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I, INTRODUCTION

- The importance of edible oils is reflected in the

i:feficit between supply and demand which is of the order
of 15 lakh tones, This is being'met by imports of oil
which results in drain of valuable foreign exchange

to the tune of Rs. 1200 crores, Concerted efforts are being

| made at various 1evels to plug. the drain of foreign

o

fﬁthange spent on importing dible oils., This is done by
‘rising high oil yielding crops such as oil palm,

judlcious and COntrolled application of fertilizers,4
f'efficient use of irrigation and adopting multiple crOpping

system. | R ' ' |
- In rlsing high oil yieldinq varieties,-the basic: need.
is the knowledge of 5011 plant and environmental interac-
E"t:‘ions.- When the - conditions are favourable; the use of
fertilizers can give complete control over plant nutrition
and increased yield. Soil nutrients supply then ceases

to be important and growth rate of crop will be limited
g%ﬁiy to water supply and incident radiation. .Therefore,

on good soil in a humid tropical climate and with adeqﬁate
pest and disease management nutrition of the cropAlike oil
palm would not be a problem. However under'suchlconditions,
problem becomes one of profitability. The plants nutrient
’?%quirement must not simply satisfied but satisfied without

‘wastage, using as little fertilizer as possible.



LIt is well khown.that.so called purely biological
agricu1tura without uSing‘fertilizer will ﬁeter belpOSSible.'
Fertilizers can be saved by making mora efficient (i) choice
.of fertilizers (choice between anions and cations in the.

5 531ts used as fertilizer, use of harvest waste and all |

“z:eplaCement products). {(ii) Control of losses;(by leaching
- and irreversible fixation in the soil), (111) Soil
consernvation (Agriculture technique of preparation and

. upkeep of fight in improvement of organic matter and

.acidification). (iv) efficiency of absorption (planting
8 material, root aystem development) . (v) biological
%g.fixation of atmospheric nitrogen by using legum cover

. crop. (vi) Reduction of mineral imports in the harvest
éﬁ‘(planting material and product processing‘technology.)
;;;éence,‘in the light of fertilizer economy'and high yield;

" one must know the soil characteristics and environmental

#: ef fect on both the soil and plant growth.

[
pre

0il palm (Elasis Guineensis) a native of West Africa

“&iia now'intensively grown in Malaysia, Nigéria, Republic

foof Zaire and Ivory Coast and to a limited extent in India.
It is a highest o1l ylelding crop per’ unit area, the world

gﬁfroduction of palm oil is 8.5 million metric tones. 0il
{palm has vast scope in irfigated areas of Kerala; Karnataka,

.;Andh;apradesh, Tamil Nadu, Maharashtra, West Bengal and

riAQrissa States in out-Country.‘ Cultivation‘of Oil‘palm'may

Y £381fFil the defioit.of edible-oils and palm oil which contains

:the‘:ich amount Vitamine 'A' and Vitamine 'E' prevents



night blindness a major problem in the country. Besides

ut/has many other properties.'
041 palm can be grown where the annual temperature

‘fhvaries between 20° to 35° C and well distributed rainfall

of 2500 to 4000 mm per annum, It is known' to withstand
high rainfall as well as three to four months of drought.

R
= SOils ‘which are rich in humus with qood water permiability

suit the palm best,

afIt was long before realised thst the oil palm makes
- heavy demands on- the nutrient supplies of the soil, 'and.

responses to fertiliZers are readily obtained when SOllS

e

are deficient and the nutrient need is soon. visibly
1.expressed by foliar stptoms.‘ Although the nutrient
ﬁvrequirement can be indicated by chemical composition

3 which has not been generally accepted, however it can have'

'gi_valuable use ‘when the crop is bulky as in the Case

:fof oil palm where the long term nutrients supplying power
of the soil is poor as in many cases of tropical soils.

To increase the efficiency of fertilizer usage, a

rg_p knowledge and appreciation of Several key factors

:affecting 0il palm nutrition and productivity is essential,

"3us, nutrient uptake can be relatad to palm development

and dry matter production. The natural nutrient’ supply _
both immediate and long term would be governed by soil
physico-chemical properties and mineralogical characteristics
with particular reference to potassium, symbiotic nitrogen

;fixation reduction of leaching losses .of applied nutrients by

a8 s "



f‘regulating frequency of applications according to soil types

E}rainfall intensity, choice of the most effeCtiVe and

wgconomic nutrient carriers, root system deVelopment and

nutriaat absorption and nutrient inter-relationships including

7 Tonutrients makes fertilization more profitable.‘ To
enhance growth rate and to achieve greater productivity,
aequate nutrients -are essential which otherwise implies
> a need for the knowledge of nutrient balance concept and
- l;or components under different soil and environmental
ditions. | |

Basic growth and productivity of cil palm‘crop primarily
.;pends on the seedling vigéur and growth, the ‘nutrient manage-
“#ent of seedlings of oil palm appears to be a more vital

: fiponent. Information available on the nutrient requirement

1 palm seedlings under Indian conditions is meagre.

yipalie
1

.T%us an attempt has been made to develop an integrated
v,,'nsic nutrient management system to oil palm seedlings
”nder tropical hunid conditions of the south India. Besides,

the nutrient intrection on the uptake and utilization has

- been attempted. Apart from these studies a piece of nork

ﬁﬁae“ﬁeen carried out on the uptake and utilization efficiency
Eﬁﬁwgtrogen through le tracer technique. All the information

on the above aspects have been summarised in relstion to growth
and“productivity of o0il palm seedlings in this dissertation,
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II. REVIEW OF LITERATURE

2.1 A NEED TO STUDY THE NUTRIENTS REQUIREMENT IN OIL PALM :

mEmmds dreE MERGETEIEr SPEPOY SR SRS M SN A R e S A S A R Em e s e AR

Quantitative data on nutrients involved in growth and
renroductive processes of the oil-palm at the developing'stage
were lacking till 1965, The work of Ng and co-workers

f967 1968) established that the oil-palm was nutrient

demanding crop and further they brought to light that there
'wes.sharp rise,in nutrient uptake from second year of planting.

\ Though the functions of many nutrients were‘understood,

Sven then knowledge of functions of nutrients are often a
Eeubject of controversy and it is possible that further major

eﬂplps for some elements are as yet undiscovered. Similar]y,

“the mechanism of ion uptake is not fully understood, there
& are probably different ‘mechanisms for different ions and perhaps
Efor the same ion under different conditions.

QEASoIF](ATION OF NUTRIENTS ACCORDING TO THEIR ROLE IN
PLANT METABOLISM.

¢:' nutrient element is termed as essential if it is a-

art'of'the molecule of an essential plant constituent without
hich plant is unable to complete its life cYcle. It must fulfil
hree‘crzteria viz., (1) The deficiency should make 1t impossjble

or the plant to complete the veqetative or reproductive stages

£

“?E its life Cycle (11) The defiC1ency should be speCific to it
'and (iii) -It should be directly involved in the nutr1tion and
MetaboliSm of the Plant J0g1ndersinqh and Kler D.S.. (1q75)

So. far, seventeen elements are considered as essential
for plants, Other elements are also absorbed by plant because ,

thty Just happen to be in, the soil These elements-might exist




in variety of forms which are grouped into two categories
(i) insoluble forms which includes*prﬂmary and
hﬁsecondary minerals, salt precipitates,_complex organic

mpounds and strongly adsorbed ionic forms and are less

ctive therefore not readily available to plants. (1) Simpler’
E,ea51ly soluble forms include soluble ionic salts and
ggweekly adsorbed ions. These are readily available for

" plant use.

i“«'. .‘3 PHYSIOLOGICAL ASPECTS OF NUTRI‘I‘ION :

Essential nutrients perform certain structural ahdi
%ijunctidnal roles in plants. Nitrogen is a chief constituent
%;é? protoplasm, proteins, nucleotides, phosphatides, alkaloides,
;enzymees, harmones, vitamins and chlorophyill etc.,
%phosphorus plays an important role protein, fat and
§Earbohydrate metabolism'and has a key role in_the energy

transformation processes and cell division. Besides it

en nnportant part of nucleotide phosphatides, phospholpids,

phytin and some aminoacids and enzymes. .Potassium never
‘plays a structural role but 1t functions fof synthesis of
Eg?inoacids, sugar, starch and 1n maintenance of osmatic
bressure. It catalyses the- enZymes like diastase, kinase

“and formylase. It also increases crop resistance to

certain diseases and lodging.

ko
L T

Calc1um is present as calcium pectate in middle |
lamel]ae of cell wall and therefore ‘important for cell
division. It detoxifies excessive acids 1in plants.
Mecnesium'occupies e key ccsition in chlorophyill ﬁigment.
_it.plaYs a vital role in‘phosphoapelating reactions -

b % s ’



5iend.trah5port'of carohydrates and phosphates., Sulphur 19 
;1eééeptial,constitUent_ofnany.oils and protien.. It also

>ﬁectivatps coenzYmes‘thiame ‘Al and biotin.

.. Iren is required for chlorophy111 formation many

watation reduction reactions in plants depend upon iron
™ aha Mahganese. 'Manganese is .involved in-activity of

‘,zymes. Zinc is chief constituent of some enzymes 1ike

»eptidldase and is also involved in synthesis of growth

' Copper is an activator of oxidising enzymes, It
giSo an electron carrier in enzymes and heips to‘reguiate
respiration activity in plants, |

Boron was found to regulate the uptake of calcium,

: potassium and nitrogen. It also helps.in transportation
_;sugar‘énd starch .- Protein synthesis and cell division
;also its vital functions. Concentretion of'neuciic acid,

‘_chlorOphyill polyphenoles and carbohydrates was found to

:fsignificantly in the oil-palm seedlings developed in

solutlon culture. Further a characteristic symptom of

little 'leaf' was also recorded by Rajaratnam (1972).

‘MQIdeenum is involved in nitrogen metabolism,because

;'itris a part of the_enzyme like nitrate reductase. It is
%%Eﬁentiel_for symbiotic and non-symbiotic nitrogen fixation.
MCobeit is a constituent of vitamine Byos which 1is required

:;ﬁor“formation'leghaemoglobin in nitrogen fixing nodules.

<2:4 EpPECT OF NUTRIENT ELEMENTS ON THE GROWTH OF PLANT &

———— e o e i S T L 0 e MG T S O AR NS ML WS AN WSS A PSR R . W R e ke -

Nitrogen fertilizer'increased leaf area, leaf weight,

and leaf production and higher net assimilatioh'rate.
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.'.charaoteristic yellowing symptom in the plant failure
condition was attributed to nitrogen'deficiency corley
and MOK (1972), on the other hand Green (1972) was
'observed responses to nitrogen in the first two years;

.i Nitrogen might increase yields in the presence of

ﬁliberal applications of potassium, phosphorus and

Magnesium., On soils of low nutrient status in the

.. Ivory coast the nitrogen deficiency symptoms were

i; developed Application of ammonium sulphate recovered the
' ficiency of nitrogen in oil palm calvez etal (1976). |
Further Taillez (1982) was able to show the nitrogen
deflciency in oil palms 1ess than a year after planting
1..on poor soils, Application of urea,promoted the growth,

' Nair and Sreedharan (1983) reported significiant.

i vincrease in leaf Nitrogen concentrations. . The nitrogen

was'a]so a-significant increase in. the leaf phosphorous_

level gave a higher tissue Nitogen concentrations. There

G orcentration by Nitrogen application."Similarly Nitrogen
.Yfapplication had increased leaf . Potassium, Calcium and
,['Magnesium._ Symptoms of phOSphorus deficiency can’ be
;ﬂdeveloped in pot culture under rigorus systems of sand’

s S
water purification. Although phosphorus deficiency is

“unusual in oil palms, significant responses to phosphorus
‘ ,fertilizers were obtained over tertiary sands and ‘granites
Vossen (1970} . Corley and MOK (1972) reported that results

o of responses to phosphorus were harder to interpret.' Production

- cf;vegetative dry matter attained a fairly constant level

at the higher rates of fertilizer application.‘ In another

"Z,. -




3.experbnent there was a. response to phOSphate and it was
,‘confirmed that the need for phosphate was important on
sandy soils. Application of more soluble and quickly
.available'fertilizer phosphate‘was.desirable Green . {1972).
Martin (1974) reported that phosphorus fertilization in
?combination with potassium was essential to increase the
:crop yield. Ataga (1978) studied phosphorus status of -
;acid 50113 and responses to phosphorus and grouped intao

i;hree.phosphorus response areas viz., (i) soils in which

Ephorous level is very low and considerable reSponses

;to phosphorus fertilization could be expected (below 5 ppm)
(ii) soils in. which phosphorous level is- moderate and medium

- to little responses to phOSphorus could be expected

+ {(5~10 ppm Phosphorus) (1i4) soils in which phosphorus

mlevels are relatively high and little or'no responses_to

=:‘-.'-phosphorus was likely ( P> 10 ppm ). ﬁesponse to phosphorus

- found by Dandy etal (1982) in terms of enhanced

ATEN

iveqetative growth to the increasing phosphorus levels.
“Phosphorus application was found to increase Nitrogen and
PhOSphorus concentrations in'leaf tissue. There was alsc an
g%hcrease in'leaf tissue calcium and Magnesium concentrations
'(Nair and Sreedharan, 1983). Responses to phosphorus by
0il palm were related to soil types, palm-age and leaf
phosphorus content (Ng - 1986), . |
:‘ Specific role of potassium is in Opening of stomata ~and
ﬁlhe stomal resistance increased considerably when potassium
was deficient {Corley 1975). Corley and Mok (1972) found that

cnel f
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'f Potassium application increased yields mainly by increasing
W leaf area. Significant differences had been recorded in the

leaf level and yleld of potash fertilized and that of

: gnf’ tilized oil plam plantations (Green 1972). Ochs and
lagnier (1977) reported that yield responses were ofteén
‘©btained when Potassiumxéas'applied‘bg differing‘in buncn
1Meignt.' A range of leaf yellowing and necrosis was attributed
to.potassium_deficiency and fertiiizer responses showed up

a short period. kel application prevented double
ii‘.iency‘of‘potassium and Boron (Tailiez i982). The |

ease in leaf.tissue potassium concentration consequent
potassium fertiliaationlhad reduced the leaf concentration

-_calcium and magnesium was reported by Nair and Sreedharan

983)

011 palms with no water deficit found to contain low
i_leaf potassium levels which enables to excellent yleld and
tion of this.deficiency had no significant effect

95 overall production. Responses to potassium were strong
der high water deficit conditions and weak 'when

_ation was given. This provides a confirmation of the

]Entrof role'played by potassium nntrition in drought‘

if%istance ﬁhenomena (Olllagﬁier etél 1987).

- Nagnesium was found to cause decreased chlorophyill

;f‘t and hence decreased photo-synthesis as it is essential
- mponent of chlorophyill molecule.‘ Responses to MagneSium
1ﬁarder to interpret (Corley and Mok 1972) Walker and. Melsted

,1971) reported application of Magnesium dia not reveal significant
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‘?éffect on the yield and growth of the 0il palms. In another

,exneriment although there had been many results of responses

gfto magnesium fertilizers it remained very dgifficult to
interpret those results based on foliar analysis data '

|(Green 1972) | o |

'Epstein (1972) p01ntedout that major function of Calcium
'.nas tc maintain cell membranes in functional state and hence
,maintaining cell membrane isolation besides other functions.

‘”In some cases, the calcium was found to. 1ncrease with age of
.01l palms but in-rare cases it‘was.found_to-decreese,‘
'.(Knecht'etgl 1977). o0il plam‘plantationsnwere showed nitrogen
_end sulphur.deficiencies-after_one'year of plantiné,the growth
1‘was as'poor as for non-fertilized plantS‘end‘the-spplication"
of ammonium sulphate increased nitrogen as well as sulphur
¢contents (Calvez etal 1976)._ Sulphur deficiency in oilpalm
lnursery was described by Turner etal (1983) ‘as interveinal
'chlor051s turning youngest leaves to pale yellow;- Deficiency
'was recovered after 4 to 5 weeks by application of sulphur or
ammon ium sulphate.

Zinc, copper and Molybdenum are c0mponents of severel
enzymes. ‘Copper is involved in respiratory pathway while zinc
functions in protein synthesis and molybedenuh'deficiencY
prevents utilization of the nitrate'and symptoms of nitrogen
may develop. 'Peat yellow'-Symptoms were observed in the oil
plams Qrowing'on acid peat soils and no‘responses were observed
dhe to severity of deficlency Foliar analysis showed that the plams
were deficient in copper,_zinc and manganese (Hew etal 1973),

P -



12

Foliar séray of copper as Copper sulphate had a greater
effectlon pinna length and width with increasing leaf
copper concentration (Ng etal 1974). Striking effects
of copper on leaf colour and leaf.area show that copper
. is involved in protein‘Synthesis as welllas chlorophyill
formation. Boron, Iron, manganesé,copper,appeared to .be
eSSéntial for normal growth of the‘oil palms developing
in culture technique (Dufour etal 1979).

Application of copper to the plams could restore the
situation to normal and stopped developing abnofmalit;es _
known as ‘'mid crown chlorosis! Dufour etal (1982),Ng etal (1974),
The growth was reduced when the copper content in leaf on
young palms was under 3 ppm. Molybdemum has its role in
nitrogen nutrition as it is a constituen; of nitrate
redictase. The absence of Molybdenum in the nutrient,
'Solution increaseq the dry weight with aVSharé drop in the
~ leaf levels .in defiCienf plants. Zinc deficiency reduced
photosynthesis rate and activity of carbohic anhydrase. Z2inc
is a éonstituent of nuﬁerous deshydrogenases, hence it
might play a part in the'pfotein synthesis (Eschbach 1980).
Small chlorotic patches at‘the end of young leaves which
" turned yellow showing necrosis.--The vertical growth was
stopped completelj. From foliarldiagnosis the symptoms
were attributed to copper deficiency by Dacheco etal (1986).
Stpdie& in Africa Indonesia and South America showed the
Importance of chlorine in oilpiam;nutrition_where l§w leaf
ﬂ chiorineI1eVe1s were found, The:correction of dgficiéncy
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was found to increase the oil yield, the optimum leaf

'cthrine concentration had beén suggested as 0.5 to

0.6% of Dry matter (Ollagniar etal 1971).

‘Generally, mineral ion uptakeiby plants is an active

energy requiring process and not simply a matter of

"diffusion. Nutrient uptake was selective process and.

-';chenically similar ions would be taken up quite different

-hrates. The rate of potassium uptake was found to be

"nIndependent of the presence of sodium in the sSolution.

ﬁdUptake_of oatioins was also independent-of-anion. 'Potassium

uptake ocours at]similar-rates whether the'anion in the

fsolution is chloride or sulphate (Epstein'1972). 5

If the nutrlent concentration in the so0il or solution

is not limiting the rate of nutrient uptake by the roots

~fdepends upon the demands for nutrients. Russell (1971)

noted that under optimal conditions, quite severe root -

‘.pruning might have little effect on the plant growth

since remaining roots would absorb nutrients and water. Under -

'favourable conditions it would be possible that an excessive

ouentity of a551m11ates might be diverted to the system and

'poss:bility of selection for a root system appropriate to

'prevailing conditions night be. considered.' Uptake of nitrogen

and phosphorus was increased 81gn1ficant1y by addition of

fertilizers and providing a supplementary irrigation

(Ataga etal 1981).
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2.6 DIAGNOSIS OF NUTRIENT REQUIREMENT 3

Primaronbjective in diagnosis of'nut;ient‘needs-
is:to identif& the factors limiting éfowth-ér yieldqu -
the crop. | -‘ .;

In tne oil-palm few attempts have been made to
study the effects of climatic factor and fertilizer
together. Ruer (1966) Ccrrelated yieid and potassium
" level of leaf only when the-etfective sunshine exceeded
‘a certain level. Rusell'(1972)kfunther qudted work
‘on various crops showing that respcnaes to Nitrogen
fertilizer was greater with irrigation. Halfman and
Samisb (1971) showed that an amine putresein accumulated
'in several species in condition of either potassium
ndeficiency or potassium excesses but not when potassium
status was optimal and this compound aia ndt accumulate
. under other Nutrient deficiencies or‘exeesses, Corley
and qu (1972) suggeSted that the rate of vegetative
drymatter production might be a reliable indicator of
- whether the nutrient supply is limiting factor. However
'more convenient would be some specifi¢ aspects of
“veqatative growth such as leaf area, leaf weignt or
-petiole cross sectional area. Rajaratnam etal (1974)
suggested the concentration of leucocynidinlin leaf tissue
| might pe a useful index.of boron status in the oil-palm.

Rajaratanam (1972) considered the rate of increase of

boron concentration with leafage would give -

- o -
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.. a better indication of boron status then the absolute concen;

'.tration in any leaf, Further he found that boron movement
nas towards extremities of'leaflets where it hecome immohile.
. +Ochs and Olivin (1975) used foliar diagnosis to control the
é‘nutrition of oil-palms. 'He was enable to collect the samples
L according to the leafage and for sampling procedures for |

%proutine monitoring.,

- Foster and Swee (1977) predicted the relationships

S

between yleld and leaf nutrient leVels by response functions,

lw,»,;. "

=.maximum yielad could be obtained wlth only one specific
é_combznation of 1eaf nutrient levels, but moderate yields
WJcould be obtained over wide range of nutrient 1evels.‘ Nair

| g;gl,(1982) proposed path coefficient analysis to determine
'Ethe'direct.and indirect effects of leaf nutrient concentrations
._onnthe vield of oil-palm. They further found that anionic
iﬁelements in the leaf tissue such as Nitrogen PhOSphorous

fand Chlorine had positive effect whereas cationic elements

..
;’a

E;alnd cationic (K+Ca+Mg) had ‘a negative and pOSitiVe direct_

such -as Potassium, caleium and Magnesium had a negative

effect H0wever combination of anionic elements (N+P+Cl)

effects respectively.

2 7 SOIL NUTRIENT REQUIREMENTS OF TH’ OIL-PALM :

%& _ soils should be assessed in terms of their abilities to'
Supply plant needs. “In specifyino such plant requzrements
it is necessary to state them quantitatively and preciSely.

‘ Plant nutrition is a dynamic process, in which the ability of

qsoil in rapidly supplying water and nutrients to the particular

X S . . ‘ . ‘ - P
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root system is important, but not merely how much amount
of'availablelnutrienthdoes it contains? Thus the rate
; limiting procesSes are seen to'reside-in the soil, the
 :plant or both, Ng_flglo) ShowedgresponSes to Phospoorous
F,femdbﬁotassiumaon-the'leached inland soils and Magnesium
“freqﬁirements on the sandy loam soils. On coastal alluvial
rsQils there was no-response.to ohoSphrous or_magneSSium.
Cbut ootassium-ﬁad a significant effect. -Walker_etal.f1971)
‘fouhd thatlsoil phosphfods was sigﬁificaﬁtly correlated
with fertiliéer.phosphate;. There had effeots of mineral
=nutrients angd soil variability on the yield of oil-palms.
_I_Poon (1977) reported leaching losses on acid sulphate |
_soils and attempt made to avoid leaching was not successful
‘1nturn resulted in acidification of . soils. Ochs (1977)
"rrev1ewed the climatic and soil. requ1rements of oil-palm
and sugqested that palm grows well on desaturated ferralitic
"soils of-low“fertility,‘it-is sensitive to coarse elements.
'Root elohgatiop and pralifaration are_strongly affected by'
mah? physical'and'chemicallproperties‘of‘the soil;“Chew
etal (1977) reported responses on a, coastal clay soil with
coarse structure and imperfect to . poor drainage.‘ Nitrogen
. was main limiting nutrient and reSponses to potassium were
also noted.' The hlghest yields were recorded when nitrogen
and potassium were applied. Soils derived from granite and
other coarsely crystalline rocks‘or.sandy sediments are usoally
.excellent for easy'penetration and branching_of'roots and
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“and root development would be less easy on heavily endurated -
soils containing mueh concretionar&.méteriai or on poorly
areated soils. |

Ataga (1978) utilised absolute vield response,relative
yield and gptake of phosphorous as a response criteria.

" Relative ;ield and phosphorous hptake correlatedleth soils
_test for all ‘the methods., Agamuthu etal (1986) showed that
.so0ils covered wlgﬁ legumes increased nitrogen levels and

e_reduCed soil surfaCe temperature thereby strongly affecting

the growth. .A similar observation alsc made by Aisueni (1987).

2.8 NUTRIENT DEMAND BY OIL-PALMS IN RELATION TO SOIL
NUTRIENT CONTENT ¢

Mainly three types of.demands could be distinguished :
(i) Nutrients_removed fromlthelarea indirecﬁly. o
(ii) Nutfients taken up and not returned‘to the palm since
they are immobilised in the plam.itself.
{iii} All the nutrients recycled'to the soil in the leaf litter,
deed leeves and male 1nf10rescence.- The first tﬁp are -
‘the‘meaeufe of the long tefm depletion-qf the soil whereas
'_éll tﬁe three are of imhediate rate of supply to the roots
thch'the soiie.ﬁustrbe able to'ﬁfovide._
~_Baucy (i968)'surveyed the mein'results of experiments
'ﬁcarriede ut ﬁy iRHbQ firstTy on nitfogen'respohsee on young
:'palms but did not 1n old palms unless poor internal or external
_dralﬂaqe leads to denitrification. Secondly heavy demand for
'pot3351um on most sedimentary and some granitic 30115.
| Partlcularly when the texture is very coarse, thirdly nccasional

. requirements.for phosphorous on_granitiq eoils;
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Ng (1970) reported a responses:to'potassium. Hdwever,
' nitrogen demand in practice was observed in seedllngs plams
more frequently than the adult plams. A direct COmparison
A{of the total requirement of the palm with the ampunt of

-available nutrient in the top soil is simplé. Nutrients would

also be supplied from available forms ip theléub-sdil by slow
E ¢+ relesse broceséés from non-available forms in the whole
soil, A fulllcomparison of palm demand and soil nutrient
content should therefore aim to setup a total nutrJent balance.
* sheet . {Hartley 1977). |

Taillez (1982) tabulated the results on importance bf
balanced fertilizer application in yoﬁng 0il-palms. Symptoms
of N.P.K. Mg and B were observed in a period of less than
' one year on the poor soils, Theré was a close relationship
';befween growth, the symptoms observed and nﬁtrient statué
revaIUated by leaf anslysis. The fertilizer response was showed uj

within a short period..

2.9 APPLICATION OF SOIL ANALYSIS FOR DIAGNOSTIC PURPOSE

4

It 'is necessary to decide what is expected from a soil
T-_analfnis either the long term supplying powor of s0il wr the
immadiate fertilizer requiremhnt. Tinker (1064) suooeufed that
i ~tuo soil analysis in plantatlon was in some ways analogous to
leaf unalysjs. In that so0il nutrient content changed only with
Itlme and should be guite closely related to plam nutrient status
ji due to the. contlnuous cycling of nutrlents in- canopy laachlng and

‘ 11tte1fall and thus regarded as being part of the same ‘system,
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‘Hence it would appear that the soil solution concentration of
N nutrient would be the best measufe.: NG'(1970)AGreen (197?)'

isuggested that foliar analysis alone is not entlrely reliable

7WW o s ‘-"W"‘!‘i"’-'““-‘é‘”f-.“ e,

.and in princ1p1e application of both foliar analysis along with .
'soil ana]ysis to be more reliable. Ollagnier etal (1970) concluded
that deficiency detection by soil analysis was imprecise and
limited to a few cases but they quoted 0.15 to 0,20 m eg/IOO g. of
exchanqeable potassium as a level below which the potassium

E
E deflc1ency was certalin,

Ataga‘and Omoti (1978) correlatedlphosphate sorption
éﬂéﬂt@fﬂtics of some acid soils from oil-plam plantations and
sorption isotherms were used for evaluating the phosphate
?reouzrements of oil-palm. The values obtained from phosphate

E sdsorption isotherms were significantly correlated with relative
7

;?y1eld data obtained from both green house ang field experiment.

%¢0n Island soils, variable responses to phosphorous was observed
Eon the basis of phosphate sorption .Isotherms. (Dandy etal 1982).
f;n one case enhanced vegetative growth was observed with

‘;ncraaSan phosphorous levels whereas in another trial no

mresponse to phosphorous was recorded.

P

£2.10 FACTCRS AFFECTING FERTILIZER RECOVERY 3

“In the oil-palm nutrition work, shape of fertilizer response

e, .

Ein various ecosystem would be charnotnrised by the scil and

fcllmatlc factors which affect the shape. Secondly the relationships

between vields and soil or tissue analysis should be investigated.
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| buhnah-end Nye (1974) reported that uptake‘of'ion
;wés influenced by soil water content. At Higher soil
water contents chloride uptake was greater. .While Ng
.(1977)syggested'that essential factors of the mineral
‘element balance were absorption by the plant and leaching
losses on one hand and quaotitieS_supplied by the scil
and the‘fertllizer éressings oo‘the othe;. Fertilizer
efficiency depends'on their'satiSfaCtory abscrption by
E&e roots as well as on the mAJntenanCe of a proper
baldnoe ‘between the major elements and careful adjustmeht

f "Ie minor. element requirement.‘

;;2.‘11= | METHODS OF FERTILIZER APPLICATION :
‘FPertilizers shogld be applled where they can be most

fepialy teken up by the feeding roots of the c¢rop. Ruer

1“68) & Taillez (1071) had shown that in the oilpalm on]y
quarturnary roots and non-llgnified tlps of other ronts are
‘1mportant in the absorption of nutr-ents.‘ Feedlng roots |
were still. highest near the plam bases for mature plans.
ﬁptgmal methods for application of fertiliZers m:mht be
E{pefted to differ with fert: 1i?er And the soil typa. On
ihe scils of- high cation exchanqe capac1ty potassium availa~
%ﬂllty was not-appreciable if the fertllizer was bro:d-casted,
but ‘the  same amount of fertilizer 1f placed in a rostr1cted
ara* ava:lability and hence uptake mioht be . 1ncreaqeﬂ in that
area ’Tlnker 1Q64).' Slmllarly for soils’ of hiqh in free
%esquoxldes, phOsphate availabillty might be incr.easew1 by

coo o R L :
. B . . e b

ke
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' applying a large amount of phosphate fortilizer in narrow
band On sandy soils having low absorbing capacity for
ammon i um and potassium ions, 1eaching losses of these

' nutrients would be less if they were broad-casted. Olieqnier
and Ochs (1972) reported ‘that Sulphur deficiency in oilpalm

T had not recovered by appliCation of elemental sulphur but
‘it was associated with cultural practires. Rajaratanam (1973)

"repOrted qood reSults when boron was applied broadcast onto
the 8oil or applied.tc leaf. axils. Boron uptake was inhibited

: by heavy potassiun fertilization. |

, Recovery of nutrients by the oilpalm might be . _

most efficient if they were applied not to the ground rather than

spraying on the follage. Foliar spraying of copper sulphate

' was found to increase leaf length and leaf copper ooncentration

. as compared to that of untreated heaithy looking palms whereas
soil application had no obstensibie effects (Ng etal 1974).

2 12 COWPARISON OF DIFFERENT SOURCES OF NUTRInNTS :

'\2.12 it CROP UPTAKE @

(1) Nitrogen :~ Ammonia was found to be lost ammonium from

fertilizers by volatilization in scils with pH greater than 7
- but ne loss would be-expected from highly acidic soils, However
'appiication of urea inoreaSes the pH due to hydralysis and
1losse$'from this fertilizer was quite possible. Nitrate nitrogen

" is highly suceptible to loss by denitrification and leaching.
'Applica ion of ammonium sulphate at higher rate was . also reduced
‘growth of the oilpalm due interaction between Nitrogen and Magnesium
‘?résulting nitrogen deficiency (Medham (1971), |

[ ' C e
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Rajaratanam étal (1973) stowed that volatilization
.losses from appliéd urea was positfvelylrelated to the

.As¢i1 moisturé level. Urea was found to be less effective

as compared to ammonium sulphate in increasing the yield.

Growth and mineral composition of oilpalm.seedlings

 grown in sén& culture was found 'to enhanced when nitrogen

was applied'g# ammonium nitrate. The growth was foun-t

to be in order of Ammonium Nitrate, Nitrate and Amﬁbnia

'Nitrcgen. The mineral élgment contents of leaves weré

differentiall? affecfed by the source and the lével of
nitrogqn‘okoyé (1974). ,However, increased yield were obtained

by Cheong and Ng (1977) by the application of mﬁrriate of

potash and lime—stohe dust on deep acid peat soils oftoilpalm

' plantations Qhereas'sulphate of‘ammonia and rock phosphate

produced depressi#é.effectslon tﬁg growth and yield.

_ Re&@very of nitrogen is therefo;e'likely to be highest when

ammon Lum fertiliz;rs are applied to heavy clay soil. O©On sardy

:sﬁils ioss of nitrogen from urea:and ferﬁilizersucontainihg

Ini£raﬁe might be ;arge depending Qﬁ'weather conditions

. (Corley 1975).

:ii)‘ﬁﬁDSPHDRQUS=.

Recoverf of bﬁgsphorous w¢s'fouﬁd to be lesé-théﬁ 10%
of the added phosphérﬁé.‘ 0n poor'§6i1s ﬁartiﬁ‘(1972)-found
-ﬁhét an incréasé in the.phosphorous'COntent'éf?oil-paim leaves

by 18 to 26%..
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Martin (1974) showed that application of superphoaphate

XTI A T R

Eor. rock phosphate to oilpalm seedlings planted in a yellow
ﬁlatsoil doubled the crop yields when fertilizer accompanied

ffby potasstum. Crop utilization of phosphorous derived from

frock‘phospnate in the soil found to depend'upon composition and
';degree of grinding of rock on the method of its applicstion and -
‘jon the chemical properties of soil. Evaluation of soil phosphate
iiof the. oilpalm growing soils were lacking of both available”
‘- and reserve phosphorous.' Yield responSes were related ta soil
;types. plam age and leaf phosphorous content - (NG 1986). .
141) POTASSIWM: | | |
Active uptake of potaésium by plants would be greater in the
'.presence of chldride than in the presence‘of sulphate.' Though |

pota351um would 1ike1y to suffer leaching in presence of chloride‘

e P

"than in presence of sulphate (Epstien 1963), Corley and Mok(1972)
+ had noticed that on a red-yellow sandy'loam latsol’experimental
| results were difficult to interpret in'caoe of Magnesium and
- Phosphorous whereas potassium 1ncreased yvielar |
by increasing leaf area, while Nitrogen increased leaf area
L:and net assimilation rate. Dry matter yield increase levelled
‘" of f at higher fertilizer rates.

Nair andlSreedharan (1983) recommended N, P,Og and K,0
at 800:400:1800 g/palms for maximum palm growth. "Further the
application of calcium and Magnesium had no significant effect

on the palm growth.

AT T e e e o
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2,13 SIDE EFFECTS OP DIFFERENT FERTILIZERS 3

2.13.1 3 Effect of Subsidarx Constituents :

Addition of major nutrient fertiliZers also supplies an

:Zadditional nutrients which could be advantageous to the crop.

"Sulphur is supplied by ammonium sulphate, superphosphate etc.

‘Whilst chlorine is supplied by potassium ‘chloride and

ammonium chloride. ‘Daniel and Ochs (1975) found that application

of Magnesium chloride increased the yield of oilpalm whereas

. application of Magnesium sulphate did not increased the yield.

beliar analysis showed that increase in chlorine levels from

0.038% to 0.23% indicating that the increase in yield was not

only due to magnesium but also due to chlorine. Breure and

2 Rosequit (1977) noticed that the application of urea on Volcanic

ash soils of Guinea reduced Ph, CEC, Organic carbon and

exchangeable calcium, Magnesium and potassium.  In ocilpalm fertilizer

‘experiment on sandy soils 50% of the applied potassium was found

to be lost in 6 months when fertiliZer wasflocalised but very

-llittle‘loss occured when the fertilizer was broad-casted. .

T

X

2. 143 Tissue analysis and_diagnosis of nutrient status :

‘Tissue analysis is widely used in the oilpalm for diagnosis
of nutrient status and assessment of fertilizer requirements.

Ochs and Olivin:(IQ?S) explained the use of folier analysis to

i enable correct.eampliﬂg_according the leafage and sempling .

 procedures for-routine'monitoring.

2 14: CHOICE OF TISSUE FOR ANALYSIS s

Nutrient concentrations. which have been found to increase with

’
" a0 -



25

leafage-inélude calcium, magnesium,'Bbrop;Manganesé -
and Iron (Ng etal 1969) and later trace elemenfs were
rglativgiy ihé-immqbil;. Hence. it would be better to
_det?:mina in‘é young‘leaf{.Fostef and-Swee (1977) had
shown thaﬁlthe most approgfiatelleaf.to sample‘is
cbiviously that‘infwhich nuﬁfient levels afe.bésﬁ related
to yleld. 1In a given envifonment, ﬁaximum yield could be
obtained with only one specific combination of leaf
nutrient levels. Nutrient levels in the 17th leaf was
affected by fertilizer and related to yield and nutrient

level. Knecht etal (1977) obtained significant linear
| correlatiop for nitrogen and potassium with mineral content
of leaf 17 and with the age of plams.. Calcium content
increased with age‘in two plantations but decreased in third
one. Nair and Sreedharan {1983) showed positive relationship
for nitrogen, phosphorous and potassium of tissue with

yield. Rajaratanam etal ( 1973) suggésted selection of leaf
17 which gave satisfactory guide to yield preference.

2.15 FLUCTUATIONS IN LEAF NUTRIENT LEVELS :

2.15.1: SEASONAL FLUCTUATIONS :

Where the climate is highly seasonal, marked-Igaf nutrient
flpctuations in oilpalm have been reported. Foster and Swee
(1977) were found that résponse of Nitrogen and phosphorous in
oilpalm were positively related to annual rainfail on coastal
soils., On Inlénd soils phosphorous and potassium responses
were positively related to soil pH, potassium was also found to be

-negatively related to soil clay content. Nitrogen and potassium

-
M)
.- K
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responses in inland soils were greately affected by
intensity of leaching and frequency of fertilizer
applications. Quencez and Taffin (1981) found that high

water deficit was associated with low potassium level

~ and levels in routine monitoring should be judged in

- relation to the water deficit . 1In conditions of

" adequate water supply the sampling date was of less

_importance. Nair and Sreedharan (1983) showed that

| the seasonal changes in the leaf .concentrations of

Nitrogen, phosphorous and potassium affected by the

various treatments.
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Il1. MATERIALS & METHDDS :

3.1 COLLECTION OF SOIL SAMPLES 1

'Profile soil samples of distinct soil type such as:
. Laterite, red sandy loam, Hilly (Forest) soils were collectedr
-for the present study.

After usual Laboratory processing such as air drying in
.shade and passing through 2 mm Sieve, the samples were stored

in polythene containers and used for the subsequent analysis,

3.2 METHODS OF SOIL ANALYSIS : |
3.2.1: Chemical analysis:- (Jackson, 1957, Piper 1966; Black 1965;

Chapman 1964)
(1) pH: Soil pH was measured in 1:2.5 soil water suspension
by using glass electrode on Beckman zeromatic pH meter.
(11) aggilable nitrogen :- Available nitrogen in soil samples
was determined by following alkaline permangamate method
proposed by Subbiah and Asija (1953). .
(111) Total Nitrogen:- Total Nitrogen in soil samples was

determined by Kjeldhal's method of Black(1965).
(iv) Available Prospgggous t= Avallable prosphorous

content in'thessoil'was evaluated by extracting it with Bray No,1
(0.03N NH,F in 0.025 N"Hel) (Bray & Kurtz 1945), Thereafter
phosphorous in the extract was estimated colourimetrically by
chloro-stannous reduced molybdoe phosphori¢ acid blue colour
method. Blue colour was read on Boush and Lomb spectronic 21
sphecrro photometers at a wave length of 660 nm. Jackson (1958)
(v) Available Potash:= Potash in soils was determined by
extracting it with 1:5 30il:1N neutral ammonium acetate and using
corning 400 model flame photometer.

..
LEL I I NP R A
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(vi) Phosphate sdsorption studies :- It was aimed to
dotormine'the;quantity of phosphorous adsorbed as a function
of amount of ﬁhosphorous added to the soll. Three solls
- viz., laterate, red sandy soil and hilly soil were used for the
'studf. . |
Five grams of laterite, Red sandy loam and Forest (Hilly)

solils were equilibriated wi;ﬁ"phosphate solution having
concentrations of 0, 25, 50 and 100 ppm for 72 hours.

Solut;on was centrifuged and uﬁadsorbgdyphospherous was_ estimated
colorimetrically while adsorbed phosphorous was computed,
‘ Results are fitted into the Langmuir adsorption equation

for evaluating adsorpiion co-efficients(Olsen etal 1957) |

Langmuir's Adsorption equation c/*/ = %. + %b'
: m

" Where C = equilibrium conéentration of phosphorous Jg/g
x/m = quantity of phosphate'hdsorbed by clays Jg/g
'b = adsorption maximum _
'k = a constant related to the bon&ing energy of the adsorbent
- for the adsorbate
The constants k and b yere computed from the intercept and
éhe.slope.of the_adsorption maximum (Biddappa (1972).
(vi1) Adsorption of Potashi-
_ The abévemthféejSoils wérersaturated with potash solution
:at fhérate of 0, 50, 100 and 200 ppm K in a 50 ml plastic tubes
and equilibriated for 72 hours. Then centrifuged and unadsorbed
potash wés'determined.by flame photometer whilst adsérbed potash
‘wés cbmputed, Data wére fitted into.the langmuir adsorption

equation as described dbove‘aﬁd adsorption cq-effibients were

_obtained. - o - e
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(ix) Selective distribution Studies := To study the distribu-

?”tion of added p ‘and k in soils, saturated soils with 200 ppm
. phosphorous and 500 ppm potasiun were fractionated.
Phosphorous was fractionated following the method of
chong and Jackson (1958). The selective distribution of
notaah was studied_oy secuentiel extraction using water,
0.01 M calcium-chloride; 1N NH,0AC (Ammonium Acetate);and
boiling 1N HNOB.(Khan etal 1982). Percentage of different
forns of phosphorous and potassium corresponding t6 the fractions
were calculated. |

1.

3.3 EXPERIMENTAL DETAILS OF POT CULTURE STUDIES :

" Pot culture studies were carried out in three different

| experiments on oilplam seedlings.

l. Maior and secondary nutrient deficiency and nutrient

interaction 92 the uptake and biomass production of oilplam

seedlings.’

A sand culture experiment where cilpalm seedlings were -

planted (2 months 014d) on ten kg of -acid washed 'sand in pots.,

" A normal nutrient solutions were prepared having the concentration

as below :
Ammonium Nitrate 50 ppm N
Sodium dihydrogen phosphate : 10 ppm P
Potassium chloride 25 ppm K
Calcium chloride _ 20 ppm ca
-~ Magnesium chloride : 20 ppm Mg
silicic acid -~ 5 ppm sl
Fe-EDTA _ 2 ppm Fe
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Boron 0.27 ppm B
Manganese | .‘ 0.274 ppm Mn
Zinc . 0.131 ppm Zn
Copper | 0.034 ppm Cu
Molybdenum o 0.0096 ppm Mo

From the stock solution fresh nutrient solution was
prepared and applied at seven following Aifferent treatments.
fi. Treatmentgcnmplete with all the nutrients
‘.2. Treatment; All nutrients except nitrogen
3. Treatment; All complete nutrients except phosphorous
4. Treatment; All complete nutrients except potassiﬁn
5. Treatments All complete nutrients except calcium
. 6.. Treatment; All complete nutrients except Magnesium
7. Treatment;All complete nutrients except 2inc
Each treatment was carried out in three replications.
Nutrient solution was given once in every month till nine
months., At the end deficiéncy was described, the monthly
- growth and leaf production was also recorded.
Aftér nine months seedlings‘were harvested and separated
‘the roots and shoots, waéhed withltap water and deionised water
gnd processed. Biomas was recorded after oven drying and the
';samples were nnalysed for nutriént content in each part. Tntal
jnutrient uptake was then computed and interpreted.

i g

2. EVALURTION OF N, P, K rgquirement of Ollpalm Seedlings :-

?' " A pot culture experiment with ten kg of red sandy loam
"soil filled in pots was conducted. Oilpalm seediings‘were

planted and eight different treatments were qiven. "Monthly

growth and leaf production of the seedlings was recorded. .
| - o--Ja-/-

FRARE T
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The experiment was carried out for 9 months with three
replications for each treatments. At the end of the
experiment soil samples were collected and seedlings were

harvested, washed with deionised.water and‘separated intc

_ root and shoot parts,.. After processing biémass»weslrecorded

L'“
-'-,
k 5
S

e

and nutrient contents in each part was assessed after
analysis. Total nutrient uptake was then computed.

The Treatments were as follows :-

Monthly once

N:P:K mixture in 12 mgn/pot

5 litres of water
applied egqually to
100 seedlings

3. STUDIES ON PARTIAL PRODUCTIVE EFFICIENCY OF NITROGEN IN
OILPALM SEEDLINGS.

A soil culture experiment was conducted on oilpalm

Treatment Dose g/bot Rate
1 0 Control for entire period
2 10 120 ppm . ; 12:12:7
3 20 240 ppm ; N:P:K
4 10 360 ppm ) For every month
5 . 30 120 ppm ; 12:12:7
6 60 240 ppm ) NiPiK
. ) Once in three months
7 90 360 ppm )
8 (Normal Dose) ©@ gms.of (15315:6) )
)
)
)
)

seedlings to study nitrogen fertilizer use efficiency. Nitrogen

-was applied at graded levels in three treatments as below:

Treatments Grade Rate
1 N_. 0
o 15, .
2 N, 2X150 ppm N (1.5 g. N°°)

3 | - N 2X300 ppm N (3.0 g. N32)
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Six replications were taken for each treatment.
Treatment was given in solution form once at the beginning
and once after the f£ifth month of the experiment. Soil
samples were collected after initial treatment and at the
end of the experiment.' Seedlings were harvested and processed
after the separation of root and shoot portions, All the
parts were analysed for total nitrogen. Uptake was then
computed and partial productiire efficiency was worked-out.

3.4 PLAKNT ANALYSIS FOR NUTRIENT CONTENT 3=

3.4, 1. Pregaration of Sam gles:- Separated parts of the
seedlings were_aried in an oven at 70 to 80°C, The tissue
samples were then ground well in mechanical mill with
stainless steel blades. The‘ground samples were then stored
in a clean polythene bags after proper lebelling.

3.4.2. METHODS OF ANALYSIS 3 |
{1) TOTAL NITROGEN t= A known weight of dry tiSSue

'_sample was digested in Kjeldhal digestion flask with
concentrated sulphuric acid in presence of a catalyst
(copper sulphate + potassium_sulphate. 'in 1:10 ratio). Then
nitrogen content in the ¢gigest was estimated by micro-Kjeldhal
method trapping ammonia into 2. S% boric ‘acid at pH 4,5 and
then back titrating the amount of Ammonia absorbed was
calculated (Black 1965) . ‘l | |

(11) TOTAL PHOSPHOROUS:- A known weight of dried tissue

samples were digested with diacid mixture (HNOB' Pblo 2:1)

after cold digestion for overnight then on hot plate until

-
L., -
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| white fumes of per chloric aciad disappeared and the
{ solution becomes colourless. Then contents were diluted
: to 100 ml with distilled water, the clear solution was used
for estimation. _ | | .
"In an aliquote of the digested clear solution, phosphorous
tss determined by the vando-Molybdo phosphoric acid yellow
. colour method in nitric acid system. Intensity of yellow .
?colour was measured on spectronic 21 (Boush and Lomb)

_spectro photometer at a wave length of 470 nm - (Jackson 1958)

(111) ESTIMATION OF K, C2, Mg AND MICRO NUIRIENTS :

_ The diacid extract of the tissue sample were used for
:the estimation of total XK Ca, and Mg. Potassium in the
-samples was estimated by flame photometer,whilst calcium,
VMagnesium and micronutrients were estimated using atomic

~ absorption. spectro photometer model No. Varian Tectron 975.
{Jackson 1958).
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IV. RESULTS
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4

4.1 Adsorption Studies :

4.1.1: Phosphate adsorption cn the soils :

Data on the quantities of phosphate adsorption by different
soils on the addition of phosphate in increasing concentration
- are presented in the table ihand'the Langmuir adsorption isotherms
?showing the ratio of equilibrium concentration to the quantity

dadsorbed per unit weight of the soil as. a function of equilibrium
" .concentration are shown in the fig. (1), (2) & (3)

The quantity of phosphate adsorbed increases as“the
concentration of equilibriating solution increases in all the

three soils. Adsorption of phosphate is higher in the red sandy
soil followed by forest soils and laterite solils,

. The Langmuir‘'s constants worked out for phosphate adsorption
Egre given in the table 2. The constant ‘b’ as a measure of

. maximum adsorption is higher in the red sandy loam (1151 pg/g)
zand lowar in the laterite soil (310 pg/qg). The energy of adsorption
as indicated by the Langumuir's 'K' value is higher in the
Laterite soil (251 3) and lowest in the red sandy soil (24.3) from

the results of Langmuir's constants it can be seen that adsorption

'; ;*yﬂv\ﬂ'ﬁ'é" AT www“m 'Ir

of phosphate by soils increased where 'k!' value is lower and
'b’ value is higher. Energy of adsorption increases as the
aadsorption capacity decreases in the soils.‘ |

.12: POTASH ADSORPTION ON THE SOILS :

The quantities of potash adsorbed with respect to the addition

?af potash solutions having different concentrations by.soils,are

% presented in the table (3), The Langumuir.adsorptiOn isOtherms‘
i
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TABLE-1..
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ADSORPTION OF PIOSPHDROUS BY SOILS (_P/g.)
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' TABLE - 2

LANGMUIR's CONSTANTS FOR THE ADSORPTION OF PHOSPHOROUS

BY THE SOILS

Soil ) ! b ' -3
Soil Type I KX 10
No. ! pa/q E
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_blots are given in the figurin-4,5 6. Asxin the case of?phosphate
quantities of potash adsorbed increases with increase in the _
concentration of equilibriating solution in all the three soils.

The'Langumui: s constants for potash adsorption are given

An the table (4).méx1mum adsorptioh capacity of soil as indicated

by ‘b’ value is highest for the red sandy (550 Pg/g) soll followed
by Forest soil and laterite soil.. The energy values as indicasted

"by 'k' values are found to increase in the order as Red sandy )
‘later‘ite > Fo:eSt.Soil, Energy of adsorption as indicated by 'k*
value is highest for ﬁhe forest soil (290.55) and lowest ih the

ERed sandy soill(47.27). Energy of adsorption'dec;eaSes-as the

éadsorption capécity increases in the red sandy andllaterite soils

;except in Forest soil where higher adsorption is associated with

higher bonding energy.

F
:
f4,2 ms:sorzp'rxon sru:nes:

E- Retention and releasing capacity of soils is studied and

'aksorption patterns of soils for phosphate asnd potash are presented.

4.2.1: PHOSPHATE DESORPTION t

: Three soils have different abllity to release the adsorbed
aﬂwsphate is summarised in figure (7). Laterite soil showed high
;;;pacity.tO'release the added phosphate at the first extraction
%(250 Fg/g) . Most of the added phosphate released at the fifth
igxtraction dnly. |

{ Red sandy ibam soll did not release most of the added
‘E‘hosphate at the first extraction but the guantity of phosphate
ieleased at the second extraction is higher (225 Pa/g.) However
;apacity to relgase is found to be low for this soil as there is

sradual release of phosphate at each extraction,
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Ratio of equilibrium K to the amount of potash adsorbed
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of soils for sorption and‘desorption of phosphate is
laterite soil < Forest soil < Red sandy loam soil and
for potash is forest soil < Red sandy loam < laterite soil.

4.3: SELECTIVE DISTRIBUTION STUDIES :

Ability of soils to distribute the added phosphate and
potash among the various forms is revealed and most predominant
forms to which the added fertilizer‘gets bound are indeked.

4,31: PHOSPHATE DISTRIBUTICN :

In all the three solls most of the added phosphate is
bound with Alluminium (Al-p) highest being for red sandy
loam (65%) and lowest for Forest soil the data on quantities
of distributed phosphaté to various forms are depicted in
the table (). |
‘ It canlbe seen from the table that there is gradual
decrease in the distributed phosphate in the order as
, Al-§, SB-p, Fe-p and Ca-p for laterite and forest soils.
However for red sandy loam 'soll, Fe-p was dominant then. SB-p.
 Cé1cium bound phosphate being lowa@st in all the three soils
ranginé from 4 tq~6% of the total adsorbéd phosbhatg.

432 : DISTRIBUTION OF POTASSIWM :

In al; three soils added botaésium is retained as water
saluble potassium ranging from 245 teo 355 PJg/g. The quantitieé
of botassium aistribution among the water soluble, calcium
chloride extfactable, exchaﬁgeable or ammonium acefate
extractable and fixed or boiling nitric acid extractable are

presented in the table (8). Percent of potassium distributed
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TABLE=7

SELECTIVE DISTRIBUTION OF PHOSPHATE
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in the various forms are shown in the figure. (10).
Red sandy loam soil shows maximum distribution of
potassium in all the forms than the other two soils.

About 50% of the potassium is found to be water soluble

30% as calcium chloride extractable, 15% as exchangeable

and 6% as fixed potassium.

Like Red sandy loam soil, laterite solls also shows
maximum distribution of potassium as a water soluble but
quantity is lower than the red sandy soil and higher than
forest soil. Calcium chloride extractable potassium is
comparatively higher than the red sandy soil but lower than

the forest soil perceﬁt of Exchangeable potassium in sandy

and laterite soils did not differ markedly whereas forest soil

retained maximum potassium in the exchangeable.form. The
quantity of fixed potassium ranged from 4 to 6% of the total
adsorbed potassium though there is not much difference in
the quantity of fixed potassium among the three soils it is
higher in red sandy léam follpwed'by laterite and fprest soils.
Unlike Red sandy and laterite soils, ' Forest soil has very
low quantity of water soluble potassium and high percentage of
calcium chloride extractable and exchangeable potassium.
Percent of fixed potassium is lowest than fhe other two soils.

In gerieral, quantity of potassium distributed in the

‘decreasing order is water soluble > Calcium chloride extractable)

" exchangeable or Ammonium Ac  extractable > fixed or boiling

Nitric acid extractable for Red Sandy loam and laterate soils.

. .For Forest soil, calcium chloride extractable potassium is

dominant followed by water soluble,exchangeable and fixed potassium,
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TABLE=8

T o -

SELECTIVE DISTRIBUTION OF POTASSIUM
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4.4 INFLUENCE OF WITHHOLDING NUTRIENTS ON THE CILPALM SETDLINGS :

4.4,1: Effect of Withholdling the nutrients on the growth
of the oilpalm seedlings :

, Growth of the ceedlings is effected by nitrogen when the

nutrient solution was '1acking from nitrogen. Vertical growth and

| leaf production is very low as compared to control plants where

_all the nutrients were available. After five months the vertical
growth stopped completely and symptoms of nitrogen deficiency
are observed. Leaves turning yéllow through pale green are

; developed which are associated with nitrogen deficiency. The

E;

datas of vertical growth and leaf production are presented in the

3'tab1e (9). The symptoms of nitrogen deficiency are shown in the

: flateeI. Lack of phosphorous in the nutrient solution also
f;decreased the vertical growth and'leaf production compared to

2t control and otherrtteatmentc except second one which was lacking
.?from nitrogen. Though there is a decrease in the vertical growth
Eand leaf production, it did not stop completely as in the case of
{nitrogen. It can be soen that growth is satisfactory till fifth
j;montn but thereafter rapid decrease in the growth rste when the
?7nutrient solution was lacking'from phosphorous, Potassium

' qeficiency in oilpalm seedlings is also found to affect the growth
t and leaf production. As can be seen from the table-that growth
?rate was not that rigorus at the beginning but constant increase
,'in the rate of growth is observed after few montns. Calcium,
imagnesium and zinc 4id not show any marked effect on the growth rate
}and leaf production.‘ The growth rate however exceeded in the

 treatments where nutrients calcium and zinc were not available than

?in the case of control treatment.



PLATE-1:- EFFECT OF WITHHOLDING NITROGEN ON THE OILPALM
SEEDLINGS (NITROGEN DEFICIENCY).
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.42 : INFLUENCE OF WITH HOLDING THE NUTRIENTS ON THE

————--——-———--———-————--—--.—--———-————————-——--———

: The Dry matter production of shoot is ranging from 9.37 to

2. 63 g. lowest being inlthe case of nitrogen éeficient seedlings.
bwever the Dry matter produceo was greater in_treatment where

;th all the nutrients. The results are significant (4.73) at
t-level. Dry matter production in the treatment lacking from
}-sphorous is next . highest to that in the case of nitrogen
}llowed by Dry ﬁatter of the treatments without zinc, magnesium,
;tassium and calcium,.

Dry matter of roots in the oilplam seedlings did not show

;y significant fariation among different treatments. Dry matter
}nged from 4.32 to 6.42 g. Lowest being where nitrogen was not
}plied. However dry matter produced was less in all the treatments
:Qn that of treatment receiving all the nutrients. Total Dry matter
boduced was also significant (6.40) at 5% level. It is ranging

fom 13.69 to 25.11 g« lowest being in the case of nitrogen

}ficient treatment and highest in the full nutrient. Unlike the

_ ﬁatter of shoot, toteal Dry matter of plants in any of treatments
id not exoeed that.of the normal. Total dry matter_produced
}‘reased in the order of treatments lacking £rom nitrogen,
;-sphorous, zinc, magnesium, potassium, calcium’normal.‘ The

isults of dry matter production are summarised in the table (10).

74 3: INFLUENCE OF WITHHOLDING THE NUTRIENTS ON THE TOTAL
UPTAKE OF NUTRIFNTS BY. OILPALM SEEDLIN§§_3_ _____ ——

Nitrogen phosphorous and potassium uptake as effected by

?fferent withholding of nutrients by the oilpalm seedlings are

iported in the table {(11).
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TABLE-10

 INFLUENCE OF WITHHOLDING THE NUTRIENT ON THE DRY MATTER PRODUCTION

T e L - e i e D D R AL mmEh SRS Ge e S G e Smem e S G .

OF OILPALM SEEDLINGS (_Gms. )

I T Ittt Rt Y - - -

Treatments - | Shoots , | Roots | Shoot + Root

All Nutrients m 18.59 m 6.42 25.11
-N | | 9.37 | I 4.32 13,69
-p “" 13.77 . “ 5.50 : J.G.»_m
<K m 16.50 5.23 21.74
—Ca m 18.63 P 6.23 {  24.80
-Mg m 15.60 . 5.73 m 21,33
-Zn m 15.29 5.91 21,21
N O A s

*Significant at 5% level
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(1) NITROGEN 3
' Uptake of nitrogen ranged from 56.82 to 268.7 mg. Nitrogen

uptake is reduced to 1/5th of the normal when it was lacking
from the nutrient in. solution by shoots. ‘However uptake by
-shoots exCeeded than that of normal in the treatments where
.potassium, calcium and magnesium were withholded. The results
iare significant (68 57) at 1% 1eve1.‘ It 1s slso observed that
phosphorus deficiency reduced uptake of nitrogen by Cilpalm
shoots.
| " Unlike shoot,uptake of nitrogen.by roots in various treatments
is lower than that of the normal, it is ranging from 22.66 to
 58.81 {Mg). Nitrogen uptake by roots was reduced to half where
'it was lacking in the growth media. Phosphorous deficiency also
reduced uptake of nitrogen by the Oilpalm roots. Potassium,
calciun, Magnesium and zinc deficiency did not effect the uptake of

nitrogen by roots.

e e e b NP

Total uptakeaof nitrogen by seedlings. reduced to 1/4th of
normal when it was not contained in the nutrient solution. The
results are significant (86.39) at 1% level. The total uptake

ranging from 79.49 to 314,80 Mg. Nitrogen uptake in total by

felhntata o Rk ekt b b

§ plants also reduced by phosphorus to 204.73 mg. and zinc 290,93
gmg. deficiencies.‘ However seedlings with potassium, calcium and
EMagnesium have very little effect on the total uptake of nitrogen,

(1i) PHOSPHOROUS 1 Phosphorous uptake by shoots of Oilpalm

 seedlings 1s reduced to 1/3rd of normal as can be seen from the

§ table (11). Phosphorous uptake of shoots ranged from 14.08 to

b 42,25 mg., and data are significant (14.30) at 1% level. Nitrogen
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TABLE-11

- — ks e -

WITHHOLDING THE NUTRIENTS ON

NUTRIENTS

INFLUENCE OF WITHHOLDING TR JLC222222 THE TOTAL UPTAKE OF NUIRIENTS
BY OILPALM SEEDLINGS (N, P, K, _Mgm/POT OF 3_SEEDLINGS)
IIIIIlI.ﬂlllllllllllllllllllIllllﬂllllllllll.lllllllllilllllll1|II1llllllI ——— - T ——————
Treat— _-llll.llIm_m...H..malu.nlwm..MI_ll.Ill.lll.“.lIIlI.IIl-lIWWHIV.MWW*NW-WWHMIIllllllllm.-lllllllllwo‘m}_muMHE - o ——
ments “ Shoots “NOOﬁw 1 Total “mSDOﬁm “ Roots Total ‘1 Shoots i Roots 1 Total
——— r o . - s Rt - ‘ -—=q - + -

all | 246.97 158.81 | 314.80 | 42.25 10.03 ! 48.71 148.57 1 45.67 | 194.23
zcﬁnumsz “ “ " “ 1
-N ! 56,82 122.66 | 79.49 ) 21.33 8.17 | 29.50 68.30" 48.29 116.57

| o | 1 - | I o - - - )
-p | 158.60 mpm.QH m 204 .73 m 14.08 3.93 m 18.02 '91.48 44.60 '135.97

1 _ : e .

. ] C .

-K m 255.07 { 53.03 | 308.11 | 39.63 5.60 | 48.68 39,20 15,92 55,11
-Ca ! 268.70 !56.40 ) 325.03 | 38.20 | B.23 | 46.36 161.53 46.24 207.74

[} | ] i 1 ’ ]
Mg | 250.10 }57.82 | 305.87 } 39.03 9.80 | 48.83 173.71 37.99 | 211,71

I | i ' 1 . . : . ;
-Zn | 239.43 151.68 | 290.93 | 36.86 7.20 | 44.04 167.03 I 41,57 207.97

“ | “ " | i % S IO
B iy At i i R B N A R
C.D. | 68.57**% 19.63%! 86.39%* 14.30**  -- | 18.09% 49.44%* 1 - | 64.62%%
(5%) ' { f 1 | N 1 1 )

*Significant at 5% level

**Significant at 1% level
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deficiency 1is found to deerease the uptake of phosphorous
in ghoots to about half of the normal. Thdugh potassium,
calcium, Magnesium and zinc deficiencies decreased the
uptake of phosphorous quantitatively. the difference is not
significant. |

Phoaphorous uptake_by\roots-ﬁas decfeased to 1/3rd
when 1t was not available in the growth media. Eventhough
phosphorous uptake of Oilpalm‘rbots found to be decreased
when the media was lacking from various nutrients in
accordance with the treatments. The decreasing effects
did not show any aiénificant variation,

| Unlike phosphbrus uptake by shoots and roots of

Oilpalm seedlings; total uptake showed varyling effects with
different treattnepta; It is found to exceed in the plants
with magnesium deficiency (48.83 MQ) than that in the normal.
The total uptake of phoaphprous reduced below half. in the
phosphorous deficient treatment and to about half in the
Nitrogen deficient treatment. ' ﬁ

{141) POTASSIUM:~ Results of potassiun uptake by shoots
varied significantly (49.44) at 1% level., The uptake is reduced
to about 1/4th.of potassiun content of normal (148.57) in
treatment where potassium was not applied and to below half
where nitrogen was not applied and to about half when
phosphorous‘ﬁas lacking‘frcm the growth media. But uptake 1is
.increased in theltreatmente where calcium (161.53 mg.).
Magnesium (173,72'mg.) and Zincl(167.03 mg.) were not available.

Highest'uptake‘of potassium 1s observed where Magnesium
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is deficient followed by:treatments lacking from zinc
and calcium.

' Results of potassium uptake by roots of Oilpalm
seedlings diaq no£ vary significantly though it is reduced
to 1/3rd in seedlings lacking from potassium in the
nutrient solution, but there is no remarkable difference
among the other treatments.

" Like shoots total potassium uptake is found to be
greater in the seedlings where calcium, magnesium and
zinc were laéking. It is reduced to about 1/4th of the
normal in the case where the plant were suffering from
potassiun deficiency. The total'uptake of potassium
varied from 55.11 to 211.71 mg, lowest being in the treatment
deficient of potassium. Calcium, Magnesium and zinc
deficiencies enhanded the total uptake of potassium as
indicated by the results. The highest uptake of potassium
is associated with the Oilpalm seedlings having no supply of
Magnesium (2&1.71 mge.) . The results of potassium uptake with
different treatments varied significantly (64.22) at 1%
level. _
iv} gg;g;gu_i- Résults of calcium uptake by shoots with
different treatﬁénts variéd significantly (9,76} at 1% level.
Calcium uptake fgduced to % of the normal in the seedlings
deficient in calcium. The uptake is found tc be greater in
the potassium deficient plants than thét of the normal palms.
Quantitative uptake by shoots is found to be a same in the

seedlings deficlent with phosphbrus‘(10.35 mg) and normal
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(10.85 mg.) . However, Cﬁicium uptake was reduced in
the Oilpalms deficient in nitrogen (7.24 mg) magnesium
(6,73 mg.) and zinc (5,09 mg).

Calcium taken up by roots also varied significantly
(0.84) at 1% level as can be seen from the table (12). It
is ranging frow 1.77 to 3,41 mg. As in the : se of shoot,
uptake of calcium by robt_s is enhanced when the seedlings
were lacking from Potassium (3.11 mg). The uptéke also
enhanced when'magnesium=(2.41 mg), Z2inc (2.28 mg) and
nitrogen (2.37 mg.) were excluded in the soil.

Total ca;cium taken up by seedlings did not show any
significant vériatibn. It is fanged from 6.37 to 21.62 mqg.,
highest being in the magr_xesi,um deficient plants. It is
found to be‘greater in the treatments'lacking from Magnesium
(21.62 mg) and potassium (18.27 mg.) then the normal (12.58 mg.)

| (v) MAGNESIWM : Data on magnesium uptake by Oilpalm shoots,
- summarised. in the table ﬁ12) which are found to significant
(2.74) at 1% level, It is ranged from 16.79 to 52.13 ﬁg. It
can be seeh that Magnesium uptake ié reduced when zinc was not
supplied (16.79 mg)lthén in the Case'of plants with mégnesium
{17.07 mg.) with holded riutrient. Magnesium uptake is found
to be enhanced when potassium (52.13 mg.) was not available
compafed to nq;mal (36.24 mg.) plants. Magnesium uptske is also
greater in the.éotassium deficient (48.45 mg.) 'seedlings but
| the quantity is lowér then in the case of potassium deficient
treatment. The uptake did not differ much in nitrogen deficient

(36.46 mg.) andlih calcium (30.31 mg.) deficient treatments.
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TABLE=12

INFLUENCE OF WITHHOLDING THE NUTRIENTS ON THE UPTAKE OF NUTRIENTS BY OILPALM

- SR SN S W A mm S e P R e S SR b Am WS s S D S - WE s D e

SEEDLINGS ( Ca, Mg, Fe )/POT OF 3_SEEDLINGS

l|||n|J|||||||||ﬂ|mMHaHam|1||l||||a||4||lll|1|3MmmMWHaznlltrnllllllﬂlllllllllﬂnaml| e T
Treat- |||al|||1t||||||s|1||llllllli;lrnlllu||qlauilwlltiulnllnlul*l|||l|||||ﬂ||||l|||||||1|||ll|
ments | Shoots | Roots | Total | Shoots ; Roots ! Total | Shoots ; Roots | Total
"Aaou | (mg) ! (mg) ' (mg) 1. (mg) ¢ (mg) ! (mg) b (mg) | (mg)
||||1|4|||||||||1||||a||1||1|s||n||||1;:|||||s|4||1||4|a11||:;|:|L|+||||l|||117111uaurulufniuetlnijllr
a1l !10.55 |} 2.03 b 12,58 | 36.24 | 7.98 | 44.22 ! 3.55 ' 0.2333 | 3.77
nutri=!} | 1 I [ 1 - i { ‘
1 ] ' ] [} ] ] 1 [} [}
ents | " 1 ' P 1 B | 1
-N | 7.24 | 2,37 1 9.60 | 36.46 | 7.42 | 26:33 | 2.42 | 0.1066 | 2.55
i i ] | | : I . g ‘ ! . !
-P ) 30.35 | 2.12 | 12.47 | 28.45 ! 7.86 | 36.31 m '5.22 m 0.1100 | 5.33
] ] ] 1 ) ’ 1 [
. [} ) []
k11505 ) 311 18027 | s2.13 ) 7.72 | 59.81 4 3.02 i 0.108 | 3.13
1 i 1 1 ] I 1 I ] ]
ca | 4.79 ! 177 | 6.57 | 30.31 | 8.98 ! 43.24 | 3.68 |} 0.1293 | 3.81
] i | ] 1 ) : . ] ] ]
-Mg m 6.73 | 2.41 m 21,62 m 17.07 m 5.09 m 22.16 m 4.01 _m 0.1090 m 4.19
] . ) ’
] ‘ ] : ]
-zn 1 5.09 I 2.28 b 7.37 I 16.79 I 6.05 } 22.86 1 3.09 | 0.1883 | 3.28
] ' 1 I | ] ] _ ' i .
e S Ittty ettt It _Jnuuatuunw--:uuil4nuw--s-uu-auww-anaunuunnnunu
C.D. | 9.76%% ) 0.84%* | - D 37.03%*] 2.74%* | -- | 2.45% 1 0.9970%% --
.@.@-L-l--l-.".l-----t."----..-----._..------._L_--..-----....-------r-_p-- R S

*Significant at 5% level
**Significant at 1% level
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Magnesium taken up by roots of Oilpalms ranged from

5.09 to 8.98 mg,fsignificantly (2.74). .The high uptake of
magnesium is‘associated with the palm$ deficient in calcium
(8,98 mg) than tpat for the normal (7.98 mg) plants. Unlike,
shoots, the upta;e did not exceed by the roots of plants
deficient in potassium and\phosphorous. Results of total
uptake of Magnesium are not-fOUnd to be significant. In general
it can be seen from the data that total uptake of Magnesium
is higher than the normal when potassium was excluded from
the composition of nutrient solution. ‘

vi) IRON : Results of Iron uptake by shoot are geficted
in the table (12) and found to be significant (2.45) at 5% level.
The values of iron uptake by plant shoots varied from 2.42 to
5.22 mg. It can be seen from the results that nitrogen
deficieﬁcy in plants reduﬁed the iron uptake whereas it is
increased in absence of phosphorous and also to some extent
in absence of magnesium and calc¢ium.

Uptake of iron by roots is fouﬁd to be more significant

- {(99,70), Like shoots, none of the treatments showed high uptake
of iron than that in normal. However it can be seen from the
'results that uptake by roots enhanced to some extent in plants
lacking. from zinc. There is not much difference in the uptake
of iron iﬁ Qagioué.tfeathenté.

'. Though total uptake of iron found to be more. in phosphorous,
Magnesium and calcium deficient Oilpalms, The result did not

show any significant variation.
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(vii) COPPER :- Data of copper taken up by shoots, roots and
total are presented in the table (13). Copper uptake are not
found to be significant. ©One can see from the table that
nitrogen deficient Oilpalm seedlings shbwed-minimum uptake
wheréas it is higher'in the plants with’éalcium and_Magnesiuﬁ
def icient treatments. |

(viii) ZINC :~ The results of quantity of zinc taken by shoots
and roots are not found to be significant and are ranging from
224 to 444 g 1n shoots and 151 to 322 Jg in roots. Thé ﬁptake
of zinc in shoot as weil as 1n roots is highest in magnesium
deficient plants,

Total uétake of zinc showed signifiéant variation

(236.23) at 5% level, Non-availability of magnesium to the
plants enhanced the uptake of zinc whereas it is reduced

to minimum quantity when plants were deficient in nitrogen.

In the treatment without zinc showed uptake mbrg than that in the
normal. |

(ixX)MANGANESE 1= Like copper Manganesé uptake also did not
show any significant variation in Oilpalm.’ The quantity of
Manganese uptake ranged from 2188 to 4478 Jg and by shoots

2750 to 4826 Jig by roots. Nitrogen deficiency resulted in the
‘accumulation of manganese in the roots whereas Magnesium
deficient plants accumulated more manganese in shoots. The total
_uptake of manganese is found to high in the potassium deficient
plants.

'4.4.4: INFLUENCE OF WITHHOLDING NUTRIENTS ON THE NUTRIERT
CONTENT OF OILPALM SBEDLINGS :

Percentage composition of different nutrients as shown in



TABLE-13

INFLUENCE OF WITHHOLDING THE NUTRIENTS ON THE UPTAKE OF NUTRIENTS BY OILPAIM

*Significant - at 5% level

lg/pot of 3 mmeHH:@mv
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] ] ] ] . ’
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' { o i
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] 1 ] ] .
1 ] 1
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1 1 | 1 .
A e e e - ———— s - scsses
] ] ] ]
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-} 236.23% | - | -_— -
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o



60

in accordance with the uarious treatments are shown 1in the
table (14). |
(1) NITROGEN :- Withholding of nitrogen resulted in the
reduction of nitrogen content ofsshoot to about 50%¥. Percentage
composition of nitrogen resulted in the significant variation
(0.216) . Percentage of nitrogen content increased in the
plants deficient in magnesium, potassium and calcium., High
‘content of nitrogen is associated with magnesium deficiency
as can be seen from the table (14). Phosphorous deficiency
is also found to decrease.the nitrogen content. .

Nitrogen content of shoots varied from 0.0227 to C.0588%.
It is reduced to half of the normal where nitrogen‘was excluded
fron the t;eatment. Phosphorous is also effected the content'
of nitrogen in the roots of Oilpalm. Unlike shoot, nitrogen
content in any treatment did not exceed the comp031tion of
normal plants. In general percentage composition of nitrogen
in shoot of Oilpalm seedlings showed marked change.
(11) EEE§229§9£§:- Exclusion of phosphorous in the growth
media reduced its content in the shoots below 50%. It is
ranging from 0.1063 to 0.2512 with the significance (O 0691)
at 1% level. Highest accumulation of phosphorous in shoots 1s
observed (0;2512%0 where there was no supply of ‘magnesium,
It is also enhanced'in the treatments with no potassium, zinc
and nitrogen. However its composition is lowenod in the shoots

of plants where supply of cslcium hes been withholded.
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TABLE-14

———— -

INFLUENCE OF WITHHOLDING NUTRIENTS ON THE NUTRIENT OOZH.MZH. IN SHOOT AND ROOT OF OILPALM

- —— — —— e M S e e e A ———— ———— - ——— -

SEEDLINGS ( N, P, K % )
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1 ] ] : - 1
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\ i [ 1 1 I .
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i i I i I 1
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{ 1 t 1 i - .
Mg b 1.6147 I 0.0578 “ 0.2512 “ 0.1696 b 1.1133 m 0.6533
. | ] ] N | . 1 ] :
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c.b, | H ' " i ! ‘
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*Significant at 5% level
**Significant at 1% level
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The prosphorous content in the root in the range of

0.0720 to 0.1901%. Its content is reduced to below 50%
of normal plants whenlno phosphorous was supplied. But
‘nitrogen deficient plants showed high accmulation of
phosphorous in the roots, Plants with no supply of potassium
and Magnesium also accumulated phosphorous in the roots but
relatively lower then in th;"case of nitrogen.

(114) POTASSIWM :- Potassium content of shoot is reduced
to below 1/3rd in the plants without its supply. Deficienclies
. of phosphorous and nitrogen have'seem to decrease the
potassium content cf shoot. Further, the data revealed

that there is high content of potassiuh associated with
magnesium, zinc and calcium deficient plants; highest
percentage is found in shoots of-Oilpalm seedlings with no
supply of magriesium (1.1133%). _
| Unlike shoots there is high content of potassium 1s

found to be associated with nitrogen and phosphorous deficient
roots. Calciumn deficiency also resulted in the increase of
' potassium content of roots. The variatiorn in potassium content
of roots is ‘found to be signifiCant (0.1746) at 1% level. When
there was no supply of potassium, its percentage compos ition
is reduced to one half of the normal plants. waever plants
without suPply of magnesium and zinc showed a decrease in the
potassium content of roots.

(iv) CALCIUM :=- _calcium content of shcots in the various
treatment @id not show significent Variation. It is

ranglng from 0.0255 to 0.1207% highest content of calcium being
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asébciated‘with magnesium deficient plant. Unlike shoots
calcium content of roots is found to be significant o
(0.0139) at i% leVel; The content is ranging from 0.0288
to 0.0612% highest content is assoCiated with the.rgots
6f potassium deficient plants., Percentage coﬁposition of
calcium is reduced when it was not included in the nutrient
solution. it'is seen that nitrogen deficiency and'magneéium
deficiency resulted in the accumulation of more of calcium
in the roots.‘ N

(v)_§§§§§§29§:- Data of Magneéium content of shoots
are not of significane¢. Magnesium content did not show any
variation in different nutritional treatments.

Results of root magnesium content had showh significant
effect (0.0341). It can be seen from the table (15) that
magnesiuj content of roots is reduced to about 50 percent
to that of the normal where it was excluded from the nutrient
solution.

Magnesium is found to be influenced highly by nitrogen
Qeficiency in the plants and to some exﬁent by calcium
potassium and phosphorous deficiencies., Variation in percentage
" composition 65 magnesium in the roots of above deficiencies is
not much but differ markedly from that of nitrogen deficliencies.
While non-availability of zinc for plants seems to reduce the
magnesium content of roots well below the normal plants.

| (vi) IRON :- Iron was not shown significant variation
among various treatmenﬁs, Its percentage composition in sheoots
ranged from 182 to 411 ppm. It is seen that hiéh content is

associated with shoot having lack of phosphorous. However
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INFLUENCE OF WITHHOLDING THE NUTRIENTS ON THE CONTENT OF SHOOT & ROOT OF OILPALM SEEDLINGS

ﬁ nws ZQ\ Fe u
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**Significant at 1% level.
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Magnesium,zinc and nitrogen deficiencies are also
_influencing the content of shoot iron in Oilpalm
seedliné#. Unlike shoots, roots have-not shown
high cdnteht of Iron ﬁhen that of the normai.but
the content is-found to be low in the roots of
phosphorous and magnesium deficignt plants.

(vi) 'COPPER :~ Copper content.of shoots of
Oilpalm seedlings in various treatment ranged,froh
5 to.17 (ppm) and significant (5) at‘l% levél.i-
The result shows tﬁat'nitrogen and Magneéium have
greater effe&t'on the copper content of shoots,

'Nitrogen deficiency greateiy decreased the copper
content whereas magnesium deficiency improved the
content. It also found to be influenced by |
potassium, zinc and calcium deficient treatments,

Root content of copper in plants are of not significance,
Except phosphorous and nitrogen deficlient roots.

(viii) ZINC :=- Zinc con%ent of shoots and roots of
Oilpalm seedlings are not found to be significant.

The shoot content of zinc is ranging from 18 to 37 (ppm)
highest being in the phosphorous‘deficient shoots.

Root zinc content ranged from 35 to 55 (ppm). It is
found to bé highest when there was lack of magnesium in
the nutrient media.

(1x) MANGANESE:=- Manganese content also had no significant
variation among the different treatments given to the

seedlings. Shoot Manganese content varied from 184 to 287 ppm
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INFLUENCE OF WITHHOLDING NUTRIENTS ON THE NUTRIENT CONTENT IN SHOOT AND ROOT OF QILPALM
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**Significant at 1% level.
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highest content is found in magnesium deficient plants whereas
its content is increased in all the deficient treatments then
that in normal plants. Root Manganese content ranged from

414 to 833 ppm, its content is found to highest in petaseium and

Magnesium deficient plants.

4.5 EFFECT OF N,P, K DOSE AND TIME OF APPLICATION ON
OILPALM SEEDLINGS 1

4.5.,13 EFFECT OF DOSE OF N,P,K AND TIME OF APPLICATION OK THE
GRON’I‘H AND LEAF PRODUCTION 3 _

Results of growth and leaf production as effected by the
various levels of N,P,K dose are presented in the table (17)
Time and rate of aﬁplication effected the growth as well as-
leaves production of the QOilpalm seedlings. Plants ih the
treatﬁeht_yithquf fertilizer appiication have not shown desired
grewth. It is enhanced with the increasing the dose when the
fertilizer dose was given in every month., At the beginning

-gm3. of 12:12:17 N:P:K ratio per pot per month showed highest

| growth and leaf prodnction rg;e but thereafter rate has been
decreased.: Middle dose i. €. 20 gms. of 12:12:17: N:P3K ratio
per pot per month has shown more desirable and constant growth
rate thrdughouh the period of investigation when compared to

" the control and other treatments. |

Trimonthly applicatien of fertilizer doses in two cases

résulted in the undesirable effects but in one trestment with
30 gms, of 12!12?17, N:P: K per pot ee;_S month showed constant
increase in the growth rate. Though it was lower then ih the
'treatment with 20gms. of NPK per pot per month, ‘when compared to

lowest dose of 10 gms per pot per month. In the highest trimonthly
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*Height and leaves of plants after replanting. : ) ,
*%8 Gns. of N:P:K, 15:15:6 dissolved in 5 Ltrs. and applied to 100 seedlings monthly {Normal Dose)



PLATE-Z:- EFFECT OF HIGH CONCENTRATION OF N:P:K FERTILIZER
----- APPLIED TRIMONTHLY AT THE RATE OF 90 GMS/SEEDLINGS.



69

jose the plants were suffering from salt injury due to high
salt concentration (Plate 2). This treatment is not seem to be
jesirable. | | |

A treatmeht with 8 gms.'of‘NPKZmixture (15:15:6) dissolved
in 5 1itre and equally applying to 100 seedlings shows very slow
growth and leaf production rate- It was slightly higher then
the plants in control treatmeot when compared to monthly and
trimonthly abpl;cation of NPK 12:12:17 mixture, it did not
aeeﬁ to be so effective. However, iike control, plants in this
.tfeatment did not show geheral yellowing symptom a usual case
of nitrogen deficiency. | | |

In general, it can be seen that application of 20 gms.
of dose per pot per month showed pbest response as compared
to control, other monthly and trimonthly fertilizer applications‘
and a normal N:PzK 15:15:6 dose of fe;tilizer. A lowest
trimonthly dose was the next to show better responSe among other.
A copparative qrowth rate of plants {n the control, monthly,
trimonthly and normal dose of monthly treatments has been

presented in the Plate-III.

4,5.23 EFFECT OF DOSE OF NPK AND TIME oF  APPLICATION ON THE
'DRY. MATTER PRODUCTION OF OILPAILM A SEEDLINGS '3

Result;,of dry matter production as effected by graded dose

of NPK and time of application are presented in the Table (18).
Dry matter prdductioo of shoots_increased upto- 20 gms. of monthly'
dose of NPK 12 £12:17 mixture whereas there is-gradoal decrease |
from third ‘graded monthly dose. The dry matter produced ranged
from 4.12 to 27.13 gms. It can be seen that the lowest rate

of dry matter production in the Quarterly highest dose of fertilizer



PLATE-3:- EFFECT OF GRADED LEVEL OF N:P:K FERTILIZER AND TIME
OF APPLICATION ON THE GROWTH OF SEEDLINGS IN COMPARISON

WITH CONTROL.
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here plants were not surviving., Dry matter of shoots produced

s indicated by the normal dnse of N:P:K 15:15:6 mixture is little
ore than that of control plants. When it is compared with

owest monthly dose, medium monthly and lowest quarterly seems

0 be too low. |

'Similar trend has been alsoc observed with the dry matter
roduction of root and totaligry matter in accordance with graded
se and time of application. .Dry matter of roots ranged from
.23 to 12.78 gms. and significant (4.2364) at 1% level. It is
igher .in the medium monthly NPK dose thereafter decreasing
'onstantly. Normal nonthly dose as in the case of root gave a dry
matter only one gram more than the control., Total dty matter
roduction had also been in the same order as in the case of shoots
nd roots dry matter. It is rang;ng from 5.35 to 39.90 gms.

In general, medium monthly NPK fertilizer dose seems to be
hore effeétive as per the dry matter production is concerned when
ompared to the other treatments. Quarterly application ¢f lowest
PK dose also ‘seems to be desirable but relatively poorer than

onthly applications.

4.5.33 EFFECT DOSE OF NPK AND TIME OF APPLICATION ON THE
- NUTRIENT CONTENT OF OILPALM SEEDLINGS :

Effect of graded dose of fertilizer had a greater influence

- - - -

on the-nntrient qomposition of Oilpalm seedlings. There were
observed an.appreciable as well as undesirable effects of fertilizer
n the composition and concentration of other nut;ients.

: i) NITROGEN :-.Applicntion of monthly gnaded'dose of fertilizer
increased the concentration of nitrogen in the Oilpalm shoot even

upto the third level. ﬂThgre ‘'observed a marked-increase in the
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nitrogen conteht £rom thaflof éont;ol. Increase in the
 concentration at the third level of treatment is more than
three times of conﬁrol. But the trend is reversed in the

- quarterly application of graded dose; as the concentration

'is highest in the lowest dose thgreafter'decreasedhconstantly.
fAmong the,th:ge‘gtaﬁed 1eve;s of monthly application, the
 concentration is highest in the third treatmenﬁ of quarﬁerly

-application; lowest dose of fertilizer showed highest concen-

, tration cof nitrogen. ‘Between-the'norhal dose of 15:15:6 NPK
nd:cqntrol aifference'is oﬁly.o.z%. _Né other treatment had
shown so much low cbncentrat;on which is comparsble with control,
Like shoots, concentration of nitrogen in the roots also
increased with increasing graded monthly dose of fertilizer upto
the third level and also the increase in concentration in the
third level is more than 3 times of control plants. The
 quarterly application did not show the same trend as tﬁatfof'
Ishoots. The highest‘concentrationVof'ﬁitrogen showed byjmediuh'
quarterly dose and higheét rate of quartérly dose. Monthly .
_graded.doses_when compared with_quarterly; loweSt quarterly
showed higher concentration 6f nitrogen than that of monthly
applicatibn. The reSults of nitrogen concentration of roots

with graded dose of fertilizer varied from 0,6907 to 1.8467%

(Table 19).

(1i) PHOSPHOROUS:- Data of phosphorous content of shoots

‘of Oilpalm seedlings as effected by gradéd levels of fertilizer
dose and frequency of application are presented in the Table (19).

It is ranged between 0.1485 to 0,5401% and is found to increase



B | TABLE=19
mmmmoeomﬁbmowzmx»znem Y
“.lluwHwom Hzpw »mman»HHoz\wrm NUTRIENT CONTENT OF OILPALM

) SEE N,P,K ¥ PER POT O A
Treatments 1 o~ ﬂ%oo..-m_.ﬂ..-_.:-----mm:-..--m-m%mm-mmmurgmu
Dose/Fot of | _ L SBEOROUE™————-~~"1~ "~ BOTASRIOR ~~"TTTTTTTTTC
10 k= - Root 1 S - !
10_kg.s01il (CGms hoot - - Root 1 Sho i
LSRR 2 R0C00-7 SIS JRRPRRELS S 1 1 hoot 1 Root | Shoot
T, (0) I 0.6907 T SRS SRS I S |
0 1 0. ! 0.8167 l 0.1190 I 0.1485 _ U Sttt
T, (10) M. i 0.9260 | 1.9227 ' 0.1445 v j 0.35600 ! 0.6467
. LI 1 . !
H.thov M. m 1.3160 | 2.0160 ] “ 0.1976 \ 1.0533 ! 1.9333
| | ! P 2 | | 0.1837 i 0.2226 | 1.4067 ! 1.,9500
T.(30) M, ! 1.8467 . . . . P
43U I . i +2.9493 0.2275 ! ! ‘
" | . i  0.2989 | 1.4000 | 2.3000
7.(30) T.M.. 1 1.0920 | ‘ | i b
4 .. | L. i: 2.0160. 0.1422 i . _ H
| b “ _ . ol ! 0.1953 1 1.3867 i 2,0833
T.(60) T.M. 11,2320 I ; ' | e
5 I 1.232C |- 1.9787 ! 0.1723 i ¢ !
_ | _ . . ! 0.20%8 ¢ 1.0533 ! 1.7000
T_(90) T.M. !o1.120 - o . : | 1 b
6 ! . 0 1 1.5493 0.1657 ! 1 _
o " . P . { 0.5401 ) 0.9917 | 1.9833
7 Norma ! 0.6947 ' 1.0267 1 0.1 ' . ]
. .11 1 :
T m h ‘ m “ 22 L 0.1499 m 0.5500 | 0.6500
. —emmmrm—sseqre—————— o —— o o i i i e L ! . -
C.D. (5% | 0.2346%% I POt Ko . .
. 0.7278** ] H - Tmmees TS T T
8 10.0511%* 1 0.1056** b 0.3711%* T 0.4473%*

*»m»n:wmwnw:d at 1% level.



74

with the graded levels oi monthly application. The highest
percentage is associlated with the third level of monthly
application. The increase in prosphorous content is about
two times of control plants. It also increased with the
increasing dose of fertilizer in the quarterly application.
However lowest and medium‘quarterly doses showed low percentage
cowposition of phosphorous when comoared to lowest and medium
appliCation_put the highest fertilizer dose applied at every

. three months resulted in the highest phosphorous content than
any other treatments. It is about.o 4% higher than control
-treatment. Among all the treatments normal dose of fertilizer
"showed quite low phosphorous content which is only about
0.0014% and on'part with control.

‘RoOt phOSphorous content is also found to increase with
graded levels of fertilizer dose when plants are fertilized
every month. Data of phosphorous contents are ranged from
0.1122 to 0.2275%. The increase in the content is about two
times tran that of control as in the case of shcot phosphorous.
Trimonthly application of fertilizer dose had a decreasing
trend of phosphorous content of Oilpelm roots.

(11i) POTASSIWM 3= Results of potassium content of shoots
of Oilpalm Seedlings are presented in the Teble (19) . Monthly
application of graded dose increased the potassium content in
the Oilpalm shoot and the highest dose - recorded about 2%
of.potassium. However, the quarterly applications lowest rate

contained high potassium followed by the treatments with high

and medium dose.
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- The normal dose of 15::15: 6 NPK.mixture aid not increase
‘the potassium 1e§el to requ;red extent as it is found to be
falmoSt equal to control. None of the treatments resulted in
such a low content of potassium in plant shoot._ The-potassium
content of shoots are ranging from 0.6467 to 2. 3%. Content
being highest in the monthly highest dose of fertilizer applica-
tions.

t'Potassium content of plant roots varied from 0.55 to
1.4067%. Unlike ‘shoots, root potassium content of Oilplam
decreased with increasing dose of morthly fertilizer.» Among
the‘monthly applications medium dose showed’ highest content
and is about 1.0%. Quarterly appliCation of fertilizer dose
also decreased the potassium concentration with increasing
level of fertilizer. Among three quarterly, lowest tregtment
resulted in high concentration.‘ Among three monthly and
guarterly treatments, potassium content is 10Wer in medium
and highest_quarterly. In the normal dose of NPK root
potassium concentration is found to be lower than that of control

by about 0.01%.

(iv) Cg&QEQM t- Results of Calcium content of Oilpalm shoot
varied in accordance with different rate ano time of application
(Table 20). It is ranging from 0.0166 to 0.1195%. Monthly
application of graded dose decreased the calcium content with
increasing level of NPK., The content in all tbe three treatments
is lower than that‘of control and it is more in the treatment with

lowest dose. It is also found to increase. with rate of fertilizer

in the quarterly treatments except at the highest rate where the
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content increased’to about 0.01% to that of control.-lIt
has increased about 4 times that of the 1bwesp quarterly
and 3 times that in medium dose. Unliké Nitrégen,potassium,
phosohbrous,jcalcium content is found to be more in the

* npormal fertilizer treatment. This treatment showed highest
content of calcium than the other monthly and quartefly
application.

Like shoot,the content of calcium in the roots also
decreased with increasing rate of fertilizer in monthly
application. The content in three treatments, however is
lower than that in control by about 0.01 to 0.02%. It also
1ncreased with the increasing dose of quafterly application.
The concentration of calcium in the roots is highest in the
normal dose of fertilizer treatment followed by control.

It is about.0.0042%.more tran the control in the normal
dose. _

(v) MAGNESIUM.- The concentration of ﬁagnesium in the

shoots of Oilpalm seedling did not show significant variation.

It is in the range of 0.0392 to 0.1978%. Its content 1is highest

in the normal dose. 1In genersal jts concentration decreases
with increasing rate of monthly application and increases
with the increase in the rate of quarterl& fertilizer dose
(Table 20).

The root magnesium content is found to be highly
significant (0.0213) at 1% level. The concentration of
magnesium gradually decreased with the inereasing rates of

fertilizer at every months. The decrease in the concentration
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in the highest rate.O-f fertilizer is by about 0.02% than in
the lowest rate and about 0.03% to that of control. Trimonthly
application of fertilizer dose at the graded levels showed
increase in the concentration of magnesium except at the lower
rate. Normal'dose showed greater increase in the concentration
of Magnesium from that of control,and other treatments of
fertiliser.‘ The,jincreaSe;ain the plants with normal dose
of fertilizer is by about 0.04%'over control.
(vi) IRON:= Shoot content of Iron in. Oilpalm seedlings
ris not found to be significant as seen from the table (20). It
.showed | variation among different treatments. Graded
doses Of-appliCatiOn had significant'effect on the root Iron
content. It increases witn the increasing the rate of
fertilizer in monthly and trimonthly frequency. The rate of
increase of concentration with graded dose 1s relatively
moxre in trimonthly application than in monthly application.
Control plants and those with normal fertilizer dose recorded
almost the same concentration of Iron content in roots., When
compared to various treatments, content is 1owest in the roots
of plants grown in normal dose and without fertilizer. -
~ (vii) COPPER 3~ Copper content of Oilpalm shoots in
accordance with graded dose of fertilizer ranged from 1.7 to
2.3 ppm (Table 21). The Concentration of copper Jdecreases with
the graded dose of monthly fertilizer application. The treatment
of lowest monthly. dose showed more content whereas those with
highest monthly dose recorded lowest content than the control
plants. It also_ found to decrease in two of the three quarterly
| application. Seedlings in the treatment with normal dose also
showed high content of copper than in other treatments.

Root copper content of seedlings varied from 26.8 to 76.6. ppm
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which is significant~ at (17.8) 1% level. Control plants
showed Qery ldw content of copper cohpared to monthly
applicatiqn; The content of copper is highest in the
treatment with lowest dose. In the treatments where
fertilizer was applied quarterly, content decreased gradually
in the lowest and medium dose whereas in highest rate it has
increased. Normal dose of fertilizer eventhough increased
copper concentration of roots, the increased quantity is
significantly low than that of monthly applications.

" (viii) ZINC :- Application of NPK in graded dose and
with different frequencies did not find any significant effect
on the zinc content of roots and shoots of Oilpalm seediings.
Concentration of zinc in shoots is ranged from 1.8 to 2.6 ppm
and in roots from 4.6 to 18.9 ppm (Table 21).

(ix) MANGANESE:= Results of manganese content of shoots
as varigd.With“thé.graded dose are presentec in the table (21).
The trestments resulted In the significunt effect on the
mangénese content of shoots which is significant (23.3) at 1%
level. Manganese content increased with the increasing dose
of fertilizer where the increése is about 4 times  in the third
‘ménthly applicatioﬁ. Among the three monthly treatments, gradual
_increaée'sf about 10 ppm is observed. Plants with trimonthly
applicgtion indicated reverse trend as dose incressed there
is a decrease in the mangnese content of shoots. All the
three trimonthly applications showed low manganese'content

compared to monthly applications.
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Monthly and quarterly application of fertilizer
had a significant (102.3) effect on the Manganese content
of roots. It increased with rate of fertilizer‘dose in
the monthly treatments gradually by about 100 ppm_and'the_
content is in the range of 119 to 457 ppm. However the
eontent gradually increased from lowest to midéle level ot
monthly applieation-whibh“decreased beyond this Adose.
lAmeng the tﬁree trimonthiy applications medium dose of .
fertilizer showed high content than others. ﬁlants‘with
normal fertilizer dose applied in very month though
recorded an' increase in the content of manganese with respect
to control but is much lower compared to monthly and trimonthly

appiications.

4.5.4: EFFECT OF DOSE OF NFK AND TIME CF AIFLICATION
ON THE NUTRIENT UPTAKE 3Y CILPALM SEEDLINGS:

A S S D S S S S My G S A SIS N N e SRS den den AP W G I WD A D AP D W

Composition of fertilizer mixture, its concentration and
frequenqy'of epplication to the Oilpalm resulted in the greater
effect on the uptake of different nutrients. The uptake
differed markedly‘among varlous treatments. The difference in
uptake of each of the nutrients is desctibed and detailed
- information 1is provided in the tables (22 & 23).

(1) NITRCGEN t=- Results of nitrogen uptake by Oilpalm
seedlings in accordance with various treatments are summarised
in the Table (22). Uptake of nitrcgen by shoots ranged from
61.96 to 558,07 mg. It increased with ttre increasing graded

dose of monthly application and there is about 8 times increase
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in the uptake to that of cohtrol wheh ﬁhe plants are supplied
with highest dose for every month.. But when the plants were
treated for every month the effect ig' reversed as uptake'
decreased gradually with the increasing rate. When plants with
monthly application 1s compared with those in quarterly applica-
tion uptake is more pronounced in monthly epplication. The
uptake in the treatment of ﬁormal dose 1s very low when compared
to other treatments.

_Uptake of nitrogen by roots of Oilpalm ranged from
14.04 to 181,77 mg. It is found to increase with the dose of
fertilizer when applied in every month. There is about 9 times
incresse in the uptake by roots of plants in the treatment
receiving highest rate of fertilizer dJose. Lowest monthly
treatment did not show significant increase as in the case
of medium and highest rate. But the application of fertilizer
dose for every three months resulted in gradual decrease in the
" uptake of nitrogen by pl&ng roots. When quarterly treatments
compared with monthly, the uptake is found to‘be'in the reverse
order. A norm§1 dose of fertilizer, eventhough indicated more
uptake than the control but the magnitude is reduced when
compared with other treatments.

Composition of £otal nitroéen_content in the Oilpalms
ranged from 85 to 748 mng . Graded dose of fertilizer application
for.every month resulted in the gradual increase of nitrogen

.uptake highest being in the plants g;owﬁ in heaviest dose.
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Shoot |} Total ! Root
N I
. |
11.20 } 15,01 | 19.26
1 [}
44.14 | 55,30 m 81.34
61.03 ! se8.41 ! 179.93
62.36 m 85.87 .m 142.47
‘ _ B :
40.94 55.45 1 139.10
: ) i |
15.08 21,27 |} 35.24
1
21.28 . 1 23.34 m 11.67
] 1
. ,“ “ .
13.34 | 15.30 | 21.23
1 ] ’
1
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*Significant at 5% level
**Significant at 1% level
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Shoot

49.13

431,93

532.63

$27.00

437.87
120.95
81.98

57.62
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Total
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69.73

513.27
712.53
669.47

572.97
156.19
96.88

78.85

375, 77%*
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(11) PHOSPHOROUS :- Uptake of phosphorous by Oilpalm roots
ranged from 2,06 to 23.69 mg. There is marked increase of
phosphorous uptake by Oilpalm roots with the increasing dose

i of fertilizer in the monthly treatments., The amount of
iincrease in" the phosphorus uptake by Oilpaim roots in the highest
. rate of monthly dose is about 8 times more than that of the
control plants,

Unlike monthly treatments, phosphorous uptake decreased
with increased fate of trimonthly fertilizer application and
highest uptake being in the lowest dose. It can be observed
! that uptake in the treatment with highest rate is lower than
- the control., Normal dose of fertilizer though increased the
quantitative uptake but significantly lower than the other

treatments (Table 22).
X Shoot uptake of phosphorous also ranged from 11.20 to

|

62.36 mg. There is a gradual increase in the uptake with the

increasing rate of monthly fertilizer dose. It is increased
i
" by about 6 times when the monthly highest rate was applied.

EAmong three monthly‘t;eatments medium and highest rate of

. treatments did not show much variation in the uptake whereas

lowest rate indicated low uptake than the ather two. While

ftrimonthly apblications of graded doses did not show increased

Iuptake. Among the three trimonthly treatments medium dose

~indicated much lower uptake only 4 mg. more than the controi

plants., Plants with normél fertili;et dose though increased the

‘uptake, it is only about 2 mg., more than the con£r01 plants.
Total uptake of phosphorous by Oilpalm plants‘ranged

from 15 to 88 mg., lowest being in'the contrbl plants. The
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results are found to be significant at 1% level. Monthly
fertilizer treatments sbowea greater uptake and it is quite
high in the medium and high doses than the lowest dose of
fertilizer. There 1is six fold increase in the uptake of
phoéphorous in plants having been treated with highest monthly
dose. Unlike monthly treatﬁents, trimonthly did not show
gradual increasse in the uptake. Among the thrée trimonthly
treatments uptake has beengfound to be greater in the lowest
rate of fertilizer dose. |

(111) POTASSIWMi- Root potassium uptske by Oilpalm varied
'significanﬁly (67.42) which is in th? range of 11 to 179 mg.
Tt is seen that (Table 22) the application of fertilizer for
‘every month resulted in extensive uptake of fertilizer potassium.
There is four times increase in lowest, nine times increase in
medium d@sqaanqﬂséven times increése‘in the highest doses of
monthly applications Qheﬁ cpmﬁared'to control, Among the three
monthly doses, potassium uptake doubled from lowest to medium
whereas highest raté of fertilizer dose did not show the expected
increase. While compafing'trimonthly treatments witﬁ the
respective monthlies, it is seen thaf order is reversed as there
is a fall in the uptake of potassium. Normal rate of fertilizer
increased uptaké to little extent ahd is about 2 mg., higher than
control. |

Like root, shoot uptake of potassium increases 8 to 10 times
by the'appliCation'of monthly fertilizer at graded doses. Uptake
increased by_abouf 100 mg., from lowest dose to medium but the

corresponding increase has not been found from medium.to.highest



86

level of dose, Trimonthly doses of fertilizer at a
graded levels showed a similar trend as in the root uptake,

However lowest monthly and trimonthly applications showed
aimost a comparable magnitude of uptake.

Total uptake of potassium by Oilpalm ranged from
69. to 712 mg., lowest uptake being associated with the
control plants. Total uptake of potassium also indicated
the same trend as in the case of root and shoot uptake.
Monthly application of fertilizer dose at graded levels
resulted -in the extensive uptake of potassium. The increase
in the uptake at the lowest rate is about 8 times than that of
control plahts. Quarterly application of fertilizer at
graded levels showed gradual decline in the total uptake
of potassium., The lowest rate of fertilizer dose showed
exXxtensive uptake even greater than the lowest monthly
application.,

(iv) CALCIUM :- Results of calcium uptake by Oilpalm
are presented in the Table (23). Data of root calcium
uptake ranged from 0.47 to 3,26 mg, Appliéation of fertilizer
dose at every month and once in three manths affected the
rate of uptake of calcium. There is three times increase in
the uptake of calclum at the medium dose of monthly fertilizer
application. Quarterly treatments indicated a decresse in the
rate of calcium uptake with the increasing rate of fertilizer
- dose. Lowest‘trimonthly treatment represented uptake rate
analogus to the monthly treatment whereas in other two
trimonthly dose had uptake rate lower than the control plants.

A treatment with normal fertilizer dose showed an increase in rate
of calcium uptake by roots than the control plants.
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Application of monthly and gquarterly fertilizer dose
at graded levels had stranée effect on the calcium uptake
by Oilpalm shoots. Monthly treatments resulted in gradual
decrease in the calcium uptake with the increasing rate of
fertilizer dose. Uptake of‘calcium decreased to about 4 times
in the shoot of Oilpalms treated with highest monthly dose
than in shoots of control plants. Trimonthly treatments also
showed a similar decrease in the uptake rate except at highest
graded dose where it is slightly-higher (12 mg) than the control, -
Among the three quarterly treatments uptake is lowest in lower
dose follqwednbylg;adual.increase in the medium and highest
graded doses. ' |

Data of total calcium taken up by plants ranged from
3.62 to 16.06 mg. VThgre is gradual fall in the uptake with the
incrgasing rates of honthly and trimonthly fertilizer application.
Normal-dose-alsé“increased-the total uptake of calcium like

control plants. The results.did not vary significantly.

(v) MAGNESIUM:= Results of Magnesium uptake by roots of Oilpalm
seedlings are presented in the table (23). Uptake is ranging
from 1.03 to 8.76 mg with significance (3.41) at 1% level.
Monthly application resulted in an increase in the uptake of
magﬁesium thah in the control plants. Among the three monthly
treatments uptake increases from lowest to medium doses wher eas
it is reversed in the high level of fertilizer. Quarterly
treatments resultedtin the gradual decrease in the uptake of
magnesium by Oilpalm foots and the highest graded doses showed

marked decrease even less than the contrrol plants. The lowest |
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TABLE-23
EFFECT OF DOSE Om z P, K AND TIME OF APPLICATION ON THE NUTRIENT UPTAKE OF OILPAIM

SEEDLINGS {Ca, Mg, Fe) PER POT OF THREE SEFDLINGS

" —— = —— . e s —— - W L - -

mmwmmmmum,ﬂ-HH...-H-mmmmm...n--a-”HH..---H".Hn-H-mm.mmwmumm!ludn-u.ﬂu-H-H..u-unazl-l-llll-i“
Dose/Pot of | gy~ mgT TmgT~ "y~ mgT g7~} a7 4| g™y 1 paT "y U BTy
10 kg soil (Gms) oot ! shoot " eowmw ! root | shoot | Total] root | shoot ! Total
22.59.822220Ws]__ e m——— e e b ————— g e e e + ——— e e R
) | | | | “ i 3 !
T, (0) | 1.54 ! 80.47 ! 82,01 ! 3,17 ! 28.56 ! 31.61] 135,67 | 3440.00 ] 2785.33
' ) ! | t 1 ) t i '
T, (10) M. m 2.51 | 52,37 |} s4.84 | e6.61 | 85.74 !} 92,84 341.67 | 2843.,33 | 6349.00
[} 1 ot 1 ] [} . A - [ .
T, (20) M. | 3.26 i 40.87 | 44.13 | 8.21 | 25.85 | 34.061 464.00 | 2600.00 | 7471.67
I [ 1 | I 1 ] ] ]
T, (30) M-} 2.51 1 16,57 | 19.08 ! 5.95 ! 10.72 ! 16.67! 515.67 | 3036.66 | 7159.67
I ) ] . i ] 1 ] : 1 ’ ]
T, (30) T.M.; 2.68 ! 24.87 | 26.44 ) 8.76 | 13,73 | 22.49] 471.33 | 2616.66 | 6042.67
1 ] ] ] ! 1 [} \ : 1
T (60) T.M.{ 1.08 | 32.57 m 33.62 | 2.50 m 4.83 m q.wwm 161.00 .m 3513.33 m 2803, 67
o ] 1 ] 1 1 [} - ! I
Te (90) T.M. ! 0.47 ! 92,00 ! 92,47 ! 1,03 ! 5.23 ! 6.26! 63.33 | 3319.0 ! 1433.00
] 1 1 1 1 | ] ] 1
T, Normal | “ | | | i P | |
M P 1.90 I 119.47 !121.47 ! 5.28 ! 16.75 | 22.37! 166.67 | 3173.33 | 3086.67
i 1 ) i 1 ; | 1 o
T TTTTTTYTTTTTTT R ToTTT ﬂw-un-s---«--ur|'-eA||----|fﬂ|-|-uuuunuuﬂ||--|||-|4|a----unanu-
C.D. (5%) { 1.56* 1 66, 43% 1 oo b 3.41%*% 1 48.41% | —a §  207.89%* | -—- )} 4194.30%

———mree———— e —————————— ||||||||L||||||auuruuaalunnaranulluuuh||u|nnanialil|||:||T|n|n|||||1||||||||||||

* Significant at 5% level.

** Significant at 1% level.
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quarterly treatment showed greater uptake than any other
trEatments.. Normal dose of monthly fertilizer increased
the Magnesium uptake to a considerable extent.

Uptake of Magnesium by shoots ranged from 4 to 85 Mg
monthly graded doses decreased the rate of uptake of magnesium
with the increasing level of fertilizer. A'high uptake rate
was found only in the lowest graded monthly treatment and
other treatmepts showed uptake lower fhan the control plants.
Quarterly treatments alsc decreased the uptake., A normal
dose-of fertilizer did not show the decreasing uptake of
magnesium in the shoots.

Total uptake of Magnesium by Oilpalms rahged from
6.26 to 136 mg., Highest total uptake being in the plants
treated with normal dose and lowest being in the plants supplied
with highest quarterly dose.

(vi) IRON :.~ The results of root iron uptake are summarised

in the Table (23). Uptake of iron ranged from 63 to 515 Jg with
the significance (207.89) at 1% level. It can be Seen that
uptake of iron by roots increases with the increase in the

dose of’fertilizer of monkhly treatments. There was an increase
in the uptake about S5 times in the treatment of highest graded

dose of monthly application. Quarterly application of fertilizer

. decreased the uptake of iron. Quarterly treatments when compared

to monthly had a lower uptake except in the lowest dose of fertili-
zer. Normal dose of fertilizer though increased the uptake than
the control, the increased is not as much-as in any of the monthly

application.
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Shoot uptske of iron dig not show any significant
effect within the monthly or trimonthly application of
graded doses of fertilizer,

| (vii)'ggggggs- Results of copper uptake by Oilpalms are
indicated in the table (24). Root copper uptake is ranging
from 920 to 6529 Jg. There is a gradual increase in the
uﬁﬁake of ¢6pper by roots in the'mopthly graded doses except
at the highest rate where it had a depressing effect. '
The consequent increase is more than 6 times the uptake by
céntrol plants. Among the three monthly treatments medium
dose showed highest uptake of copper. .The ubtake'of copper
by Oilpalm roots in treatments with Guarterly fertilizer
doses éhowedlreverse trend as it is decreased with increasing
concentration of fertilizer. Normsl dose incressed the
uptake of root copper two times the uptske of copper but
lower than that of the rest of treatments.

Shoot uptake of copper showed réverse effect of fertilizer.
Monthly application of graded dose of fertilizer decreaéed
the uptake of shoot copper graduaily. ‘Uptake of copper
ranged from 1400 to 2300 Jg. Among the three quarterly
treatments uptake decreassed gradually from lower to medium
dose but it is highest in the third level. Unlike root, the
plants with normal dose showed highest uptake than any other
treatments. | |

viii) ZINC3= Uptake of zinc by roots raﬁged from 47 to
701 Pg with the significance (208.84) at 1% level. It can be

seen from the Table (24) that the lowest and medium doses of
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 TABLE-24

EFFECT OF DOSE OF N,P, K AND TIME OF APPLICATION ON THE NUTRIENT UPTAKE OF QILPALM SEEDLINGS

- mEESAmAMTAS TTmarn Mher e SR S Sk R RN SR e e e S S e o - —— e — -

(__Cu, 2o, Mn ) Pg PER POT OF THREE SEEDLINGS

BE=ZTeasTm——F=-

reatments ] l.Illllllli.lllill.ll.I.llllll..llll-— llllll lllllIlll..llll..illllIlln.“lllllll.l..l.llll.lll.llllllllllllil.l.ll.ll-
10 kg. Soil | Root | Shoot | Total | Root ! Shoot v Total | Root | Shoot ! Total
Ty | 920.33 | 1666.67 | 2533.67 | 152.67 m 2066.67 | mupu.oom 3801.33 m Hmm».mqm 5356.00
i ’ ! 1 1 : | : . E .
] ] . ] |
Ty (10) M.} $858.33 | 2100.00 | 7318.67 | 466.33 |.2366.671 2084.67 | 15780.00 | 28180.00 ! 28678.33
‘ - b ] ¥ | , 1 1 : 1 S
T, (200 M. ] 6529.33 1} 1900.00 ! 7038.00 ! 701.67 ! 2266.67! 2920.67 ! 39350.00 m qupw.uum 57193.33
i ] ] i ] { | 1 .
T, (30) M. | 4129.33 | 1700.00 |} 5520.33 } 521.33 m -mm.mqm Nqom.mqm 43273,33 m 17327.67 | 60600.00
1 ' 1 ] .
I 1 1 i - |
T, (30) e.z.m 3616.00 m 1933.33 m 4021.00 m 459.33 1 2166.67! 2619.67 | 26786.67 ! 11314.33 ! 38100.00
1 . | ’ ] § ] 1 . | ! ) 1
Tg (60) T.M.! 949.67 | 1400.00 ! 2350.33 ! 185,67 ! 1800.00! 1817.67} 13083.00 ! wmhmduum 16723.00
i : L ] ! 1 I 1 1 !
T (90) T.M.] 668.00 | 2266.67 | 2764.63 | 47.00 m mmoo.com 2647.00 m 4383,67 m 4106.33 1 6035.00
[
T, Normal | m | “ “ " “ “ :
I
Ty ! 1518.00 ! 2300.00 ! 3724.67 ! 126.67 | 2533.331 2659.00 | 5898.67 | 2153.67 8052.67
1 1 ! 1 - : P ’ H .
‘ { | 1 . . : ) ;
C.D. (5%) | 2777.25%**) 537,02% | 2930.88%4 208.84*+! .. | meM.NHJ* Hupom.qu*w Hmnah.uﬁ* 20181, 53*+*
: : 1 | ' : :

B ittt it LT L L LRSSy S USSR ENUyPN U SR I !

* Significant at 5% level

** Significant at 1% level
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monthly treatments increased zinc uptake while highest dose
. showed decreasing éffect. The quantitative increase is
about 6 times than that of contrpl. The uptake of'zinc
'among the _three hqnthly_applications is highest in the medium
followed by highest and lowest graded dose. Trimonthly‘
treatments showed a sharp decrease in the uptake with the
increasing concenﬁ:at;on of fertilizer. |

~ Shoots of Oilpalms did not show significant effect on
the zinc uptaké‘in accordance with different treatments. It
can be geen th;t normal dose of fertilizer increased the uptake
of zinc by shoots of Oilpalms.

(1x) MANGANESE :« Results of Manganese uptake by Ollpalm
roots ranged from 3801 to'43273 Pg with the significance of
(12106.71) at 1% level. The uptake of manganese increased
extensively with the increasing graded'dose of monthly ferti}izer.
The increase in the‘uptake is about IO‘Eimes greater than the
uptake in control. Trimonthly treatments unlike monthlies
decreased the uptake of Manganese. The lowest rate of quarterly
application showed COﬁpqrable magnitude to that of monthly applica-
tion. Normal dose of monthly application increased uptake of
; Manganeée more than thé control but less than rest of the treatmenﬁs.,

Trimonthly and monthly application of fertilizer at a graded
level decreésed the shoot uptake of manganese. The variation in
the uptake of Manganese significantly effected by the graded dose
of fertilizer. All the three quarterly treatments showed the
uptake lower than any of the monthly application. The increase in
the uptake in the shoots of plants treated with normal dose was

doubled than that of control plants.
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.5. EFFECT OF DOSE OF N.P.K. AND TIME OF APFLICATION ON THE
SOIL PH AND AVAILABILITY OF N.P.K. CONTENT CF THE END OF

STUDIES :~

-

(1) SOIL EH:- Results of soil pH as obtained at the end of

dies are presented in the table (25). Application of fertilizer

e and time of application effected the soil pH significantly
34) at 1% level. In the control treatments the soil pH has

.n increased whereas application of fertilizer at monthly

ervals decreased the soil pH. Among the three monthly applications

highest dose showed marked decrease in the soil pH lower than

r other treatments.
Quarterly treatments of graded doses also decreased the soil
but comparatively higher than the monthly applications except

medium dose. It can be seen that application of normal Jdose

fertilizer d4id not increase acidity.

~tilizer dose has no significant effect on the available soil

trogen at the end of the studies.
It is ranged from 80 to 125 ppm lowest being in the highest

te of monthly application. However it can be seen that in the

ntrol treatments eventhough fertilizer was not supplied, availability
hitrogen increased appreciably than any of the monthly and quarterly

eatments. Avallablility of nitrogen seems to decrease with increasing

aded dose of fertilizef. Normal dose of fertilizer also increased

e soil availability of nitrogen., Table (25).
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EFFECT OF DOSE OF N,P, K AND

CONTENT AT THE END
ll...lllll.lllllln..l.ll.l._.l...lllIl.lll.lll._—ll.l.l!ll.l nidend
Treatments ! SOIL PH | Available
Dose/Pot of ) (1:2.5) 1 Nitrogen
10 kg. Soil |  Soil:Water| (ppm)
(Gms) P _ !
| ' |
_. I _
T, “ 5.67 “ 125,00
T, (10) M. ! 4.70 ‘ 97.33
: A [
T, (20) m. | 4.69 m 113.33
) ]
T, (30)T.M. H 4.82 i 85.00
] ]
T, (60) T.M. m 4.65 m 96.67
] ]
T, (90) T.M. ' 4.75 | 87.67
1 I
Hq Normal “ |
M. { 5,25 " ©101.33
lllnlllJlllllllllllhliilillrlllllJPllillii ——
C.D. (5%) H 0.33*x | -

**Significant at 1% level.

TABLE-25

TIME OF APPLICATION ON THE SO

OF THE STUDIES

)
'
t

‘———--------—-------------L------

Available
_ Phosphorous (ppm)

49,60
487,21
640,87
657.18

506.17

- 885.36

742.06

99.86

140,24 **

-

IL. PH AND AVAILABLE N,P,K

Available
Potassium

(ppm)

61.33
148,33
141.67
200.00
188.33
236.67

278.33

45.00

S ey . A S A S S — ——

72.95%%
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(111) 'AVAILABLE £§Q§g§9§99§ t= Monthly and quarterly treatments
of fertilizer.effected‘availability of phosphorous significantly.
Availability of phosphorous increased with the increasing dose;
The increase in the available phosphorous is aboutomore than
10 times that of control in the monthly treatments. The monthly
treatments showed7gradﬁal increase in ﬁhe‘aVailability of phoSphorous.
~ Like monthlies, quarterly applications also incrmased the
available phosphorous with the increasing doses of fertilizer.
Off the three treatments, medium dose of fertilizer showed more
available phosphorous followed by highest dose. Normal dose of
fertilizer increased soil avallable phosphorous by ? times than
that of control. | | |
(iv) AVAILABLE POTASSIW :- Monthly and quarterly application
of fertilizer and time of application effected availability of
potassium significently. It can be seen from Table (25) that
availability of potassium increased with increase in tre concentra-
tion of monthly and trimonthly applications. Available potassium
ranged from 45 to 278 ppm. Application of monthly fertilizer
increased the soll potassium availability by two times than that of
control. Among the trimonthlies highest graéed dose showed
significant difference in the available potassium than the other
two.
Quarterly applications of graded doses constantly increased
the availability of potassium, The quantitative increase in the
lavailable potassium is higher then the control and'honthly applica-

tion. Unlike available phosphorous and nitrogen, available potassium

of normal treatments decreased below the control.



26

4.6 INFLUENCE OF GRADED DOSE OF NITROGEN ON THE CILPALM
SEEDLINGS:~-

- e A . A S e A - - .- - - - - - -

4.6.1 : EFFECT OF GRADED DOSE OF NITROGEN ON THE DRY MATTER
PRODUCTION OF OILPALM SEEDLINGS :=__ .

S oy S i e g P S S W S T P A e tan el dis S S S S S R S S e Ak A S

Results of root, shoot‘and total dry matter production
of Oilpalm as influenced by the graded dose of nitrogen are
presented in the Table (26). Graded dose of nitrogen 4id not
show any signifiéant effect oﬂ the dry matter production of
Oilpalm seedlings. It can be seen from the table that there is
a slight increment in the rate of shoot dry matter production
with increase in the ¢graded level of fertilizer. However the
increase in the dry matter from N1 to N2 level 4id not differ
appreciably from each other. Root production of dry matter
gradually increased with the increasing nitrogen level. Total
Dry matter produced by Ollpalms ranged from 11;5 to 15.4 gms.
Tdtal dry matter produced is found to increase with the graded
level of nitrogen, It is increased constantly by 2 gms. from

N, to N, and N; to N, level of nitrogen fertilization.

0

4.6.2: EFFECT OF GRADED DOSE OF NITROGEN ON THE CONTENT AND
UPTAKE OF NITROGEN :=-

Content of Nitrogen and its uptake by Oilpalm seedlings
with increase in the dose of nitrogen are summarised in the
Table (27). Shoot content of nitrogen Of Oilpalm seedlings is
ranged from 0.57 to 0.98%. It increased with level of nitrogen
.applied and the increﬁent is about 0.2% than that of control angd
;the two levels of nitrogen application differed by'oniy 0.01%

of nitrogen content. The same trend is observed in the shoot uptake

of nitrogen where application.of nitrogen in 2. levels increased
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EFFECT OF GRADE IOSE OF NITROGEN ON THE DRY MATTER PRODUCTION OF OILPALM
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SEEDLINGS. (Gms)

e e e e e e e e e

Treatments

Root 1 Total Dry Weight

{ - (Root + Shoot)
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mm.m_ﬂ.O.H_ OF GRADED DOSE OF NITROGEN ON THE CONTENT AND \ﬂHPNM OF NITROGEN BY OILPALM

SEEDLINGS i

- s W G e L AR G G R D S S W e e
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1

Root ITotal uptake of
N% .z UM root

( mg )

'll"ll"l"llld'l - —— —

Shoot
N%

Treatment Total uptake
of N by shoot
(mg )

Total N uptake
root + shoot
( mg )

- " — v —— .

.

@.qqoo 63.7 0.5927 19,3

0.9753 94.6 0.7700 28.2

—---———----*-----——-

‘N ‘ - 00,9847 .0.8213

96.2 44.8

——— O M s S S -
—— - --—--—-----—-ﬁ—*-- - - ——— -

m
w
[ ]

o
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C.D. (5% o.ppmq** 26.8* | 0.0852%*i  18.4%
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* Significant at 5% level
** Significant at 1% level
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the uptake to appreciable amount than the control. It is
increased by about 30 mg-éo that of the control.

The root content of nitrogen in the Oilpalm seedlings
ranged from 0.5927 to 0.8213%. The increase in the root
nitrogen content by applying graded dose of nitrogen is about
0.2% to 0.3%. The two levels of nitrogen, Ny and N, differed
by 0.1% of nitrogen. M

Total uptake‘of nitrogen by Oilpalm roots was in the
range of'19.3-to 44.8 mg. The graded dose of Nitrogen
increased uptake,of root nitrogen from 19.3 to 28,2 mg in
the first level of fertilizer. Whilst the increase in uptake

from N1 to N, level was from 28.2 to 44.8 mg.
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V. DISCUSSION

Thé'results indicated that the adsorption of phoéphorous
and potassium progressively increased with increasing concentration
in all the three soils. The increased adsorption of phosphate ions
is probably accompanied by increasing energy of adsorption. However
more adsorption was recorded by the red sandy loam soil compared to
other two. This is probably due to the presence of R,04 as well as
fairly high content of illite by the clay materials. Andrew and
Evans (1988) indicated that different organic components present in
the red sandy soll influenced the adsorption of phosphate. Although
the clay content and organic matter content in the forest soil is
more the adsorption of phosphorous and potassium is moderate.
The laterite soil éuppose to fix high content of phosphate but it is
not reflected in the present study.

The isotherm constants "b" & "k" showedralmost similar trend
as that of adsorption properties of the soils. The adsorption maximum
is higﬁ for the red sandy‘loam soll followed by‘forest and laterite
soils for both the elements. This clearly suggests that the presence
of high amount of adsorbate in these soil. The bounding energy showed
a reverse trend as that of "b" value. As the adsorption maxima
increases the bonding energy decreases which further suggest that the
- adsorption of phosphorous and potassium could be desorbed easily
in the red sandy loam del compared to laterite. The releasing and
displacement of the adsorbed phosphorous and potassium would be rather
difficult aznd require gtrongef force to release in the laterite soils.
This has a greatef bonding on the nutrient availability to the Oilpalm_

seedlings, Similar observations were made by Chatterjee and Datts (1951).
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The Results of desorption pattern of phosphorous and potassium
showed that first three extractions desorbed major portion of the
adsorbed nutrient in all the soilé. Thereafter desorption tended
to almost a constant till 8th extraction. The release of phospﬁrous
was more in the red sandy loam and forest soils when compared to
the laterite. "This is related with the percentage of clay content
and free iron oxides Nakas (1987).

Greater releasing capacity is slso probably due to high
aésorption of phosphate by these two soils. On the other hand the
desorpfion of potassium is resol?ed mofe in the laterite followed
by red sandy loam soils. Initially high desorption of phosphorous
in laterite and potassium in forest soil was achieved. After fifth
extraction the release rate of potassium was constant for all the

three soils. This clearly suggests that the potassium supplying
lability of these soiis to Oilpalm at-a constant rate of 4 to 5 ppm.

;he data on the‘selective distribution of phosphorous and
potassium reveéléd that the dominant fraction of phosphorous hés
" been bound to alluminium followed by iron iﬁ all the three soils.
When the phosphorous-fractionation is hade the water soluble
phosphorous geis converted into Alluﬁipium phosphorous (Al-p) followed
| by iron phosphorous (Fe-p) in the scid soils (Balasubramanian and
Raj 1969). The saloid bound.phosphorous_(SB-p) was also high
| indicating that‘the fairl? high amount of phosphorous are still held
locsely in thef#oii which is readily available to the crdp on the '
other hanﬁ major portion of the added potassium was held in the
water solubie portion followed by loosely bound potassium. The

bound potassium is low showing that these soils do not fix the
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potassium to ailarge extent. This isﬁecause‘the-absencé of
23l illite type by the clay minerals in the soils. The
dominant clay mineral in these soils is 1:1 kaolinitic type
which loosolyghqld potassium on their exchange site

(Khan etal 1982).

The studies of the sand culture on withholding one.
nutrient at a time showedmyhat‘ﬁithholding nitfogen and
phbsphorous adversely affectéd'and grqwthland.number of leaf
production when compared to the other nutrients. Withholding
the potassium, calcium, magnesium and zinc did not markedly affected
the productivity of Oilpalm which is comparable to the full
nutrient supply.This is also reflected in the dry matter
production of shoot and root,with-holding of nitrogen badly
depressed. the g;owth of the Oilpalm seedlings followed by
phosphorous, The uptake of nitrogen-ahd phosphorous affected
by withholding nitrogan and phosphorous while potassium uptake
was affected by withholding potassium, phosphorous and nitrogen.
The Nitrogen and phosphorous uptake may be attributed to the
general rélationship of nitrogen and phosphorous since both
being constituents of plant protiens, their concentration must
remain constant.If concentration of Nitrogen increases or
decreases the'protein can keep its normal composition only if
phosphorous also correspondingly increases or decreases
Ollagnier etal (1976). IThé effect of withholding Nitrogen
on potassium is probably due to syhergestic effect of
Nitrogen on pptassium, calcium and ﬁagnesium. bther nutrients

did not influence the uptake of Nitrogen, phosphorous and potassium
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by the Oilpalm seedlings.' The ﬁptaké of calcium was influenced
by withholding calcium followed by zinc and nitrogen whereas
magnesium uptake was depressed by withholding magnesium, zinc
and hitrogeh. Almost a similar results are obtailned as far as'
nutrient conggntration in different pafts of Oilpalm seedlings.
This may be due to synergestic effect of Nitrogen on calcium and
Magnesium, This indicates tﬁat"the uptake of certain nutrient
haq.been influenced by certain nutrients in the growth medium.
Some of them exert synergestic effect and some would influence
antagonistically. It is imporative that a balanced amount of
nutrient must be present for the optimum uptake which inturn
influences maximum productivity. -
The results on the effect of fertiliZer.dose and time of

.application on the growth and mineral nutrition of Cilpalm

indicated that there was a differential behaviour in the growth
of Cilpalm is concerned. The application of 12:12:17 ratio
N:P:K at‘the rate of 20 gﬁs., per pot per month has produced
maximum height and leaf prodﬁétion. Beyond this the effect
iz on negative side. This is prqbably due to excess of nutrient
' induced some of toxicity or antagonism in the uptake of secondary
and micro=-nutrients which are essential for the growth. The
control plant showed least growth due to the shortage of various
éssential nutrients in the soil. On the other hand the trimonthly
.application of.fértilizer aid not had significant influence
compared-to'msakhif épplication. Although the trimonthly application

required,the'same quéntity of fertilizer as in the case of monthly
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application,'the growth was poor because of high concentration

of fertilizer given at one Qtock; This is probably inhibited

the roots to absorb sufficient nutrients required for its growth
due to high concentration of nutrient in the soil. The heavy

of triﬁdnthly application vertica11y decreaéed the growth very
much‘due to sqmé fact explained above. The normal recommendation
of fertilizer‘(Trial 8) Showgd.not much improvenenﬁ in growth
compafed'to monthly ahd trimoﬁthiy applicétion. This is probébiy
due to insufficient quantity of the nutriehts'avéilable in the
s0il for maximum productivity. This is also reflected in the
total dry matter‘production.- The total dry matter ﬁroduction was
mofe in middle dose of monthly application followed by othér th
treatmenté of'monthly aﬁplication. HdWQVer ﬁhe trimonthly applica-
tion hés reduqed the dry matter to very low value which is almost
comparable to control plants, This might‘be dué to highly concen-
trated contents of nutrients in the root zone which inhibitated
its uptake and metabolism,

The Palode method of fertilizer application 4id not prove
significant over control. This suggests that-the present system
of fertilizef application to the nursery seedlings of Oilpalm neéds
changing. That is monthly application §f 20 grams of 12:12:17
per seedlings could successfully be used for nursery fertilization
of Oilpalm seedlings,

The data on the nutrient concentration in shoots and roots
showed that the high dose of fertilizer applied monthly recorded
the highest contents of nitrogen, phosphorous and potassium

respectively. On the other hand other treatments recorded
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relatively lower concentratioh. In the case of Palode_method
the concentraFioﬁ of ﬁitroggn Phosphorbus and Potassium in times
is‘very much comprable to that of control plants. The confent.
of Magnesium and Calciuﬁ in the times Showed:that‘the_Ti.treatment
recorded high concentration and lowest being control followed by
Palode_method; This is due to the fact that the high potassium
content in thé“ﬁadium inhibited the uptake of magnesium and '
calcium considerably, thereﬁfhredﬁcing'its concentration in the
times. Almost a similar type of results have been ohtained for
Micronutrents contents by the Cilpalm seedlings,

The up;éke of major, seéondary and micronutrients by the
Cilpalm seedlings indicated that the tofal uptake was high in

T, treatment followed by T,. The root content of treatments

3
showed considerable low qguantity due to the fact that the nutrient
concentration in. the soil was very high which inhibited in their
uptake (T,, Te, TG)' However low uptake was recorded in the
seedlings.treated with Palode method. This might be due to the
low content of the nutrient in the soil. This treatment is almost
comparable with that of control. A similar pasttern of data have
been recorded for secondary and micronutrients also.,

‘The data on the sQil analysis indicated that soil pH progressively
decreased as thg;concentratidn of fertilizer increased, specially
true for treatmentS“No. T1 to T6' This is due the high quantity of
fortilizer added which results in the acid residue in the soil.
However control soilland soilé.recovered from Palodue treatment
showed high pH of the soil. The available soll nitronen at the

end of expetiment did not show much variation between the treatments.
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- Totally to say the residual effect Of applied nitrogen is much
‘lessrthanufhég.of'phoéphbrdus7ahd'potassium. Phosphorous and
.potésSium'both.showed ¢onsidefable‘buildup in the soils treated
with graded dose ofhferﬁiIIZef. The applicétion of graded dose
of fértilizer within monthly‘or'qﬁarterly reflected high Total
cdntént sﬁow1gg_§hg profuse residual effect. From this, it is
imparative tha£ the_manageﬁént\gf ﬁitrogen in the Cilpalm nursery
soil is the most'important component while potaésium and phosphorous
does not require'much of attention. '

The=effe0f of graded level of nitroéen is well proncunced
as far as dry maﬁter ahd biomass production is concerned. The |
Total biomass incrgésed with increasing level of nitrogen, gimilarly .
upto Nz.ler1.  Almost a similar pattern was recorded by the
shoot and root Qeights,,.The nitrogen cohtent in seedlings is
progressively iﬁcreased from'0.77%'to 0.98% probqbiy due to high
available nitrogen.in‘fhe nitrogen treated pots. This effect‘is
also seen in the ﬁit:ogen‘contént of root. The totel upfake»of
nitrogen alqo;inc:eased with increasing level of nit;ogen applicétioh.‘
Thi§ clearly suggests tha; the response of Oilpalm to nitrogen
fertilization is positive upto the 1eve1‘tr1éd in the present study.
Therefore for proper management of Ollpalm nursery could be

aCchieved with judidious application of nitrogen fertilizer,
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vi. SUMMARY AND CONCLUSION

- The studles carried out both in the soil and seedlings of
Oilpalm leads to the following conclusions.

(1) High adsorﬁtion of phosphorous and potassium‘waé noticed in
red sandy loam soil rather tﬁan laterite and for~st soils,

(2; As the adsorptionrmaxima iﬁcreasés the bounding strength of
the ions decreases;

(3) Major portion of the adsorbed phosphorous and potassium
could be desorbed easily within 2 to 3 extractions.

(4) The sglective distributionlof phosphorous and potassium in
the soil indicated that the phosphorous is bound to alluminium
followed calcium chloride extractsble form.

y (5) Thel productiviﬁy of Oilpalm seedlings have been affected by
w}thholding'the nitrogen, phosphorous and potéssium as ﬁhe,case |
may'bé; e | '
_ (6) Segondary and micronutrients content and uptéke has'not
 been influenced by the withholding of major nutrients in tre soil.

(7) TheAstudies of dose and time of fert;lizer application to
Cilpalm Seedlingé indicated thét fO gms 95 }2:12=17 ratio of NPK
at monthly interval followed by 40 gms trestment.

(8) High dose fertilizer applicstion at quarterly interval
in fact deteriorat,ed'the growth and productivity of Cilpalm seedlings.

| (9) There was a mere response to ﬁhe-nitrogen application.

(10 ) The phosphorous and potassium'appeared to be built up in the
soil suggesting such high dose of phosphorous and potassium might not
necessary for Oilpalﬁ seedling culture.
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