob (1959) found that applicatiom of 340 g N,
340 g 22 5 and 680 g K20 per palmjper year result&drlnﬂan
inerease of 35 per cent in nut production and 44 .per cent in
copra productlon over cultlvators’ praetlce. When they falle&
to obtain response to the above dosage slgnlflcant yiel&* _
increase were-obtained‘whenﬂthe Ké@-level'was raised to~906 &
- per palm: per year. Rals1ng the levelsto 900 g N, 1135 & P2®5
and 1135 g KZO resulted in a further inerease in yield. leler
andi Prevot (1962) reported that addition of 1.5 kg mriate of
potash resqlteﬂ in'62,per.cent 1ncrease in yield of nuts and
w23 per cent increase inlcopré weight per nut, ie. @

gross: increase of 1.1 to 1.2 toms of copra per hectaren.



Smith (1964) reported that in Jamaica &hen the palﬁs were
coming to bearing,-ﬁhe earlyrinflorescence uéually.had either
no or only few female flowers and thig situation persisted

on very infertile soilee Here application of N had iﬁcrease@ -
the female flcwers produced and this was reflected in an ‘
inecreased yields In another experiment at'Inddetry (Jamaica)
palms with a very low jield - caused by lack'of female:
flowers responded to applieatioﬁ of fertilizers bj producing
more female flowers and increasing their mean yield from |
é1 to 42 nuts per palm@ Theeincreased production of female
flowers was atmribufed to the effect of Niand the yield
increases to that of K. He also reported that in certain
situations in Jamaiea,:where the yield and number of flowers
were already high and the limiting factor wiras: the inability
of +the palms‘to hold more nuts. In such situations the yleld
was iﬁcreased further by the applieatian of potassic fertili-
ZersS. Female,flnwer'prpﬁuction and fruit setting provided a

field guide to. the N"and Karequirement of +the. palm.

Sﬁmmarisihg the centributions of IRHO, Paris to the sﬁudy '
of mineral nutrition, Fremond (1964) reported that N*
significantly increased the number of female fIOWers, number
of nuts and copra out turn. The effiect of ¥ on coral soils
became more marked when Iron and Manganese deficiencies were:

corrected. Higher doses of N not only depressed yield of



nuts but the weight_of copra per unit was also reducede
Phosphords was not found to have much beneficiél effect either
in increasing yield of nuts or copra content. But in the
presence of potash, Qhosphorustas found to have beneficial
effects on the numﬁer of nuts,aﬁd yield of copra per nut ass

shownr in the folllowing table [ (4)s

Table =.4

The effect of PK interaction on the:
number of nuts per palm '

P+ - P= Difference
K+ ‘ T7.7T 65.1 12.6
K= 38,2 35.2 3.6

Differences 395 29,9 : ce

The gpgiicationﬂof K. resulted in the imﬁrovement of
alll production factorslsuch as'fruit setting, number of
bunches, pumber of female flowers pér bunch, number of
nuts, average copra per nut andvultimately the: total copra:
out turn per palm., Mathew and Ramadasan (1964) noticed:
necrosis of foliage}tiPSSOn young coconu’t palns under K
deficiency cogditions. In the absence of K, ecoconut

geedlings developed 1ittle dots along the margin of old



leaves: which in gevere caée coalesgsce and giving an

appearence of firing. Characterigtic . visible symptoms of
K‘deficieney in coconut-were-described_b&.vafious workers:
(inon,, 1969; Anon, 1970; Fremond'gz,glg 1966 and Manciot

et als 1979). The symptoms are so specific that an experienged
obsemver}ean éasily diagnose them. The first visual symptom igs
the development of rust coloured spots in‘longitudinal S
bands on either side of the mid=rib, their diameter ranging
from O0.% to 3=4 mm which is accompénied by slight yellowing
of the lamina, and the yelliowing is.more_marked towards the
tip of the leaflets. Thereafter the deficient tree gives an
yellow appearance to the oldest leaves'assuming-korange'red,
Jtinges Only theAyoungest leaf remains green. The yellowing
is never uniform andg is accompanie:d by numerous irrvegular
-brown'blotches resulting from the rusty spots. Yellowing is
more concentrated near the peripﬁery of the leaf area

than the central portion, The individual leaflet is green
where 1t is attached to the rachis thah towards the tip
Where necrdsis sets in.Yellowing is always more intense along
the edges of a leaflet, leaving a eéntral green band aléng
~the mi d-ribs. The yellowed surfacés soon become necrotic
‘ appearance than of yellowing. This is characteristically
different from Mg deficienecy where the palm shows more
of a chlorotic appearance than of necrotic. Further K

deficiency is characterised by yellowing of leaves in the



middle of the erown in the early s’ta.ges and drying up of
older leaves in- ’che advanced stages.. UsuaLly the lower
_leaves on the crown of a K deficient tree are seen dead or. ‘
drying and hanglng down beside the trunke The growth, in gerneral |
is reduce,ds the trunk becomes slendeér, leaflets become shert

| and the number of 1nflorescences, nut set and 'nu'bs per bunch ge‘t

reduced.

'sf-budies conducted in the Phi‘lﬁpﬁinee showed that' the
beneficial effee'i: of Kiwas due to .tlrf;e"increaeed lee.f 'areia and |
improved leaf angle and 1eaf~ eeleﬁr w]e:i.eh resulted in better
utilisatiom of eunllght and u.lt:l.ma'bely eaused increa.sed: numbef
of fronds, :Lnflorescencesg female ;Elwers@ nut se'b e.nd welght
of nutse Palmg amfferlng from modera.‘be: potash deflclency |
reepended quickly to a.pp]J:Led K Whlle severe and prebongeé‘.:.K. :
deficient palms took: two to three years t0. show respenseo The -
-nut size decreased raplidly :m 'l':he absence of Ke With an annual,
dose of 500 g KZG) per palm it remalned unafﬂected,, when 100 g
K2® was applied the nut size :mereved@ It was estimated that.
.'bhe 1ncreased -copra . eu"b furn due to:K fertilization could be
appertloned as 30 per cent ’co the J.ncrease in the number of
nuts and 70 per- eent to- 'bhe increase :Ln s:.ze: (Vankoxﬁmll 1971).
S'tadylng the rela‘blonshlps among rencl;9 CEC9 yleld and mone: and
. divalendt eatlons in cocc:nu.'l:9 Wahld et al.(1974) repor’ced a '

pasrblve correlatlon of both son,]l and leaf XK. contents w11:h yleld,_

/
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indicgting‘the role of K in increasing the yield of coconute
éoomans (1§77) observed foliar discolouration: in the form

' of mst coloured patéhes» Severe K deficiency in coconut
has been noted on tertiéry and quartarnary sands of West
Africa,on coastal sands of Sambava Gﬂadagascar}; on~coral»
s0ils of the Oceanian'aioiksg on gandy soils in the east
west of Sriliand and on the exhausted lateritic zones of India;
(Manciot gt ale 1979).

2,142 (e). Caleium requirement of the palm

In Trinidad, Verteuil (1934) found that application of
mixed fertilizers along with ;ime increased the yield of
coconmut. In Malaya9'Wilsﬁaw‘(1941) repbrted that lime.
application alone gave an increase in yield of good nuts
as Welll as the weight of copra per nute. Contrary to this,
application"of Ca‘to Talll coconuts in Ivory Coast in the form of
calcium carbonate for four consecutive years did not modify
the Ca levels: in leaves and has no influshce on yiéld. They' .
found that no improvement on'grawth or yield could be expected

from calecie fertilizer applieatioﬁy

22102 (f) Magnesium reguirvement of the palm

Pot experiments conducted at the coconut research
ingtitute, Srilanka shcwed that the absence of Mg resulted -
in the development of typical deficiency symptoms in coconut

seedlings (Anon,. 1960). Bachy (1962) reported that magnesium



was found to be one of the 1imiting nutrient elements: in thes
nutrition of seedlings and young paﬂms‘especially when the
soil supply of Mg is low. _Studies conducted in West Africa
showed that appliication of Mg along with P and: K. fertili-
zers: brought about highly significant improvement iﬁ'the vigour
of seeﬁiings in the nurserj’stage. Fregmond et gl,(1966)
recommended application of'60.g Mgs0, per plant in ‘the

nursery along with similar quantities of double superphosphage
and murlate of potashe Studying the nutritiondl requirement
of Malayan Dwarf Varlety of coconut in Jamaica, Smith (1968)
obsenved that Mg had no effeet on growth or yield of young
palmss grown on 2 thin black clay 301l_developed over white
lime stone. The foliar Mg level was 0432 per cent which

was welll above the critical level of Mg But on a different
eite with deep inferﬁile‘blackzclay soill developed over

sofft yellow lime stone, Mg application”hed beneficial effectss
1n the early years partlcularly on frond growtho He else
reported that Mg appllcatloHWanreased available soill P and
foliar P econtent. Studying the fertlllzat:.on of hybrid
coconué in Ivory Coast, ‘Cocmans (1977) reported that balanced -
application of Ny ¥ and Mg was indispensible from: the time:

of plantlng especlalﬂy on poor soilse Prolonged use of K
fertilizers especially at high rates has been reported ‘o

depress folier Mg, content and induce: Mg deficiency conditionss



in- the: palm. Santiago: (1978) observed that the leaf Mg
content was positively correlated with all the seedling
characters vize, girth,, diameter, height, number of leaves
and leaf splitting, but the, cornela‘bi.on_ coef'ficientsa were: not
significant. Cecil et als(1978) féund that application of
Mg. SOv4/ﬂoJJomi>te impro_véid visual symptoms such asg ye]i]]owing
and increased yieldj;;_ Mg deficiemey is also. caused by primary
deficiency resuliting from inad“eqziate soil supply of Mge
Specific instances of absolute: Mg deficiency conditions in
the soil were: reported in West Africa, Srilanka and India
(Gecil gt al.1978). Manggot et ale(1979) reported that:
application of Mg fertilh'.zers corrected Mg deficiency very
| welil, raised the Mg levels of leaf, improved growth and
increased the production’y provided the K supply was. adequaters
The main effec'lﬁ of Mg on yieid could be as much as 40 per cent
when K was in the s;lﬂi‘iciehcy level, but unlike potash Mg E
acted only on the number of nuts per tree and had no effiect

on the copra per nute
24162 (&) Sodium:requirement of the palm

Boones (1931) made a study on the salt requirement'b;f
coconut seedlings grown i‘n pots and found that modelra'l:-e "
quantities of sodium chloride were invigorating whiles a.
heavier application was harmfulls Jacques (1932) reported

thét commonsalt was also. requiréd for the. nutrition of the
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palm, Salgado (1951) found ‘that addition of commonsaltb

at the rate of 035 kg per young plant per month on a rockyl
laterite soil gave a distinét difference. in vigour, size and
colour after 15 months compared to unireated plantss |
Menom: (1958) reﬁortead-tha’s in laterite soils additiom of .
commonsalt in the pits for planting seedlings was ¥pown o
. goften the laterite be&i and helped early penetration off
tender rootse. The coconuts grow welll en soils rieh in

sodium although there is no direct relationship between the:
sodium content of soill and that of the leaves (Freemond,, 1964)0
Results obtained from young coconuts in the early stages of
productien showed that application of Nacl eouidﬁ iﬁcreasé:
signifieantly the number of inflorescences, the number of
female flowers and the number of nuts per palm. The copra:
content was also increased. (Fremond;:, 1964) . Ollagnier andi
ochs: (1971) reporteﬂ that either as a direet mepure: or as an
indi.rec't soil amellorant,, the addltl.on of commonsal®t J.n |
ecoconut gardens has b_een a very old and popular practlce
among coconut growei:'s in Kerala: (India) Jawsa: and Golumbia.
Iy Kérala, it has been widely applied to the soll as welll
as: into the crown of the palm, ofien and mixed with

wood ash and it is bellieved that commonsalt coulidiincrease
productivity of the palms However, there is no direct

preof on the: effect of Nau in increasing the yield of



coeconut. Since Na.was applied in alll the above studies in
the form: of NaB@l it is quite probable: that the improvemen tss
in growth and- yield obtained with the application of Na@l
niight be the effect of chlorine whioh has be};n considered ,>
recently asA an impor+tant nutrient element in the nutrition

of the palm for its growth and enhanced productivity.
2¢1e3. Foliar analysis: g

The fourteenth leaf of an adult palm (8 years and above)
has been widely accepted as the standard leai' for foliar-
diagnostic studies undér normal conditions. This leaf is
considered as one which has attained physiological ma turi ty,
but has not entered the phase of senesecence. For young |
palms upto 4 years of agey, the fourth leaf and for 5= years:y
the 9th leaf have been acc;épted for this purpos,es'(gnon,, 1961 ).
TLargely as a result of pionesring work: ofi TeReHoOo sQientists
in West Africa, foliar analysis has been widely é.dopted ass a
diagnostic tool for predieting fhe nu'l:rient,requifements;
of the palm. Though there are: certain ]Jimi'taﬁ,‘ons,‘g fhes
studies conducted by LeRo.Hl0isi Paris and the remarkable: resulfss
rebor‘sedi by Magat: ( 1979 ) have sufficiently illustrated that
leaf: analysis is a very fruitful methog for predictfl'.ng the.

foptilizer requirement of the palm (Manciot et ale1979).
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The concept of 'critical level®! defined DY ILeRsleOw; is the
percentage content of an element in the standard leaf bellow
which the applicatiom of that particular element has every

chance of increasing growth/yield.
2.1e3(a) Witrogen, Phosphorus and Potassium

Prevot et ale(1961) reported that the results of follar'
diagnosis showed thatrK»treatments strongly increased the XK
fcontent of the tissues and that organic-manureahad a supple~
mentary effect, but that the addition of N reduce&lthe K
contento Thls "depressing effect of N on leaf potaSSLum was.
agaln found in which this reduction of the hlgh K levels:
accompanied a favourable action of'ammonlum sulphate on
produciion. Grundar and Bachy (1963) were of the opinion that
for opitimal growth and yield,‘the sum. of K, Ca andngishpul&i
- be 2.7 per cent of the dry weight of leaf an&f67=70 per cent
of this should be K. This works out at 1.8 o 1.9 per centt
K on dry matter basis. Romney (1965) present&ﬂ.evidenceato
show that Malayan Dwarfs:had higher critieal levels of ¥ and
K then Jamaican Tallss | |

The eritical levels of nifrogen,,phpsphorussand‘

potassium suggested by Fremond et al.(1966) for the Tallls:y

are given below:
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- Table‘

Critical levels of VPK (expressed as:
percentage in dry matter ln frondj14)

o= g2 e e

Nitrogen = (W) © 1.8 = 2.0
'PﬁosphqruSS (P) oo . 0412
Potassium  (K) 0e8 = 1.0

| Nexhsféhe (1966) indicated thaﬁ_fdr young palms ( 4 year 0ld)
the optlmum foliar: content of W to be 2.2 per cent, Po. Oel4 .
per:eent and K 2.1 per cento Aecardlng to Smith (1968) the
eritical level of N for Malayan Dwarfs in Jamaica was 1.9 per
cent and palms responded favourably when N content was bellow
this levele Indirakutty and: Pandalal (1968) studied the‘
nutrient_composltlon of West Coast Tall palms and categorised11

them under three productivity groups vigZe.

1., Palms producing less than 40 nuts per year (low yielders)
5, Palms producing 40-80 nuts per year (Medium yielders)

3. Palms producing more than 80 nuts per year (high_yiélder){
They found thaﬁ the foliar N, P and K@eontents were more in
palms yielding more: nuts. Their mean foliar.contents

de termined were as folllows:
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Table =’ 6 -

Yield groups and eritical levels of
NPK (expressed in percentage dry matter)

na D £33 ot Cral BT e T Y €3 = @O T A OV €T D KT D O G e S KD EXT3 MRS B £ (o

Yield groupss v N P K
(per cent) (per cent) (per: cent)

1, Low yielderss 1.64 0e12 0681 .
2. Medium yield.ers 1076 ' 0.13; Te11

3. High yielders  1.86 Oeld 1430

oo oy = ] - ey o o D

Work carried out in Srilenka (4nonm, 1969) revealed that thg
fourteenth leaf of adult .palms conbtained 1.98 per cent N,
0e1% per cent P and 087 per cen'ﬁ Ko Gecill (1969) rei)orted
that the W, P and K- contents (frond 14) of healthy palms of
high productivity were 1.93: 06198 and 1.23 per cent

- respectively. According to Smith (1969) the eritical level of
K. operafgd only when the N level wé.s less than j.8 per cent.
In Malaya, Kanapathy (1971) suggested tentative optimum levels
of 1.8 per cent N, 0412 per: cent P and 0.8 = 1011 ‘per cent

K for the Talls, -1':0;8 -~ 240 per cent K for the Semi Talls;: arid:
109 = 2.0 per cant N, 012 pe:r!:' cent P and 075 = 100 per cent
X for the dwarfs. Vammozkull (1971) found that the foliar

nutrient levels of palms yielding more than 100 nuts per year
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in the PhlImlpplnes were 1.96 per cent N, 0410 per cent P,
and 126 per cent K. Raman&ﬁdané22223?11972) reported that
the soil nitrogen stadus; was improved when N was added in
combination with P and X and P improved when applied along
with ¥ or K. However, in the case of K, its status in the
so0il had improved by supplying K alone. Studying the corre-=
.lation between yield and nutrieht contents of soil and leaf
Wahid et al.(1974) reported that the K content of soils as

- well as»leaf coprelated positively with yield. They

. suggested that the critical level of K, 0s8 t0 1.0 per cent
was found to hold good in coconut.‘ Kamala Devi_et g;p&1974)
reported that average leaf N and K contents rose from 1040
per"cent'and 046 per cent respectively (withomt fertili zer)
'_‘to 1455 and 0692 with the: higher appllcation rate, but leaf

QndP«l
P and Ca contents were not affected. Ramanandan ei%a=.(1974)

reported that analysis of leaf samples colllected duripg
summer and rainy season showed that during both the seasonssy
leaves of palms with: regular cultivation and manuring
contained significahtly'higher amounts of N"and Ke. The
available K in theo'+30 cm and 30=60 cm depths of soil.

was significantly greater in the regular cultivation and

manuring than: in no cultivation and manuring plot.



Eventhough the ctltlcal 1evels are found to vary w1ﬁh
factors such as cllmate and varlety of palms9 commendable:
achiesvements were made by I Roq Oa Selentlsts in this line and
their values vizd, N@ MQS to 240 per cen% P° 0,12 per cent and:

'Ke. 080 t0 1.0 per. Gen® for the Talls provide a very valuable
' guide for general adoption until Speclflﬂ levels for a
| partlcular varlety or hybrid for a particular cllmatlc zon@
have: been established (Child, 1974), Pilllai et al. (1975)
reporbed the nutrient compositioh (Frond 14) of different
categories of palms growing on dlfﬁerent so;lhtypes~of | ,
KErala (Indla) belng To 82 . 013 and 1.08 per cent of N, P and
K respectlvelyc In Jamalca (Barrant, 1977) the follar c@ntentsi
(frond 14) of N and K.were lower then the IeJEL.,He@eu;Lze‘vel&9 -
while P content fully agreed with “the 0912 per cent levele
The mean values of N, P and K,ranged from. 1 54 to 1 88, _

0510 to 0916 and 063 to O 93 per cent respectlvelye It waS*‘
also revealed that P had no 31gn1fleant response on yleld while
W and K aid respond 51gn1fleant1v to 1ncreased applncatians
followed by increases in foliar contentso The crltlcaﬂ.levels
of NPK (frond 14) adopted at present in the Philllpp;nes -
are 18 per eent N, Omﬂz per cent P and O 8 te 10 per ceﬂt
K which are the same as those suggested by IeRoHcoa Parxs*b
(Magat, 1979)+ Margate et al.(1979) obse:eved that Kel |

fertilizatlen improved the W status of leaf, whlch wass



correlated with yield iﬁcreases.,‘The N level was. raised
from 1.78 per cent to a maximum of 2.0% @er cente The P
and K-contents ranged from.Obﬂ40-= 04156 per cent and 1.270 -
| 1.463 per cent respectively. However,, the increase in yiel&j
of nuts and copra outturn were not significantly carrelated
with improvements in P and K levels in %he leaf which suggeét
that the supply of these two nutrients (P and K) was more
than the required level and was not limiting the growth and
productivity of the palm. . Stu'd:yinlg the effeets of WPK fer’tiw
ligers on the yield and leaf nutriént concentrations of adult
cocbnut on a lateritic grawelly soilLin Srilanka, Toganathan
and Balekrishna Murthy (1979) reported that suﬁphate of ammonia
had a positive influerce on leaf N but the relatioﬁ was not
statistically significante. Application of P fertilizer
increased leaf P and Ca. Supply of miriate of potash,

. increased 1eaf K and Gl and decreased Ca and Mg. Partial
correlation of yleld with either leaf K;( r?$<k = 0026 at
constant cl) or leaf cl ( ra%\ = 0650 at constant X)

showed that the cornelatlon coefflclentS'were not slgnlflcant.
This was due to the strong correslation of two nutrlents

in the leaf ( r kel = 0%97) suggesting that the marked
pesponse of coconut to muriate of potash app31catlon was:

due both to K and cl in the fertilizers
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2.1¢3 (b). Calcium, Magnesium and Sodium

In SriLanka,)Nethsinghe (1963) reported that an Mg confentt
‘of 0625 = 0630 per cent (frbnd 6) would.indicafe sufficiency
of Mg, but if it falls below 042 per cent, deficiency
symptoms coﬁld be possibles However,, his values for Mg in palms:
that were green ranged fromaOWd35 to 06271 per cent and in
chlorotic palms from: 0,063 1o Owl147 per cente Freemond (1964)
reported that the critical levels of Ca and Mg initially
suggested by IL.R.Ho06 were 0W5 and Ow3 per cent respectively
for the Talll variety. Howéver, values higher or liower than
‘these levels have been widely repofted on healthy plantationss
without any adverse effect on yield or foliar conditionss
Fregmond et al.(1966) Sugggsted a maximum level of 0+40 per
cent Na beyond which adverse effects would be expected.. The
range of foliar Na contenfs reported by different workers are:
027 = 0431 (Smith,,1967)5 0523 - 0546 (smith, 1968); 0.31 =
0439 (Pillai et ale 1975) and 0421 = 0,39 (Barrant 1977) « The
Ga, and Mg contents-of palms under three yield groups reported
' by Indirakutty and Pandalai (1968) did not vary significantlye.
Their mean values for Ca and Mg were 0«28 and 0,05 per cenf
respectively. The Mg vaiues reported by them'were véry low.
Gecil (1969) reported 0.48 per cent of Ca and 0.29 per cent
of Mg in healthy palms'(frond.14) unﬁer excdllient grmktn

- conditions, 0.38 per cent Ca and 0,08 per cent Mg in palms



showing severe Mg deficiency symptoms and O.37 per cent Ca:'and
0e18 ber cent Mg in palms in the marginal conditions without -
any-visual symptoms of deficiencies. In Malaya, Kanapathy (1971)
proposed the oPtimumﬁlevels of 0415 - 030 per cent Ca and 043
per cent Mg for Talls, semitalﬁé and Dwarfs. Ih India, Kamala
Devi gi ale(1973) siudied thevmineral content of three hiéh
yielding genotypes vizs high yielding Tallls, Dwarf X talll

and Talll x Dwarf hybrids under three levels of fertilﬁzatiqmm
Irrespective: of types of fertilizer levels, the Ca content
(frond 9) registered a more or less constant value of 0&30.
per cento. The Mg levels for the three genotypes did no®

- vary significantlﬁ‘and the a%erage value was 0418 per cente
Howe#er,,the Mg content at 500 g N, 500 g:PZOB, 1000 g K2® level
of fertilization was OL19 per cent which was significantly
higher than the Mg content of 016 per cent.obtained ats
1000=1200~2000 g level of'fertilization. Mg deficieney was
one of the causes for delayed flowering in coconut palms.

in certain parts of Bandirippuwa Estate, Tunuvila-Ceylone

The mean Mg content (frond 14) of 11 year old nmon—bearing:
palms was 0%17 per cent. The corresponding Ca levels for none=
bearing and bearing palms were 0,260 and 0254 per cﬁht
respectively (De Silva et ale.1973). Magat (1976) reported
that the critical level of Ca and‘Mgginitially suggestea by

T.RoHo0Q» appeared to be too high to be used as a gulide for



PhildIippine 'c"ondi-tj.onse Aecording"td him the critical levels:
of Ga and Mg followed in the Phillippines at present are 0s% -
and 052 per qen'b respectivelye. Mostv of the results from
Jamaica show that fol’wié,r Ca and Mg 1evels are comparatively
hi gher Wh:l.ch range: from: Ok"“"""4 to 097 per eent Ca and Oe3 to

Oish. per ccn'l: Mg and the yleld increases due to the fertl]lzer
ap‘pjl]icz‘a.tionvwere not related to any J.ncrease or, decrease ~of Caa
~or Mg content in the leaf (Barrant,, 1977) . In the Philllippines:
the Mg con‘bent of p’alnis under véridus levels of potassiumi
chlorlde fer‘tlllzatlo;n ranged from 0e19 to 0%21 per cent and& Ca:
Levels from 040 %o 00498 per cent (Marga'be and. Magat,g 1979). o
Magat (1979) had presented the crl'l;J,cal leaf anal:y'blca.lL data.
" from: 10 fertilizex: trials conducted in Devas and M:Lsaonl.so
Oriental Pronnces of the Pmmpplnes. He hadi fou.nd. that Ga
\levels (frond 14) ranged from Oki4 to 0942 per cent with: an
average of 030 per cen‘l: except in one locatlon vizes:
Lagulnd.lngan where 'bhe paren'b ma’cerlal is limestone and 'l:he A
Ga level of palms there: was Ol 68 per cento The range of Mg
Tevel was from 0~ 16 to 0948 per een'b Wl‘bh an averag of

O""‘29 per crent@‘ Manciot et al (1979) presented data on Ca:
and: Mg content of palms from various fertl]llzer 'trlals
conducted a‘c dlfferen’c parts of +the worlde Ef.‘he Ga 1evels of
adult palms were generallly found to range fromx 0+2 to 054 per

cent while higher'values were obtained on coral soilss The Mg



Tevels were also found to vary generallly from 02 to. Oiw4d per
eent except in Ivory Coast where values lower than 0.2 per-
cent were met with. It may be stated in this context thaf in
Ivory Coast,?the'applicationjef Mg had a highly significant®
response in increasiﬁg yield of nuts per tree and total copra
per tree and the foliar Mg content was also increased at a
highly significant: levels Thé foliar Mg content (frond 14)

in the abﬁenee.of Mg application waé‘O@®98 per cent and whemw
Mg was applied it was 0,229 per cent. They further reported
that in Ivoery Coast there waé”a good relationship between

Mg levels aﬁd the number of green 1¢aves on the crowne

In the case of hybfia PB 121, when the Mg levels were bélow
Oe11 per eent, there were lesser than 12 green leaves,. for
levels between 0l and. 0,17 per cent there were 13 to 20
leaves: and for Mg levels above 0.17 per cent there were

more than 30 green leaves on the crown. Magot (1979) suggests
that the criticalalevelg vize Oed per eent Ca and 0.2 per
cent Mg in frond 14 appear +to have a broader applicability

as a diagnostic aids According‘toﬁmanciot et al«(1979)

~ the ievél of 0.40 per cent previously suggested by I.R.H.Os

| should be taken as a rough guideé, as coconut groves giving
excellent yields have Na levels beliow 0610 per cente
Manciot. et ale(1980) reported that Ca contents are appreciably
increased by nitrogen or phosphate fertillizerss Potassium |

manuring tends réther to depress the levels.



2+e1e3(cC) s‘éand’ard eritical levels q;t‘ major nutrients

Based on the forego:.ng :&ev:l.ew, the folllowing foliar
levels are tentatively taken as standard criticall levels :Eor

the purpose of discussion in this invesiigation.

Nutrientss S'band;ard criticall levelss
(per cent dry matter)

Nitrogen (M) a8 = 240
 Prosphoruss (P)- h " 0612
Potassium (K) o Oe;<8 = 140
Galeium (Ga) 0130
Magnesium: (Mg) . 0ie20

Sodium (¥a) - Upto 0440



MATERIALS AND METHODS



MATERIALS AND METHODS
3.1 Location

The field experimeht to study " The effect of continued
NPK fertilization on the growth and yleld behaviour of cocomut
with special reference %0 K nutrition and its interrelation |
with other minerar_nutrientss",vwas 1aid out as early in 1964
at the Coconut Res&arch SubmStation;,BalaramapuraM1in~
Trivandrum Distriet of Kerala State; The statibn Lies.betweén
8° and 29° latitudes and longitudinally at 769 57'; The
aititade 6f the location is 64 meters. The area is having an

average slope ranging from.1 to 3 pér cento
302 Climate:

The experimental. area enjoys a humid tropical climate.
The mean annual rainfall ranges between 1200 mm and 1500 e
The average maximum temperature was 37.7°C while the minimum

temperature 23.4°C.

The soil of the experimental site is fedAsandy leam and
1$ classified as ! Vellayanl Serles t developed from the ‘
weathering of the underlying tertiary sand stones and cﬂays,
Soil is deep and'well.drained and the internal drainage iss

good. Irrigation in the: area is totally wantings



3,4 Cropping history

 After the acquisition of the experimental .si‘be during 1964

by the Department of Agriculture, Kerala State, old treesin

the site were clearfelled and uprooted. The area was laid

out into suitable bliocks: for experimental purposes. NO intef—

crop was grown in the area pi'eviously and also subsequent to

the layou'h of this experiment.

3.5 Design and layoutd

Design

Noe.of replica=
tionss '

No.of blocks per

replication

No.of plots perr
block

Treatmen ts:

53 confounded factorial design confounding
2 _ 2 2

WPEg in replication 1 andjf_NPgKg in

replication 2.

3

9

- 27 nutrient combinations (Adtilt dose per

_paIm'i per year)

Nitrogen - 3 lewels
Phoesphorus %, levels |
Potash 3 levels o
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Nog = no nitrogen-

';_PO = no phosphoruss

K% - no potash
N1 = 340 g nifrogen per tree per year
P1 ~.225-g phosphorus per tree per: year

K1 - 450 .g potash per tree per year -
'N2 - 680 g nitrogen per tree per year

P2 - 450 g phosphorus per tree per year
K2 = 900 g potash per tree per year

Treatment combinations and schedule of fertilizatj._o,n are

- presented in Table: Do

Plot size:

Nosof expérimen«
tal palms per
plot '

Total. number of
experimental
palms

- No.0f border
palms;

Spacing of palms

29,5 x 22,5 m

4
5S4 4 = 216
347
75 xx Te5 M

The fi.elvd map showing the layout of the experiment is given

i'ﬂ Fi goI e
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3.6 Planting material

One: year old coconut seedlings var. - West Coasst Tall
raised in the coconut nursery of the Bepartmen'b of Agriculture
at Vali-yathu.ra ,, Trivandrum were planted in the éxperimen te
Seedlings of uniform growth, girth and vigour were selected
for the p‘ufpose.- The seedlings were planted in pits of ones
meter cube size at a spacing of T.5 miin the s-@uare ‘sys'bem
~of planting. In each experimental plot four seedlings:
planted in the middle of the plot were taggexd as the
experimental trees leaving the palms common to the adjacent
plots as border palms. Thus there: are 216 experimental |
~ palms and 347 border palms in the experimental field
 (Fige NOe. 1)240 | |

3.7  Sources of nutrients

411 the nutrients, W, P and K were supplied in the
form of simplle: fertiligers = N in the form of ammonium
sulphéte, P in the form of sihg’le su.perphdsphate and K asz
muriate of pO‘ba‘Sh{ analysing 2045 per cent N, 16 per cent
:E205 and 60 per cent KZO respectively.

The nuu'ien-ts N, P and K were appl?ied‘ in a single:
dose during early June with the commencemen'l; of South Wes_f
Monsoons. Basins were opened around the palms having 1.8 m

radius from: the bolll axid trenches of size 20 cm width



-and 20 cm depth were dug at the ‘aistal {end -of the basin all
around, and-ferti’liz.ers Were spread unifo:mhly in the trenchess

and then covered with earth. " The expe:'r}imentalt palms Qem |
-glven fertilizers as per ‘the treatment schedule and the border
trees with the reeomended doses of 650 g N, 450 g P and 900 g K
per tree per year as per the ?Eackage e.f Prag:blces »reeonnnendatiox;s-g
However, the young palms Were.-'ferti]iz'-e%d. at half the rates onlyi
for the ﬁrs‘t two. years of plant ting the seedhngs. | |

_ 3.8 B:Lometr:.c observatz.ons

The fclIown.ng growth parameters fo:c the periﬁd frem 1972 to
1979 at half yearly :Lntervals endmg June and Becember were taken

- for the puxpose of th:n.s study.

3.8.1 Number of fronds preduced dariné the half 'ye'ar

The ra'be of frond pm&zctian was recorded by markmg the

youngest open frond on each eccasion.

~

- 3.08e2 L’eng'l;h= of fronds:

The length of frend was measured f:r.'om the base of the ’

stipule to the 'b:.p of the frond..
34843 Number of leafle tg

 The number of leaflets found on . orie side of the frond
was counted and recerded. S:ane the number of leaflets are
equal on each side the leaflets on one’ side alone was

recorded for purpoges of ana,lys:n.s.



From 1972 enwards when the first bunch was noticed in the:
experimental palm, Thef Ollib‘_ﬂihg additional cbservations Were: |
also madey - L

B 8.4 Humber ef female f.lewersj

" Female flower preductien was recorded on each bunch by
"countlng “the numbe:r: of buttons and the nmnber of scars of the :

shed buttons.

3.8.5 Setting percentage -

Setting peree_x‘ltag'ev Wae computed :fx;em the total numbé::
of flowers produced and ‘ﬁhe to’tel hﬁmber. o‘f»nu#e harvested .=
~ineluding “barren natse _4Sir-§ee- initiail flowe:r.‘ing in 1972 vas .
sparse v_and also censiderj.ng fhe time invelved in sett/ing of ?utss,
the data from 1974 onwards fv}as taken %o have a more coverage%
of palms. | |

 348.6 Numbe:c of good nuts and yg.eld of nuts per tree per year

_ The seedlings plan ued in 1964 canmenced beam.ng in 1974: -
but it was i‘ou.nd to be uneven and net unifomm. An almost um.fom
bearing was no'bed in 1976 and hence 't;he yield data from 1976 to
198_2 Were recorded. Fram each vanch harvested at peried;eal,
intervals o:f 60 days the nﬁﬁbe:b of ganﬂ Anuts was counted and
recorded; The annual y:.eld of nuts frem each expe:cimental tree :

was computed for analysis.

34867 Cumulative. Yield of nuts frem each ezp@rmental plot .

The total yield qbtamed from the four emerimenta], treeg in
each plot was also computed and rec erded‘f‘or 7 years from 1976_

dmpn . 4000



Foxr the pr‘esehlt study the‘ fo‘l];ewing additienal observati'orlxs
viere_ also -ineorporatedv %o cover the-growth and yield characters
of +the palm, the soll factors and foiiar»nutrient status of the
palm as l'i: was not J.neluded in the erlglnal project. As sueh

- data on the above factoxrs fer 1982 We.’r:e recorded for analys:.s.

349 Gthh ylelcl characters
3e9e1" Wei cht of unhusked nut

One mt :Erem each expem.mental tree was Araxilvdomly selected
:Erom the harvest done in April 1982. Thﬁs four nuts were collecte
from the four experimental trees in a plet._ W‘henever the nuniber'
of nuts harvested from a s:.ngle plot was less than four, then all
the .avallable nats from that plot were collected. for study of nut
characters. The Welght of unhusked nuts thus collected were taken

.and the average Welght computed. _

L 36962 We:.g_ht of huglged nut.

~ The weight of htvi.siee.d‘n'ut was ‘ta;ken ‘an_& the,a#erage.WeigI;t
recorded.. | | | | - ’ ‘
5.9.5 eleis of husk
The averege weight of :I»:xe.ek wae l‘}e‘ompufed‘ and recoxdede
3e9ed Thiclniess df meat | |
The husked nuts Were broken equally 1n1;e two halves

and the thlckness o:t' mee.t of all 'bhe husked nuts was measure@

with a verm.er scale and the average thlckness was computed.; .
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3.9.,5 Thickmess of shell

Thickness of shelll was also recorded by adopting the same

procedure'followed for measuring the thickness of meat.

34006 Weight of meat

The meat contents from all the sample&ﬁnuts.were removedl
from the shellis and the total_weight of meat taken. Then the

average welght of meat per nut was calculated and recorded.

349.7 Weight of shell

Weight of shell was also computed by the smme procedure

adopted for recording weight of meat.

34908 Weight of copra, - - .

The meat contents collected from the sampled nuts wass
dried in the sun uniformly, keeping the period of exposure:

to. sun constant. Thus the meat was dried for 7 days for the
purpose of extracting olil. The total weight of copraaobtainedi
aftér the seven days Grying was taken and the average weight

of copra per nut was calculateds

3e%9 0ill percentage

The oil. content of a fixed quantity of copra obtained
from each plot was extracted with carbon - ‘te tra chloride;,

by the Soxillet extract apparatus (AeOshoCa 1969)
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3.9.10' " Pibre content

The busk obtained from: the sampled nuts was bundled
indbgendbntly, tagged and kept immerseﬁ in the brackish waterss
of the: Kadinamlfulam kayal in Ghirayihkil Taluk of frivandrum
Digtrict for a period of six months which is the optimﬁm period
for proper retting of coconut husks; The retted husks were:
taken out, cleanediby'washing,,the,rindiremoved by peeling off,
and subaected to threshing with wooden hammer whlch was the
eonventlonal me thod of extracting fibre from retted husks.
After the pith was totallly removed, the fibre was weighed and K

the average ﬁeight of fibre per coconut husk was cbmputedo

3,10 Soill factors:

341064 Colllection of soil sémples

Soil samples were colllected from two depthss 0=50 cm énd
50~100. cm firrom each experimental plot. Four.soil'cores were
taken from: four diffierent sites in each experimental. plot and
éomposited to get a'representati#e sample of each plot during
1982, All the samples were analysed for total nitrogen,
available P, available k, catién exchaﬁgp capacity and organic

carbons:
31002 Nitrogen .

Total nitrogen was estimated by the modified Kjeldahl

method (Jackson, 1973)%
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3.100% Available P

Extraction of available P was made by Bray 1 extractant.
with a soil %o extractent ratio 1210 and was estimated by
Ghlorosfannous: = reduced molybdophosphoric hlue color method

in hydrochloeric acid system: (Jackson 1973).

36104 Available K.

Available X was extracted with 1 N‘ ammonium gcetate
solution (pH T7+.0) with a soil extractant ratio of 125 shaken
for five minutes in a mechenical shaker. The K in the extract
afiter filltration was estimated in an automatic spectrophoto-

me ter (Jacksen,, 1973)%

o105 Cation exchange capaci’cy' '

The estimation of cation exchange capaclty was done by

 the standard analytical procedure outlined by Black: (1965).

3e11 Foliar analysiss

Fellel Golllection of leaf. sample

The fourteenth leaf of an adult paZLIm-(S years and, above)
nass been widely accepted as the sstandard leaf for foliar
diagnostic studies under normal conditions. This leaf is
regarded as one which has reached phys‘io];fogica;‘l_ maturity
but has ﬁot entered the phase of senescens. Anono{1961),

Prevot and Bachy (1962) zilllar and Prevot (1962) «



' Leaf samples were colllected in March 1982, The phocedures:
‘adoptéd for collection and preparation of leaf samples were
according to specifications described by I.ReHsOd
The fourteenth’leaflwas selected for sampling. Five leaflets
each from either side, in the middle of the frond, of the fouf
experimental palms in each plgt wag collected for the purpose.
The mid ribs and marginal edges were removed and the central
15 em pdrtibns from each leéflet was taken. The samples were
cleaned and were dried in an air oven at 60 i 5°C for
hours. After drying, Tthe sémples were ground and powdered in
a Wiley mill with stainless steel,bladbs +to pass through a
0.5 mm sieve. From the general composite sample, a& repre-
sentative sample was taken plot-wise for analysis. ‘Alﬂ.thg
samples were analysed for totaI.N,yP,,K, CanggéandiN&ian&.

‘expressed as percentages: .

3, 11.2 Statisticall analysis

The data on varidus biométric observations, soill analysis
and féﬂiar analysiss were analysed statistically through -
analysis of variance technique (Cochran and Goxy, 1957)

The interactions NPK?

and NPZKZ were estimated from repIieation’
IT apd I respectively as they confounded respectively in
replication T and II. The main effects and interaction effects:

were compared by using the appropriate CD given Dby



2MSE

. = 1 eo ’’’’’’’
CD = %y (.05) Effective number

of replication

Where MSE = SE
"~ Where MSE is the estimate of error variance.

| Response’surfacesWere fitted to study the relationship
between the response ( yield ) on the, factor levels (treatments
The foiibwing quadrate model was used to fit the yield data

2 2

P2 + b K= +

Y = b0¢ b1 N + bZP +. b, K + b 29 33

3 TR

+ b

ba, NP + b13\NK\¢ b23 %K
where by, Dyy byys bi»j, i j,i=1, 2, 3 are the

parameters of the response surface (Das and Giri, 1979).
The significance of b-coefficients was tested by

- applying students' t~test given ﬁy ’

£ S S " (Snedecor, 1967)

The cause and effect relationship of foliar mutrients:
to applled nutrient was investlgated by Path coefflclent
analyszs (Wright, 1923 a).
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Table 7

Treatment combinations and schedule of fertilizer application
Sle Treatment Levels of nutrients: Quantity of fertilizers
Nos. combinations: : per year per palm

IO T XD o P T & 6w A2 @0 B OO W 2=

L

=

P K A.B. SeSePe  M.O.I
1 Nb PO KO 0 0 -0 0 0 0
2 Nb Ib K1 0 0 450 0 0 750 -
3 No Eo X, o} 0 900 0 - 0 1500
4 Ny Py Ky -0 225 0] o 1406 0
5 Ny P, K, 0] 225 450 0 1406 750
6 ' Nb P1 KZ 0 225 o 900 0 1406 1500
T Ny Pz Ky 0 450 0 0 2812 0
8 Nb P2 K1 0 450 450 0 2812 750
9 Ny 2, K, 0 450 900 0 2812 1500
10 N, Po %o 340 0 0 1659 0 0
11 N, Py K, 340 0 450 1659 o 750
12 Ny By X, - 340 0 900 1659 0 1500
13 N, P, K 340 225 0 - 1659 1406 0
14 N, P, K, 340 225 450 1659 1406 150
.15 \ N1 -P1 K2 - 340 225 900 1659 1406 1500
16 N1 P2 Ko 340 450 ‘ o} 1659 2812 0
17 N, P, X, 540 450 450 1659 2812 . 750
18 N1 P2 K2 340 450 - 900 1659 2812 1500
19 NZ PO Ko 680 0 0 3318 0 6}
20 N2 PO K1 680 0 450 3%18 0 . 150
21 N2 PO K2 680 0 900 - 3318 0 1500
22 N, P, K, 680 225 0 3318 1406 0
23 N, 2y Ky 680 - 225 450 . 3318 1406 750
24 N2 P1; K, 680 225 900 3318 1406 1500
25 N2 P2‘ Xo 680 450 0] 3318 2812 0
26 N, P, K, 680 450 450 3318 2812 750
27 N, ?, K, 680 450 900 3318 2812 1500
AeSe Ammonium sulphate = 2065% N
SeSeP Single supexphosphate =4&%P§5
MeQoP Muriate of potash = 60% K20
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RESULTS
. / ‘ .

An investigation o sﬁu@y the;efﬁéci of continued. N. P X
fertilization of coconut wﬁfh special reference to its
nutrition of K,Qas undertékenlwith coconﬁt’seedlings
fertilized ever singe it# planting at the coconut Regearch
Station,Bﬁlarémapuram, ihe data collected on gyéwth, yield;
‘yield attributes, criti¢a14levels.6f nutrient contents in the
foliage as related to %&eld and the residual fe%tlllty status

of the ~soilr are Statl# 1cally analysed and presentedo

4o, Biometric observations

4911 Number of fronds per palm

The number of fronds produced énnualﬂy in all the fourl
experimental palms per plot was recqrded énd'ﬁhe average
number of frdnds produged per palm computed. The data thus
computed and analysed for the periods from 1972 to 1979 are:

presented in Tables from 8 to 23,

From the data it is seen that in general the main effects;
of N1 and H2 were 81gn1flcant over NO in +the productlon of
fronds in all. the years except for June 1972, 19749 1977 dnd
1979. The main effect of P was found to be significant only
duwlng 1972 to 1974, for the remalnlng period cof the T
observaulon9 the influence of P was not significant in 1ncrea31ng

the annual produCulon_of frondse The direct effect of K1andQ



Table 8

Number of fronds as influenced by continuous NPK'fertilization
Monik Badbe of observation = June 1972

PO P1 PZ Mean KO K1‘ K2 KO ' K1 K2 Mean

No 3646 3089 44,21 3.85 3426 4517 4413 Py 5.13. 3481 5461, 3451
Ny 312 4468 4.55° 4012 4,21 4,62 4.52 P1 344 4.96  4.63 4.34
N, - 3:96 4446 4.5% 431 "3639 471 4485 P, 3029 4sT4 5429 4043

Mean 3.51 4.34 4443 0 .. 3429 4450 4,50 Mean 3,29 4.50 4.50 .o
C.D. for marginals - 0,390 C.Do for combinations = 0,696
Table 9 -

Number of fronds as influenced by continuous NPK fertilization
MonikBatke of obgervation = December 1972

Py P, P,  Mean Ko K1 : K, _ Kq K1 K2 Mean

NO 4‘04‘2 4—-88 5@69 4—.99 4—.38 5029 5032 PO 4—.04— 4—071 5033 ‘ 4‘070
N, 3,92 6419 5.4  5.28 3.8 6,14 5.87 P, 3.94 6.96 G4 5.68

Ny 5.78 5497 6.51 6408 4,40 6.63 T.24 P, 4.60 6439 6,96 5.98
Mean . 4070 5.68 5'98 e.® 4-.20 6002 6.14- Mean 4—.20 6002 6014 . o's

C.D. for marginals = 0642 G.Do for combinations = 1.124



Table 10

Number of fronds as influenced by continuoug NPK fertilization
Mok Bate of obgervation = June 1973

Py P1 P2 Mean KO K1 K2 KO K1’ K2 Mean
Ny 5421 5.47  5.55  5.40  4.26 5.96 5.99 B, 4.65 5.8 5.8  5.46
N,i 5010 6061 6.72 6.14- 4—074- 6082 6087 P1 4096 7021 6072 6.30
N, 6,07 6.81 6471 6463 5011 7.38  Te40 P, 450 T.30  T.T1 6442
Mean 5.46 6,30 6442 . 4 4,70  6.72 6,75 Mean 4.70 6.72  6.75 ..
G.D: for mérginals = 0485 . G,Dq for combinations - 0+840
. _ Table 11
Number of fronds as influenced by continuous NPK fertilization
Monik Bate of observation = December 1973
PO P1 P2 Mean KO K1 K2 , KO K1 | K2 Mean
Ng 4,38 . 4.40 4,50 4.43 3.86 4,92 . 4.50 Pog 397 4,65  4.50 4,38
N1' 3.7T4 5.56 5.56 4,95 3494 5.40 5,50 P1 4.00 5488 5.64 5,17
N, 5401 5.56 5,65 5441 514 © 6.13 5.96 P2 3.97 5.92 5.81 5e24
Mean 4,38 5417 5.24 ool 5498 548 5,32 Mean 3.98 5.48 5,32 .o
CeDs for marginals = 04499 C.D. for combinations - 0.865 B
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Pable 12

Number of fronds as influenced by continuous NPX fertillization.
Monik Badte of observation - June 1974

- o A o3 A S O GED S ST D S T3 T T (Y KT SED G D e M S G oy v W g )

j:0N Py P, Mean X, K, | X, LN K,
No 4,58 5.0 4693 4.85 4469 475 5410 Pg 4odT  AWT9
Ny 44 5e24 585 5.27 442 5478 B5e63 Py 4.60 571
N2 5010 5647 570 5639 4,55 5,79 5,83 Pz 4ie60  5.83
Mean 4.78 5.25 5443 o 4:5%  Seddp  5.52 MNean 4e55 5044

CeDe for marglnals - 0471

CeDe for combinationsg = 0,816

Dable 15

Number of fronds as influenced by continuoug NPK fertlllzation
Mook Bate of observation - December 1974

Ny 3e75 385 433 3.9T  3.46 413 4o35 By 3.60  3.96
N1 3‘0 64' 5‘00;“ 4‘0'81 4—049 40;’1 4{ 4.70 4_1.64_ 131 3 ’9) 5034
Né 4051 5004? 5006 4..'87 - 3_10'76 5093_) 5948 PZ 3@‘82 , 53]20
Mean 3.97 4463 4.7% o 318 4473, 4482 Mean 3,78 4413
CeDe for marginals = Ole411 G.De for combinationsg = 0.712

S g ET) M S O G ) T D TP S R CEER D D EAD (MO S M (e A Ve TR S5 CaL) T SN WER

- T T T - O W) TS W2 S O W SXD ARY G NG} T S SD (D) RN CA) Chal) g A s e Sy S IS s TED GO 5400 D M G A G I D BN D

K2 Mean
5.08 4478
5043 525
6 904 5 [ 49
5 ° 5 2 o0
K2 Mean
435 397
4,92 4063
5418 4,73
4\082 0
(O]
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Tabie

14

Number - of fronds as 1nfluenced by continuous NPK. fertiligation
Mool Pate of observation - June 1975

- - e xS D — G Gy v - i T

PO P1 ‘P2 Mean K0 K1 K2 KO K1 K2 Mean
Ng 45 4.61  A.T5 4470 4465 4479 4.67 Py 4,72 5,01 5.08 4,94
N'ﬂ 4451 5 o~‘29 55-7‘0 65 - 5‘01 5 4—911 4] 5 05 5"0-7 5' P1 4:a3 6 5 067 5 21 5.08
N2 . 5656 5.3% 575 555 4.4 60 6633 571 P2 4.31 6,01 5.83% 5,38
Mean 4434 5.08 538 ‘elo, 404‘6 5.56 . ) 0-3_8 . Mean 4446 5,56 56%8 'OM
~ CeDo for maréEZai;f- 6;356_ E.Du-for combinationg- 0.617
Table 15
Number of fronds as influenced by continuous NPK fertilization
Monik Date of observation - December 1975
PC Pj P2 - Mean . KO K1 ' K2 K0 K1 K2  Mean
NO 41629 4,8 4479 4462 4e27 4,83 4475 PO 4,03, 4489 4,53, 4,48
N1 417 6@44 5¢40 ° 5624 457 5 069 545 P1 4,71 6417 5064 5450
NZ 4 0-99 5"0;60 5 077 5 045 419 1 1 60-07 6’0:1 7 P2 4 22 50-54 6 0%20 50 3,2
Mean 40-4-8 5‘.150 5‘,052 iolel{ 4—.52 5 . 53

C.De for marginals = 0428

5.45 Mean 4,32 5.55 5.5 i

S e Y e cun S WD . T S N B S

CeDe for combinations = 0,742
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Table 16

Number of fronds as influenced by continuous NPK. ﬂertlllzatlon
Monik Bate of observation:= June: 1976

| P@ P1 P2 Mean KO K‘l ‘ K2 KO K1 Ki2 Mean
Nj 4650 4,63 454 4456 4.29 450 4,96 B 5026 4620 467 4484
l\T1 4+35 521 543 4.99 4,85 5.26 4,88 ]91 4o47 5421 5,22 4496
N,  5.68 5.06 4,92 522 5.21  5.04 5.40 P, 40,54 5.00 535 4,96
Mean 484 4696 4,96 o 475 4094 5.08 Mean 4.75 4,94 5.08 .
'rmawf: ;or m;réinals = 0,390 CeDo for combinations = 0,676
Table 17

Number of fron&'s as influenced by continuoug NPK fertilization.
Menik Bate of obgervation =~ December 1976

5 i P, Mean Ky Ky K, K, Ky X, Mean
Ny 463 470 503 478 4a45 4279 5.1 By 4495 : 5.21 5447 5.2
Ny 547 5.90  5.90 - 5476 4.86 6,11 6.31 By 4,64 5,88 6,00 5.51
Né 552 5492 5,92 5479 4,88 . 6,29 6,20 P, 460 6011 6414 5462
Mean 5021 5 051 5062 *o!o" 4-.173' 5073 5'0 87 Mean 4—073 5 0‘73_:; 5e 87 ‘fﬁoﬂo
CoMs for marginals =~ 04341 GeDs for combinationg = 0,590



Table 18
Number of fronds as influenced by continuous NPK fertilization
MonlK Bate of observation « June 1977

PO P.,g, 4 P2 : Mean Ko K.1 K2 X

Nj 5629 5038 5432 . 5.33  4.85 5.54  5.61 Ej 6426 5.57 5.60  5.81
Ny 5421 5492 6.0 5,74 - 5.58 5.88  5.77T Py  5.06 6.33 6.38  5.81

N2 6093/‘ 60:1 1 ‘ 6 009 ’:\' 6.3 8 603,7 6.61 , 60"4-1 P2 5;'1 8 6‘01%3; 6.20 5 . 83
Meah 5.81. 581 5.8% ;o 5450 6001 5.94 Mean 5,50 6,01 5.94 ..
CoDs; for ma:;'ginalé - 0573 . CeDe for combinations 0,993
” Table 19

Number of fronds as influenced by continuous NPK fer‘tlllza‘blon
Mnnlk Bate of observation - December 1977

Py Py, B, Mean K0 Ky | K, | - Ky Ky X, Mean

‘NO 5¢13% 4,90 5002 501 4.45 5413 5449 ‘PO 5624 5454 5«42 5»40
l\T1 5653 6'003,‘ 5495 5.76 5.27. 6438 5696 P.! 4468 6624 6.30 5.65

N2 5,74 6.,0% 6453 610 ~ 4.93 6457 | 6,79 P2 4472 6403 6,75 5.83
Meal 5,40 5465 5483 ‘o'e! 4,88 593 6,08 Mean 4,88 5.93 6,08 oo

S 0 8 e S g S e S e i e D &‘;—“{}- - o e 2 e o s e e ) s Gt G e et G PR s o ) Sy G Gt - , - s ot i

GeDe: for marginals = 0.481 CoDe for combinationg = 0.757
G0



Table
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Number of fronds as influenced by continuous NPK fertilization.
Mon ik Bebe of observation

Table

- June 1978
Ky X, kK
6,00 5 .90 Py 5.82 6.15
6.72 602% Py 5.40 7.04
Te17 6.86 P, 5.50 6.70
6063 6.33 Mean 5'57 6063

CeDe for combinations - 0.782

21

Number of fronds as influenced by continuoug NPK fertilization

| S B
NO 50633:’ 5650 5.74
N1 5464 6.70 6450
N, 6469 6,45 6,76
Mean 5 098 6.21 6353‘

CeDe for marginals = 0.451
PO P1 P2
Ny 4000 4419  4.01
N1 4033 4495  4.50
N2 4.61 4,46 5004
Mean 4.31 4,51 4,52

CeDe! for marginals = 00426

Motk Babe of observation =-

Mean KO
4..05 3.89
4,59 4,08
4,70 379
LA 392

December 1978

2 0 1
4413 4ot 4 Po 3290 4:51
4.92 4078 P1 4.317 4—.88
5006 5.27 P2 ' 3069 4—0271
4‘070 4073 Mean 3 .92 4'070

CeDs for combinationg - C.738

-—-w-’—l-:—-n-——--——---w——-)-u---n——-——-————--———-:—-w—-.—.-—-—-—-—-——-ﬂn



Pable 22

Number of fronds as inflﬁenced by continuous NPK fertilization
MonikKDate of observation « June 1979

Po P1 P2 Mean KO K1 K2 KO K1 K2 Mean
No 5.82 5.23 5460 5.50 5433  5.47 © 5.85 Py 5.80 5.93 5.92 5.88
1\T1 5.68 5.,52 5493 5071 5465 - 6,08 5.40 P1 512 5697 5.55 5-54
N2 60'15 5‘0488 5060 5088 5'0 27 60‘12 6025 PZ 5035 5'077 6.03 5 071
’Mean 5+88 5654 5071 ] °a. 5642 5.89 5.83 ~B’.[ea-ﬂ 542 5 « 89 5 c83 e
CeI. for.marginals‘~ 0ie 577 : | CeDe for combinationsg = 0.998
Table 2%

Number of fronds as influenhced by continuous: NPK fertiligzation:
Monlk Dgle of observation = December 1979

D o Bl G e B £ S G S . S g s - o e A o - — Gy S WD . P &8 o o ane O ) — o 0T D o (1 S D S B TR S e St P ek B sy G S SO S

B, 2y P, Mean o K K K

2

NO . 5407 443 504 | 4485 45-50 5.07 4-’098 PO 500 5.82 5.42 5¢41
Ny 533 5.65 . 5.08  5.35 443 5.78 5.8 Py, 438 5.40 5.8 5.25

Né 582 5061 5.66 570 4.93. 5,88 6.30 P2 448 5449 580 5,26
Viean 5404-1 56 23 5026 ° o' 4, 63 5057 5073 - Mean 4. 62 5e 57 5073,' a8
G.De for marginals - 0.486 G.De for combinations - 0.842 B



- NUMBER OF FRONDS

FIG:DQ nmmvozmm OF N,P AND K ON .Em ",.:zmmn
OF FRONDS

~ G

u.._sw U._E I3 DT w D% ..Lu Ur ..Lm 07 qu Oﬂw ..qr Or ur 0—3
HALF YEARLY PERIODS




K2 were significant over the KO level vizs zero le%el for
all.%he years except far iunes1976, 1977 and 1979. However,
‘the highérflevels;of:Ki andlK2 were found to .be on par. With
ZeT0 1eve1 of X the numbér of fronds produced was 363 per,palm
per anhum while it was 4.5 when the level of X was raised.
fromﬂ(Ko) zero level to K1 vizs 450 g K20 ﬁer palnm per years|
The results showed that there was a tendency for & quadratic
response to P and XK when the doses were increéséd above the

minimunm. Jevels,.

During the second half of 1972, main effects of N,P and K
only were found %o be significant. A1l the factors increased
‘the number of frondsjproduded with the incfemental levels of
thelr applications. The number of fronds increased from 5 %o
53 when the level of N was raised from the N@ level -to N1*
level (340 g N per treé ber year) and to 6.1 at N2 level-

(60 g N. per tree per year). The number of fronds produced per
annum corresponding to Py s }?,i and P2'levels ige 0, 225 and

v450 8 per tree per year were 4.7, 5.7 and 6.0 respectively.

& similar inc;easing trend waé evinced with increased levels

of K.alsoaA However, it was observéd'that the higher levels of
2y and P, and that of Ky and K, were not significant fo each

other: and were on par,

- From 1972 to 1975 +the main effects of NPXK were slgnificant.

Thereafter the effect of K alone was slgnificant, which however,
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was not found to be sigriificant in 1979. There was no
response” to P after 1975 though the palms Were regularly
fertllized with P. The regponse to. X was also found to be
- .not significant during‘the first half of 1976, first half
of 1977 and in 1979. | |

Fd

‘ Most of the ihteréction effects were not significant in
almost all the years. However, P1K’-2 was si@aiﬁ.cant in the:
first half of 1973, second half of 1974 and in the second

_ half of 1976. But NP was si@::.ficant only in the fa.rst half
of 1976. The presence of NK interaction was: observed only
in 1975 ‘

" 4e1e2 Tength of frond

Obsexvations on length of fronds' Were reeerded half yearly
from June 1972 0 December 1979 and the results are presented

in Tables from 24 to 39

From the data presented in Tables 24 to 33 it was revealed\
that even without the addz.tion o:E N fertilizers,, the. 1ength
of fronds was on par with N1 and I\T2 levels of fertilization
vize 340 and 680 g N per tree per year during alll the periods:
of observation from 1972 to 197'9.:. The main effect of P was:
~also found to be similar as that of N, though a significant
response to P was observed aurixig 19’%2. But the'mainveffec_:"l:

of K was significant duriri'g‘_ all. the periods of observation -



o

Table. 24

Tength of fronds as influenced by continuous NPK fertilization
MonIiK Date of observation -

June 1972 (cm)

PO P1 P2 Mean ‘KO K1 K2 KO K1 Ké Mean
Nb 405.0 | 42840 434y®. 422 .0 35140 458»0 458,0 | PO 344.0 399,0 431,0 391.0
N1 3 65‘00 45400 429 o0 4-1600 320f00 475 o0 453 O P1 34400 50 6.0 4-82 0 444— 0
N2 46440 45010 42260 425,0 38%40 467.0 4775 40 PZ‘ 316,0 395,0 472.0 428.0
Mean 391(9-0 44400 4281"0 olal 33500 4—6700 462100 Mean 335‘0,0 467'.0 4-62 20 ;o
CeDo. far marginals -~ 32.0 CeDe for combinations = 56.0
Table 25
Length of fronds as influenced by continuous NPK fertili zatiom
Monlk Bate of observation = December 1972 (cm) ‘
PO Pﬂ P2 Mean Kb K1 K2 Ko K1 K2 Mean
NO 4184,0 455,0 - 448.0 438.0 39640 459@0 486,40 'PO 563:5\419%O 456,0 413.0
'N1 3920 - 4640 455,0 43740 343.0 489,.0 479 .0 P1 341.0 5130 49640 450.0
N2 - 42760 43340 508.0 4564,0 342.0 472,0 552 .0 PZ - 35000 4900 566,0 469.0
Meaﬂ 4—13'00 450}00 4-69‘00 o 351 oO 47400 506.0\ Mean 35900 474-“00 50600 oe
CeDo: for marginals = 24,0 CeDo for combinationg = 42,0 N



Table 26

Tength of fronds as influenced by continuous NPK fertlllzatlon
Monik Bate of observation - June 1973 (cmp)

PO ?1 , P2 Mean KO K1 K2 ‘ - KO' _K1 K2 Mee
Ny 404.0  444.0  428,0  425.0  379.0 433.0 464.0 B, 414.0 415.0 461.0 430
Ny  405.0  432.0 424.0 4200 344.0 458.0 4580 P, 321.0 506.0 467.0 431,
N, 480.0  480.0  430.0  445.0  302.0 491.0 ' 534.0 B, 262.0 462.0 529.0 428,
Mean 430.0  431.0  428.0 os  342,0  461.0  4B86.0 Mean 342.0 461.0 486.0 ..
CeDe. for marginals — 56.0 GaDe for combination: 97.0
. , Table 27
Length of frond as influenced by continuous NPK fertilization
Menlk Bebe of observation = December 1973: (cm)

B, Py 2, Mean K, K, K, K,' ¥, K, DMean
Ny 408.0  476.0  407.0 43140  393.0 426.0 473.0 By 384:0 436,0 444.0 421,
Ny 378.0 4600 49040  443.0  372.0 495.,0 - 461.0 Py 385.0 498.0 515.0 466
N2 47860 | 4620 488.0 - 476,0 "399+.0° 501.0 . 527.0 P2 396,0 489.0 501.0 462
‘Mean 421 QO 466"00 '4—62100 ) ’ 3,'84-‘90 474—90 4-87 0 Meaﬂ A 388.0 47400 4-87.0 ’ L)

Coloi for marginals 3860

C.D.:for combinations ~ 66.0
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‘ Table 28 )
Length of frond as influenced by continuous NPXK fertilizatiom:
MenIK Date of obgervation - June 1974 (cm)

£q ZP1 | P2 Mean Ky K‘I K2 KO } K1 2 Mean
No 43040  483.0  433.0 4490  398.0 448.0 50040 By, 384.0 45T.0 472.,0 448.0
N,  406.0  468.0 492.0 456,0  381,0 498.0 488.0 B, 390.0 515.0 525.0 477.0
N, 47640 479.0 49440 483,0  399.0 518.0 532,0 B, 403:0 493.0 523.0 473.0
Mean  438.,0 477.0 4730 voi © 392.0 486,0 507.0 Mean 392,0 488,0 - 507.0 oo
C.Ds for marginals - 29,0 | 6., for combinations 51.0
- | Table 29 -
Length of frond as influenced by continuous NPK fertilizatiom
Menik Bate of observation - December 1974 (cm)
\ 2, T Mean K, Ky K, X, K, K, Mean
Np, 422,0  48Te0 437.0 - 44940 382.0 454.00 511.0 By 395.0 4790 495.0 456.,0
N, 433.0 49040 49240  4T1.0 40340 498.0 513.0 P, 386.0 54040 521.0 482.0
N, 51440 47140 4970 494.0  412.0 537.0 533.0 P, 416.0 4700 541.0 475.0
Mean 456,0  482.0 4750 oo 399.0 496,0 599.0 496.0 .o

Y (nap i e S S G WD e B3 G it G e D (D

Code: for marginals = 340

519.0 Mean

CeDe; for combinations = 59,0



Table: 30

Length: of frond as influsnced by continuous NPK fertilization
MoniN Date. of observation = June 1975 (cm)

PO P1 P2 Mean Kb K1. K2 KO K1 Kg_ Mean
Nb 47130 47560 478.0 C4T5.0 41840 48440 522,0 P®' 40$§O 46150 4850 452.0
N1 41340 4710 46Quo 449,0 386.,0 45T7,0 ED4WO P1 40010 4870 5130 467.0
N2 472.0 | 455.0 479.0 468,0  404.0 488,0 51440 Pz- A00,0 481.0 53%39,0 473,0

Mean 4520 4670 4730 oo 40340 476,0 513.0 Mean 403.0 476,0  513.0 oo

CeDo. for marginals = 350 CeDo for combinations:= 62,0

- Table 31

Length of frond as influenced by continuous NPK.fertilizatiom
Menik Date of obgervation = December 1975 (cm)

2o P1, P2 -Mean Kq Kﬂ K2 K,0 K1 | K2 Mean

Ny 46910 4890 46840 475.,0 426.0 491.0 5090 By 4010 485.0 48340 45640
Ny 45240 48360 49040 475,0  420.0 49240 512.0 Py 416.0 521.0 51340 48340
N, 447750 478.0 4890 472.0 358,0 514.0 512.0 '92 416.0  492.0 * 538,0 48240

Mean 456.0  483.0 482,0 oot 411.0 499,0 511,0 Mean 411.0 499Ep' 511&0 oo

Go-:Do-j for marginals - %520 ' ‘ CeDe for Combinations L 56*.0



Table: 52:

Tiength of frond as influenced by continuous NPK fertili zatiom
Mon K Bate: of observation = June: 1976 (cm)

PO P1 P2 Mean .K.O K1 K2 Ko K1 K2 Mean
Ng L6T:Ww0 46340 45240 451*@, 421;0 473x® 48240 Po 42840 470650 4860 46%1.0
N1 4450 49620 492,00 47740 420,0 505.0 507.0 P1 405,0 52440 509,0 479 ,0
NZ 472@9 47860 47740 47660 401.,0 498.0 5230 . P2 41590 488,0 518,0 47400

Mean 4—61%0 4—79;0&0 4-74-00 oo oo 4—9400 504- «0 Mean 4—1 6‘&0 4—94— o0 504‘.0 oe

C}@hufor marginals = 23%.0 CoDei for combinations - 410
Table 33
Tength of frond as influenced by continuous NPK fertilization.
MontkDate of observatiom: ~ December 1976 {cm)

| PO P1 PQ Mean Kq K1 K2 KO K1 K2 Mean
N‘b A 4'64'"10 4800 4-81 00 4750 43560 495,00 497.0 P@ 42460 47 6'00 4920 464 40
N1 4630 5020 50840 491.0 414.0° 5160 544.,0 P1 412.0 5420 53840 496.0
NZ 464.0 50440 509.0 4930 386,00 5400 552,0 Pé 39840 5330 56840 500:60

Mean 4{6490 4-9 6700 500“60 s’e! 411 «0 517%0 531 «0 Mean 411.@ 51 700 531 0 lolel

0aDel for marginals = 26,0

CeDw for combinatio'ns - 45 0



Table 34

Tength of frond as influenced by continuous NEK fertilizatiom
Wanik Bade of observation = June 1977 (cm)

G;D~;for-margina1s = 2640 . <I . CoDe: for combinations F 46,0

Table 35

Length of frond as influenced by, contlnuous NPK. fertlllzatlon
MonIK Rate of observation = December 1977 (cm)

Nj 4510 517.0 53060 49960 46640 54960 489.0 Ey 473.0 554.0 476.0 5010

-N1 528,0 58940 542.,0 553,0 475.0 594,0 590:60 le 46850 600,0 6070 55940
N, 52440 5700 595.0 563.0 435.,0 601.0 653,40 P, 434.0 50040 642.0 555,0
Mean 5010 55960 555.0 o's 459.,0 581.0 575,0 Mean 4590 581.0 575.0 oo

GeDe: for marginals = 5640 _ GeDe. for combinations 97.0



Table %6

Tength of frond as influenced by continuous NPK fertili zationm:
Moni Bate of observation = June 1978 (cm)

N, 5280 52040 536.0 5290 424.0 €060 557.0 P

Mean 5210 . 5250 52390 ‘ol 442.0 569.,0 55T.0 Mean 442.0 56960 B57.0 oo _
C.D.. for marginals 37150 ‘ " " CoBe. for combinations 65.0
Table 37 '
Tength of frond as influenced by continuoug NPK fertilizationm
Meonmx Date of observatien = December 1978:(cm)
2o 21 Pz Mean Kb K1 K2 KO Kﬁ K2 : Mean
a-—:mm——-ﬂm ———————————————— . = acd - = oD e - e Gy ey I D S X G S WD GOV D D R ok G e s D D e WS Y e S T S RS i 3 ) P G (D e D I3 D S U U D D e o -
Ny 513.0 4960 487.0 498.0 46740 5130 5210 PO 4630 57660 528.0 50260
Nﬁ 4870 51560 5030 5020 45240 522,0 5310 Eﬁ 4290 532.0 5320 498.0
_ Nz 506.0 4820 53840 508.0 414,0 538s0 57440 Pé 435,0 52350 5670 508.0
Mean 502,0 498,0 50840 ‘olo] 442.0 5230 542,0 Mean 442,0 523,L0 542 .0 . o'e
G.D for marginals = 310 CoDe for combinations = 55.0



70 D T Y S . WD Do s D G R ST O S D W R S S S R IR G G D D R R M) ket

Table 38

Tength of frond as influenced by continucus NPK fertilizatiom
MonlkBebe of observation = June 1979 (cm)

oo oy vy .y e s Q) SO GETH CNEY G S BED 4T - Sty R ST

| P P, P, Mean X, K, K, K, K, K, Mean
Ny . 584.0  521.0  514.0  526.0  480:0 536.0 5540 By 4750 558.0 566.0 52640
Ny 516.0 5320 53 860 5290 45440 55000  581s0 Py 46560 582.0 561.0 - 536.0
o, 519:0 = 55540  543.0 5390  447.0 58%0 5810 P, 45050 556.0 589.0  531.0
Mean ) 526@0 536@.0 515@0 . ofal - 463“0,0 559‘00 572@0 Mean 4—63'0‘,0 559 Ne) 57200 - ee
| C.D. for marginals = 4640  GuDe, far combinations = 63.0 |
- Table 39
Tiength of frond as influenced by continuous NPK fertilizatiom
MoniKDate of observation = December 1979 (cm)
Ny 532.0 511.0 522.0 . 522,0  458.0 55240 545.0 B, 466:0 540.0 544.0 516,
Ny 498.0 513.0 522.0 511.0 444.0 541.0 550.0 P, 4350 5540 555.0 514,
W, 519,0 5180 52840 52200  431.0 5540 B80.0 P, 44B.0 5B4,0 575.0 524.
Mean 51650 51450 52440 44760 549.0  558.0 Mean 447i0 549.0 558,0 .o
GoDul for marginals = 2640  G.D. for combinations - 46.0




FIG.3 RESPONSE OF NP AND K ON LENGTH OF FRONDS
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from 1972 4o 1979 and was linear in nature. The interaction

'effects were found to be incongistent.

4ee3 Number'of leaflets

" The average numo r of leaflets found on one slde of the

leaf was recorded and presented in Tables from 40 to 55.

From the results it was revealed that the main effects of
T and P were not significant in almost all the years of
observatioﬁs from 1972 to December 1979. However, nitfoven was.
found to be significant in increasing the number of leaflets
during the second half of 1973 and in 1974. Response -of P was
s1gn1ficant only during the second‘half of 1973 and second
“half 0f 1974. Though the effect of W was not significant for
the rest.ef the periods of study an increasing trend in the
number of leaflets was observed.,'A similer trend was observed:
for P also. Main.effect of K was significant in all the
pefiods of bbservation except 1n the first half of 1973 end
the second half of 1975. 4 significant inerease in the
number of leaflets was observed due 4o X application, over
the zero level of K. However, there was no significant |
difference in the number of leaflets bebween: the K, end X,
levels. The rate of increase in the number of leaflets was

_1ess at the higher doges of K2 over dhe K1 level,

4s1.4 Number of female flowers

The data on the number of female flowers prodlced during



Table 40

Number of leaflet as influenced by continuous NPK fertlllzatlon
Monlk Date of observation: - June 1972

—-—_—————_—-———_—————_—-—-———-—————:——-—-.———-—————-——————-——-—-———_—--:-——————-——-———————---—————————_~—

o P1 P2 Mean Ko K1 K2 K, K1 K2 Mean
No 132,0 9160  96.0 106.0 76,0 148.0 95.0 Py 7640 1440 9280  104.0
N1 - 86.0 102.,0 9840 950 73.0 106.0 107.0 P1' 770 110.0 101.0. 96,0
N2 94.0 95.0 9560 950 T400 107.0 10440 Pz 70,0 107:0 112,00 -~ 96,0

Mean 1040 96@0 96.0 oo T4e0 120.0 102.0C Mean 74.0 12060 102w0 . ee

CeBe for marginals = 3060 o GeDe for comblnatlons = 520

- Table 41
Number of leaflet as influenced by continuous NPK fertllizatlam
MonIK Base of observation = December 1972

N%r 95,0 97.0 101.0  97.0 85,0 9$ﬁ04 10940 PO ‘EBBD 100,0 10440 96.0
1\11' 88.0 114.0 1090 10240 78,0 113.0 115,0 P.] 8040 114.,0 14488&€ 104.0

N,  105.0 102.0 11440 107.0 82.0 115.0 124.0 P, 82.0 112.0 126,0  106.0

. Mean - 96:00. 104—.0 10600 oie’ 82.0 109.0 116.0 Mean 82,0 109%0 116.,0 oo

CeDe: for marginals = 7.0 - - CeDo for combinations 13%.0



Table 42

Number of leaflet as influenced by continuous NPK fertilization
Wonik Barbe of observation:~ June 1973

Pq P1 Pz Mean KO K1 Kz KO K1 K2 Mean
Ny 99.0. 97.0 106¢é 101.0 98,0 9140 12,0 PO 98,0 10540 1070 10340
Nﬂ. 102.0 111400 11440 11060 97.0 12040 113,60 P1 9540 10860 116,0 10640
N2 108.0 10840 123560 11340 110,0 116.0 114.0 . P2 -1112.0 114.0 11710 11540
Mean 103.0 106,0 115.0 o . 102,0 109,0 113.0 Mean 1020 109%0 1130 oo
CoDe for marginalg = 100 GoBe for combinations: = 180
| Table 43 ‘
Number of leaflet as influenced by continuous NPK fertilizatiom ‘
Mosik Babe of observation = December 1973
Po P1 P2 Mean K® Ki -K2 Kb K1 K2 Mean
Nb 88,0 90,0 83is0 870 82,0 9060 8910 PO 8%5.0 93,0 88,0 88,0
Nﬁ 81.0. 94.0 100.0 920 84,0 1010 90,0 P1 81.0 400.0 99.0 93,0
Np- 97.0  96.0 101.0 98,0  86.0 100.0 107.0 P, 88.0 98.0 98,0  95.0
Mean '8890 93&0 95.0 oo’ 84-&0 9700 95.0 Mean 84-%90 971010 95'.0 o's
C.De for marginals - 7,0 CeDo, for combinations « 12,0 ”
cc



Table 44

Number of leaflet as influenced by continuous NPK fertilization
MonlK Date of observationg = June 1974

Py

Po ®, Mean Kq K, K, Ky X, Mean
Ny 96,0  95.0 940  95.0 88,0 99,0 99,0 B, 89,0 1040 103.0 9940
N1 89,0 1020 108,0  100.0 9000 106.0 104.0 P1 87.0 10840 103..0 99.0
N2 111'90 10000 - 10800 10600 91 00 111‘.0 11600 Pz 940}0 104‘00 1,,1300 103 oo
Mean 99,0 990  103.0 | ol 9040 105.0 106.0 Mean 900 1050 106.0 ole
Cede! for marginals « 70 CelDe for combinations = 3.0
‘Table 45
Number of leaflet as influenced by continuous NPX fertilization
Damﬂh.Date of obgervations -~ December 1974
NO 75.0 100:0 9360 89.0 6840 970 104,,0 PO 620 9T7.0 106,0 90,0
‘N1 95,0 1080 104.0  102.0 82.0  107.0 1118.0 P1 8340 10940 112,0 102,0
|
NZ 99.0 96,0 117.0 10260 8740 107.0 13,0 22 9540 104.0 1100 103,.,0
Mean 90,0 102,0 103,0 oo 81,0 10440 © 109.,0 Mean 81,0 104,0 1090 o
Cele for marginals = 8,0 C.De for combinations = 140 : | o0



. Table: 46

Number: of leaflet as influenced by continuous NPK fertilization
MeonIK Bate of observation =  June 1975

PO P1 P2 Mean Kb K1 K2 Kb ¥1 K2 Mean
Ny 105.0 105.0 10340 106.0 10040 106,0 11020 By 98.0 970 10540  100.0
N1' 90.0 10960 103.,0 100.,0 98,0 99,0 108,0 P1_ 9640 1MB.0 11250 1070
N2 10440 10840 106.0 1060 95450 110W0 - 112.0 P2 92%0 105L,0  1114,0 104.,0
Mean 100%@ 107500 104—?00 ‘@56]‘ 97.0 105“00 110 .0 M:‘ean 5"0“‘0 105!00 ) 1 10!a‘O ce
‘ C.D. for marginals =~.s : : C.Ds for combinationsg = ~.2
| i L Table 47 '
Number of leaflet as influenced by continuous NPK fertilization
MoniK Bate "of obgervation = December 1975
Po P1, P2 Mean ‘KO K1 K2 KO ' K1 K2 Mean
Ng 10440 1100 103¢O 106,0 98.0 109,00 ‘110u0 ' PO 94,0 97,0 107.0 - 100.0
N1 94’00 1|10,o,0 123'.0 109.0 11i6.0 101.0 110 .O P1 10300 1:15.0 1‘10foo 108,.0
-NZ 1010 104.0 106,0 10460 94,0 111.0  107.0 P2 1110 111:0 111.0 111.0
Mean  100.0 108.0 1110 sl 10340  107.0 1090 Mean 103,0 1070 10950 oo

C.Ds for marginals = 11.0 ‘ ' GDe for combinations 190



‘Table 48

Number of leaflets ag influenced by continueousg NPK.fertiIizationn
Mon|k Date of observationg: = June: 1976

P P1 P2 Mean - K, K1 K2 Kb K1 K2 Mean
N% 106.0 98,0 1040  103,0 890 1090 109,0 PO 910  106,0 1070 102.0
v, 950 10450  103.0. 101.0 86,0 10840 108.0 Py 890 3.0 250 105.0
Né 10420 , 111121e0 10440 106,0 86,0 116,0 11i7.0 P2 8140 1150 1115160 104.0
Mean 102‘0‘0 10500 104—‘00 ole’ 8700 1110() 111 oo _ Mean 87;‘0'0 11 1“0"0 1311‘.0 ' s0
CeDe for marginals = TeO . CoDs for combinationg = 12,0
, , Table 49
" Number of leaflets ag influenced by continuous NPK. fertilig-ation
Moei Date of observatiom = December 1976
PO P1 P2 Mean KO K1. K2 KO K1 K2. Mean |
N 106,0 1020  97.0 102.0  91.0 " 10640 10840 . PO 9400 10550 10560 °~ 101,0
I\T'1 94,0 1260 109.0 105.0 8840 112.0 . 10640 P1 82,0 17,0 1200  106,0
N2 108.0 105160 10540 10450 - 8340 112.0  118.0 Pz 87%0 1090 11740 104.0
Mean 101.0 10640 ° 104.0 ole! 8740 11060 11440 Mean 8720 110.0 114.0 oo
GeDs; for marginalg = 7.0 CeDo for combinationg = 12,0

AS)



- Table .50

Number of leaflets as influenced by contlnuous NPK feftlllzaﬁlon

Date of obuervatlon - June 1977
Moni<

D P 0 A el > s =0 e s P et S T D T B s ) Gk (s TS D W B Sl FD ) G ST e T D S s a3 (A e S e Gl e i G G foneg ) S) Gt B $MS Gm) A b Baag P Tk S S} ) ey S e e S sy G St s Pk G o S T St Tt TS St b P s S e vy Gt v e e A A R S Pun Yemm i o s

P ) e S et S R S 3 S e e e e S A ekt S e T g D s S G et S S S e G Sy T A P 2 e S G G S S G A P e CHE N Gt et S D N S Sy PR Sy Pt e Gk G A i i S P G e S o S S e At s D S md Bt Bt B B e S S e S i S Y e e e S el

Nb - 108.0 106.0 107.0 107.0 96.0 110.0 114.0 Py 99.0 110.0 113.0 107.0
N1 105.0  174.0 110,0 110.0 97.0 1715.0 117.0 P1 92.0 121.0 120.0 111.0
_N2 1Q9«O 113.0 112.0 111,0 92,0 120,0 122.0 P 94.0 114.0 - 120.0 110.0
Mean  107.0 111.0 110.0 lMea.. 95.0 115.,0 118,0 Mean 95.0 = 115.0 118.0 .o

CeDo for marginals = 5.0 - CeDs. for combinations = 9.0

Table 51

Humber of leaflets as influenced by continuous NPK fertilization.
Dete of observation - December 1977

Wov K

nm—n—————.—-————.——-..--——————w—————--——-———————-:—-——————————————-——.—-..—--a——m——————————————-—————-————————

NC 112.0 110,0 110.0 111.0 99.0 114.0 1200 'PO 108,0° iﬂz.o 11100 1100
N1 103.0.  17.0 115.0 112.0 99.0 120.0. 111.0 P1 93.0 123.0 126.0 114.0

N2 113.0 114,0 125.0 117.0 98,0 121.0 113,0 Pz 96.0 121.0 1340 117.0
Mean 110,0 114.0 117.0 .o 99.0 118.0 1235.0 Mean '99.0 118.0 12%.0 e
GeDs, for marginals - 7.0 : ' | G.D@for combinationg: - 13,0



Table 52 .
- Number of leaflets as influenced by continuous NPK fertilization
MonlK Date of observation - June 1978 '

Pq P, P, Mean Ky, R K, K, Ky K, Mean
N 99.0  101.0 97.0  99.0 850 104.0 109.0 B, 8.0 103.0 106.0 98.0
N1 96,0 103.0 102.0  100.0 82.0 110.0 110.0 P1 82,0  111.0 1080 100.0
:Nz 98,0 96,0 103,0 99,0 7940 110.0  108.0 P2 72.0 111.0  113.0 . 101.0
Mean  98.0° 100.0 10140 vl 82,0 . 108,0 409,0 Mean 8200 108.0 109.0 e
' GsDe for marginalls = 7.0 ' C.De for combinations = 13.0
Table 5% :
Number of leaflets ag influenced by continuous NPK fertilization
Babe of observatlon =~ December 1978
Monik
PO P1 PZ Mean KO K1‘ K2 KO K1 K2 Mean
Ny 10560  101.0 10540 . --104,0 97.0. 107.0  107.0 B, 9340  107.0 10640 102.0
N1 © 97,0 109,0  107.0  104.0 910 140.0  1712.0 P1 91.0  111i2,0 112,0 105.0
N, 104.0  104.0 108.0 106.0 83.0 112.0 122,0 'P2 87,0 110.0  123%.0 107.0
Mean 102.,0 - 105 Ne; 107-0 . * 0 90 O 1100 11!400 Mean 90 o0 110 20 1M 4—‘ 0 )
G.h. for mawglnals - 6 O : CeDs. for comblnatlons - 11.0



Table 54

Number of leaflets as influenoedAby continuoug NPK fertilization:
MoniK Bate of obgervation = June 1979 -

5 108,0 1090 1050 10760 9840  110.0 11340 By 105.0 11,0  113.0 11040

N
Nﬁ_ 108,0 110.0 10940 109 .0 97,0 114.0 1170 P1 910 118.,0 119.0 109.0
Né 1140  109.0  106,0  109.0 91,0 119.0 119.0 P2 90,0 113,0 116.,0 106,0
Mean 110.0 1090 106,0 © ole 9560 1140 116.0 Mean 95,0 1 o0 1160 ..

C.D¢ for marginals = 45@ C,Du‘for comblnatlons = T

Table 55
Numbezr. of leaflets ag influenced by continuous NPX fertlﬂlZatlQﬁ
MenlK Bake of observation - December 1979
| PO 1%1 | P2 Mean KO K1 | K2 KO K,i K2 Mean
N 109.0 108.0 109%0 10960 100,00 114.0 114.0 2y 10350 - 11130 19,0 11040
Nﬁ 108,0 111,00 1090 109,0 98.0 - 1160 11460 P1 9150 11040  115.0 1080
N2 111440 106.0 1090 11100 " 91.0 111.0 122.0 P2 9560  1116,0  117.0 10940
Mean  11M0.0O 1080 109.0 ofat 96,0 116e0 116.0. Mean 96,0 116.0 11i6.0 oo
GoDe: for marglnals - 6,0 . CeDe: for oomblnatlons - 1040



Table 56

Number of female flewer as influenced by continuous NPX fertiligation

Year of cbservation = 1972

: 2o 31 ' Pz Mean . . K, | K1 K2 - KO’ K? K2 Mean
N, 1455  9.08 8.2 638 0 T.15 1139 By O 06 4433 160
W, 046 6.04 18680 8.43° 0 4.58 20,70 P, . O 1858 29500 15,88
N, 300 32657 32454 22470 0 2037  ATeT3 Pz 0 13667 46043 20,03

Mean 1%60 15&88 20%03/ alo’ 0 1OW90 26361 Mean O 10@90 26@61 . .o

'QHQQ for marginals = 904 G.D.. for combinations 150665
Table 57
Number of female fliower as influenced by contlnuous NPK ;ertlmlzation
Year of observation - 1973 :

Po Py Py Mean LY. ¥ Kz‘ X, Ky K, Mean
Ny  0.96 1254 25.54 12435 O 1796 19,08 Py 3.0  3¢54. 8.67  4.07
N1 2,00 39.25 82:420 17.84 117 17.90 344,40 P1v ,2096 33+92 34,30 2% .74
W,  9e25 29.42  AT.71 28,79 2096 - 29,46 53.96 P, 1.17 37,86 64.50  31.17

Mean ‘4307 23:14 51-17 9@ 1.38 21.77 ~ 35.83 Mean 1.38 271,77 35 «.88 ce

Colle; far marginals 12467

CoDe for combinations

ﬁ 2195



fertilization

| Table 58 ,
Number of female flowers as influenced by continuous NPK

Year of observation =~ 1974

Pg Py P, Mean K Ky K, Ky Ky K Mean
NO 092 1427 15992 1035 0,96 14471 15.38 Eb 0 T 46 11.58 6.35
Nq, 338 43421 29630 24,99 1604 24.17 4970 P1 2013 52429 56410 36484
N2 14675 5311 48.32 3863 1.08 44%17 70,93 P2 . 0%96 23,39 58631 3087
Mean 6.5 3684 30687 oo 1.03 27468 45,35 Mean 1403 27.68 =~ 45.35 .o
¢.D.' for marginals: = 11.78 GuDu for cémbinations - 2040
Table 59 _
Number of female flowers as influenced by continuous NPK.
fertilization
¥ear of obgervation = 1975
2y P1 Py Mean Ko K1 K, Ky K1 K, Mean
Nb 6438 \ 2379 16468 15462 = 0146 25,71 201,168 PO 046 28664 23,04 17,05
Nﬂ Te4'l 69..58 55,50 44..19 1404 47621 84430 P1 3604 90137 84450 59433
N2 37029 84, 61 801,04 67351 2.07 93.82 106412 P2 06110 4T T2 10853 50.74
Mean 171605 5933 50675 Y 1014 55,58 7038 Mean 114 55,58 T0.38 -
CeDe. for marginalg = 16400 CGeDe for combinationg = 27471 oo




Table 60

Number. of female flowers ag influenced by comtinuous NPK fertllizatlon
Year of observation - 1976

bkl D Ly g L L Ty iy pu——

PO P1 | P2 Mean Kb Ki 'K2 KO 'K1 v'K2 Mean
Nb' 1% ‘18325 1203 13913g 0 2187 14473 PO 4748 é3m62 18651 15,5
I\T1 11505 4512 31642 29,20 038 30436 56,55 P1 1642 64137 55,07 40 62!
P 26144 5Ted8 52555  45.49 2,73 62633  T6e41. | P, O 26,87 69.12 32,0

Mean 15054 40129 32.00° . o 1697 38429 4757 Mean 1697 38029 47,57 oo

Gaﬂe;for @arginals = 1067 CoDo: for combinations = ﬂa@47
» Table 61
‘Number of Temale flowers as influenced by continuous NPK fertlllzatlon
Year of observation = 1977

Ib P1 P2 Mean KO. ET‘ : Kz‘ ,K;® K{ ‘Kz Mean
’ N@ 8a15 Zoto.oo 15087 14987 3@04 160387 240711 PO 5023 29,78 53 085 2209[
NT 26442 62:0 84 43635 44\20 3662 52,97 . T76.01 'P1 2042 80,12 83,61 55 6.3¢
NZ 3,5 @ 69 83(0-32 89'0:58 68586 E 2. 94— 87 .10 1 16',‘@55 Pz 1.&96 4—7’@04 990:82 49 06(
Mean = 2095  55.39 49,60 3020 52,31 T2443 Mean H20 52,31 T2.43 oo

--au-—-m——mm———_-—nm—m-m-m—m-mmm—m---a—.u

CoDa; for marginals. = 6034 CoDe for cqmbinétions = 10,98



Tablé"62

Number: of female flowers as 1niluenced by continuous NPK fertilization
' Year of observation -~ 1978

No 206710 27.71 22240  23.61  5.33 29,97 35.69 Py 7.68  37.66 41.94 29,10
N1 23,61 50.67 53.60 45,98 2,00 57.83 78410 P1 2483 8083 T2.T70  52.14-
Ny 42.97 68,04 79.07 63.36  4.07 8,21 100,80 P, 0.89 5433 99.92 51.71

2
Mean 29;0}10_ 52a14- 51 071 tole! 3 0 80 57061 71 054- Mean 3080 57 -61 71 0-54- L
C'eDe. for ﬁarginais - 11@24' ‘_ | CeDo: for combinations - 19,27
Table 63

Number of female flowers as influenced by continuous NPK. fertilization
Year of obsgervationi= 1979

-m-w-——-—-———————-——————-——m——-————a——————-——--—-q———n-.—-———-.-:-u—-.—-———--—————-————-‘-———————--——-——————N

M, 22,08 22406 18.44 20086 3,78  24+61 34418 Py 8422 - 6103 57.63 42429
Ny 40441 90472 65,00 65:38 474 85090 105.40 P, 2,82 114,02 110,20  75.70
W, 64:38 114032 93482 90484  4.68 126,60 146,20 P. 2,17 62407 113.02  59.09

2

Mean 4—2_.‘.:29 75 0-70~ 59?;09 ;Lg'yo"' 4 040 79.04 93 . 64— Mean 4- 054-0 79'004 93 ° 641' o8
d;D@for marginals « 12423 _ G;Dm for combinations - 2118



FIG:4 RESPONSE OF N,P AND K ON THE NUMBER OF

NUMBER OF FEMALE FLOWERS
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the period from 1972 o 1979 are presented in Tables from

56 to 63. From: the data 1t is revealed that the main effeots

of Ny, P and K were slgnltlcant throughout the perlod of s*udy.
As ‘the fertlllzers_levels were 1ncreased “the number of

female flowers proddced Were also lncreased. It is found that
the maln effoct of Niand K was llnear, whereas the effect ol

P was linear only dur 1ng the flrst two years and subsequently

Ylﬁ behaved in a quadratlc fashlon.

Among the 1ntera0ulon effects, NK, PX interactions: were
SLgnlrlcant for all. the years and the treatment comblnatlon
: N P1K2 proauced the/maxlmum number - of female llOWGrS in. almost'
all the years. Palms that recelved no potash produced no
flowers durlng 1972, and durlng the subsequent years -the.
productlon of female flowers was very'poor as compared o

'Ouher treatmenu comblnatlons.

4.Tq5 Setting peroentage

The percentage settwng of nuts to total number of female
flowers produoed was computed for each palm annually from »
‘f1974 to- 1979. The data were analysed effectlng angular

tran31ormatlon and presented ln Tables Irom 64 to 69. -

_ The main effect of N was ound to 1ncrease the setting )
of nuts in 1974, 1975, 1977 and 1979.' The main effect of P wass
significent in 1974, 1975 and 1979 while the main effect of K



. Table: 64
Settlng percentage as influenced by continuous NPX. fertilization

(after angular transfermation)
Year of observatiom - 1974

PO P1 P2 Mean KO K1 K2 KO K1 K2 Mean
Ng 3-88 15.45 12.84 © 10406 . 3,85 13.37 12.93 By 1,40 14,04 942  8.28
N1 10711 22.4—6 14,92 14.83 4440 19 046 0166 P1 Te33 25.90 25\098 1 9_074-
N2 130’86 25089 22,38 1984 4.3% 23678 31 o4 :Pz 383 1 6095 29% 66 1 6071
Mean 80"28 19;. 74 1 6@71! » o;oi 4-.1 8 1 80,86 21 o-'649 Mean 430;1 8 1 803,86 21[069 X}
GeDoi for margi nals i 5 10 - CoDo. for combinations =~ 8,83
4 Table 65
setting percentage as influenced by continuous: NPK fertilizatiom
(after angular transformation}
Year of observation -~ 1975 _
PO P1 P2 Mean KO K1 K2 KO K1 K2 Mean
N6 9669 14441 8.53 10.88 4008 14477 1180 PO 4,08 1915 1%, 67 1250
Ny MMWidT 21487 150,45 18,26 4,39 21.81 22.54 Py Te59 25081 24,10 19.19
N2 16433 2128 22,03 19,88 4.60 25469 ‘29.34 P2 1440 16670 2790 15.34
Mean 12,50 194119 15034' ool 4,36 2070 21.89 Mean 4.36 20677 2189 olo
C.D@ for marglnals - 4,04 CoDe. for combinationg =~ 6,10 T o



Table: 66 -

Settlng percentage as influenced by continuous NPK fertlllzatlon
(after angular transformation)
Year of observation -« 1976

No 21370 17079 12062 17036 7.82 20}054— 20094 : PO 60-29 260319 29%060 19 036
N1 17 061 22.62 15.71 18098 403 24-04-3 28012 21 ' 100‘3)1 25546 25'053) 20 050 _

N, 18T 2109 21,51 20446 5.78 26.55 29,07 P2 140 1947 30,00 16,96
Mean 1 9103 6 20‘050 1 6fo',9 ) ‘olo) 5 <99 23 0-77 27 9704- Mean 5 0.99 23077 27vo»04 P ’
GoDe: for marginals ~ 5.54 ‘  G.Du for combinationg = 9459
Table 67
Sattlng percentage as influenced by continuous NPK fertilizatiom

(after angular transformation)

‘Year of observatiaon = 1977 —

30 P1 P2 Mean | K@' Kﬁ K2 KO K1 K2 Mean

No 2117 1290 13+95 15.94 9622 21.1% 17.48 PO 14,71 26648 21,64  20.95
Niv »20&99 28695 22.79 24424 19464 26,90 27,63 P1 18404 25,93 231461 2234
NZ» 20066 25418 24436 23%.29 13,31 26.60 29.96 P 8682 21.94 29682 20,19
Mean 20495 2234 20419 oo 13686 24.59 25.02 Mean 13.86 24.59 25.02 oe

Code. for marginals =~ 5,47 G.De for combinations 9.48



Table 68

Settlng percentage as influenced by continuous NPK fertilizatiom
(after angular transformation)
Year of observation =~ 1978

--m—qﬂ-m——.—s-———-—-—-c-u—-—--————u-———-——-—-——---u--:-—-——-——-——--——.u-——-n—a-—————u--————-——-———-—-—--——--mnn

Ny 20658 15,39 18.79  18.25 10,50 21427 22.99 By 16,51 22.81 20656 1996
N1 14—072 22044‘ 17‘0'19 180'11 5963 25005 23 069 P,] 5039 25012 26‘071 19004
N,  24.59 19.28 206,08 22.32 11,67 26,57 28,72 P, 5.88 25.04 28,13 19.68

Mean 19:96 19604 19.68 'qﬂ » 9426 24.29 25.1% Mean 9626, 24,29 25,13, oo
Cobe. for marginalsg « 4,00 . ‘ CeDe for combinations « 6493
Table 69
Settlng percentage. as influenced by oontlnuous NPK fertlllzatlon
(after angular transformation)
Year of observatlon = 1979
Pg P1 P2 Mean Kq K1_ K2 Kq K1 K2 Mean

17 3ﬂ$ﬂ9 25645 15.87 24, 37 9065 27.51 35.96 Py 24,75 36415 37.05 - 32 .65
Ny 2938 .35.76 25.72 30627 18464  34.73 37449 Py 14033 3735 40.65  30.77

No 36077 31409 2447 32,11 16,99 38,72  40.67 Py 66021 20.46 36,39 23,35
Mean 32o64 %077 2335 ol 15 09 33065 38602 Mean 15.09 33465 38,02 ..
CoD.: for marginals «.5.46 GoDe for combinations = 9%25 --------
. , -



96

was significant throughout the period under study. An
apparent increase in setting percentage was observed in all

years for nitrogen though not significant during 1976 and 1978.

HNo significant diff%rencgs in setting percehtage were
noted at Nﬁ level over No-levei in every alternate years of
observatidnse No remarkable increase in setting percentage: ‘
was evinced at'N1 and Né levels of nitrogen, but the responge
was significant £0 N2 in all the years over ﬁhe zero level of
nitrogen.»\A quadratic Tesponse to P was observed in all yearsg
of study. In jears where gignificant effect to‘P was noted,
1t was restricted between zero and P1 level of P only

(225 g P per tree per year) .

A pronounced incresse in setting percentage was observed
at K, level over zero 1evellof K. But the rate of increase
in setting'percentagé was cdmparatiVely 1es§when the level
of X was raised from K1 to.K2 ie from 450 g per tree per year

$o 900 g.per tree per year.
Iriteraction effects were not significgnt.

Ao1e6 Yield of nuts - |

The average annual yield of coconuts per tree for eaéh
treatment was analysed statistically for seven yearg :from
1976 +to 1982 and the mean. yields are. presented in Tables from

70 to 76,



Table 70

Annual yield of nuts per palm due bo continuous NPK fertilization
Year of observation = 1976

. T S S s PP CTR a ACR D o S I A D G RS SCH T OIS Gl G omp JaGh

T G e > B et ) e e P iy D e I S SIR3 SR D A BEND H e s GU (D S ) S WS SD G ) Vel N St R SR S (e W ) NS S e D PO WD D U S M O

| Py P1 PZ Mean Kb K1 K2 KO K1 K2 Mean
‘ mb 6650 18@00 12.83 12.47 01T 18,050 18.67 Py Ob67 29%17 26433 18472
: N1 41T TTe67 ATedT 46433 0400 41467 97433 P1 2.50 83,83 88,50 58,28
N2 35 50 79.1 7 72083 62050 3 000 83{.53,/ 10141 7 ' P2 Ol‘ooo 50%0‘50 102 33 44,28
Mean 18472 58028 44.28 1006 47483  72.39 Mean 1406 47483 T2.39 .o
CeDal for'marginals - 18491 R Do for combilnationg = 32.75
Table T1
Annual yield of nuts per palm due to continuoug NPK. fertili zatiom
Year of observation'T7
"""f n T R 5 0 e o -~ ""fﬂ=----.
Pb P1A PZ' Mean Kb K1 K2 K0 K1 K2 Mean
N% 15.17 31 .83 23650 23450 6si16 26417 38617 PO 6483 5733 - 47e3% 37,
N1 39'6767 101,00 79‘050 73.«39 2083 92 ’ 17 125017 P1 2083 111 017 140"03.3 . 84-0
'N2 56467 121.50 127450 10189  3.50 126650 17567 P2' 2083 76033 151.33 76
Mean 3717 84.78 76483 ofe! 4417 81.61 113.00 Mean 4,17 8161 113,00 oe

CeDe. for marginals = 25,60

CeDe for combinations = 44 .33



Annuall yield of nute per palm due te continuous NPK fertilizatiom:

Table T2

Year of observatlon - 1978
PO P1 P2 Mean KO K1 K2 KO K1. K2 Mean
Nb 18600 35067 28633 27 33 34.66 %663% 42,400 PO 5017 50017 55.3% 36489
W, 2967 117.00 70400 72422 133 8883 126,50 P, 3.67 121,00 130417  84.94
N2 0300 102,17 117.35 94ie15 583 124617 152.50 P2 2.00 78617 135.50 7189
Mean 36@89 84@94 T1.89 * 0 3.61 8%e.11 107000‘ Mean 3,61 83@11 107,00 o
G.D@»for‘marginals - 23412 Cole. for combinations = 40,05
Table 7% .
Annual yleld of nuts per palm due to continuous NPK feftllizatlonﬂ
Lear of observation - 1979
PO' P1‘ P2' Mean KO K1 K2 KO K1 K2 Mean
Nb 24..50 31667 . 22467 | 26@28 384 5433 40 .67 PO T7..00 85617 81,83 58,00
N1 48483 156467 64.,00 89 .83 2:17 11185 155450 EH 2435 156,00 206.00 121.44
' N2 100667 176.00 152.33% 143,00 3483 17750 24767 P2 050 82.50 156,00 79 .67
E’Tean 58.00 121 044- 79067 0;0 3'11 28 107089 ‘ 14-7 094 D‘(Lean 30*28 10710 89 14‘7094 8 e

<20 o S v P e e e s e O D ) i 2 e kD (R D Ak e S S S0 B8 T S S = o e D e e i D £ e £ e Gl R IO < R S i $ e a7 e o ) S o 5 B 20 S 3 9 e D St S0 e 2 e e S 30 e S o 2 0 B S i G D e e D e e B e

+ for marginals- 22,32

CeDo. for combinationg = 38,66



Table T4

S gy b A ) 2y o) D SR S ey S Gz

1 65'9 83

CoDe: for marglnals v 28413

CeDs for combinationsg 48;72

TS D e G G K1 S 57 S (s el ) TREp G A TR G ety T Sy VD M MG

ot Bd e G Duc) e Q) A e Yo iy

38,50 62.08 "

Annual yield of nuts per'palm dne to continuous NPK fertilization
Year of obgervation - 1980
P P1 P2 ﬁean Kq K1 K2 KO .K1. '
Nb %267 306 83 23050 29,00 5¢3% 571 T ﬂ4o50 ‘PO 14,00 B4te3% ,
N1, 53k55g'1iﬁh17 811,00 8950 © 5.17 11%.50 ‘149w833 P1 5%3% 150w33 151.33 101.67
N, 100483 140.00 143.83 128,22 ° 7,33 17300 ' 204,33 P,  0w50 89,00 158.85  82.78
Mean 62,28 101,67 8278 oo 594 101.89 132,89 Mean 5,94 107*89 132.89 oo
T CeDo. for marglnalb ~ 1746 CeDo. for combinations ~ 30,23
Table 75:
Annueal yield of nuts per palm due to ConuanOMS NPK fertilization:
- ' Year of observation - 1981 .
Pq Py Py Mean K Ky K KO. Ky 'KZ Mean
N5 59500 64433 62400 61478  25.00 65417 9517 By 25000 125.8% 152.67 101417
N1 8733 140683 87,50 105,22 T+00 13950 16617 31’ 23067 161650 17733 120.83
NZ. 157a17. 15733 145,50 153,33 22,67 20417 233417 P2 _ 6,00 12150 16750 98433
Mean 101.17 120.8% 98,33 ool 18:72 136,28 Mean 18472 136,28 165,85 oie



Annual yield of nuts per palm d

Ny 9833 199.17 115.17  137.56 -

N, 172617 196.00 184.50 184022
Mean 12%.78 15%.44. 1%1.67 oo

Table 76

10717

179.67

251450
179.44

ue to continuous NPK fertilization.
Year of.observation - 1982

115.17 By 41467 185.67
213.67 P, 20,67 206,03

283,67 B, 13.50 166453
204,17 Mean 25.28 1'791944‘4"

164,00 123,78
2331033 153 44
215417 131.67
204417 ou

P O GR3 T CCB S WD ) Gt €240 Sy o ST W) ) MAD ey KD T3 W 5 el SRS KD S s i S0, e e S GRER ey Yo ey e 2 S — 2 ) S ey s e WS S S A Y S 220 T O ) e SR SR D RS T3 ) D TS RS S S e SO D S 3 S S S et i S S . ey 0 S i G G o ) b YD S 2 S

CeDe; for marginals = 15.73

CeBle for combinations -

00T
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A positive response to nitrogen was observed during all

the years under study from 1976 to 1982, During 1976 the

yield of
dose was
per tree
(650 g N
increase
wa.s only

coconuts

with the

and from.

coconut increased‘272»per cent when. the fertilizer
inéreased from theAzéro level to N1 level (340 g ¥

per year), while the incfease for the W, level

ﬁer tree per year) was 402 per cent. " But the yield
be tween the»highe: doses of nitrogen ie. N1 aﬁd N2‘i
35 per cent. The rates of'ihcréase in yield of
during the consequtivexperiqd from 1976 to 1982,
incremental dogses of nitrogen from.Nb to Wy, Wy to N,

Iy to N2 are tabulatéd below in percenfage$a’

Table 77

Range in levels of nitrogen and percentage increase

in yield of coconuts

o e Bt W e € e &0 S Em ] oo e e o £ ey T D €3 e e ey @y c oD

Year N to Wy W %o-N2 W, to T,
1976 272 | 402 35
1977 212 334 . 39
1978 164 s 50
1979 242 444 . - 59
1980 209 . 342, 43
1981 70 148 | 46
1982

58 111 . 34
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A spectacular decline in +thée rate of increase in yield
of nuts was noticed from N, to. Iy Tevel and Ny ’bo.N2 levels

during the years from 1981 to 1982.

The main effect of P ﬁas signiiicant in all the years
except for f981, iThough'the response of P was significant
between Py and Pi‘ﬁeVel it was detected to be guadratic in
nature. P2 levei wag found to be Qh par with PO lgvel during

1979 and 1982.

A marked respdnée of K towards yield was recorded in all
years from 1976 to 1982. The percentage increase in yieid‘bf
nuts from 1976 To 1982 ffom Ko to Ky ( 450 g K ber tree per
year) K, to K2_(900;ngfpér tree per year) and K, %o K, levels

of X fertilizatioh are presented in Table 78.

. Table” T8

Range in levels of X and percentage increase
in yield of coconut

Year Ky to K, Ky o X, | Ky to K,
1976 4412 6729 51

1977 1857 2610 38

1978 2202 2864 29

1979 %189 4440 37

1980 1716 2137 2%
4981 648 810 22

w82 610 708 14

A
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"As:in <the case of nitrogen, & remarkable decline in the
rate of increase for K also was noticed for the years 1981 .

‘and 1982.

Among uhe interactlions, NE and EK lnteractlons were:
s1gn1flcant for all the years under - stuoye But NP 1nueractign
was found significant in 1979,31980 and 1982‘0n1y; The inter=
acﬁion effect of P with Nfat-%hefﬂighest level (NZ) gave a
linear response while it was quadrétic with ¥ at lower levels
viz. Ny and . NK interaction produced a linear effect on
yield. ,A gimilar responsé was noted_faﬁ PK interaction alsoi
The NPK interaction was defected from 1979 onwards only, '

Cumulative- yield of nuts obtained per palm for the

period from 1976 to 1982 is presengea in Table 79°

From the data it is revealed that the main effects of N,
P and K and the interactiong of NK an& PK were significant |
while %he np in‘ceractibnwés‘inconsistent° The most striking
of the results is fhat the palms not supplied with K at all
gave: only a bear minimﬁm‘yield.of'7e75 nuts (NZPZKO} though
they were. supplied with‘the:highest»levelﬁ of N:and P
vig. 680 g N&apd 450 g P per tree per year and that the palms:
which received the highest level of K vize 900 g K per tree
per'year gave.the maximum yilield of 405 nuts in seve? yéarsr

(N

P 2) The second highest yield of 391 nuts was also



Table 79

© Gumulative yield of nuts per palm over r@pllcaulOHSJ
(1976 ~1982 )

Sl, Trea t— Yield 3Sl. Treat- Yield
Wo.. ment Noe. « ment

1 000 - 39.38 15 112 391.88
2 001 53475 16 120 1.88
3 002 47,63 17 121 120,12
4 010 . 1375 18 . 122 308,25
5 o1t 141.25 © 19 - 200 21.25
6 ot2 52,88 20 . 201 232450
7 020 9.25 21 L 202 260,75
8 021 , 50612 22 210. . 18.75
9 022 146,00 . 23 211 320,12
10 :100 14.6% 24 292 405.00
11 101  152.88 25 220 7.75 .
12 102 104,75 26 22 31475
13 110 11.75 - 27 222 384,12

14 111 294.45

S T 0 0 £ 72 5 ) s 0 it e 0 O 5t s 7 e 5 A A ) v ) e A S R ) . £ 8 P 5 G o



Cumulative yield of nuts ver palm over replicationsa

Table « 79 &

(1976 - 1982 )

Ny 62479 69.29 68446  66.85 20.79 81,71 98.84 Py  25.08 146437 153.58 108.35

Ny 90.75 252.69 143.42  155.62  9.42 169415 268.29 B,  14.75 251.88 262.25 183.51

N, 171,50 247.96 235.54 218.39 15,92 289.1% 349.96 P, 6029 16167 279,46 149.14
108435 183,31 .o 15438 186,66 238,76 Mean 15.38 186.66 238,76 .o

Mean

149.14

CoDe for marginals:

CeDe for cambinations.

- 65,63

ob0T |
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.obfained from the treatment combination having the highest
level of X (N%P1K2)o The eumulativé yield data also showed
that the yield was inereasing in a linear faghion for applied
N and K. The yleld of nuts for zero level of nitrogen and the
highest level of nitrogen were Ge-85 and 218%nuts'respéctively
while that for zero level of potash and the highest level of
potash wWere 15.38 and 238,76 nuts respectively. The response
was quadratic for higher levels of P. The interaction effect

of NK and PK Were significant while that of NP was not.

4.1.6 (i). Response surface from NPK fertilization

The response surfaces were fitted to annual yield data
with respect to applied N, P and K from 1976 to 1982. The .

fitted responses are presented in Table 80,

The partial linear regression (b1 and bg) of yield on N
and K were significant throughout the period of gtudy. The
linear regression (bz) of yiéld on P was significant during the
early peridds‘of study. The qaédratic coefricients of N wére
- not gignificant all.through the periods of study while that

of T and X were significante.

The interaction of W with P is described by the partial
regression coefficienf b12; Which'was not significant except
for 1980. The coefficients of b13 and'b23 explained significant

2

interactions between N and K3 and P and K. The R® values

showed that the fitted surfaces explain the data satisfactorily.



: Table 80 +
Regression of yield of coconuts as affected by NPK’ fertilizatiom
(value of regression coefficients along with their.standard error)

- o e o i e S Sy G SO 5T S G W D BN G W D bt (D SO OFE) G B KD CHER D NG A h Gy A S $h3 M M ED S D M) KD &3 W G (O Sy G (e ket € R 3 GRSl 353 ) ) O3 D ) 06D T St S S GRS £23 S ORS00

Regressgion
coefficl antsas

I T €120 A S D ORI O S D KB G CRESD Fowd . W

&
% gignificant at 5% level

1976 1977 1978
71459 107.26"%  109.28""
(9.34) .. (10.84) == (12.04)
25,03 _—39349-; 33,42%,
. o %
12,78 19,83 14,72
35, 67 54.40%%  18,92%%
( 4.56) (6:17)  (5.87)
~8:86 =10, 69 —5092
~26,78%* ~27.78° 33,35
-116711 =23 ,0%3%% <30 ,58 %%
(7.89) (10.68)‘ (9?65)
7675* 15@63 11000
19,92M*' 35.04° 27,08 *x
2038 " 57.,00°% 16,67
(5.58) - (7.76) - (6..83)
0055 0080 0071‘

146,807
(11.62) -

580 64-%%
11011

2,067
(5.38)

“5'47

—52w89*f“
~32.56 AF

(9.32)11
12,96

%
52.17

. 2058

(6.59) -

49,36

134,35
(9%09%'

10.58%

63.61 *¥
(4.21)

“11.31
-29,31"
=3 T o T2%H
(7. 29) .
1%, 42%
39,46

*

21°17.%%
(5.05) - -

0991“

14055)

P W9

15.78 ©*

- 1042
73,817
(6&78)
2,38

“21@08'

=44 25%%

(11.74) .
‘3067
35,08

8646,
(8.30)

.0077,

%% Significant at 1% level

o Pitted regression are in terms of_X1;"XZ, X3 where

VX1 B

‘e

______ y %

_ P-225

oty €58 v

450

Xy = caccemme

e - S o S A GRS D ) S S S Cn Gy $53 p  CED G C) R T Goe A M Sk GO e FEGh ST QN RS R AR R (S W S T GRCE R p G S S S S EE

= 6447725
(6.56)
4,46

LW

47.50

H¥ .
1983
(4@64>'

The figures in the parenthesis are standard errors of regression coefficients
J(.




3.2. Nut characteristigsar

4.2.1 VWeight of unhusked nut
The data on'mean weight of unhﬁske&'nuté are presented’in
‘Table .81. The results of analysls revealed that the: weig &ht ‘of
unhusked nat was 31gn111cently lnfluenced.by‘m and K appllca-

tion; but‘the effects were quadratlc ln nature. The avefage o

effect of P was not significant and was found %o decrease -the

weight, o

7

4.2,2 Weight of huskeﬁ’ndt-

, The data on average welght of husked nuts are presented
in Table 82, - It'was found that thexmnn effects of N and K
were signifiCdnt,,whlle-P was not. ' The’ average effect of P~
was found to be negative. ‘The'reepphse with regard to N{and>
K waSiqﬁadratice. The maximuﬁ weight'of hueked>nut was recorded
for P,K, combination folilowed by N1k1 and WK

Lo ot

Ae2e3 Thickness of meat ;

The ‘data on average thickness of meat were analysed and

the mean valuee are presenfed in Table 83.

nhlckness of meat was found to be slgnlflc@ntly 1nf1uenced
by K. appllcatlon. The response 0 N and i was quadratlc._ Ff

.exhlblted alnegatlve effeet.- The PK and NPK interactions were

i
»”

found significante -



Table 81
Welght of unhusked nut due to-centinuous NPK fertilizatiom (kg)
Year of sampling = 1982 '

PO P1 Pz Mean KO KT K2 Ko K1 Ké Mean
NO 1008 0087 0094 0096 0019 10332 1-57 PO 0079 1034— 1012 1@08
N1 1.35 T.14 1.08 1.19 0.81 137 1.38 P1 037 1035 138 1,03
N2 0.85% 1.09 1.85 0.92 0e%4 1.32 111 PZ 020 1632 1.39 0.96
Mean 1.08 1.03 0.96 .o 0645  1.34 024 Mean O0.45 1.34  1.24 e
G.0e for marginals = 0.19 : o CsDo forlcombinations - 0&32
Table 82
Weight of husked nut due to continuous NPK fertilization (g)
Year of sampllng - 1982
Po P1 P2 Mean KO K1 K2 KO K1 K2 Mean
NO 442 399 383 407 79 574 570 PO 316 577 475 456
N1 567 4.86 481 511 %10 611 612 P1 157 571 617 448
N2 360 462 352 391 165 535 474 P2 &0 571 565 405
Mean 4—56 448 405 e 184 5% 552 Mean 184 573 552 »o
CeDe for marginals = 85 CebDo for cbmbinations - 147



Table

Thickness of meat due to continuous NPK fertilization. (cm)

Year of sampling -

n———-‘-——————-—._—————-——._——._———————---—-——-o-——-.—o——-—-———————————-————-—-———-—————-——-————-——-————-———-——-_-.——_—
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83
1982

Kﬂ K2 KO K1 : X Mean
«27  1.30 By 0.71  1.25 1.06  1.01
«+ 25 1.32 P1 040 124 135 1.00
022 1011 PZ 0022 1026 10 5 0094
025 1025 Mean 004-4- 1.25 1025 XS

CeBe for marginals = 0.99

. ’ Tdble

_ Welght of meat due to contin

Year of samplin
PO P1 P2 Mean KO
Nb 328 289 285 301 52
N1 421 362 354 379 225
Nz 266 337 257 289 123
Mean 338 329 299 .o 135

~-~-——“—————————-——o————-——-a—--—-———————m—-.--.—l—

CeDle for marginalg - 66

84

uoug NPK fertilization (g)

g - 1982

K1 K2 Kb K1, ﬁz

—:--—-———---.——.-—.-.-——--—_—-—-——-————-.———-.——-——:

C.D. for combinations -~ 0.33



4.2 Weight of meat in nutss
The "data on average_weight of meat per nurlwere ahalysed

and the mean values are .presented in Table &4.

Main effects of N-and K were significant, while that of P
was not eigndficant. The‘interection effects of PK and NEK‘Werer4
algo found to be significeht. Thedresponse«of N. towards Weigbt
of meat was guadratic. 'The»weight of meat increased from 30d'ge\”
at zero level to 379 g at-N1 level (340 g N per tree per year)

whlch decreased to 287 g when the dose of nitrogen was 1ncreased

to.NQ_level (680 g N per tree per year)w

A marked 1ncrease in welght of meat was . observed at K1 :
level (450 g K per tree Der year) as compared to zero 1evell
of K. However, a marglnaT decrease in the welght of meat was:
- observed whec thenlevel,OL_K was-lncreased from.K1 $o K2
(900 g X per tree per-year).

The average effect of P weslno% only significanf; but
was negative. However, P in combination with N and K

contributed o increasedQWeight of}ﬁeat,

4e2¢5. Welght of copra.

he data on welﬂht of copra are presented in Table 85..
I+t was found that the main effec~s of N‘and K and 1nteractlon

 effeets of PK and NPK had significant influence on weight of

~



Table 85

Welght of copra due to continuous NPK fertiligzation (g)
- Year of sampling - 1982

-u---s————————-—--—-——-————c—————a‘———-—————-———.——-—-———-—--——--n—————-—————-—.———.—.—-.—--a-s—-—l-

£y P, P, Mean Ky X, K K K4 K, Mean
N 125 110 91 108 21 155 150 By 81 166 132 106
Ny 159 132 136 142 8 70 177 B, 48 151 166 {22
I, 95 125 100 106 50 137 133 B, 21 145 162 109
Mean 126  122- 109 . ., 50 154 153 Mean 50 154 153 ..

-—-—--—_——_-——-——-u—-.—-——-.——---:————aq-—-n————-—-————.————s—.-————-———-—— T D S 0 T 20 A e A =3 2 T e G e e v et e St ot vt Sams Sy

GeDo for marginals - 21 CeD. for ' combinations - 38

1T



copra. The effect of N was found o be quadnétic, With zero

- level of N. the weight of copra was 109 g which waé increased

%o 143 g at N1 Iével and then decreéseﬂ tb'107 g at N2 ievei;
Thoggh the effect of K was significan®, no marked difference

in weight of copra was noted bﬂtween-Ki énd'KZ léveis. The
Wblght of copra lncreased from 51 to 155 g from zero level %o

Kd level of K. The maxlmum welght of copra was recorded for

¥ K comblnatloﬂo The main effect of P was found to be negatlve,

272
fthough not “lgnlflCdnta

 ,402e6r Thickness of shell

. L :
The data on mean thickness of shell are presented in

Table 86.

From the data it is revealed that the thickness of shell
was étatistiéally‘significanﬁ for Niahd X levels of fertili~j
ation, The pombined effect of N and Ky and P and K were alsb
found cignificanf.: The élfferenoes in tbe thlckness of shell
‘at the various levels of N were slganlcant and quadratic.
But for X the dllﬁerences were marginal at K1 ‘and K2 levels,

though the response was gquadratic. /

4.2.7 Weight of shell

Average weight of shell was analysed and the mean values:

are presented in Table 87.



Table 86

Thickness of shell due to continuous NPK fertilization (cm)
Year of sampling - 1982

T SR D Sy S s O e st B it B S e T €20 e - o

Ny 0125 Ofei24 07123 . 024 0402 0434 0436 PO 019 0637 04319 0429
N1 _ 0'039 07.30 00‘31 OI33 - 01'023 0038 0039 P.z 02'0.09 0033 0437 0026
N, 0423 0.24 0e24 0024 007  04B6 0,28 P, 0405 038 0435 0.26
Mean 04129 0.026 026 ole’ Ol 0436  0.34 Mean OWMA 0,36 0634 oe
Collei for marginals « 0,04 : CeDei for combinations 0107
Table 87 °

Weight of shell due to continuousg NPK.f@rtilizétionz(g)
Year of sampling = 1982 ' ,

£y P1 \PZ Mean KQ . K,q‘ K2 : K@ K‘i K2 ?\&ean
fo  TMB 0T 97 406 20 148 150 By 80 132 115 |
Ny 146 123 126 132 84 154 157 By 44 148 164
N, 93 125 94 104 42 146 123 B, 22 149 147
Mean 117 149 106 ool 49 149 - 143 Mean 49 149 143

oy ——-—n—-——-n—-——-u-——-——--———-——_—————— e s B G A o2 et e D

CeDo: for marginals =~ 49.0 CeDe for combinations - %4.0
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The: main effects of Wiand K were found significant. The
: welght of shell for Zero level of NTwas 106 g which increased

to 132 g for N1, but decreased to 104 g for T Though +the :

2°
regponse to X was slgnlflcant w1tn the initial level of 450 g 5
KZO per tree per year, no slgnlflcanu difference 1n weight wass
noted between K and-K2 levels., HOWever,.P exhlblted no

regponse to weight of shell.

4.2.8 0Ll content

The data analysed for percentage of oil content as

influenced by the verlous tfeatments are presented in Table 88.

From the data it was revealed that the main effect of
I and K. had significantlv influenced the oili content in the -
nutss The responee of N was however lound to be quadratlc ‘
in nature, w1th the applled dose of 340 g N per tree per year
the percenﬁage of oil lnereased by‘24 per cent but when the i
level of applied N was ralsed‘tp/689.g N per tree per year theA[
oil content wés found to‘be depfessed 5& 20 per cent and was;

on per with zero: level of pltrogen to the palms.

The effect of P was found “to be negatlve. The oil per= -
centdge decreased wlth incremental doses of applied P. The
regponse of K was consplcuously SLgnlflcant at al% levels
of K ”‘r1 ed in -the exmerlmen-b. The percentage o:.l content

in the: nuts increased from 21.87 to~56.91 and %o 58,16

t
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N

with the applied dosés of 450 g K and 900 g K‘per tree per
year respectively over zero level of ‘potash. The percentage
increage wag computed +to be'160 and f65 for K1 and K, levels ;
over K, level. However, the lncrease in o0il. content due to
K, level of applied K viz.. 900 g K. per tree per year over the
K, level of applied K (450 g K‘per'tpeé éer'yeazﬁ wag only
marginal and Was on parT. The'oil.eontent wag found to be of
the highest order vig. €7 per cent for the treatment |

combination N,P.K

4F1Kpe 5 |
44239 Weight of i‘ibie.,: S - | ’

The weight of flbre obtained from the husks retted for
SLx months Was recorded in October 1983 and presented in Table
89. It was revealed that the welght of fibre was slgnlflcantly
influenced by K fertllizatlon Whlle the Tesponse to N and P
‘wag: not significante. The interactlon effect of K with N and'
P also influenced the, Weight of fibré. The effect of nitiogeh
on fibre Welght was on the increase upto NT (340 g W per tree
per, year) level only and with the 1ncrease in dose 1o I N,
(680 g N per tree per year), the weight was decreased. A
negative response to P was also observed. The effect of K was
found to be llnear. The percentage increase in Welght of
fibre from KO to K1, Ko to K and K, ‘to K levels were 144,
156 and 155 I'espectlvelyo HOWever, the dl.:.f srence between

'\K.\
K1 and K2 was not appreciable, '



N
Table 88

0il content due to continuous NPK fertilization
(percentage)’ _ - i
Year of gampling - 1982 : ' ,

0 'P1 P2 Mean | Kq K1 K2 ‘4{0 K1 KZ» VMean
Ny 40.87 39.63 38.25  42.24  9.85  55.27 61.65 By 38.38  54.55 50447  47.79
N, 56,55 51.90 49,20 52,54 38,53 58,60 €0.50 Py 17.57 59410  63.50  46.59
N, 37.98 48,25 48.87 42,15 17.25 56.87 5233 P,  9.67 57.10  €0.90 " 42.56

Meal@ 47079 . 4—69 59 42»56 X l 21 087 56n91 5801 6 ) 'Mea.n 21 o87 56a91 5801 6 .

u—m_umu_—a—m————u————-—---——--——————--———-—-———_——.——_-n_.——-.......-——-———————-———-—-—_-—-n——-a_--—-——-————._——_.—.———_——————m

C.D. for marginals = 9.62 o ' ' ~ ¢.D. for combinations = 16.66
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Table 89

' ‘Welght of fibre due to continuous NPK fertlllzatlon (g)
: Year of sampllng - 1982 '

ﬁ””—n—wm—m———————-——-——u—l—m—-.mmmn--"‘————--:s————u———-——-mw———————m—-‘——_muyu‘-ﬂ-——-ﬂ—-::——mw-—a——-ﬂ-—-wu————nmm——m“

PO P1 P2 Mean KO K1 K2 KO K1 KZ Mean
Nb 235 185 233 217 51 287 314 PO 188 273 3501 254
N, 299 237 2%3 256 207 289 275 P, 106 287 275 222
N, 228 246 184 219 a7 269 500 P, 52 286 312 216
Mean 254 222 216 .o 115 282 296 Mean 115 282 296 .
¢.D. for merginals - 4% 5?5? ---------------------------------- )

for comblnatlonn - 75 -
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4.3, Toldar analysis.

Leaf samples for foliar analysis were collected during

1982.

4.3 Nitrogen
The leaf samples were analysed for their content = :

of N-and the results are presented in Table 90,

From the data presented in Table,, it ig found that the
main effects of N and X were significant while the effect of

P was not significant in increasing the leaf nitrogen.

An increase in the app]icafion of nitrogen resulted im an
increase in foliar nitrogen. At zero level of niﬁrogen foliar
N was 1;00 per cent which increased t0 1.10N at N, Tevel _
(340;g-nitrogen per tree per year) and to 1.20at N2 level.
(680 g nitrogen per tree per year). A guadratic response to

foliar nitrogen was noted at increased levels of K.

'

4.342 Phosphorus | -

The phosphorus contents as obtained from the analySls of

Lleaf SQmpTes are presented in Table 91,

Foliar phosphorus was not influenced by N, P or K
application oontinuously; At all the levels of VPK the
foliar P content was found $o be almost equal.

{



Table 90

Nitrogen content of leaf due to continuous NPX fertilization

(percentage)
Year of sampling = 1982
Py Py Py Mean Kq Ky K . Ky §1 K, Mean
Ny 100 1405 1.07 1004 1003 105 1.05. PO‘ 1300 110 1017 1§O9
Ng 1609 1617 1.03 1410 100 114 | 1.14 P1 1610 1619 1.17 115
N2 TodT 1024 1.28 1022 117 ~1.21 1..31 22 10110 1412 1@17 1.13.
Mean 1.099 Tel5 1,013; XY 107 1 015) 117 Mean 107 1013) 117 oie’
Cole. for marginals « 0.07 CeD.for combinations - Oji12 ’
Table 91
Phosphorus. content of leaf due to continuous NPK fertilization
(percentage)
Year of gampling - 1982
PO' P1 P2 Mean Kq K1 K2 KO K1 K2 Mean
NO Oi18  0L18  Owied 0019 0119 019 0419 Po OL18  0n20 0,18 0419
Nﬁ 020 0Wi20 020 0620 017 0621 = 0%20 P1 020 021 Ok19 0,20
N2 0w18 0.20 0821 0620 0,20 O 21 Oa17 P2 0e20 020 021 0420
Mean 019 0620 0420 ols 0e19 0421 0419 Mean 0419 0,21 Ohy9 oo

CeDe: for marglnals - 0,018

CoDe. for combinations - 0,031



44563 Potassium

Data on fhe K.content‘of'leaves are presented in Table.
92,

The X content of -leaf was enhanced by K application alone.,
and as such no significant increase was recorded for N and Pe
H0wever,_s1gnlflcant decrease in foliar X was observed at
higher doses of N, ~The effect of P on foliar K wés found to
be inconsistents.. But the foliar content of K was steadily
increased with the7incfeased levels of K application to +the
palms. At zero level of K, foliar X wa§,1@00per‘cent which -

was increased to 1.30at K, level and 1.60per cent at K, level,
4‘03 '4 ACaltciun;l

Results of analysis on the calciuim content of leaves

are furnished in Table 93,

From the data 1t is revealed that foliar Ca was not’
influenced by any one of the major nutrients tried in this
investigation. The ‘magnitude of foliar calcium percentagér
was almost similer at each level of N. or P, but at various.
levels of K a varied trend was observed.‘ At K1 level
foliar calcium was found to be more as compared to KO and K2

level., (Calcium content under KO and K2 levels: behaved

almdst in the same fashion;



! E ' Table 92
Potash content of leaf due %o continuous NPK fertlllzatlonp
{percentage)
Year of sampling - 1982
PO P1 PZ Mean KO K1 K2 KO K1 K2 Mean
Nb 1058 1‘55 1061 1058 1‘31 1960. 1.83 PO 0095 1043 1005 1033
N1 1647 130 1027 1435 . 0.96 1.22 1.66 P1 1.00 1.14 Te47 1.%34
N, 0495 1.16 1,08 1.06 0.79  1.02  1.40 = P, 1.11 1.28 1.58 132
Mean 133 1.34 1.32 oe 1.02 1.28 1.63 Mean 1.02 1.28 1.63 .o
G¢.D., for marginals = 0.227 _ GeDo. for combinationss - NS
' Table 93
Galcium: conuegf oE_lead_due fg contlnuous NPK fevtlllzatlon(percenuage) Y?f?-?i-§§93%§§§_:ulg§§ —
PO -P1 P2 Mean KO K1 Ké KO h1 K2 Mean
NO 061180 0.025 0.020 0075 0,027 0,18 0,019 By 0.019 0,180 0,019 00753
Wy 04020 04430 04045 0,028 04031 0.049 0.028 P, 0,037 04038 0.030 0,036
NZ 0,022 . 0,400 0,037 0.033 0,025 0,037 .0.037 PZ 0.027 0,045 0,033 0,035
lean 0,073 0,036 0.035 .o 0.028 0,089 0,028 Mean 0.028 0,089 0.028 = .o
GQD; for marginalg = ~N's G.De for cpmbinations S
bt
rd



Table 94

Magnesium content of leaf due to continuocus NPK fertilization

(percentage)
Year of sampling =~ 1982
| NO ‘ 030,512 0[.'1 2 A 0101 2 001 2 0'014- 00’10 0013 PO 0‘0,1 3) O 0115,' 050111 001 2
N, 0611 0wil5  0w1F  Owl®  0edF Owl5 012 Py Oel4  OWll3 - 018 0013
N2 OWwl®. 0e1% Oeil4 013 0w12 0.15 Oe12 .P2 0Wwl1%d 0414 Os1% 0813
Mean 0612 0413 = 0413 e Oel¥ 0.13 0%12 Mean 0413 0413 Q12 o
| G.D. for marginals 0.017 GeDe. for combinations = 0.302
Table 95
dodium: content of leaf due to continuous NPK fertiligzation -
(percentage)
Year of sampling = 1982
A 0135 0a122 09115  O0.124 00129 Ou114  0.079 By 0192 047 0.082 04130
N, 04147  0e111 04167  0e141 0,170 0.135 0.189 Py 04133 0,193 0w109 0.145
N, 0140 04172 06128 00147 04117 0133 0119 B, 04151 0.132 0.126 0.136
Mean 04130  0.145 04136 00189 0e147 04105 Mean 04159 04147 0i105 o
CeDy: for marginals = 0,029 | CoDe. for combinations = 0k051 e
: ' ) ro
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4.3.5 Magnesium
Magnesium contents of the leaves as obtained in the

analysis are given in Table 94. .

The various treatments of NPK applied to the palms did
not showy any significant efzect on follar magnesium content
The magnltude of foliar Mg was almOSu the same in all

treatments,s
4.%3.6 Sodium

Data on godium cohtent of leaves as influenced by NPK

fertilization of the palms are presented in mable 95,

" From the déta‘it is revealed. that the application of N
and P- did hot influence the Na content of the leaf; but -
significant response was observed for foliar Na_ to.K
application.v The foliar Na decreased significantly at higher

~ levels of K while 1t was not significantly dlfferent at KO

and K1 levelso.

4437 Effect of continuous NPK fertilization on leaf
"nutrient concentrations- '

A quadratic :E‘u.nc‘blon of the form ¥ = a N +a E+

0" Y,

2 2 2
tay B 4 e M 4 ey, WR 4 2,50k + &y B was fitted

&yl
to describe the effect of NPK fertilization on leaf nutrient

‘concentrations. The partial regression coefficients in the

above multiple regression egquation with respect to leaf
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Regression:

coefficientss

1.17518%

e
O0.121111
| "O 0008533

0.078333"

=0,011111

~0.075514
=0,047221
‘04053333
-0.012500

0.018333

Table 96

BEffect of continuous NPK fertilization on leaf nufrient concentrations:
Year of gampling = ’

2

00211352

0.006361

“"O 00005 83

 =0,009973

~0 ,006639
-0,.010306
=0 60074'97

-0,000750
0.002542

- 0,004085

1.052592

~0.256667"

-0,045000

 0.306111"

0.855560

0,200556
0.,080556

~0033333

«0 045000
=0.3067111

¥ Significant at 5% level

1982
cay Mg
0.046422  0.141146
0.004853 0005017
0.006972 0,006300
0,000008  ~0.005153
-0,008324 0.004467
-0.007599  =0.001362
20.007974 0003171
0.002962 - =0.006572
0.004555  =0.005239

0.000155

*% Qignificant at 1% level

~0006622

o

Na:

0,045902
0,005822

"~ 0,002892

0.031122"
-0,135706
=0,157164

=0.113923

0.,001862
0.,000358
0.021233



FIG.g  EFFECT OF N, P K ON FOLIAR NUTRIENTS
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nutrients N, P, K, Ga, Mg and Na are presented in Table 96.
Nifrogen supplied in +the form of ammonium. sulphate.
produced a significanf positive response on foliar nitrogen
and a sigﬁificant negative effect on foliar K. -Thoﬁgh the
response Sf N has a positive influence on leaf concentration
of P, Ga, Mg and Na, the relationship was not statistically

gignificant.

Continued application of phosphorus in the form of single
superphosphate resulted in a negative response on foliar N
and foliar K and a positive response for P, Ca, lg and ﬁao
However, tThe relationéhip of applied P on leaf concentration
of these nutrients was not statistically significant. Addition
of K in the form of musiate of potash significanfly increasged.
leaf concentrations of N, K and Na, but had no effect on P,

Ca and Mg |

$ 5.8 Simple correlatlon coefficients: between yield and leaf
nutrient concentrations’

'Simpié édﬁréiéfionébétwéén yield and leaf nutrient
concentrations are shown in Table 97. The yield was
significantly correlated to leaf P and leaf Ca only.
S3ignificant cdrrelations were algso found to exist for P and Ca.

£ 'L;’—, -r-—-| 4;_5 ta

The correlation between-yield and leaf W wag not

significant though positively related. Similar results were



Table 97

gimple correlation coefficients between yleld and leaf

" nutrient concentratlions

#* gignificant at 1 per cent level

Yield 1 P K Ca- Mg Nz

N - 0.2589 oo e oo . oo oo
P~ 0434697 0.0781 . .o .o .o e
K = 0.1566 =~ =0.0641"  =0.0656 "

Ga = 0.3222° " 0.1105 0.5044  =0.1903 v - ol
"Mg-w ©:2252 . 0,104 0.0992 ~o_5240%* - 0,.1336  '“,e ﬂwy
Na.— oo .~ =0,671899 ~0.0616 -Oa5064%% -031175" | o.2i5as .ol

Mo
O3}



also observed for leaf K,and.Mg, but Na was found to have a

negative effect on yield.

- No. correlation was observed for leaf N with other leaf
nutrients. 4 negative correlation was observed for leaf K
with all the other nutrients, which although was not significan

between N, P and Ca, was significant in. the case of Mg and Na.;

Positive correlations were noted for leaf Ca with all
other nutrients. The?e correlations were significant in fhe:
case of K while‘it was not, for the other nutrients. Simil&rf
results were_obtainéd for leaf Mg also. Sodium was negatively

correlated with other leaf nutrients: except for 1éaf Ca- and Mg

/
i

4.3.9 Direct and Indirect effects of foliar nutrients on-yiel@

The céuse and effect«relationship of foliar nutrients
on y18163was explainéd by path analysisf Conéidering the
yield. (effect) as a funcfioﬂ of various casual factors.
‘(foliar natriénts),the direct and indirect contﬁibut;on of
these foliar nutrients to the effect wa.s given in Table‘98
aloﬁg with. the correlation coeffecients of/?hese factors with
yield; . )‘

Thé_éorre;ations between yield and the foliar nutrients:
have been partitioned into direct and inéireétleffects of

follar nutrientss



‘Thé\ﬁaximum direct'éfféct'ﬁaé ;xplained by foliar X
(6:2692) though itg correlatlon with yield was only 0.1389
which was not s1gnlflcant.' ths low correlatlon was due to
the negatlve 1nd1rect effect of folwar X via N, P, Ca and: -
Mg The direct eflect of follar Ga was 042517 whtle its
correlaulon wi-th yleld was 0.5225 whlch is 31gn1flcant. This;
increase 1n correlation was-due to. the positive indirect
ef¢ects of follar Ga Vla N, P, and Hg. The direct'effect
of foliar Mg was 042505 ‘while lts correlqtlon'w1th yield waé
0.2282. The small,reductlon,ln correlation was. due %o
the megative indirect efféct of foliar Mg via N and K. The_:_! -
‘qirecﬁ efﬁéct'Of-foliarAP.wa85éu2432 while itslcorrelation |
witbvyield ﬁas-o 3468 whiéh was éignifioaﬂt.' The posltlve,g
indirect effect of ﬂolvar P v1a N, Ga Mg and Na enhanced:
its correlatlon Wlth yleld. The dlrect effect of folaar N ;
was. Q. 1888 whille its correlatlon w1th yleld was O 2589 whlch
was not sighificant. This increase in correlatlon was the '
resﬁljMof-pésifi§e'indiréCt éffects of follar N via P, Ca, i‘
Mg and Na. ‘The direct effect‘of follar Na. was negatlve and '
L negllglble (—0.0724) and 1ts correlatlon w1th yleld was also
small (0. 1710) |

~ Prom. the above results the maxlmum.dlrect ef;ect wass

explalned by follar K followed bJ follar Ca, Mg, P and W



Table 98 |
" Direct and indirect effiects of foliar nutrients on yield:

N P K Ca Mg Nan (r)
N 0bi1888 0.0190 =0.0166 000278  0.0261 0.0157 012589
P 0,0147 062432 =0.0170 040766 04,0248 04,0045 03468
K =040121 =040159 042592 =0.0479 =0.0811 . 00367 01389
Ca 020209  0W0740° =0,0493 0w2517 40.§335 ~0,0085 003223 1
Mg 0,0196  0,0241 =0.0840 040336  0.2505  =030156 040282
Ne 043580 =0.0150  =0.1313 00296 040539  =0,0724  =0hATH0

The underlined figures are the direct effects: of
foliar nutrients: on yield

. *% gignificant at 1 per cent level
Residual effect 0,68

8CT



4.4 Soil analysis for nutrient status in/%hé'soil

7/
Analysis of 3011 samples collectediz;om QchhS ranging

from 0-50 cm and also from 50-=100 cm wa& done for the various. -
nutriént elements retalned in the soil due to continued
application of major nutrients viz. Ny, P and X at different
levels. The results of analysis are presentéd in Tableé from

99 to 114.

Leodel Total nitrogen (percentage)

a«. Depth 0=50 cnm

The total nitrogen percentage of soll as presented in
Table 99 was found fo‘be more in ﬁlots which have been
fertilized with the‘highest level of nitrogen viz. 680 g per
tree: per year. But no significant'difﬂérences in-soil nitrogen
percentage were observed in samples colilected from plots
fertiﬂized continuously with 340 g N per tree per year or in

plots with no applied nitrogens,

{

Bontinued application of diffbrent lgvels of P was not
found to contribute significantly towards nitrdgen status
in the soil. However, significant difference in hitrogen
pefc:entage in the soil was noticed with X fer'biiiza'ti‘on...
. The levels of 450 g‘K.pér tree per year'gnd 900 g K per tree
per yeai wére'on pars; but N waé substantiélly low in piots

with zero. level of applied K.



Table 99

Total nltrogen in soil due to continuous NPX fertilization

(percentage)
Year of sampling -~ 1982 Depth of sampling 0-50 cm
PO P1 P2 Mean _KO ) K1 K2 K K1 K2 Mean
Nb 0607 0607 = 0607 . 06071 007 0.07 0408 PO C.06 0,08 007 0074
N1 0‘007 0008 0,007 00074— 0006 0@07 0008 P'i' 0007 O 009 ' 0007 0.082
NZ’ 0,08 0,09 0,09 0089 0408 0009 0609.. P2 007 008 0,08 0,078
Mean 0.074 0,082 0,078 oo 0.069 0.08 0.08%5 Mean 0.069 0.08% 0,08 ole:
CeDe. for marginalsg = 0,010 : B G.D. for combinations - OgOT?
Table -100
Total nitrogen in goill due to continuous NPK fertilizatiom
~ (percentage)
Year of sampling -~ 1982 Depth of sampling -~ 50-100 cm
PO P1 Pz Mean Kb K1 K2 .KO K1 K2 Mean
Ny 0.0411 06047 0.089 0,042 0,038 0049 0,030 Pb 04050 06045  04604% 0,047
N1 0.048 0045 0.048 0,047 04056 0,045 0+041 P1 0.047 0052 0,047 0.047
N, 06048 0050 0,041 0..047 0.05C 0,39 0,059 P2 0.043 0047 .0L036 0.043
Mean 04047 0,047 0.043 Qe 0.048 0.048 0.041 Mean 0.048 0,047 0.043 .o

CeDe for marginals - 0.0087 CeDo. for combinations = 0.0152
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b. Depth 50-100 cm

S

The data of analysis are presented in Table'100. Soil
samples eoIlected and analysed‘from a’ depth ranging from 50-100 cm
did not show any 31gn1floant difference 1n soil nltrogen due

to appl1catlon of N, P and X at different levels or due “to thelr

comblnatlons.

dede2 Aveilable soil phosphorus:

3o Dep%h'O»SO cm

i

The soil analytlnal data are presented in Dable 101. The
s0ll P was not slgnlflcantly 1nfl.enced by the various 1evelsj
of H, Py and K applnea in +thig ex@erlment. & marginal
| decrease in soil P was observed 'at the different levels of‘
N, P and K, though the differences were not significant,
1nd1cat1ﬂ@ that higher 1evels of N, P and K produce only a

negau ve effect on the P status in the soil,

be Depth 50=100 em . o

P status in the soil at a depth ranging. from 50-100 cm
as presentéd in fable 102 was also found to be similar 4o
that at depth from 0-50 em. Howeﬁer, interaction effects of
PK, NPZK and 1 \TPEK2 showed significant difference 19@011 P

convent though the main eflects were not p031t1ve.

|
|
|



Table 101

P content in soil due to continuous NPK fertilization. (ppm)

Year of sampling -« 1982 Depth. of sampling 0=50 cm -

| Po P.1 P2 Mean KO K1 K2 | ’ KO K1 K2 Mean
NO -. 89137 6.5“2 950584- . 8.1 8 10 006 60 85 7.61 ’ PO 9'0’36 7,58 7,.20 7098
Wy~ 7450 9213 10,07  8.90° 7+55 10053  8.61 Py 8484 10u12  8.02° 890

;[\T2 8.08 1153 884 9e49. 1019 10,19 8402 Pz’ 94160 1013 9,02 958
Mean. 7,98 8,90 9.58 PRTY 9.27 9410 _8.08 Mean 927 9§o|10 8,08 e 0

CeDe for marginals = 8,18 : C.Ds for combinations -~ 5.51.
Table 102

P content in soil due to continuous NPK fertilizatioﬁ(ppm)
Year oi‘véampling - 1982 Depth of gsamp]_‘i.ng 50100 cm '

:PO P.] P2 Megn KO K1 K2 KO K1 K2 Mean
¥y 1730  15.76 20476 17.94 17.04 19409 17.69 B, 18416 24010 14.55. 19,23
Ny 18.27 24.86 16414 19476 25.50  15.76 18,01 P, 27.81 15.71 11.71  20.07
N, 22414 19461  15.63 19013 22.29 22,30 13.07 P, 18.58 17604 16.92 1751
Mean —19.23. 20.07  17.51 eo 21.52  19.05 16.26 Mean 21.52 - 19.05 16,26 .o
GoDle for marginals w=w~.s » Cele for combinationgs=—~-s
- s
{2

IaW]
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~

4.4.3. Potassium

The results of soil analysis of K at depths from 0-50 cm

and from 50-100 cm are presented in Tables 103 and 104.

2. Depth 0=~50 cm

The continuea fertilization with N, P and K at different
levels was not found to influence the K status in the soil.
Application of N:at 340 g per tree per year raised the soil
status of K from 50,55 to 5833 ppm while with 680 g N per tree:
~ per year, the soil K content was raised only upto 53.33% ppm.
Similar trend in soil K was also. observed for P and K application:
Soil samples analysed from plots applied with 225 g P per tree
per year and 450 g P per trée per year showed 56.7 and 51.1 ppm:
in the soil; while those plots which.did not receive any N, P
or XK gave a result of 50.6, 54.4 and 52.8 ppm respectively
in the soilj thereby indicating the quadratic response of soil
K at various levels of continuedi N, ? and X fertilization. The
content of K in plots applied with 450 g X per tréefper year
was 56,7 ppm while that fertilized with 900 g K per tree per

year it was only 52.8 ppm.

b. Depth 50=100 cm

A differential response ﬁo soil K was observed in soil
samples analysed from a depth ranging from 50-100. em with

reference to N/ application. Though the difference in goil



| Table. 10% : _
Potassium content in soil due to contlnuous NPK fertilization

(fppm).) :
Year of gsampling = 1982 . Depth of sampling 0-50 cm
i s i o 2 i 3 8 3 e e 3 0 g . . o \ ‘ T » - B F—‘- u— =

Ny 50,00 51,67 50600, 50455 46467 53.33 51467 Ey 51467 58.55 53035 54.44

N, 56467 66,67 40496 58.33 60400 6167 55.33 By 5955 55.00 58.33  56.67

Nz 56667 51%67 51;67 - 5%a33 51,67 55,00 53633 >‘P2, 50600 56467 '46w67 51,11
Meaﬂ 54.44 ‘56"0‘67 ’ 51 o1 @l 52:78 _ 56,0»67> 52 e‘%8 'MG.‘an ' 52 0‘78 5‘6967 52’.78 'y
Dl for marginals = 9.56 - ' ‘ G,Du[for combinations = 1657
‘ Table 104 )
Potassium content in sail due to contlnuous NPL fertlllzatlon -1'
Year of sampling = 1982 KPP@) " Depth of sampllng 50-100 cm
- f'PO Pﬂ | Pz ’ Maanl ~KC K1, KZ o ' Kb - K1 K2 Mean-

SNy 37.67 40W1T 3750 3844 3T.1T 38.83 39.35 By 3TedT 44500 44585 42400
Ny 43485 51500 42.17  45.67 37.17 46,00 3085 By 31.33 45,00 42017 38.83
N, 37.33 32.50 3197 33485 33.83 38.67 32.00 P, 36,67 3650 38,17 37.1

Mean 42‘.00 5829‘85,} , 37 a1 1 oo 35 0«06 410?2 3/4'05 ) Meal’l35 0-06 4-1 0572 34}0 05 ?'e’
| CeDe. for marginalsg = T.85 o o '/ . GeDe. for combinations = 13460

poa

OV

e
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X wag significant on account of oontinued N appIication,;it
was again found to be guadratic in natufe. However, no signifi-
cant differendesriﬁ sqil K were observed either at different
levels of P and K or their combinations. |
Aok o Galcium

The resuits of soil analys;s fqr Ga content in the soil
due to cop%inued N, P and K feffilization at different'levels;:
are presented in Tables 105 and 106, No significant difference
in goil calcium was)observed ativarious levels of N, P and K
'or their combinations in depths 0-50 cm and 50-100 cm. A
decrease in calecium though not éignificant,_Was observed at
higher levels of applied nitrogen. Soil calcium was 772 ppm
at zero level of nitﬁogen while it was 68.6*ppm and 51;1‘ppm
at 340 g N and 680 g N per tree per year respectively. A
quadratic type of response to soil calcium was noted at varioﬁs
levéls of P and K. Soil Qa was 58.6 ppm and 64.3 ppm at zero
Ievelé of P and X respectively, This was'increased to 70%8 ppm
with 225 g P per tree per year but decréased‘%o 67.5 ppm a%t
450\g of applied P per tree per_yeara With regard to applied
K in the soll the content of soil calcium increased to 7467 ppm
at 450 g K per tree per year and then decreased %o 579 ppm
in ?lots which received the highest level of 900 g K per tree

per year,



Table: 105 |
Calcium content in soil due to continuous NPK fertilization (pﬁ¥€@ﬁ%@€e)
Year of gampling - 1982

Depath of sampllng 0=50 cm

-PO P1 P2 Mean K.O K1 K2 KO K1 K2 Meaﬂ “
Ng 77450 81.08 67.08  T7.22  85.35 75,83 72.50 Po T4e1T 5T.50 44417 58.61
N1 ' 65‘831 91125 48,75 68061 T7 83 74417 54.58 P1 5750 85,00 70,00 70,83
N, 3245 34417 86467 516141 3250 T4e16 46,66 Py 61425 81467 59,58 67.50
Mean 58.61 7083 67.50 oo 64231 74,72 57,92 Mean 64.31 1432 57:92 .,
—-~w~~~——-5;£:—20£ ;;;;lnals = 24—10 Ce«Do for combinations - 41074 -
Table 106
Callcium: content in goil. due to continuous NPK. fertlllzatlon(perceﬁiage)
Year of sampllng - 1982 , Depth of sampling 50~1OO cm
| ' Py 2, By Mean » K, Ky K, Lo Ky K, Mean |
Ny' 5850 43.33 5Tu4T7  53.10  59.33  46.1c 55.84 By 53.00 35.83 39.99 42,94
N1 47,00 .62.00 35.25 47,58 53485 51.08 37083 P1 41.17 44 .67 601 50 48.78
N, 23433 26483 45.96 ' 35,61 22,17 3983 - 44.8% Py 41417 52442 40417 44,58
Mean 42,94 48,78 44.58 - ., 45.11 45.69  45.50 Mean 45.11  45.69 4550 .,

.--g-—...—-.-———.-_———--——--—_—-u-—--——-——--—-.—-—nn—-

——--’u—---nn-u--—-———_—————-——_-—----—

Ladal T
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4e4 5 Magnesivm

The feSdlts;of s0il analysis aré'presented in Tables3
107 and 108. The magnesium'status'ef the soil was net influenced
by the~msin effeets'of N{and K, but sighificant[diffErenceSawere
observed at various ievels of P;' Soil magnesium was_signifi—
cantly low (19.2 ppm) for plots aupplled wlth the highest dose.
of 450 g P p@r tree per years; whlle the dlfference was only

_marglnal at zero-level and,225 g P per.tree per year.“'

Among the various 1nteractlon effects, the interaction
'effect of NK was found to be SLgnlflcant. Phosphorus in
comblnatlon with. K at the P0K1 Tevel showed the highest amount

" of magneslum in the soil (4647 ppm) ﬂ For POKO and POK
Acomblnatlons ‘the amounts of Mg in the s01l.were 3647 and 18.3 Ppm

respecmlvely. , ; o “ ,

4% 4Ky interaction, Mg status in-the soil was found to be

31 ppm while it was decreased to 25 ppm for P1 1 comblnatlons

. and again lncreased te 41,7 ppm for £1 o comblnatlons. Not

much731gn1flcance was exhlblted for P2 in combination with K

'
\

levelst

Samplee analysed from depth ranglng from 50~100 em showed
signi ficant dlfferences in soil. Mg at various levels of P onlys:
The nature of soillig at ? levels was linear{ At By level Mg
statug was 13 ppm while 1t was 19.2 ppm at P1 level and 23, 3 ppm

at P, 1evel. C ‘ AP
) Y



. Table 107 :
Magnesium content in soil due to continuous NPK fertilization

(percentage) . .
Year of sampling - 1982 Depth of sampling - 0=50 cm
- Ey Py P, Mean X, K, X, Ky Ky K, Mean

Ng = 3333 30600 19417 27.50 30,00 19417 33353 Py 36066 4666 18433 © 33,89
N, 35400 "7 40,00 19917 31439 36467 31.67 25,89 P, 3000 25,00 41.67 32.22
N, 35433 26467 19017 26439 21,67 43033A; 14417 P,  21.67  22.50 13.3%  19.17

Mean 33489 32,22 19.17 ool 29.44- 31.39  24.44 Mean  29.44 31,39 24.44 e

-—---'-—--—-.-u-‘———-————-.--———un—-—.-~.—-——--——-——n—-a—~~

\‘G.ﬁo“for marginals - 7@7§f GoDe. for combinations = 13.39
Table 108
Magne31um content in soill due tc continuous NPK fertlllzatlon
(percentage)
Year of Sumpllng - 1982 Repth: of sampling - 50-100 cm

—n-—_.——-s——:—-:—---u—u—.-..——-g——-..-—-—_—-—-——-—-——-—--gmﬁ

No 13691 26.85  13.35 18,05 26483 12.50  20u33 By 2967 29.00 11.17 25.28
Ny 22500 25,17 12.85 20417 14,75 25.67 18,50 P, 17.53 1833  22.08 19.25
Np 2050 18.67 12835  17.33 15.85 27.50  8.67 P, 16,00 14.55  8.67 13.00
Mean 23 28 19%.25 - 13.00 ov 21400 20,56 13,67 Mean 21,00 20.56 ° 13,97

———-m———-—-———-e———————————-—----—_—————————————-——-———————--—_

G;Da,for\mérginals ~ 7.8 : ' Colo for combinationg = 13,58
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holeb Soil pH
The change in pH due uO céntinued fertilization of NPK
at 0~50 cm depth was determlned and the results: are presented
in Table: 109 |
No.significantAdifﬁerencezin soil pH was noted at the
various 1evels of N, P and K and also their combinations:.
The twend in pH valxes appeared to be quadratic with a
Slléht increase in pH owing t0 N1 level of fertlllzer nltrogen
followed by a falliin pH ie from 4.97 to 4,92 as the fertilizer |
nitrogen was doubled from 340 g per tree per yéar‘to,680 g per
tree per year. The pH was found %o decrease at various levels
of P though not slgnlllcanto At zerb levei of K the soil pH
“wasg found to be 5.0 which decreased t0 4.7 at K1 level folllowed
by a sllght increase to 5.1 at K2 level .ie. 900 g K per tree

o

per year of fer+tilization.

The ghange,in'pﬁ valqes.of the soil. samples collected

from. . depth ranging from 50-100 cm are given in Table 110,

When soil sampless from a depth of 50=100. cm.was analysed
for pH, difﬁerentialaresponse to pH was: noteds AT No'level
pH was 4.4 which decreased %o 463 at N1 level and ramged

to: 4.39 at N, level of N, However, it was evident that

2
as the level of nlifogenxmas 1ncreased . the trend in pH'was*

on the decline. In the case of P the trenad in s011 ph_was



Table: 109
pH of soil due to continuouss NPK fertilization.
Year of sampling = 1982 Depth of sampling 0=50 cm

Nb 4,90 4,82 497 4..89 4770 4482 5017 PO 485 4,63 545 4.98
N.! 5000 5a08 4083 4097 5008 4-975 5010 P.i 5015) 4085 4-085 4—.94
N2 5003 4‘093 4078 4—092 5018 4.62 4—095 PZ 4098 Aw68 4—092 40 86
Mean 4,98 4494 4o 86 910 4,99 472 5.07 Mean 4.99 4772 5.07 o's;
Celda for'mérginals o 0,30' . GeDo for combinations 410353
» Table 110 ‘
pH of soil due to continuous NPK fertilizatiom
" Year of sampling-1982 Depth of sampling 50-100cn
PO : Pj | PZ‘ Mean KO »'KT K2 ‘ : Kb K1 K2 Mean
Ny 4.58  4.43 4230 44 4.26 4233 472 By 4.28 430 4.67  4.42
Nj 4475 4453 _ 4,20 4430 Ae45  AL3T 4,35 'P.i 4.3 448 - 457 4 .47
NZ 423 4.45 4423 4,39 4.32 4025 4.35 32 4.38 41T 4,18 4,24
Mea!l 4404‘2 4-047 4‘024 » ' ‘g'e’ 4n34— 4—032 4-.47 Meal’l 4—034 4032 4—04‘7 © 0
Gola: for marginals = -0.24 ’ GoDe foxr combinationg = Oiedd FA



- found to“be quadrgtic. At zero level‘of P the soil PH wass
4.4, wblch was 1ncreased 0 4 5 at P1 Tevel, ie. 225 g P per
tree per year and depressed t0.4.2 at P2 level ie. 450 g P per

tree per yearh.

The behaviour of X towards soil pH was found fo be similar

to that of N.

4ekaT Qation Exchange'caﬁaéity
nhe results of analys1s on catlon exchange capa01ty of 3011

samples collected at 0~50 cm depth from plots. ferﬁlllzed \

contlnuously Wlth NPK fertlllzers are presented 1n Table 141%;

Slgﬂlflcant dlfférences in GEC of 3011 were noted at
various 1evels of N, P and K and also of thelr combinations.
CEC of soil at zero level of N was 4 '8 me/100 g of soil which
was raised to 4.9 at Ny 1evel and again o 4‘96-at N, levels
As the level of: N was 1ncreased from zero, the CEC was also
. found to be on the 1ncrease. But the main effect of_P was:

found to be in, the other waye The GEG was 6.0 me/1OO g of'soil‘.

- for zero level of P whlch decreased T0 5.6 at P1 level and

agaln_deCfeased t035m1 at Bo

. levels of P produced. a negative effect on GEG of the sollse;

level indicating that higher

The main effect of K was also found to reduce the GEG of the
goil. OF the ‘interaction efﬁectsg the response was quadratic
. in nature at'ﬁb and W, levels. of nitrogen ih combination with: P

)



At'NbPO Ie#el,the CEG was 4.8 me/100 g of s0il which increaséd
© o 5 1 at NOP1 level and then decreased 10 4. 5 at NOP2 levels:
The CEC was 4. 7 at N1 O level followed by & marLed increase:
of 7«1 at N1P1 level,and a significant depression at N{? level,
The maximum CEC of 8.4 me/100 g of soil was noted at N B,
1evel; At N P1 and NQPQ levels, GEC was slgnlflcanuly reduceds:
In general, higher the levels of N in comblnatlon with higher
levels of P the GEG was found depressed.~ Highest level of
N. alone ie 680 g N per tree per year or in combination
“{ith P1 level of P ie@‘225 g P pen{tree Qer yeér prbduced,/
gond response to CEC of soil. Higher levéls of X in- -
combihatibn with P and NI reduced the CECthile X at zero level
in combingtion‘withLvarious levels of N and P increased the
GEC of the soil. |

The CEC of soii,at depths ranging from 50~100 cm is:
presented in Table 112. |

The CEC of soll at depth ranglng from 50=100 cm wag found
to be slm11ar in nature w1th soil ef depth ranglng from
0-50 cm. o ,

- 4+4.8 Organic carbon:

The percentage of organic cafbon content of the soil of
depths from40~50 cm and from 50~100'ém are presented in

" Tables 113 and 114.
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P, P, B, Mean - K, K, K, Xy K, K, Mean
EO 4&82 513 4,59 4,85  5.47 3+85 5023 PO’ Te21 4,48 6,22 5.97
EFH 4-073:‘ 7:0-135 5-85 5.90 7«:56 5026 4,88 P1 69323 498 5032 5064-
Nb 837 4466 4.85 596  T.06 4,66 6.16 Pz 610 4132 4,73 5,08
Mean 5.97 5.64 5,08 o'a’ 6?68 4459 5.42 Mean 6,68 4459 Sied?2 .o
CsDe. far marginals = 0,64 CeDo for combinationg - 1311
, Tabler 112
CEC of so0il due to continuous NPK fertilizatiom (m.e/400 g
Year of sampling-1982 Depth of sampling 50-100cm
‘PO. P1 P2 Mean K% K1 K2 KO K1 K2 - Mean
Yo = 403 433 3.85 4,07 4446 3.88 3.45 By 5.58 3.38  5.20° 4.88
Nj 4610 5.08 5.03 4.74 5.60 4,25 4..30 31 4,92 4.23  4.453 4.53
N2 653 417  4.53 5.08 5.80 - 4.%5 5.28 P2 5.37 303 4430 4447
Mean 4—088 4053 4—»4—7 o8 5029 3095 4—-64‘ Mean 5029 30:95 4064- X
CoDe: for marglnals = 064 " G Eo for comblnatlons - ;-;; ---------- T
-y
l":;;

Table
CEC of soil due to contingous NPK fertilization (m.e/100 g)
Year of sampling = 1982 Jepth of sampling 0-50 an

111

e




‘Table 14%
Organic carbon in soil due to comtinuous NPK fertlllzatlon _

(percentage)
Year of sampling = 1982 Depth: of sampling - O 50 cms”
PO P1 P2 Mean .KO K1 K2 KO K1 K2' Mean
NO 01,62 Oie541 0451 Oe56 0e51 045% 063 PO Oigh2 0’59 0.65 0658

N2 0158 Oie:55 @53 0.56 0e56 056 0«54 P 0«57 Ob2 0.56" 0.55
Mean OWwb8 053 055 oo 0e53 0654 0659 - Mean 0153 OCeb4 0,59 oe
C:D. for marginals = 0,08 e C.D. for combinations = 0.01
Table 114
Organic carbon in soil due to continuous NPK ferti1i za tion
“(percentage)
Year .of sampling - 1982 Depth of sampllng 50-100 cm
PO P1 P2 Mean Ko K1 K2 o KO L1 K2 Mean
N Ou41 " Ol di .Omﬁé Ote0 037 Ou38  0e46 .PO 0435  Oudd  0.42 0041
N1 0.38 0444 .Oa41 0Ce41 : 0e37  0e43 0443 P1_ 047  04id1 0e43 0442
N2~ 045 0e43 0443 043 0043 0045 0443 P2 Oa59‘ 0139 043 0Oe41
- Mean 05.4-1 .01042 ’ 004-2 . 0\’.: 0-038 0042 0044- Mean 0038 . O'u142 01'0-4-4 ' oe
CeDe for marginals = 0.07 ' CoeDe far combinations =~ 0,12 T -
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No. gignificant diffierence in organic carbon percentage
was noticed in goils treated with different 1evels’of ¥, P
and’ X. Interaction effects were also not found to be
significant. The percentage of organic carbon was almost
equal at various levels of NP and X at both depths of

sampling.
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~ DISCUSSION

.‘ihe tree. most widely grown in the World —hthe‘cocondt -
ig found in the whole ihtértropical zone where its'climatic%»
needs: are satisfied. By virtue‘of‘ithgeograpbicaludistribution
the éoconﬁt interests a lafge section of the World population,

for whomit represents the sole source of fate

Whilst research with a view to impréving the productivity
of this oil plant started more than gixty years ago, it is .only
in the last couple of dgcadeé that considerable'progress hag:
been made. This improVemenﬁ»in yields: results from the
application df a whole series of modern‘techniqueStwithout
which no high yields will ever be bbtainedo Mineral nutrition
is one of them. And yet fertilization of cocomut is s#ill no%
a purreht practice in mosf of the cocongziZountriése In India
. a few fens of thousands out of the 1.2 million hectares of

coconut groves receive mineral manuring.

The wide extension of high yielding Dwarf £>Tall hybrids
could‘reVolutionise-coeoﬁut growing everywhere, but the
absence of feftilization wiliAstopzﬁhem expressing their full
potential all the more so in that such high production is
inevitably accompanied by a corresponding increase .in the uptake

of mineral. elements from the soil.

The results obtained in a fertiligzer experiment on coconut

-

with H, P and K. fertilizers continuously eversince its



planting in 1964 as‘an one year old séeﬂlings at the Goconut
Research Sub-Stati n, Balaramapuram, Trivandrum, Kerala are

discussed in this/ chapter.

>5~1..Number-of fronds prodﬁced_ner palm

From the data presented in Tables from 8 to 23 it is
revealed that nitrogen had persisteﬁtly inéreased thgfnumber‘
of fronds produced per palm durihg the period of study from
1972 to 1979. The effect of phosphorus was also found to:

influence the production of fronds in the early stages ie
| uptp 1975, whereas the response Waé not significant there-
after. In ﬁhe case of K a mixed trend was observed on the
prcduction of froﬁds. During the first halves of 1976 and
1977 and in 1979 the response of K was not found to be
significant. Interaction effecﬁs‘were also not found
significant.

The efiect of N in increésinglthé vegetative growth of -
young palms was also reporféd by Nambiar and Pandalai in
1959.. - Mathew and Ramanandan (1964) reported that N had a |
significant effect on all +the growth characters .of young-
palms} in the initial. stage, phosphorus increased girth,,
collar and number of frohds produced, and the effect Wass
reported to be indirect by enhancing the uptake of K, where

the application of K increased girth at colillar only
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Smith (1964) found significant increase in growth
charaqtefs of young palms:due to aﬁplicatien of N. According
4o Smith (1968) young'palﬁs'Qouldvﬁe9pon&i£o’N:even on soils:
-where bearing-palmé would,nbt‘normémmy respond to N, but
would reepond“to K:on soilsswhere,bearing ﬁalms'woﬁld doe .

_ Studies: by Nelliat and Muliyar (19?1) élsoAfound response of .
‘yound coconut palms of the hlgh yleldlng types to NPK |
fertlllzers resultlng in hlghly s1gn1flcant 1ncrease in all
the growth characters. «, It wa.s :ogna that- ‘the Malayan dwarf
fesponded well to N appliéation on;early gr0wth3 frendi
prodlctlon and early yleld (Anon, 1972). Studies revealed
that the main effect of Nxand P and the 1nteractlon between
Nland P and that: between N and X were s1gn1flcant in
'1ncreaclng frond productlon in the young palms of the Tall
varlety grown on a gandy loam 501I However,‘K.had no. effect:
_on-the growth charactere siﬁdled (Anoﬁ; 1972)' Logénathan
and Balalcrlshnamur’bhl (19‘29) qugges‘ted tha'b :Lnsplte of a low
.status of N in the s01l the hlgher response of N was; -
probably due to the domlnant requlrement of thls element

. Guring the vegeuatlve growth perlod of the palm.

endix § . -
It is ev1dent from é§£&9/44 that the initial status of
N of the present experlmental site was low with respect 0
N and hence the response to N at hlgher levels durlng the

early orowth stages.-
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5.2 Length of,leaVeefand7number of 1eaﬂlets ‘,)

From the data presented 1nlmab1es 24 to 55 it was revealed
that the length of- 1eaves progress1vely 1ncreased w1th age's
4However, Tthere wae-not much response for nitrogen levels; but_l
a Sllghu increase in 1ength of leaves waslobserved at both

‘the levels of N vizs 340 g N and 680 g N per tree per year..
"P abplicatlen also did not Aincrease the length of leaves to
any appreciable extenﬁ. However, a linear response to K was.

eviden't alL through.

wat :
The Flndlngs of Soon (1971) that in the coagtal clay

soils of Malays1a, appllcatlon of nltrogen 31gnlflcantly
‘1ncreased the length and.welght ofvthe frond is not in agreemenH
‘with %he'present_findings;; Slsnlflcant response of N on |
length of Leafiersﬁwaeﬁaiso reported (Anon, 1972}5 The lack

of recponse for ﬁ to theEIength»ef*leaves in'the'present

study mlght be poss1bly due to poor native fertility of the
soil; lack of appl&ed nltrogen and due to had dlstrlbutlon of
ralnLall reduclng the nltrlflcatlon tlme and the Jength of
act1v1ty of the absorbant root system and ‘also of. goil
condltlone 3 unfavourable to the mlnerallsatlon of organlc

- matter etc. Though a llnear response wag hoted for K at
différent levels, it was ‘not slgnlflcant between the higher

- levels of appiied K vize. 450 g K énd 900 g K perltree per year.
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: 5,31 Wumbef of'?emalelflowerss'

‘The main effectsAoz N, P and K were found to be condusxveﬂ
1n1enhan01ng the productlon of female Flowers. A linear
'reeponse was observed far the main’ effecus of N,and K but The
'response to F was v151b1e only durlng the early years and
later 1t Dresented a quadratlc expression. The interaction
effects of NK and PK were, found to be consplcuous. In this
cgnnecilonb;t'ls 1nterest;ng;t0~note that many of_the palms:
'tha‘t have not received K -;d;';éﬁ.fn_ot flower at-allieven after 18
,years after plqntlng. | Y | ' ' -

" The reports of Menen and.Pandalal (1958) that P had a
deoress1ng effect on female Ilower prodactlon 1s in partlal
‘ agreement only'WLth the findings of the . present study,'whereln ‘
"lt was observed that P ha.d a beneflclal effect in the early
years towards female flewer productlon, but Jater 1t did not
enhance 1t. gahﬂrdlng to Smlth (1964) the lncreased
 product1on of female flowers was dae to the eflect of N’ and -
‘the yleld 1ncrease wee due o Ko fstudﬂes conducted ln the: |
Phllllpblnes revealed that the benef101a1 effect of K'was
due "%o. uhe 1ncreased leaf area, coupled w1th 1mpﬁoved anﬂle
‘and leaf colour which resulted in- better utlllzatlon of '
--sunlﬁght and u1t1mately produced 1ncreased number of fronds,v

) inflerescences, female flowers, nqt set and welght of nutse



1mmar151ng the data from ferulllzer experlments in

*;rlranka,Salgado (1968} reported uhat female flower proauctlon

was 1ncregsed bJ 15 pexr- cent by the application of Ne. Thig igs

in conflrmlty with the f;ndlngs in the present studyo Teking.

into account that . the effect of‘P?can e observed at a very

- late stage-es reported by Soganafhan et ale (1980) the -
“initial. increase 1n female flower productlon cannot p0331b1y

be attributed to the maln effect of phosphorus,.

Manciot et glm(1980)ﬂreported that the element K had a
spectacular effect on tﬁe number of inflorescenées emitted. '
by the tree and the X apprication? triple them. Fremond (1964)
reported that'ﬁ einnifioently inereaSed the number of female
,flowers.i The appllcatlon of K resulted in the lmprovement
of alll production facuors snch as fruit setting, number of-
bunches, number of female flowers ‘per banch- and number of
mts ete. -He has further reported that P was not found to.
have much benef1c1al effect ln lncreaslng ‘the yleld of
vnuts,_ amwth (1964) found that in Jamaica when the palms: were:
coming- to bearing, theaearly lnflorescenceS'usually had
either.nil or only a_fewgfemale flowers and this situation
r persisted on very ihfertile soiléa Under such 31tuatlonss
'  app1lCatl0n of N had 1ncreased the female flowers produced
| which, was reflected in the increased yield. The observations:

in the present study that palms did not receive X have not
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- 5

,flowered at all even after the lapse of 18 years of
planting clearly: emphaSLSesdthe lndlspcnslblllty of the
nutrients: N and X in enhan01ng the femal e flower prodiction

and +herebv the yleld.

be flndlng as reported by Salgado (1968) in Sflhanka,
thau the NP interaction had a positlve—effect on number of
bunches: and’ Lfemale flowers per banch ig not in ﬁull agreement
1w1th the flndlngs of the present study. However,
'Barrant (1977) - observed the benef101a1 effecte~of ¥ and NK
.interactlons on yleld. Thls-and the findlngs of-Fremond (1964)
on the 1nteractlon effect of PK fully support the flndlngs

An the present study w1th regard to NK and PK lnteraeulons,.

564 Setting percentage‘f

In the nresent 1nvest1gatlon 1t was found that the maln
effect of N was. not conSLStent 1n 1nc:eas1ng the percentage
" get of nuts. The effect of N was"® apparent only in alternate
years and that -too llmlted w1th uhe 1n1t1al dose of 340 g W.
per tree per year.. Increa81ng the level of nltrogen from
340 to 680 g -per tree per year dld not however, 1nfluence

the nut setmng.

P had a depre331ng effect on percentage set of nuts at the

hlghest level of 450 g P per tree per y‘ear9 though, of courue i
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ev1nced a mild effect at the lower level of 225 g P per tree
‘per year. But the main effeot of K was conspicuous and.
conolstent throughout the perlod 1n increasing the settlng
of nuts and thereby,lncrea31ng the yleld. The 1nteraotlon

effects of N2, NK and PK were not found to be 515n1 canie‘

Smlth (1964) reported that fema le flower prodaction

and fruit settlng provided a fleld guide  to the N and K
requirement of the pa1 : Summarlslng the contributions by
IRHO, Fremond-(1964) repOrtea thaf K reeulued in +the 1mprovemen1
of all production ;actors such as- fwult sett:ng, number of’
bunches etc. It was reno“ted 1n Jamalca that the beneflclal
effect of. N was due to an 1ncreased productlon of bunches
ranglng from 11 11 t0 12.8 per cent and female flower

production from 20 ‘o 40 per cent, although there was’
reauctlon in fruit settlng (Anon, - 1968) This is in agreement-
wi th the findings in the present study. salgado. (1968)
reported that appllcathn of K-aﬁithe rafe(pf 680 g - per
tree ?er~yeer>increesed %he eettiﬁg percentage-by:BS‘per'cent ‘
over the cohtrela 411 the: above flndlngs upholdyx: the

observatlons in uhe present studys

5@5. Yield of nuts:

. The palmgs from whichiyieids have been recorded for the

:purpose of thig stady, have been dnder»continuous fertilization



wwth NPK aﬁ graded doses slnce 1ts p ntlng in 1964, Tﬁél
' eadllngu planted in 1964 eammenced bearlng in 1974; out
“1t was found 0 be uneven and not unlform. An almost’ uniﬁormi
: beaflng was noted in 1976 and henee the ylela data Ame
.f1976 to 1982 were computed Ior purposes of anquSLS in this o
“studye Tbe analytlcal data .are presenued 1n Tables from 70
40,76, ' BRI
Fvom the results lt can: be seen that a pOSLtlve resnonse
xﬁo applled N was observed durlng all uhe years and uas |
,,pcogresslvely lncreaslng over tng-years upto 1082, The pa_mS“

'-iwhlch reeelved1680 g N per tree per year ylelded on an average:

- more uban 226 per een+ over the paims that were not supplled

with n*trogen durlﬂg ﬁhe seven year period fvom 1976 to 1982.»

Slmllarly those: palms that reeelved 340 g N per tree per jear -

'\gave 1ncreased ylelds over 133 p63 cenu than the control

vplotg wlth no nlurogene‘ HOWGVEf,.the percantage increase in
"Jleéd of palms svpplled w1tn 680 g pev tree Dber, year

- . over those uhe% SUleled thh 340 g N per “tree Per year

 l.was only 40 per cent, suggestlnb the operatlen of - the |

;p?lnClple of dlmlnlshlng reﬁurnsg;

iullyar wnd Nelllat £1961) ooserved that the nltrogenouS*“
' -—:Eert:.llze'r’s s:.gnlflcan“tly :anrea.sed uhe number oi? nu‘ts per

. palmf  Fremond (1967\ reported that the IRHO achleved the-



-bost correction 6f N deficiency iﬂ-ﬁosambique with yield

1ncrease ~ By 30-40 per cent. AIn,Malayé a_gaod«fe3ponse'to

nitr ogenpus fertilizers was d,btainefd by _Thye et al. (1976)'.

Manciot et'al'(4980§ observed thét:hifrogenous'?ertilizers

had a s:LgnlfJ.can’c effect on the number of nu.ts per tree per -

year and the copra per tree, although the copra per nut was)'

51un1510qnt¢y depﬂessed. They have further reported that:

it is in young coconut trees that nltrogen manurlng has glven

th most uharacterlstlc results 1rrespect1ve 0f whether ‘the

cultlvars are—Talls, DwarLS or Hjbrldsn Numeroas IeRoF’Om
experiments on - “the nursewy and yoang nlantatlonb have . showyn’

. that nitrogenous ferulllzers have a far from,negllglble role

to. play. AlL the above flnd;ngs are in agreement'With the

res"lts of "the present stxdy in resveci of-both ﬁitrogen

. fewtlllzatlon and age of the palms.: It is also worth

mentlonlng ‘that the mean yleld of palms that were not receiving

nltrowen at all was also on uhe 1nc ~ease over thé’year; ffom |

'1976 ‘o 1982 which may be . due to - the effect of agelng and

cllmatlc factovs chlefly ralnfall and sunshine,

< Applied P also contrlbuted to 1ncreas» in ylelds of nuts
over the years, but to a llmltedlextent only. The rato of
lnc:ease Ain ylpld;was s1gn1L1Cant on1y'w1 th the initial

do e of 225 g P per tree per year over the control palms with



no applied P, Howewver, étithe hiéhest level of P viz.

450 gvper tree per ﬁear; the rate of increase in yield was
depressed. Pendelai and\Merar'(1964) reported similar

' flndlngs in which W and K 1mproved yleld of coconut but not
'P'< In: several experiments conducted by I.R HeOo in West

Afrlca,.no.31gnlllcent response,to P wasg recorded (Brun1n,1970).

The respohse of X for‘yield'wae most conspicuous with
Aepplieﬁ doses of X, the effect beihé most prominent in palms
that received. the 1n1tlal level of 450 g K- per tree per years
- The rate of increase in yleld of nuts showed a dlmlnlshlng '
trend with. further 1ncLements of K vize 900 g X per: treé per |
year adherlng to the Law of dlmlnlshlng returns. However,
,the 1ncrease 1n yleld due to hlgher levels of K was steaay
‘and linear over tne years from 1976 to 1982. The mean annual
yleld of nuts: obtained from the Dalms that received no
potash was.1.06; 4-17 3.61, 3 285 5 945 18.22 and 25.28
far the yearso1976, 1977 . 1978, 1979, 1950, 1981 ana 1982
respectlvelv, ~In thls cnnﬁext it 1s'w0rth mentioning that
tnough Tand P produced v1slble 1mprovement on the*
vegetative characterlstlcs ana also on yields durlng ghe
past 18 years after plantlng in the main fleld, a magorlfv of

the palms:which recelved no potasslum_falled to: flower at -

all, even when they were giveh the highest levels of nitrogen E



: and'phocphorus; The varWaulons from yeaf to year- 1n The yleld
of treatment KO (zero level) may be ascribed tOvCl7math
factors and ageing of the palms, ¢limatic factors are known
to. have én important effect on the number of nuts (chiefly
influenéed'by rainfali). Fremond and Gres (1956) have
described the visible efﬁebts‘of potash application on the
palms, compared to no applieafioﬁ of potash by the denser
foliage and the lush green colour of ‘the fronds, This
increased vigour in uhe green tissues is reflocted on the
yields in two ways (1) the number of nuts - potash 1nducesp an
increase with. thé rate of application and (2) in the weight
of copra per nuts. The genérél flaccidity and drying of leaf.
‘tips and the appearance of necrotic patches\in the leéflets;
of older leaves on young palms growing in the plots not
supplied with K observed in the present investigation is a .
© clear indicafion of K deficiency in these plots.e

Heth Singh et al.(1961) discussed coconut nutrition and
fertilizer requirements. in relation o soill conditions: |
existing in: Srilanka and found that thé main effect which

had shown gignificance was that of X. /

Fremond and OuVrier (1971) while confirming the spectécular
action of potassie manuriﬁg oh yield further revealed that the

harm done. o thé trees by a lack of potassium during:the early

i



phases: of the paﬂm bécomes‘irremediéble by later applicationsaﬁ
The. trees which have received potash menuring from the time of
planting always produce more than those which received
application: of potash at maturity. I+t was also shown thati

the residual effect of.a double rate every two yéars being
‘less than the annual application of.aAsingiefrateg In India
Muliyar étval.’(1971) consider that the increased yleld due to
COffectlon of the potash deficiency is essentlal iy due to the

increase in the number of nuts and not in the copra content.

smith (1964) reported thét iﬁ certain situationé in
Jamaica where the yield and number of flowers were already'
high and the only limiting factor was ‘the physiological
inébility of the palms to hold more nuts, it is often
posgible to increase the number @f nlts and yield further
by the application of potash fertilizers. The results of the
present-stﬁdy indicate'that the application‘of potassic
fermlllzer may be helpful in preventing physioliogical. button

shedding in many sltuatlong 1n Kerala.

John and Jacob (1959) found that application of 340 g N,

340 g)PZOE and 680 g K 0 per palm per year resﬁi%ed im an:

2
increase of 35 per cent in nut production and 44 per cend
in copra production over cultivator's practice. When they

failed to obtain response to the above dosage, significant
p b -



‘yield;inefeases werevebtained-when %he KéO level was raised
to 900 g per palm Der year. Ralslng the levels to 900 g-N,'
1135 g P205 and 1135 g KZO resulted in Lurther increase- in
,yleld. : ' ' '

' Prudente and.Mendoza (1976) reported that on, palms
fertlllzed w1th murlate of potash rlﬁht from transplantlng
. with N! or NP always produced taller and stouter palms, 1nduced
.1n1t1a1 flowerlng in less than four years and slgnlflcantly
increased nut and oopra,pro@qctlon-ev&r these trees_thhout
KCl. This bbeervetien‘waefmade in an inland uﬁland erea..

The interaction effee%s:bf NK‘énd PK were also spectacular

in 1ncrea51ng the yleld, though the Lnteractlon of NP Bave:
sllgﬂtly 1nconslstent results.' blmllar results were reported
‘from. Srilianka which showed that the maln effects of N, P
and X and +the 1nteractlons of NP, NK and PK weregs1gn1flcant
w1th respect to ylelds (Anon, 1969) Barrant (1977) reporte@
the benenlclal effects of I and NK 1nteractlon on. the yleld
of Malayan Dwarf palm growing in K deflclent soil,

Marar andeEandaIal‘(1961}‘conclgded that the effécts of

v‘NJand-K;were quEI.and additiven., They quantitatively fixed

A}

ﬁhe elfect of ¥ at 10 7 nuts,JK at’ 11.3 nuts and WK at 2048
nu s per palmlper year from a fertlllzer trlal haVlng two

levels of NFPK. Vlz . zeroO:and 450 g 1 Yw ZeTro: and 227 g P205 andi

zero -and 454 g“KZO pef palmperfyea;g

i
A
|
I
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OlLlagnier and Ochs  (1973) from a study of the interaction
effects of I and K concluded that the lack of sinertic
.eifecis‘of N and X on yields is likely to. be due %o’ the lower
)degree of N.&éficiéncy and to. the slight action of the potash
on nitrogen metabolisme AlL the above repprtSjclearly.suonrt:'
the flndlngs revealed in +the present study and emphasisess the

importance of K fertllﬂzatlon to. coconut palmge:

Response surfaces were also fitted to the annual yield. data
with respect to applied N, P and X from. 1976 to 1982. The
partlal linear regression (bo) of yield on no applle&

IerblllZGL from the very plantlng of the seedlings in the

main fleld in 1964 exhibits the exfects of ageing and climatic.
parame ters on growth and yield of qoconut palms. It may also
be due to proliferation of the root system to a wider spectrum
in. search of nutrients, thereby obtaining the minimum
requirements. of the palms resulting in sustained increase

in yields despite no applied fertiliﬁersg

* The parfial linear regression.(b_) of yield shows‘bosifive
response at the 1n1t1al level of 340 g Wi per tree per year
whlle at the hlghest of 680 g N per tree per year the
quadratic eoefficients (b11} shows negative values which are
not significaht in any of the years‘from 1976 to 1982, Thig:

indicates that the present highest dose of 680 g N per tree-
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per year is in no way near optimum and there is need for
- further enhancement of N in the schedule of fertilizerx

treatmentss,

The quadratic coefficients (béz) of yields though show
negative values, are'significant in all the years which shows
that fthere exists a_méximum level P. Since the regponse of P
at the‘highest level viz., 450 g P per tree per yeér was found’
to depress the yield, it is to be inferred that the maximum
level of P has already been attained and the initial level. of
225 g P per tree per year would be‘suffiéient enough in
combination with other nutrients to attain sustained higher

yields.

The partial. linear regreésionﬂ(bs) of yield exhibited a.
positive response at the initial level of 450 g K per tree
‘per year. But thé quadratic: coefficients was found to be
significant and negative which indicates that there exisis
still a maximum level for X %o achie#e maximam pbtential‘
yieldse. However, the response to higher level of 900 g K per
tree ‘per year was found to be quadratic though there Was
increase in yield at reduced rates. This indicates that the
present highest dose of 900 g K per tree per year is very

‘near optimum and if at all!thé dose ig increased it need be

increased to a little extent only.
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‘The values of 6oefficien§ of determination (Rz) explained
the fitted response functions satisfactorily and indicate
that the responses due to NPK fertilization of yield of muts
were 55, 8, 71, 81, 91, 77 and 75 per cent respectively for
1976, 1977, 1978, 1979, 1980, 1981 and 1982; the rest being

atiributed to effect of ageing and climatic parémeters.

5.6 Weight of unhusked nut and husked nut

The;méin effects of hitrogen'ahd potash were found to
influence the'Weight of unhusked and husked nuts. It has:
alregdy been established that applied I and X appreciably
‘increased'the Vield and yield attributes in coconut. It has: als
‘been feported~that the addition of K increases the copra Weights
The findings at C.PelsR.I. that nitrogen reduced the size and
Welght of nuts, potash inereased the yield of nuts and also
improved congiderably all. the nut characteristics including
guality and gquantity of ‘copra and phogphorus: with nﬁ tangible:
effects: in the nut characters are in fulll agreement wWith the:

nut characters situdied in the present investigation.

5.7 Thickness of meat anq.Wéight of meat

Applied nitrogen did not influence the thickness of meat
in coconut though a slight increase was observed with the
- starter level of 340 g N per tree per year over the zero level,

Howevex, a depressing trend was obtained with the higher level
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of 680 ng per fiee:per yeér. P oniy &écreasgd1the thickness;z,.
of meat in coconut in the preéent s%ady; rphly the applied K

was found to be effective in this réspget,‘although gquadratic
aff%hé highéSﬁ level of QOC g X per;trée'per yeare:

Thé result bf.ﬁhe‘preéent stuay'ishin agreement wifh‘the
findings. reported by Fremond (1964) that the application of K
resuitéﬁ=in the improvement df'alﬂfproducfién factors: such: as:
ifrult setting, number of bunches, number of female flowerss
per bunch, number of nuts, average copra per nut and .
ultlmately the total copra out turn per palme The. thlckﬁeSSf
of meat and.welght oF meat are faotoru contrlbutlng to the -

yleld of copra per nu. e

5.8 Weight of copra

It was found that ‘the main effect of nitrogen was -
nwflcan% only at the 1n1t1a1 level of 340 g N per tree .per
year ove;.the Zer o leyel in 1nereas;ng the yle;d of copraj while
+the highes® 1evélv6f_680 g N.Qér twee per year depressed -
it.. 'Apglﬂeﬁ P élsé,had a_dépreSsing efﬁéct'with regard to

. weight of covra.<fPotassic-manurinﬁ was, found to increase‘

the we1gnﬁ of copra con51derab y, the effect being more
COHSchUOHS at the lower level of 450 g K. per tree per year
»than at tbe hlghest 1eve1nof 900 g K per tree per year.

The rate 01-1ncrease in +the WElght;OL copra was narrowed.

between K, and Ké Iéveléﬂ-, .
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The T.R.H.0. has o:cteh found a depressing action of
nitrogen mahnuring on copra per. nut and a ¢lose connection
- to. the K levels. For low ﬁ contenﬁs, ammonium sulphate:
redices the number of nuts -and the copra per nuwt, out.as:
soon as,uhe potass’c defioiency is corrected the nitrOﬁen
favours the number of nuts- Loganathan et al.(1979) reporued
that copra out turn was influenced both by muriate of potash
and sulphate of ammonia. ﬁhiié mariafe of poitash lihearly
inecreased nut per palm, copra- weight per palm and copra, .
weight per nut,,sulphate of ammonia 1inearly decreased .covrs;

/

welght per nute

ManCiot et al. (1980) reported that Without potash the“
mean yield for six: years was 980kg copra per hectare
per year, with the application of 1. 5 kg potaSSium chloride
per tree per year the yield.increased to 2100 kg coora per

hectare: per year = the producuion was more than doubled,

The TeReHeOo gitudies have verjr clearly demonstrated the.
highly significant correlaﬁioﬁ between Kjievels and copra, - ‘
production"per tree. Howe#er, the Study of potassium
‘cannot be dissociated from that of the other cations” as seen
here,prodiction was lowered by 2 per cent in the N plots,
but increased by 20 per cent in the K plots. Zillar and.
Prevot (1962) observed that addition of 1.5 kﬂ muriate of

potash resulted in 62 per cent increase in- ylield of nuts and



pst
(GN]
th

23 per cent increase in copra weight per nut, ie a gross

increase of 1.1 t0 1.2 tonnes of copra per hectare.

Fremond (1964) found that higher doses of N not only
depressed yield of nuts but also reduced the Weight oflc0pra"
_per nut. Phosﬁﬂorﬁs Was not found to have much beneficial
effect either in increasing yield of nuts or copra contents
But in the presence of K, P wasufound to have beneficial

effects on the number of nuts and yield of copra.

Menon and Pandalai (1958) after revieWing.the work: done
in India upto 1958 have réported that N had an adverse
_effeét on copra content, while X had a beneficial effect, but P
had'no effect on copra weight; According to Salgado (1940)
N'had a beneficial effect on’ female flower prodactlon,
While 1t had an adverse effect on copra content as a higher
- number of nuts were required to produce a ton of copra,
‘phosphorus had no effect on the copra . content and had a definite.

depresslng effect on female flower production,

Muliar and Nelliat (1971) reportgd«that although application
of N increased the yield of nuts by 16.9 per cent, copra yield
was increased only by 6 per cente. 'Wifh X the increase in~nut
pbroduction was 12 per cent while that of copra yield was 22 -
per cent. Pandalai and Marar (1964) reported tha+t in the
seventh year of fertilizing,. copra production was lowered by
2.0 per cent in the N plot but increased by 20 per cent in
the K plot. |



The findings.mentioned above emphasise the importance:
of K on yield of copra and’are quite in agreement with the
results obtained in -the presen%-ihvestigation. It also-

emphasises: the need for a Ealanceﬁfertiiization of coconut

palmss

549 'Thickness of shell: and weight 6f shell

The welght of shell and thickness of shell fio. contribite’
to. the yield of - copra per nut. @rom the available data it
was-found'that both  the -characters Were-infiqenced by appjie@.'

I and. K though' P had'a dspressing effect. The role of applied
Wi and K. in increas1ng the yield of nuts,and yield characteristics:

have already been 1llustrateda

5e:1o eii.content;"

_The‘dafaioﬁvfhe percehtage of eiB.eohtent as influenced:
by\continuoue NPK fertilization to'eeCOnuf are'presented in
‘Table 88, From the data it was fFevealed that the oil content
Was~increased with “the . ini%ial dose:of234d.g N: per tree ﬁer' 
year while it was found to:- decline with the highest level of
_ applaed N v1z. 680 g N. per tree per year. However, continuou&
' fertilization with K at all_levels substantlal]y increased

-the oili content in coconut. ”his finding is in full_agreement



with: the results obtained rrom trials set out by IRHO at

’ Dabom where on ex_per:.mental plots o:f 125 acres suppYied

| regularly with 2 pounds potassium chloride per 'bree per year,
the out turn of oil ran upto 1786 pounds per aere as against
250 pounds oil per acre for the con'l:rol plots.v

| 511 Weight of fibrez’ \

In the present investigation it was found that the appli-
- cation of X fertilizers to:- ooconut had ‘sigm‘;fieantly increased
the fitre content in the husks, wh:.le it was not so with
regard to N and P, This finding is in ‘agreement with the -
results reported by Mul:.ar and N“elliat (1971) that N adversely
affected all the mut characters vize weight of whole nut, -
welght of husked nut, volume _of hugked nut, copra we:.ght eto.;
However, all thesge: charasters were appreciably improved by K
 nutrition and P had. only negligz.ble effect, Fremond (1964)

has also reported ﬁzat the applu.cation of K resulted in the
J.mprovement oi‘ all prodzc'bion factors such as fru:.t setting,
_number o.f bunches, number of female flowers per buneh, number
ofn.ztse’ccf - A |

5.2 Foliar analysis '
The .fol-‘lowing foliar %evels (Fremond et als 1966) ére
B 'benta-l::.vely taken as standard critical levels for purposes of

‘ d:l.scussion.
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" Nutrients o Standard critical levels

o ‘ | ( per eent dry matter )
| NWitrogen: ‘g(ﬁ) - T 148 %0 20
Phosp.herua{ (P) i_ . ' 0 *"‘.;12? |
Potassium (K) . 0980 - 10
Caleium (c'a'..).' S | 0.30
Magne sium (Mg) L R 0.20
‘Soaium (Wa) ‘ :«Upto w0 |

The results o:c 'I:he :Eoll.ar analysis of coconut palms :Erom
~ the: 39 NPK fertilizer experiment ccndueted during the course
_"oi‘ the p:cesent stu.dy in relation to the cri'bical limits oi‘ |
- mutrientss as arrived in the present atudy and from publishei

V'htera'lurej and yield of nuts are discussed.

B

5.12. ‘ Ig_'ls_r_c:g_e_rx_ :
The cri'bical level for N :Ln the 14th 1eaf has 'Deen fixe@
yas 148 to 2.0 per eent of d.ry matter for tall varieties by
Fremond: et al.(1966). According '!:o them, below this value:
o theﬂ nitrogen nutrition is not assured and may lead. ‘o anomaliese

'-exhlblted by deficn.ency symp'boms and low yield.

The resalts presen'bed in Table (90) -show that the foliar N
__ content range from the 1owes'b value of 1.04. per cent in. palmss ,
receiv:mg no’ nitrogen to the highest value of /1.22 per cent

. in palms reee;.ving 680:g H per tree per yeare. It may be noted .
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v

| that, ingpite of the continued annual a.pp]_ica'l;:.on of 680 g N

'pen tree per year 'bhe follar N level was raised only to a

small level which 18 much below the ceritical level of 148 = 2.0

per cen‘b, fixed by I.R.H.O. Neirer’thleés the yield of coconmut

:Erom the cornesponding palms dur:.ng 1982 were 87 and 184 per

annum respectively showing, a remarkable increase in yield®

_with only a slight increment in foliar hitrogen levels from

‘ 1.04 %o 1.22 per cent. o . | | |
Further the correlation of i‘o].i.a:c N and y:.elcl of nuts

in the present study was posit:.ve but not significant :

| (r = 0.2589). The direct e.ffect of Leaf N was also positive

' though not signi:r.‘lcant with yield. . The response of applied.

| nitrogen to yleld is found t0 be linear mdieat:.ng that an.

op'bimum 1eve1 of N is not at'tamed wi'bh the present 1eve184

of N1 and N2 ViZey, 340 g and 680 g N per wee per year, whi.ch

_ingicates the need for :mrther increasmg the 1evel:g of

'm.trogen. ~ The above find:.ngs lead us to 1n:£er that the

levels of N tried in the prgs_ent investigation,, inspite of

- the cumuiative app'lieation of fér‘bil‘izers over a pe‘ridd»

- of 18 years is s'l:ill below op timam: and is not adeq_ua'be %0 o

exploit the maximum yield potential of the palms Only when the

levels are further raised ana _appl;catipn prolonged over a .‘ |

num}ﬁer 'o_f«years 9 '1:,he~ fo:lsié.r\‘ni'lz-ogeh levels may ;ie up ‘from

_ the present J,eirei of 1.22 per cent‘..as indicated by the: :
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‘re'gression coefficient (0412) of N cfn applied N A similar 4
positive response of leaf N on yield though not gignificant has:
beén ‘reported by Loganathan and Baleglérishnamrthy (-1979).
Vonuoxlﬁili.. (1971) reported ‘that the :fqliar n.ji.trogefx content of
 paluss yielding move than 100 muts per year in the Phillippines
was 1.96 per cent, Indiralutty and Pandalai (1968) in India
categor:.sed palms yieldlng more than 80 nuts as high bearers
and reported that the leaf content of N in such palns 'I:o be
as:high as 1.86 per cents However J.n ‘the present 1nvest1gatl.on}
~ the average annmual yield of nats was progress:.vely increas:.ng
in treatments receiv:.ng higher doses of nltrogen. But the leaf
content of N was’ found to be much below the standard critical .

- level fixed by I.R.H.O. One possn.bill'ty is that the oritical -

1evels for foliar N fér mature palms in this region could be
~ lower than that fized by the I.R.H.o. ' ‘

5 ‘e .1 22 Phosphorusj

Contrary to the :t’indings on ;f.‘ola.ar N in the stzdy, the _
leaf contents of P were niach higher than the crrl:ical level@
f:.xed for P by ];.R.—H.O. (03 12 per cent) , by Vanuoxkull
| (010 per cent), Indirakutty and Pandala:. (1968) (014 per cent) ’
and others: wh:.ch ‘ranged from 0419 1;0 2.0 per cent. Cecil: (1969)
- reported that the P content in 1eaf of healthy palms of high
product:.v:.ty was 0%198 peri‘cent,which compares well with the
'pres_ent fihdihgs*‘;*‘ As such it is 'to;‘ be inferred tha-‘b the present



h:.ghest level of P viz. 450 g per 'lz'ee per year would be
su:ﬂf:.c:.ent enough to maintain the healthiness and productivity
of the palmss The eomparatlvely hJ.gh ‘amount of 1ea:E P might: be
due to the result of appl:.cat:.on of : phosphatedfertlllzer )
accompanied by a s:.gnlfz.cant inerease in the leaf P 1evels
(Manciot et a1.1980). The f:.ndings of Manciot et ale (19&))
that continued applﬁ.cation of Ehosphated fertil:.zers inereaset
the P content very signifioantly a:ce in quite agreement with
the present findinga, |

123 otessiun

The standard crit:n.cal level :Eor K is f:.xed at 0«8 to 1.0
- per cent of the d.ry matter for tal‘ll varieties (Fremond et a1.1966’
In the present study :Eolu.aa: analysis of the 14th lea.f has .
shown a percentage range of 1.02 for the palms whz.ch receive&t
, no potash to 1r.63 for the ones which received 900 g K pem tree:
.per years, It appears that the leaf content of X 1n palms
| rece:.vn.ng no. potash is sl:.ghtly above the critical. levels _
suggested by Fremond et ale(1966) and IRHO (0 8 = 1.0 per oent} o
Anon (1969) in Srilanka (0.87 per cent), However, ,
'A'- :vOnuoxknll (1971) in the Phi]llﬁ.ppn.nes reported 1426 per cent
and Ind:.rakutty and Pandalai (1968) in India reported (1.26

per cent) as values for critical levels of leaf K.. As such
it is to be noted that the palms not supplied with X are very
nzar to the eritical level and that they are only slightly
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.-&eficient in as far as this eiement is' concerned. In 1§his

‘ con'bext;‘ attention is age.in focussed on the ‘obgervations: in

. the present 1nvest1gation that though m.trogen and. phosphorus,
produced vi sible improvement on 'l:he vege tat:l.ve grovth

| characteristics: and aleo on yields: dur:.ng the past eighteen .

. Years after planting a me;j or:.ty of the palms which received

' no potassium failed to flower at allL even when they were given
. the highest 1evels of ni trogen’ and ghosphorue. Studiesa on the
correlation be‘l:ween leaf K. and yield though foﬁnd to be not
s:.gm.fn.cant (= 0.14) its direct effect was hlgh as compared
to other nutrients" | The probable reasons for the increasing
;ﬂlevels of leaf K with incremental doses of apphed K might be
" due to continued application - of high doges of X as reported
by Prevot and Fremond (1968) and Loganathan and Krishnamuﬂsthy
_ (1979).; S | ‘

The h:.gh direct response and the low correlation of leaf ,

K with y:.eld sugges'b the need to further increase the level

, of X from: 900. g K. per tree per year. - The linear response

0f K on yield alsor_eveals;‘ this neceesity»“sinee-‘ optinmﬁ levely
ffbr K has 'ﬁo;l;uiieeﬁ;reached' so' i’ar. Vonuoxkull (1971) reported ‘
that the leaf content of K was 1.26 per cent for palms
 yielding more than 100 nu ts per year in Phi]lllippines. '
Ind.:.rakut‘by and. Pa.ndalai (1968) reported leaf K percen'bage* as:s
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1.30 Por high yielders prodicing more than 80 nuts pET year.

In the present study the highegt ﬁean yield of 204 nuts per
tree per year‘Was recordeé from the palmg sup?lied with 900 g X
‘per itree per year. In view of the higher mean yieid for K and
also of the positive correlation and high direct effect of X |
with yield therelis reason to bellieve that the absorption

and assimilation. of X was much higher which was exhibited by‘
.a high leaf percentage of K.,~HOWéve;, as étated above the
dose of X is 10 be further increased sb as.té achieve gtill.
higher yieldg in which case probably the leaf content of X
may also rige up furgher-fram the existing level of 1.63 ﬁer
cent. I% is also suggested that when the potash levels are
raised from the pregent levels, Mg may also be included as

one of the treatments ag there is negative interaction
_be%ween-K and Mg and that large doses bf'ﬁ are capable‘of

indreing magnesium deficiency (Manciot et al. 1980).

-

5e12.4 Calecium

Calcium was not included as one of the nutrients supplied
in the present study. The standard critical level for leaf |
Ca was fixed at 0.3 per cent (Fremond ef al.1966). In the
bresent analysis the leaf content of Ga was in the range of

0.028 and 0.180 per cent. The non-inclusion of Ca in the
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treatment sche;dulé and the continued application of K might
have depressed the level of Oa in the leaf. Thiss finding is:
in agreement with the reports by M'ahcj:ot et 5-4_35;(1980).% |
HéWever, it was found that i\rxcreme#ﬁl- doses of Niand P had
resulted in a slight increé,se of :ré.af Ca. The correlation: on -
leaf Ca with yield was found to be significant ( r =.0§%'5223)}i;~ -

(53:_";1 2:5 Magnesium '

Magnesium was also not included in the 'fertilﬁ.zer

schedule for this study. Folier analysis for leaf Mg has shown
'!;63 vary from: 0@12 to 0413 per cen{:.,_ Fhe standard critica;ﬁ'efel
of Mg in the leaf is fixed at Os2 per ceht‘(Fremondi et g;. 1966)
which as compared 'fo +the present' ‘reﬁ:‘sults is much high. Applice=
" +ion of hiéher levels of Ny P or K;f'di'd'not influence leaf Mg

in the present study. Manciot et ;a_ll.... (1980) reported 'bhét_
vnitrog-en't fertilizer application 6;-&én depresses the leaf Mg
Ievels and that application 9.1,’ K,é.lyvays.:gduceéer Mg levelé in
the leaf. 'The above f£indings are in confirmity with the
~resu.i-l:s ~obtaine§d, in the present studys The negative correlation
(=0+3240) obtained between: foliar Mg and K in the present
study is in fulll gg_réemenﬁ'with the findings reported by
Fremond gt gg.:(i%é)i-,’___ However, the fact that the direct effect
of ﬁg was. 'pds'i-‘i;ive towa:cds yield of nuts is in par with the
findings reported by Cecil. (1969) .ﬁkBarra!.it (197‘%) reported
that the yield increases due to fertilizer appméations were
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not related to any increase or decrease of Ca or Mg content

in +the 1eaf. . \

56124 6 -Sodium

Sodium is'not reaily indispensible bt it 1s<known that
it can replace K toa certain extent when the latter J.s in _
‘ short supply (Manciot et al. 1983). The swndard cr:.t:i.cal level
of Na has been taken to be upto: 0.40 per cent (Fremond et a1.196L
But in the present atudy the folia.r sta'bul of Na was 0&"'.314 per
k cent only. It is revealed that hlgher levels of applied K
depressed the Na content in the leaf which is in full. agreement
with the findings reported by Manciot e‘l; al.(1980) « They have.
further reported that plantera: in. Ja.wa, India and Golumbia
apply sodium ehloride, as: they cone:.der that N‘a :Eavou.rs eoconu-!;
yields ’ There is'no selentifie proof for this assertion,
and J.'b may be thought that as- sodium was g:.ven in chlor:.de
form,, it was the chlorine which raiee_d the yield.‘ - The nega'bive,;
. eorrele;tion- dbteined for K e.na Na arid neg’ai:iire coirelaﬁoh for
-Na towards yield (-0.1710) obtained in the present study also
upholds the :EJ.ndJ.ngs reported. by Manc:.ot et a.l.(1980).

5 12.7 D:Lrect and indirect effect of foliar nutritients on xg_lel

The correlation of foli.ar N on yield was found to be 0.26
tho.zgh its direct contribut:l.on. was .only 0.1 8. The effect of °

AN

N was vfoum’i to have enhapc_ed in comb:.na'bion with other follar

N . - - . ~ -
' . -
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nutrients viz., P, Ca,‘ﬂg and Nasj hdwever, the leaf K wag
found to depress the effect of N on yield. ILoganathan and
ﬁurﬁhy (1979) reported that in the absence of N or P the yield
would be low even if the leaf K and Cl are high.

lhe correlatlon of foliar P W1th yield is 0+35 which ls
due to the sum total effects of P (0.24) and Ni, Ca, Mg and
Na indirectly. . The magnitude of COITelaulon is reduced . :
due to the indirect effect via foliar K. This findings is in
agreement with thé Tresult that-thelapplicationjof potagsium
fertililizer very often provokes a drop in leaf P(Manciot et ale
1980) . They have further reported that there can be wide: variae
tions,in yield when potassic fertiligmers héve been appliedex In
Phillippines the P levels rise gonsiderébly while they are more
or legs congstant in Indonesia, Oceanea and Mosamﬁique and drop |
very significantly in the Ivory Coast. (Manciot_et al. 1980).
.This negative reldtlonshlp is manlfested from its correlatlon
with X (=0 07). The presence of Ca in 1eaves-1ncreased the
level of P, which is evident from its corfelation with Ca(0.30),
The indirect effect via Ca ig also found to be more than
through other foliar nutrients (0.08). A correlation of 0;50
between leaf P and yield was reported from'SriLanka and Ivory
Coagt for P levels beléw_oo13 per cent (Manciot et 2l.1980).:
In the present stndy the leaf P Wésnoez peXr cente
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’ Follar K was found to have maximum direct. effect than other
" natrients (0.26) » on yield but its correlat:.on with yield was.
found to be only 0,,.14. This reduct:i,on ;.n the magnitude of
correlation is due to indirect effects via N, P, Ca and Mg.
The only natrient which enhanced t'hez effect of X is ‘Na«
Coomanss (1974) reported that potash. levels strongly influenced
produetion. The high d.irec'b effect of K observed in the presen't: |
study ‘s;:hresses \;ishie f:.nd_ings. Zi]}Ier and Fremond (1961)
répdr'bed that when K ”d‘e'ficieney is a limi t:.ng factor in
fproduc‘bion, this en'bails a pos:.t:.ve correlation between potash
content in the leaves, and the number of nuts per tree,, whereas~
the eorrelation d:.sappeare when the deflclency is eerrecte&z.‘ in
the .present study the soil is not deficient in potash: and: |
Jhence the report by Ziller and Fremond: et ale (1961) is: in
co.nform:.'by Vw:’i.th the present _observationﬁ The findings reported
by Manciot etal.198h that the defiolent status of the unmanured
| h:ees'is_,re-fieqted in a declining trend, and the dose of 1 kg
 KCl per palm per year appee'rs insu.ffj.eient to meintain a high
level of production holds- true in the present investigation
a],ge.' It v,:as'further reported that 1 kg KCl per year was:
inadgymate in so far as thev' K conten;t rose only very slowly,

- though it did 'e,vehtually r‘iee 'beyondl the eritical level. This
is aiso true of the‘ findingsrecordegi in the present studys |
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This slow increase in the K level of the leaf carresponds
with the m:.tial growth per:l.od of 'bhe palm, when the nutrient
is being accumlated in the tr.-unlg ax;d the crown. Hence the
deficient levels at “thege periods' of grewth hawie to offset

.the storage requlrements as welle

Margabe; et al.(1978) obgerved part:.al carrelation of
yield with either leaf K..(; P = :,.~276j at constant cl),,or leaf Cl
(r = 0450 at constant K) and reported that the correlation .
coefficlentstwere no'l; ‘significant. This is due to the srlmong
correlation of the 'hwo nutrients in “the leaves. fThig sugg_es'bse
that the marked response of coconut to mur:.a'be of potash |
appJJication is due both to: K and cl in the fer'b:l.lizer. The:
non-gignificant correlaﬁ.on obtainech in the present s'mdy might
be due to the reason that the leaf c1 was not estimated and as;
such correlation was worked out for K alone. Had the correla=
tion been worked out both for K and cl it would have been
pas:.tive and signlflcan‘t w:l.th yleld. K and Mg were generally
found to have a negative interaetion. In the absence of K,
"Mg lag a slight positive aetion. The effect of X and Mg |
are not additive but on the contrary the eonjuneti‘on of Mg
with K reduces the effect of K ( K~ Mg an’eagon:.sm )o This is:
in par with the findings repcrted by Loganathan and -
IBalaIerishna Murthy (1979)« The I.R.H.O. has shown that the
principa.:ll effect of Mg on y:x.eld can be as much: ag; 40 per cent, bu
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only produced in the presence of Kcl. This is also proved
true in as much as: that the leaf Mg was i’ound to be positively
eorrelated with yield.

- Accarding o ziller and Fremond (1961) although K had no
efﬁ‘ect on Niand P"‘contentzof the 1eaves, ~~antagonism towardss

Ca. and Mg and synergism with: Na. were revealed. Manciot et ale

(1980) o‘nserved that only K fertilization has a strongly

: depressz.ve efﬂeet on the Na levels in the leaf. The findingss .

in the present mvest:.gation are in agreement wi th: the above

observations in as much as that the indirect efi‘ect of K via

| Na was positive and X was found’ to. tdepres:s the Na content in
the: Teafs B " -

~

'h'r.':i.en‘b:

5.1248 Effect of applied mutrients (NPK) on foliar mu
| ccentrat:.on ST e
Fultiple reg-ession equatzons i’itted to the data on folia'f
nutrJ.ent contents revealed clearly: the rate of change of foliar
nutments with respect o applied doses of: N, P and XK. The
J:ate of change in :Eolla.r N aue +o appl:.ea N and K was positive,
and sigm.f:.cant and exhibited a quadratic response, while a.

" negative relationship was obtained for applied. P.  The -

interaenon of N with P and K w:.th P 1nereased foliar N while
‘ K with N depressed foliar N Ehe Ilndings reported by
Kama]a Devi et al.(1974) that the average 'leaf N and K
contents rose with hlgher application rates of N and K is in
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agreement witn the . present. f_indings? The findlngs of Zillar-
and Fremond (1961) that tne niﬁ'ogen 1evels were strongly |
influenced by the application of K, also is in confirmity
wi th: the present findings. : .

A positiv_e -r-esponse 'l:o foliar :P for applied ¥ and P was:
noted indicating that with‘i increased & levels of N and P the
~ leaf P alse increases. ‘Me,nc:_l.ot et é_]_._%.(1980) reported that .
_ the 'appIdcation of phospha'fed f.ertili'zers is very often -
'~ accompanied by a- slgnifn.cant increase in the leaf )y 1evels.,
The close laison of Ni and P also influences P levels in the
-leaf. However, applied K -exhibited a depressing effect on
foliar P. The findings reparted by Mamciot et ale(1980) that
.*at maturi ty mtr:ogenous manur:.ng usually raiges the P levels ,
and the opposite happens wrbh potassic fertilization, is in’
fulll agreement w:.th the present results.

The findings that the regresslon coefficient of folia.r o
| K on applied N’ and P produced a depressing effect,, slgnlfican'u,
depression ‘oeing noted for appl:.ed N, and that with incremental -
doses of K, the 1ea:f X also increased signiﬁcantly are: in
conformity with 'l:he findings reported by Ziller and 4
Fremond (1961), Kamala Devi et alsi (1971), Prevot et ala(1961)
and Manciot e’t al'ﬁ‘(19&))f# ‘l'he :Ln'l:eract:l.on effects were found

to be negati?e.
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Wifh regard to Ca, the"lesf content was enhanced with.
added I, ;P and K as also its interactionses, but “the responge wasw'
quadrat:.c with higher levels of N, P and K. Accord:.ng to
- Maneiot et ald( 19&)) -the Ca content<t in leaves are appreciably
K J.ncrea.sed by na.trogenous or phosphated fertilizers; potassium:
'fertzl:x.zation tends to depress the. levels. ﬂ.‘hls 'is true of 'l:he
present find:.ngs also. | " '

- The Mg levels in the leaf was found to increase with N
This is not in agreement with the findings reported by '
| Manciot et ale(1980) though their f:n.ndings tha'l: Mg rises with
app_lleﬂ P conﬁrms to it. The reduced Mg level due to applh.ed
K cam be attributed to K - ¥g an'lagonlsm (Manc:.ct et al. 1980) .

ek SOJ.l analxsis ‘

. seil samples_._.from, each plot were taken at the different
d:epths ,viz;s;,, 0=50 cm-and‘So-ii.Oo"‘cm and analysed for varioug
cha.rac*bers such: as N s Py, Ky Ca, Mg, organic ca.rbon, cation

exchange capacity and soil pH. The results obtained are
- discussed in 'l:his chapter. | K

5.13 A Dotal nitwogen

‘ From the fta'ha. analysed for N,. it was revealed ﬂzat the
'nltrogen s‘batus of the soil wasg improved only when the highest -
ldose of 680 g N .per tree per year was suppmed, whereas the
lesser dose of 340 g N per tree per year left behind in the



soil only very 1itt1e nitrogen over the zero level. Foliar
a.nalys:.s data on the other hand showed that the percentage
content of m.trogen in the 1ea1‘ was enhanced with: ineremental
doges of- applied Ne - '.T.‘his shows that the plant uptake of nitc-ogen
 was aotive and aiso that no significant residual accumlation |

of nitrogen could be observed in the soil at levels lower than
680 g g per tree per _year. ) Even at the highest level,, only a,
slignt increase’ in the nitrogen reserve of soill could be '
observed. The -y‘ield data and aiso the correlation studies

for N with yield showed that the present dose of N needs: an
upward revision.

The data on soil ni‘&ogen is highly revealing particularly
when examined in relation to the climatic parameters of the
 experimental: site. Lesching and volatalisation losses of
- applied N could have taken place to a significant extent in
v:l.ew of the high intensitj of rainfall in both the monsoons
"and the high temperatures prevailed throughout the year.:

The fa.ct that the.- apphcation rate of 680 g N per tree per year '
could not leave behind a significant resn.duaIL accumulation

of N: further indicates the magnit.zde of the problem in-

- relation to N lossess, ' i '

The apgrieation of P also did'not' improve the nitrogen
dtatus in the soil which is in agreement ‘with the findingsJ |
reported by Manciot et ale (1980). '
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Contrary to the effec'i: of Ni and P on s0il niﬁ-ogen re‘serves"
in the so0il,. appli.ed K improved soil nitrogen status s:.gnlfican-
tly. Hmvever with inereased levels of K s the effect was
‘quadratic which shows that. the pa'btern of absorption was
shlfted from N t0 K at higher levels of appIied K. Pilllai and
Daviess ( 1963 ) reported the quan‘ln.'tative sequential of importance
" of absorption of ma;}or nutrlents for adult bearing palms as
K N cCa Mg N P. Similar sequence of absorption wass
also reporited by Ouvr“ier ahd Ochss (1978 ) which is in the order
XK ¢l N Ca  Na Mg S° P, The above findingss
‘are in agreemenf with the resulfe.ef the b_resent investiga'.tion
.and“ 1ead us.-to infer‘ that rhen ad'e@_ﬁéte amounts of K is supplied
i o) the soil, cocomut palms pre:fer to abaorb more of K than of
N or any other mineral nu'br:.ents in. the soil. The .f:mdings‘of :
Ramanandan’ (1974) -tha'b the soil N status was improved when: N:

. was added in'eomﬁinatibn' with P: and"‘I-{ and alse Prwhen applied:

- along with K are in par'tlal egz-eement with 'the present study.:

5 .313 2 gvailable phos;ehorus

It is seen 'bhat the app]hcation of various levels of
: NPK .fertilizers d:.d not result in any slonlfican'b reserve,
.of avallable P in the so:!.l. : However, a marglnal decrease
in soil P was observed due to NPK fertilization which may
be attributed to higlm. abserption ofP in the presence of N
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amﬁK and the possible partial fixatidn of P in red loam soils
which are well kncmm to have high P fixing capacity, \
‘especially when the pH is b&lew 5.5, In studies carried ou'b
at Purdue University it was found that when ammonium sulphate:
wag mixed wz.th a water soluble phosphatic fertlhzer and

» appheﬁ in a band, there was great proIiferatJ.on of roots in
~the band and a greatly 1nereased uptake of phosphorus: by the
plant (Tisdale and Nelson 1975 )« In: the present ‘inv_e_stiga-_-j
tion however,,‘ ammonium sulphate was applied in combination—
with single superphosphate and placed in bands a.round 'bhe

- palmg which resulted 1n a higher absorpt:l.on of P by the _
palmg. Fo]]iar analysis ror leaf content of P also confirms
fhis.‘ Simi]ia.r trend was observed in the soil samples from |
50«=100 cm depths also,

5d13.35 AV‘aﬂ‘a‘bI’e*K;

| The avai.lable K status in the soil was found to inerease
with lower levels o.f applied N, P and K viz. 340 g N, 225 g P
and 450 g X' per palm per year. W:Lth further increase |

in the levels of applied N, P and K, the soil reserves of X wass
found to be depressed., This indicates that the absorption of K
wag of & hi‘gher order with the inerease'd I’ev'els of appliiead: |
N,.P and K th.ch was also ev:.nced by the foliar eontent of X.
Ramanandan (1974) foand that in the case of x,, its sta'bus, in
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'thel soiZL had improved by‘supplying :K" alonesf; which sugg,ester'
that the K reserves in the soil could be improved only with
further addi-t;ions of K in the soil and the presen'b level

| tried in this investigation is not sufficient enough to mild -
up. the Kstams in 'bhe soil.

Cecil- (1981) reported that there was a- steady aild up of
available K in the soilxdue to thev continued appIJ.catlon '
of X~ fertilizers and the build up was higher wrbh increa.s:.ng
levels of K treatmentss |

- Peterson and Krueger (1980) reported that regular

~ additions or a single addition of ‘a large quantity of K
increased the availability of K in the soil. substantially,
“btut the residual effect was 1ess for K. The above finding
‘also confirms the present resul't that the poor build up of:
soil K.is due to- comparatively lesser quantities of X applied
to the soil. '

Based on the ratjings of Mubr et al. (1963), Pillai (1975)','
reported that all the goil groupa of Kerala under coconut
are generally deficient in available K, with no. soil group
falling under high rating. '

Not much difference in soil K wag visible in the
soil samples collected from 'bhe depth ra.nging from 50-100 cme.
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5e13.4 Calecium

Cont:.nuous appl:.eat:.on of fertilizers in the form of

 ammonium sulphate, sn.ngle superph@sphate and mriate of

.-potash hadc resulted in a depletion of soil Gae. The cumulative:—
effect of the appl:.cation of N in the .t‘orm of ammonium -
‘sulphate has resulted in a shapp decline in the: calcium statusJ
of ‘the ;8011 This ean be due to 'bhe 1eaching away of Ca
under the :Lnfluence of the residual aca.dity brought about

o d!eom the appJJleat:Lon o:f ammonium sulphate.

| Cecill (1981) report'ed that the e‘xchangeable calcium . -
content of soil was not influencecl by 'different lévéls of

- N,.P or K treatments. This is in’ ‘agreement with the findings:

in the present study. In view of the contlnued app]]icat:.on

. of single superphosphate, a sl:n.gh'l: increase in Ca status

' of -bhe soil could have been accounted, which could have been
nulm:t‘ied by the cont:.nued a.ppld.ca'lions of ammoniam sulpha.te..
~ The dlfﬁerent levels of appl:.ed K aid not :.nfluence the ca;,..

; level in the so:.l which m:l.ght be due to K=Ca antagonxsm o

espec:.ally in the a.bsence of adﬁed calcium.

] Based -on 'bhe ratings for exehangeable Ca by

Senkaram: (1966), Pillai (1975) has reported that all. soil
groups of Kerala under coconut are hav:.ng very low Ca atam& .
and the dlfferenoes among dii’:teren'b soil groups are not
significant,. This o'bservation is in agr:eement w:l.'t:h the

present ﬁnding.
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'5.13.5 Magnesium

] The: exchangeable Mg wasd not iﬁfluenced either by the
application of N, P or K which mght be due to K - 'Mg
,antago‘nism especislry in the abseﬁqe of applj.e.d Mge. . However,
the PK interaction was foq_n.d to'haﬁe ,a;s-light influence on
the Mg status in the soil.. Similef behaviour of Mg Was
obsexved J.n the lower strata of the soil at depths rang:mg

from: 50-»100 Cle

541346 Soil PH

The soiZL pH was not 1nf3uenced by the different treatment,
levels of N,, P and K. . HOWever, 1ncreas1ng the levels of N
and: P treaitments has: a Sllgh't depress:Lve effect on soil pHe
This is p:z:obably due 1o the acld:.fylng effect of ammonium. :Lons‘
present in the ammonium sulphate which was used as the N
source in the present stu.dy’. Geca._l (1981) has reported
similaxr aeidifyin_g' e.effecfb“of ammonium. ions present im

-«

 factomphos.

54137 Cation exchange capacity

The cation exchange capacify is found bo increase with
h;.gher 1evels of W and K, but depressed at higher levels of P.
These. changes due to cont:.nuo.:.s apphca,t:n.on of fertiligers:

over a long period of time requlres; further study.
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5.138 Organic carbon

The c.>rganic‘ matter cénten't of E;'t;he soili was not, influenced
by the different. levels of NPK ;Eertlllzers_ ' »According to
:Biancn.ot et ale (19‘79) the lowest orgamc carbon value’
consldered ideal for the growth of coconut is 1.0 per cente
. Compared to thls the orcramc matter content of the experlmnn Tal.
site is below the ideal level and ranged between 0.38 and 0 4.7

pexr cent onlye.

S Pralliet al. (1959) could not flnd any swnlflcant change:
in goill orgamc matter over a 28 year period when no orc*anlc
manure was added. The above i‘lndlng is in full agreement

with. the observation in 'bhe presen‘b studye.

o
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-

iiﬁt the Cobconut Resgearch Sub-Station,iBala:amapuram,.in

Trivandéum District of Kerala State, an experiment was 1gid out
ags early in 1964 to study the‘efﬁectiof continuous application
of W, P and K'fertilizer on fhe grovth and yiel@ of West Coas®t
Tall variety of coconut palms. The scope of the experiment :
was further enlaxgéd to establiﬁéferiticaﬂ.levels of nutrients;
in the fronds as related to yield and to determine the cummlatix
fertility status of the soil. The experiment was laid out in a
37 ' |

confounding NPK

partially confounded factorial design with two replications,

2 272
‘The treatments adopted were all the possible combinations of

o N

N, P and K at three levels as given below:

in replication 1 and NP, K, in replication 2.

N - O? 540 and 680 g N per palm. per year
P -0, 225 and 450 g P205 per palm per year

K- 0, 450 and 900 g K,0 per palm per year.

2
The experimental field was planted with one yeaﬁ old
seedlings in 1964 and was continuously fertilized since then.

The results of the investigation are summariged below:

1. The annugl production of fronds per palm was
increased with the incremental levels of N and K.
HoweveZx, the response 0 P was not significant;

s0 also were the interaction effects.
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The higher 'levelsg of N.and P did not increase the
length of'leaf. A positive response to K was observed
throughout the periodiof study. Thé interaction effects

were inconsistent.

The iesponse of Nand P waé not gignificant in
increasing the number of leaflets, though an increasing
trend was noticed with higher levels of N. The effect of
K at the highef levels was significant over the zero level

but at the higher levels it was on par.

" The effects of all the majbr nutrients N, P and K
were found to influence the production of female flowers.
While the regponse of N and K was linear, it was

quadratic in thq%ase of P» Of the interaction effects,

'NE and PK interactions were significant althrough the years

An apparent increase in setting percentage was:
observed for N'and K. However, the response to P was

quadratic.

A positive response of W on yield of nuts was obgserved

during all the years. The response of P showed a quadratic

expression, while that of X was conspicuous. HowWwever, the

yield inérease was more remarkable with the initial levels
of N and K over the zero levels. Among the interactions;
NK and PK interactions were significant for all the

years.
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| The cumhlafiveVyield dafa for the period from 1976

o 1982 -also showed that the yleld'was 1ncreas1ng in a

llnear fashlon for applled N -and Ko The most strlklng

of the data is that the palms not Supplled with K, gave

“only a minimum yle&d of 7 5 nuts, Whlle those palms that
, recelved “the. hlghest level of K vize 900 g K per palm

per year gave the maxlmum yleld of 405 nuts durlng “the

seven year period from 1976 00-1982. The. résponge +to
applied P was quadratic. The interaction effects of NK

and PX were sign‘ificaht; ;

- The Tresponge eurfaces fltted to annual yield data

, W1th respect to appl;ed N, P and K from 1976 to 1982 .

showed that the partlal 11near regresslon of yleld on N .
wag positive at the 1n1t1a] level of 340 gN per palmj ;
per year. Whlle at the hlghest level of 680 g N per palm:
per year the- quadratlc coeff1c1ent showed negatlve
values which are not slgnlflcant in any .of the years:
from 1976 to 1982, Thls 1ndlcates that the present -
highest level of 680 g N per’ palm per year is in no. way |
near optimum and there is need for further enhancement

of N-in +the fertlllzer schedule.
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The quadratic coefficients of P on yield " .

- showed negative values which are significant in all

~ the years. This shows that there exists already a

maximum level of P in the fertilizer schedule. Since
the responge of P at fhe highest level viz. 450 g P

per palm. per year wag found to depress the yield, it

is to be inferred that the maximum level of P has alread;
been achieved and the initial level of 225 g P per tree
per year would be quite sufficient in combination_with

other nutrients to attain sustained higher yields.

The partial linéar regression of yield on K
exhibited aipositive response at the higher levels of K1
and K2 vize. 450 g K and 900 g K pér paLm per year. But
the quadratic coefficient was found to be negative and
significant which indicates that there exists still a
meximum level for X to achiéVE5maximum potential yieldss.

However, the response to higher level of 900 g K per

palm per year was found to be quadratiec though the

increase was linear, This indicates that the present
highest level of 900 g K per tree per year is very near
optimum which suggests further enhancement in the level

of K to attain optimum yields.



11.

. 1 29-

“13..

14,

15

16,

183

The R° é_coeffiéient of determination) values ’
indicate that the Tesponse function of N, P&K on yield
of coconut Were éxplained.respectively 55, 80, T1, 81, 91
77 and 5 per cent for 1976, 1977, 1978, 1979, 1980, 1981
and 1982, the rest being atbributed to the effeet of

ageing and climatic parame ters.

Post harvest studies vevealed that the average weight
of unhusked and husked nut was enhanced with N and K
though it showed a quadratic expression. The effect of

P was found to be hegativee

‘The mean thickness and weight of meat were influenced
by applied NWiand K although at the highest levels it was

quadratic. The regponse to P exhibited a negative:‘effect

The data on We.ight of copra revealed that the effizcts

of N and K and also the interaétion effects of PK and.

- NPK had significantly influenced the weight of copra..

-However, the effect of N was guadratic, The response to

P was found to be negative, though not significante.

The response of N-and K to average thickness and
weight of shell was significant. However, P had no.

Iesponses

" The oil peitentage of coconut was significantly
improved with applied N and K. The effect of P was:

found +to be negatives : - .

\
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The fibre wéight of husks was significantly
increased by K fertiliéation while the response of N and

P wag not significant.
The N: contents of the leaves Was found to be 1.0,
1+1-and 1.2 per cent for N, N, andi2 levels of applied

’

N, while it was quadratic for applied K and was not

significant forx applied P,

There was no'significant response for N,, P or K to

leaf phosphorus,

The K content in the leaf was steadlly 1ncreased W1t]

| 1ncrementa1 levels of K, but not w1th.qN .0orPe Noreaver

applled N depressed the~leaf content of XK. The X

content in the leaf ranged between 1.0 to 1.6 per cent

. due to applied K.

The response of applied N, P or X did no+t influence

thé Ca content in the leaf.

The different levels of N, P and X did not

influence the Mg content in the leaf.

"The sodium content in the leaf wag also not

influenced with applied N, P or K.
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A quadratic function fitted to describe the effect
NPK fertilization on leaf nutrient concentrations showec
that the nitrogen supplied in the form of -ammonium
sulphate produced a significant pbsitive response on
foliar Ni and a significant negative effect on foliar K.
Continued application of phosphoras in the form of singl
superphosphate resulted in a negative response to foliaz
N and foliar K. <Addition.qf K in the fomm of Muriate
of potash significantly increased leaf concentrations: of

N, K and Na but had no effeet on P, Ca and Mg.

The correlation betweeh Yield and leaf N was not
significant though a positive trend was observed.
Similar resulits Wwere also obgerved for leaf K and Mg;

but Na wag found to have a negative effect on yield.

The foliar N content in the present experiment iangg
from 1 to 1.2 per cent for zero level to Nzlevel of N
viz. 680 g N per palm per &ear. However, the annual
yield of huts Was progressively increasing with higher
doses of nitrogen. But the leaf content of N was found
to be much below the standard critical level of 1.8 to
2 per cent fixed by I.R.HeO.
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Contrary to the findings on foliaxr N, the leaf
confent of P was much higher than the critical levels
fixed by IeoR.H.Os (0e12 per cent) leading to infer
that the present highest level of P‘vi'ze 450 g P per

- palm per year would be sufficient enough to maintain

the healthiness and productivity of the palm.

. The standard critical level for K is fixed at 0.8

$0 1.0 per cent for tall vérietiés bY I.ReHoOs In the
pregent study the K content in the leaf was 1,02 per
cent for zero level of :{ and 1. 63 per cent for 900 g K
ver palm per year. The levaf content of X in palms:
receiving no potash ig slightly above the eritical
levels suggested by TeReHoO'o: (0.8 "ﬁo 1¢0 per cent). The
correlation between leaf X and yield though found to

be not significant, its direct effect Was high as

compared to other nutrients; suggesting the need to

' further increase the level of ¥ from 900 g per palm

per years

The Ca content in the‘lea:f was in the‘ range of
0,028 and 0,180 per cent which is muc‘h below the
standai'd critical‘level of 0.3 per génﬁy fixed by
I.R.Ho0o Similar was the case with leaf content of

Mg and Nae.
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~ The correlat:.on "between yleld and the foliar nutrients:

have been partltloned 1n‘co dlrect and indirect eiuects of

'follar nut J.en‘Ls. ‘

The maxlmJ.m dlrect effect Was explalned by foliar K

(O 2692) , though its co:c,celatlon w:.th yield was only 0. 1589

~which W@s not sn.gnlflcant. Thls low correlation was due to

the negatlve J.ndl‘cect effect of fol:.ar K v1a, ) P Ca and M

The dlrect efﬁect of follar Ca was O. 2517 while J.tsd

‘co:cr,e iation wi th yleld was 0.3223 Whlch was s:.gnlu.can‘b. ,

The dlrect effect of :f.‘ollar Mg was 042505 while :Lts .
correlation Wl,‘th yield was- 0.2282. '

'_ The dlrect efﬂect of fol:.ar P was O 2432 wh;Lle its

correlat:.on with y:.eld was 0.3468 wha.ch was slgnlflcant.

The dlrect effect of foln.ar N'wag 0.1888 while its
orreiatlon WJ.th y:.eld vas: 0.2589 wh:.ch was not slgnlflean't
The direct ei‘fect of follar N”a was negatlve ‘and

negliglble and :L'bs cor:celat:.on w1'bh yleld was also small,

From the above 11; can be -seen tha't the maximim dlrect
ef:ﬁect was explalned by follar K followed by follar Ca Mg,
P and Ne '

séil ‘analysis w";or' nutrii#n"l; s‘té.tus in the soil was.

done at 'b’WO depths, 0 to 50 cm and 50 o 100 “cme. The

-data revealed tnat contlnued N and K fertlhzatlon ‘at

the hlghest levels alone could impxrove the N‘ ‘status in
the soil over years. The P, K, Ca a.nd Mg status 1n “the:
soil was: not J.nfluenced by contn.nu.ed NEK i‘ert:.llzatlon.;

30 also the pH, CEC and Organn.c carbone
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Tuture line of work

Te.

2

3

It is imperative to revise -.: ‘the NPK levels fixed

‘as early in 1964 for the West Coast Tall variety of

coconut to explolt tbe maximum potenulal yleldso Based,‘
on the results obtained in the present study, the
levels of N. and K have to be suitably anreased while

that of ‘P could be reducad to 225 g per palm per year.

Since ‘the direct effect of Ca ahd Mg were found to

be IEmarkable, their inclusion in the fertlllzer

schedule for coconut is suggested.

' The standard critical'levéls of leaf mutrient

cohtents as fixed by I.R.H.Ow and others cannot be taken

for granted és the critical levels under Kerala condltlonS*

asg vide variations were noticed in the present study

wifhout detrimentaf&y affeéﬁing the yield of nuts.

It is therefore suggested that a field experiment may be

laid éut afresh to include a new fertilizer schedule with still

higher levels of N and K and a lower level of P than that of

adopted in the present investigation and also incorporating

Calcium and Magnesium levels. The treatment combinations for

the proposed experiment should be much that it should also be

possible to fix up critical levels of plant nutrients in the

leaf, as leaf analysis is a very fruitful method for predicting

the fertilizer requirements of the palme
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APPENDIX - T a

Abalytical data of a representative soil proflle '
Year of sampling = 1964

Name of Depth pH Gravel Total  Organic  Ex.ca. Total Total Total
soil in nitro-  carbom: M.E/ Gao P,05 X,0
series © - inches ‘ gen - 100 gms.
% % % . % % % o
0 =9 504 0,00 ._ 0.064 0,255 ‘Trace 0.021 0.020 0,095
Vellayani 9 =21 5.4 0.00 0.032 04453 ' e . 0.025 0,025 0,072
24 =60 5.6 0,00 0.032 0.183 - 0,021 0,021 0.085




,Appendlx I '
- Number of fronds per palm (Half yearly) - Abstract of ANOVA

Source ; at - ’ , - Mean squares

-June~- 5ec. June: Dec.. June Dece. June -Dec.., TJune,- -Dec. )
1972 ° 1972 1973 1973 1974 1974 1975 1975 . 1976 1976

Blookss , 5 04262 0.392, 0.646, 0.595 0.149 1.470#%0.398 04930 04257, 04400
N 2 0.97%, 5.767 6.856 (o338, 14480 ;.660 3 196 3.330 .@4@ ’5 894
P 2" 40602 8.028" 4.932° 4.135 2.360 5.100% 0.930% 5.350"F 0,080  0.801"
NP 4 04654 2.032 0.833 1,608 0,273 04680 0700 1.050 1447 0,076
. * *¥% *HW *® . e C . *¥*
K 2 '8.853§21.231 *24.798 12. 213 5.150 54930 6.242*’8.290_“ 0.474 = 6,999
NK 4 0187 1.7097 0,172 0,665 '0.821 0,726 '1.553 1.200 0.451 0550
PK 4 0.983" 2.430 1.895" 1,012 0.540 0.440 0.046" 1.070 . 1.227% 0.737
NPK 2 04652 04926 04929 04498 04170 0.061 0.269 0,020 0,054 04171
ne%K 2, 0045 04754 04308 00462 @060 0.925 04436 - 0,090 = 03520 = 04209,
NEE? + 27 04378 0.956 04221 Q.070 0,025 0,019 0,050 04426 ~ 04217 03147
%2 4 2 0.058 1,500 0.378 04387 1.497 04199 04521 04105 0.102 04077
Error-. .. 22 - 04319 0.863 04492 04522 04465 0.354 0,267 04384 0,318 04243

+ Confounded
effects

* 5 per cent level

** 1 per cent levél’

© SiEe per Plot 03399 04657 04496 0.510 04482 04420 0.365 0.438 03399 0.348



) o Appendix -1 (contd.) '
Number of - .fronds per ;palm (Half yearly) - Abstr:act of ANOVA

' o | ' Mean square | "-::i; ,»
Source - df el T L B S e m e e se s .- -. .-
s June: Dece = June _:Dec. June Dec. o '
1977 1977~ 1978 1978 1979 1979
Blocks 5 04164  1s303° 04467 04889 04175  6.379
L b ‘ * ¥ *¥ * *
P 2 04004 04864 04564 0e244° 0517 0,175
NP 4 12357 o«;zol 0.786** 04471 70.361 0.561
X 2 1.375 - 7.662" 5.330"" 3.764"" 1.199  6.315"
NK 4 06145 04691 04204 07680 04829 04492
PK 4 2,0727:1:549 1,003 ~ 06555 04333 0e579
NPEK 2 - 0.828 06256 06432 06,026 0.259 _ 0447
NP%K 2 0.806 0.072 04099 04247 04476 04795
- NPRZ 2 04082 04409 04473 04318 0.425 0021
o wp%k? 4 2 0,067 04339 0.288 04137 0141 0145 -
- Exrov - - 22 ' 0-6880 0.3995 0.4274 0. 38p5 0.-8972  O- 4953 : . , !
S«E. per plot | 04586 04447 = 0462 04436 04590 04497

"+ Confounded effects:
* 5 per cent level
#% -1 per cent level



Length of fronds:

" Appendiz - II
( Half yearly ) - Abstract of ANOVA

. "Mean gquare: |

Source: R 4 ittt alia it B B B NS R B R R R N N T T S - e - - .- -
: June: Decis: June: - DeCe June: Dece: . June Dece.

1 972 1972 = 19753 1973 1974 1974 1975 1975
Blocks: 5 381418 619457  9094.61 2944.92 1888.00  4294.39 .1517.64 912.7¢
N 2 39826 - 2031338 246,45 989T.12  5903.62 9054432" 321303 78.71
P 2 13203.76" 14559.. 91 6ouge 11014.42" 8394.55"" 3280492  2164.22  4293.5
NP 4 2105.62 4350.82" 14961404 9861.01  4613.08 = 654167 2347.14 891, 8¢
K 2 101319.36" 119399, 57** 106028.05**52015 89**67741.03** 73117.55** 57076.98 *¥53344.8;
NK. 4 1179.98  B24s. 15" 1173.74 © 4531.98 - 2838.73 " 1760.75  238.99 ' 1685.3¢
PK 4 6822.76% 9593.36™ 22755.41" 2290.82 1374.38 . 5051.75 - 1531.51 = 1522.8¢
NPK .72 1633.94  .287.66 16981.99 4096.60 1523.60 585,98  198.36 48,5¢
NP2K 2 261,70 4175.95  1944.58 2358.87 641,74  2247.87 . .6137.63  2300.5C
WEKZ 4 - 2 4280.49 1959.88 . 12431.95 . 515.25° 1098.72  1469.23 - 895.11  417.T¢
Np2K? + 2 5500.37.  1429.21 1859.65 1092.93 = 806,59 101.69  3211.23 . 570.8F
Exvor 22 2259.0¢ - 1284. G2 Ge52. .4l 3I15. 6% 1617. 66 2508.33 . 2697.70 2205.9¢
SeEe per plot 33461 2534 39.46 30414 35441 35421

+ Conféund‘eﬂ: effects:
* 5 per cent level
“** 1 per cent level SN

L

57.67

3672



Appendix - IT (contd.)“

. Length of fronds ( Helf yearly ) - Abstraet of ANOVA

, Mean square

+ Confounded effects
* 5 per cent level
##* -4 per cent leveli

Sourge: . @ G - = - - s e e s s et et st e e S e et et e s s e e a-
S - June: Dec, - June Dec.s June. Beoc.: June - Dece.
1976 1976 1977 1977 . 1978 1978 1979 1979

‘Blocks 5 115213, 2019.25 ~ 3378.53 2873;39“ff 2125.86 - © 1185.21 850,30 3074.66
N 2 1536¥35,,‘1771.58_ 1082.48 20992.68  :  583.44 383.55: 817.80 685.00
P 2 1471.77 . 6917.24" 3752.55 18902.08 43-48 484048 437,33 477.76

- NP 4 1881“87 ‘ 447 41 1724, 59 2857 10, . 3439, 83 2990%70 « 1905, 97 , 621.09
K 2 42038.93""77329.35" *53928.96"" 85973 .05 * 88561.79 51015.74 *63393.77"" ' 68488.33"

. Nk 4  1254.06 5026.12% " 3003.42 15417.11  3968.45  4411.37  4170. «14  2005.18
PK . .4 2T34.34  5319.55% 5176.84% 16734.38  9961.20 * 2367.68  2429.73  1558.71
NPK - 2 191432 2T3.41 226,37 7058,38 1174.56  1039.73 - 4933.81. - 770.61
np% 2 650.21 140755 469413 5474.28  181.99 . T34.22 151845  2480.46
NPK? 2 439.67  1031.08 1726418 26748.98 . 178,48  1568.69 = 4119426 "  115.66
NP2y 720471 1139458 919461 . 642457 - 20364.56"F 42B2.19 - 513.74° 2672414
Exrox | 22 H@4a. 58 - |:r§i2o l475.83 GBI4.65 = 2473.99 . 2139.07 . 2847.65. . 1498.93-
- SeBe per plot 24433 27.01', 27416 57450 . 38,56 32,70 - 37,73 27437



A,ppendix - III
Number of 1eaflbts (Half yearly ) Abatract of ANOVA

'+ Confounded effects

* 5 per cent level .
¥*% 1 per cent level

f

S v Mean square: L ,

-Source f = = = = e = e e e . m e m e en .- "“‘-"'-"""-_"’ ----------- -

L ' June Dec. June ~ Dec. -June ‘Dec.. - June Dece

1972 1972 1973 1973 1974 . 1974 1975 1975
~ Blockss 5  1706.59 271.84 446,92 737-.16**' '4Q2.72-*'_‘.6QO..;31- ** 151477 . 1399.56
. i 2. 784.85 - 403.22 . T77.62 - 523.21% . 560.97% i973.98" 258.99  125.70
P 2 374.46 548,04 618,60 202,00 118469 - 949430™ ' 233381 - 639,36
NP 4 1550510 376.03° 128,06 ¥ . 237.72 521445 370485  104+43  379.84
' 2 .. 9656.38"" 5810.14"" 635,11 .. . 870.55"" 1530.67"" 3969.413"" 1028.65** . 193,32
NK 4 1496.27 232,04 490437 175607 - - 9105 "~ 84s15 = 58614 . 43052
PX 4 - 1443.5T . 25443% = . 97.38 75024 - 92.81° 307479 = 167.69  124.65
NPEK - 2. 2003.05 . ' 6103 54443 21,72 51493 565,75 13889 342,76
CWPPK T 20 1597401 0 78,51 086,98 160418 73.58  61.05 68.36  77.68
NPK® 4 . .. 2 3685.50 : 470.51*‘ 196,68 " -”238-.62 C 1134127 15424 81.55. © 25418
Np%k2 & 2 . T4.26 145.57°  242.41 66,18 94,08 = 39.83 58,09 67.07
- Exvor - 22 ___la52.26. 131.06 . 22683 .. 340 16.06 137.88" Qo.05 ’268-2;3_’
SsEe per plot 31424 8,09  10.64 . 7.53 7461 8430 6,71 11.58



, Appendix- IIT (Contd.)
) Number of leaflats (Half yearly ) Abstract of ANOVA

. Mean square:

- Soarce  df .--'-'---,----_--‘-’--,--.---------- e T TSR S - -
- June .- Dec, . -June’ -~ Dece. Juns Dece © June , Dece
A 1976 1976 - . 1977 . 1977 © - 1978 1978 1979 1979

Blocks: 5  198.96  145.55  63.64  308.28 . 243.94 101,50 45,58 43.62

¥ oo .2 153,76 54495 .. 997 © 217476 995 16413  22.76 ... 6,08

P 2 43.98 . 114430 67.26 | 223.06 48,64 . 92,96 = 55,20 . 10496
NP 4 158,87 292,38 44.69 182,56 70.36 96,34 39.77  58.43
K- 2 3549.35%% 3706416 **2819. 90™* 2927.20"* 4158.66" 2790.02 2405440 ’2248.99.**15
K 4 61.76 143, 67 7 101.59 . 179.84 . 71,12 311.49% 114, 65 - 160.81
JBK 4 15843 353,01 145.86 643.66"" 109.65  233.78 233,15 . 121,40
EE 2 156044 0. 82,660 15.38 . 9.79 104,75 55069 ... 9,43 ._,“15¢.01 e
W 2 2997 13,73 . o.0n 84448 = 26,64 - .45 1.8 6,21
MK+ 2 158,29 40048 T7.01 © 177.28  29.22  195.45 18,39, 11.88
%24 2 149.63  200u83 23, 10 . '325.28  182.32 75.61 17416 18,12
Evvor © 92 108.56 ©~ N2.74 - Gs. N7 127. 31 " 1271 38.91 83.G2 -}'7q,,.,?_‘
SeEe per plot - 7.36. . 7,50 5672 - 797 - Te97 6466 4.68 6.30

+ ‘Ccnfounded effects:

*.5 per cent level
** 1 per cent level



. v Appendix, - IV . R
| ~V}Number of female flowera ( Yearly ¥y Abstract of ANOVA'
. . - -
/ : :  l L MeanVSqnamz -
. Souree @ TTT T ST ST S S S S s S SsssSmSssSSeSSoSsSTToTesTS -
Dec. Dec. - A Dep., ' Dee. : Dec. Dee.' Dec. vnqu.
1972 ;1373' o974 1975 : 1976 1977 1978. 1979

, : - me—e—e : ‘ - '. 2 ‘ - - - -

Blocks: .5 . 99,37 526.17 227,74 215. 82 A 266.83 1101559 1012495  147T3. 25
W2 423,067 1261.42 ~ 3624:657% 12071, 87** am12.38* 13149, 75** 7149.05* 22585 .43
B 2 1685.42™ 2530.48"™ 4701.25™  @991.78™ ' 2855.66 . 5386.62" * s128.127 ¥ 502574
. Xp 4 355.65 ’ 328.57 378,30 ' 960.22 ' 353,83 1213.35 - 665252 1290. 86_;
K 2 3221.05 " 5403.28"" 962, 55** '23909.86 ¥ il 10454.73 “22825.34 " 23032 86"%41240.05

NK g 566.05* ~A4as.oo;. 1223,00° 3516.00 * - 1599.00" . 3480400 2014.08" - 5528.80
CPK 4, 764‘45:,‘1359.21* 1882 33**;, 4065, s1% 2174.12° 2825, 60**; 2418. 49** 3198. 15
- NP 4gfuv.;1nvﬁ.53*=wwzzz,93ﬁu,,m764.9z 1560446 . 59258, - 425462 466,47 _1283.18"

NPZK 2. 59.05°  235.70  155.32° . 7T55.24 .  T5.25 . 55.68 . 11.91 . 432.37

NP%ZZ 2 47.65 - 173,97 . 92419 " 432.54 . . 284.38 276,47  79.20 . 1585.80

NPPKZ 4 2 50448 - 588,91 225,11 - "‘19.28 . 95,09  840.81 - .1528.91*,11552.§2

Evvoy 22 17006 335.00 " 99p,00. © b3S/ . 2«3?-,00 » Sl oo’ 2b4.00" - '{jiz_.d’o‘ .
'8:Be: per plot - 9:21  12.94 12,04 1635 . 10:90 1247 118 12049
L Canounded effécts | o . e o | P

* 5 per cent level R o i; o I

. ** 1 per eent level !




Appen: dix: -

Setti.ng percentage ( Yearly ) Abstraet of ANOVA
(After angular tr'ansformation)

Mean square

+ Confounded effects:

* 5 per ecent level
¥* 1 per cent level

559

Source e e B A T S
‘ ' Dec. Dece Dec, Dec. Dec. Dec.
1974 1975 1976 1977 1978 1979
Blocks: 5 10493  95.64 57.79 | 232475 34,72 229,93
N 2 430 4% 369 .06% 43.27 371e3 6*:, 102,63 294 .55%
P 2 633,97% 202.85% 58,83 21,39 4403 434.72%
NP 4. 27.41 39403 69.93 120 .09 - 87492 106.93
K 2 1588462 *  1734.,25 # 2308,17 ** 7204 13% 1434.79 *# 2667.33 *
NK 4 124410 89497 39+45 46,73 31,10 35425
PK 4 175,00 156,09" 91.89 126,17 169,77 * 144,71
NPK 2 60408 2,76 21401 11402 18499 114061
NP2k 2 94.36 132.68 5.70 320488" 5,63 22.29
NPE? + 2 176423 TT.47 4485 22451 42.61 85,99
NP2%K%+ 2 44499 49.98 19407 14.33 60+ 41 42.64
E vvol 22 54.32 3417 - b4.15 6z2.6! 33.53 ©2.35
SeB. per plot  5.21 5484 5,66 4409 5.58



Appepdixc - VI -
Yield of muts (Yearly) Abstract of ANOVA

1976 19717 1978 1979 1980 1981 1982
Blocks 5 909457 ~ 1755.67 1636433 3682442 2348,59  39T1.65 - 11065.45
N 2 1746.12"" -~ 28557.89™ 20889179™ 61470.21™ 45014.11™ 37755.41 *  42458.61™*
P 2 724119 ™ 11710.12%* 1111457 ™ 18720,05"* - 6985.59"* ' 2703,40 ©  4249.65"*
W 4 M75.05 1886.98°  2768.66  5382.74%  3339.73™  1661.18 . 8160.00"
K 2 23638.73% ' 56482.75%* 52740.56%* 100429.05%* 81397.63** 109799.57 ** 16913840 **
NK 4 3878.00"  8153.00%* 5443.00%* 16940.00%*  11212.00%* 10232.00%* 16318.00**’
PK 4 4217279 6190414 %% 4295.95'%  7506.06%* 504,50 89370  4022,92%*
NEK. 2 245412 . 2449499 ' 1128.37 T 2319.40 1566446 - - 2103.37  1584.31 -
NPPK 2 1292.37 - 329.68 - 574031 1257.84  1579.81 815.53; 3369.65" "
3 15235 - 266,28 550478 2353.54 108228  6706.53" ©  '5586.99™*
%2 4 2 805.59 1502.34  2080.66 4611437 "2629.15 2888.06 "14205,78"" -
Evyvoy 22 747.00 - 1370.00 Mg . oo louz.oco . 637.00 . 1655.00 5t7,. 00

SeBw per plot 19432 L 26T 25064 22483 17.84 28.76 16,07
+ Confounded effects L - |
* 5 per cent level

** 1 per cent level



, Appendix -~ VII
Cumlative yield of nuts from 1976 to 1982

(per palm)
Source. af . MSS
Blockss 5 6138.48 -
N 2 104284.74 *+
o 2 | 25355.67 **
NP 4 7856400 -
K -2 ' 245868.68 **
NK 4 29793 .78 **
PX Y 13687.92%
NPK 2 . 4387.20"
NP2 2 2760.78 .
W% 4 - 2 Geosus
0 R 2 547.353
Evvovy - ‘ 22 . 3004.92 - L -
S.Ee per plot °~ - . 38,76 '

+ Confounded: effects:
¥ 5 per cent level
¥* 1 per cent level



. Appendix - VIII

~ ANOVA
T | ~ Mean square |
Source Af o= = e e s m e me e n e w meeene—e—— e - . .- - -a-
© Weight of -+ Weight of Thickness; = Weight of
‘unhusked - husked of meat . meat
“Blocks 5 0.518.  55080.16 . . 0u341 - - 30633.16 . .
N 2 04373 * 76359445 % 04206 | 44451.45 +
P . 2 104072 - 13450449 ¢  0.026 7656.99
NP 4 04120 . 14483.24 - 0,079 - 7465424 ,
K .27 4455 ¥ 861075.84 % 3,912%% 4T3712.64%%
NK 4 0e196 "* . 22820,00 ~ 0163 " - 11440,00° - -
PK 4. 0.304* ¢ 52544.70%  0.249% - 28476.48"

NPK - - 2 04184° - 37732447 04147 - 23626.48
~vNP2Kv;1 20 5 040060 . 1356.99- 06002 s - 1047499 < e
NpK%+ 2 . 0476 . 37737.47 0.235% - . 21032.98 .
%2+ 2 - 04458™" " 13546.46% 0.412'% - 38738.45%
Evvor. 22 00719~ 15214, 00" .- 0761 .- 9289.04
'SeE. per plot 0418 8721 - 0419 1 67.96

+ﬂconfounded déffects:

* 5 per cent level o ** 1 per eent level



Appendix - IX
~Weight of copra
| ANOVA

Mean squar&

,-,5246.43
. 1336 8"
© 1434.06
- 1576, 49
64193429"
1294.00
:-«3381 87
~f€3431.49
. 402, 53
,‘3588.56
6935049

‘007. éo< A

‘ Som;’ces-‘,f |
" Block® -
R
e

NK

CNEK
NP
‘NPK-Z",J-

Ev‘(ov

ﬁn&"m VI R L (NETERIC Y g

SeBe: per | U 22443 |

o+ Gonfounded effectss :
* 5 per cent .level - *% 4 per cent level



" Appendix. = X
ANOVA

; . . Thickness. Weight of - Weight of oil
Source af of shell. . shell =~ fibre - Dpercentage

04026 - 4007.56 24461.58 = T46a4T%
0+050* 4310446° . 8119499 . 642447
04005 - 880,59 7288,99 135.53
04005 . 1211.64 5965.25. 160472: -
04343 - 57445.06"  181949.76" : 7637.28""
06017" 2084.00 17264.00° . 430400
0.018" ' 3702.77%  11704.24% . Ta4ee0"
0006~ 1674.84  12728.49 64.62
040004 - 117618 2227.49 1459

04010 3389,96" . 13449.49 429.41
0.049"  5548.99"F ' 20153.47% 949.59"

: - 0.0039 - '819. 060" - - Hool.eo5: 187. 00+

SeEeiper plot. | 0.0& 20023 4412 966

+ Confounded effects: ’ o

PO R R PE A NE NN Y

g
<
g
N

* 5per cent level #% 1 per cent level



Appendix - XT
ANOVA

1
. -0 28 em coam d g - o - -

Mean square

Source:  4f - - == -
Foliaxr Foliar ~ Foldar ~ Foliar Foliax . Foliarx
nitrogen: phosphoruss potasgh caleium magne si.uum sodium
Blocks: 5 0,0056 0,0005 0,0903 0,0169 0,0009 00007
N 2 0,1656°  0,0005 1,4970.  ° 0.,0100 0,0006 0,0025
P 2 0,0176 045001% 001939 0.0087 0,0009 - 0,0010
- NP 4 00,0199 0,0018 0.0442 0.0192 0.0009 0.0032
K 2 960481% 0.0015 1.6796" 0,0217 0,0007 040253
NK 4. 0,013 0.0015 0.0187  0.0138 0,0022 ~ 0,0009
PX & 0.0068 10,0002 . 0,0988 0,0151 0,0003 0,0029
. NPK 2 0,0786" 0.,0009 . 0,0582 0,0211 0.0003 0.0008
NP2K 2  0.022%  0.0008 0.0487  0.0118 0.0006 0,0018
NPKZ + @ 2 0.0356 0,0005 -  0,4298 - 0,0318 0,0003 0,0000009
NP2%kZ + 20,0021 0,0012 0.0533; 0,0002 0.0001. 0.0066
Exvov 22 0.olpbu . _0.0007) __O.l0%08  0.0leos ___0:000b3 e 02001832
Se.Ee per plat. 04,0729  0,0188 0,2325 0.0896 ~ 0,0178 00303,

+ Confounded effectss : *¥ 5 per e¢ent level ' *¥* 1. per cent level



+ Confounded e:ffec'bs:

%5 per cent level

Appendix - XII
ANOVA '
_ ‘Mean square:
' Soil nitrogen ~ Soil phosphorus: = Soil potash Soil walcium:
Souree 0-50 50100 0-50 - 50-100  0=50 - 50=100 . 0=50 50~100
. cm cm cm cm cm ~ cm cm . cm
Blocks: 5 040002 0400015 = 4472 124284  234.07 186,73 1471485 - 573.73
N 2 040017 0.00012  T.77 15.295  279.62 ~ 640.35" = 3186.57 - 1440.41
P . 2 00003 0.,00008 11.85 304758  140.74 110.69 718.51 - 162.97
NP 4 040001  0.00008  18.43  98.575  132.41 - 45.51 4159449 ©  1740.40
R - 27 0M0011" 0n00032 - 8.08 124,854  90.74 246029 .  1295.25 - 1.58
NKE 40,0001 0.00044 16,10  101.534  57.40 142.88 1240439 775.41
PK 4 040004. 000006  4.56 ~ 162.811%  76.85 59.55.  1052.54  €96.91
NEK 2 040005 0400020 - 16,82 160533° 7440 111,91 423,75 © 436.95
%K 2 0400002 0.00096 11,55 112,138  24.07 28,35 142413 139.45.
NPKZ. + 2 '~ 040003 . 0.000004. 3459 - 424098  137.03 ° 0,05 = 1023.84 851436
NP’% 4+ 2 040002 0400003 16.79 150,847  48.15 < 11.44 1256458  1431.57
Evroy 22 0.00022 0.0001bl7 21.1788 . . yi. 2630 1G) . 44 129.603 1215,2988. 623.b510
S¢Ee per plot  0.0105  0i,0089 3425 . 44538 9.78 = 8.03 24,65

17479



-Appendix - XIII
~ ANOVA
o Mean square.
Source af - - * - . "
Soil magnesium: Soil pH‘ . Cation Exchange . Organic carbon

capacity

050 50-100 0=50. 50=100  0=50 50=100 .  0=50 . 50=100-
cm em em em .- 7 cm em. . cm - cm :

136,01 105.05 0,165  0.207  6.728 2,529 0,0089  0.0250

124407 - 39425 ' 04028 - 0.082 7.289 4.7.6'_7"3 . 0.0003 00046
1169.917 . 482,757, 0065 04254  3.665" 09937 . 0.0118  0.0008 -
85418 107.75 0,081 04068 15,848 = 5.509 - 0,0057  0.0020
25102, 27878 0,602 0u124 . 19.901™ 8,070 0.0213  0.0131
825,46 . 317.53 04248 041317 2,949 = 04661 040057 040059
800,46 25412 0.3% ' 0.153 1,018 0784 040048  0.0062
669,90"  264.06 04334 | 0,054  5.851" | 2.644  0.0425 00524 .
242413 . 89.12 0,009  0e142 04732 . . 04526  0.0226  0.0044
100593 9170 - 00189 . 04107 74031 ~ 34021 . 0.0006  0.0067

B ,, - : ‘
- 844444 247.86 0,018 04356 5359 04708 . 00098  0.0165
125, 0842  128.056F  0.1927 - 0.12059  0.872 0. 559 0:0139  06.0ub7

=
PR NI N

Evvor

N

SeBu per'plot  7.90 802 0,310 05245 - 0.660 0s528  0.0854  0.0764.
+ Gonfounded effects ‘ | | ,
*5 per cent level



ABSTRACT

At the Coconut Research subeStatipn, Balaramapuram in
Trivandrum District of Kerala State on experiment was laid
out in 1964 to agseds the growth characters, yield attributes:
and yleld of coconut variety West Coést Tall. The study‘Was;
further enlaﬁgéagtb include the critical levels of leaf
nutrient conceg;fation.as related to yield and the soil
fertility status due to continued NPK fertilization. The
treatments consisted of three levels of N, P and K {N = 0, 340 .
and 680. g5 P - 0, 225 and 450 g ahd K = 0, 450 and 900 g per
palmﬁper year). The experiment wag iaid out in a 3;;partiallz

confounded factorial design with two replications.

Apg}ication of N' enhanced the giowth characters viz..,
produc‘bi(on of frondé, production of female ;i‘lowers,, per;:entagea _
 fmit set, yield of nuts,, weight of nuts, mean thickness and
Weight of meat, weight of copra.and oil percentage. However,
the effect of N was found to be quadratic at the highest level -
applied. - | |

Application of P althdugh imprpvéd the female flower
production,,its effect was pegative towards copra weight and
oil percentage. For the remaining characters studied, the
initial level of 225 é per tree per year was found to be

adequate:.
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