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PREFACE (voorwoord)

Bij het beeindigen van dit proefschrift, gaat allereerst mijn op-
rechte dank uit naar T, Hooggeleerde SCHUFFELEN, Hooggeach ~
te promotor. Uw candidaats- en mgemeur‘s colleges hebben de
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nationaal Bodemkundig Congres en'in Yaligimba op het proefsta-
tion van Huilever S.A., hebben tot verbetering van dit proefschrift
bijgedragen,

Hoeoggeleerde KUIPER, U dank ik voor Uw We1W1llendhe1d om
de statistische verwerkingen in dit proefschrift met mij te hebben
willen doornemen,

To the Direction of HUILEVER S.A,, I wish to express my
gratitude for permission to publish on work which was carried
out by the Research Department in the Belgian Congo. Not many
companies allow their young scientists to publish data of private
research.

Mr. de BLANK, Director of the Research Department, I am in-
debted for great help, encouragement and criticism, as well as
for the correction of the English text.

Professor WARDLAW, I want to thank for encouragement and
advice, in the preparation of this thesis,

Mesrs. KOVACHICH and FERWERDA, in the years we worked
closely together in the Research Department, you have proved to
be good friends and good scientists. Mr. KOVACHICH I:thank
particularly for his valuable criticism and advice, as well as for
his aid in the description of leaf deficiency symptoms.

Jan FERWERDA, in vele opzichten beschouw ik je als een van
mijn leermeesters. Ook in de toekomsi hoop ik nog veel te kunnen
leren van je grote ervaring als landbouwkundige en je scherpe
critische geest. Ik dank je dat ik gegevens van je proefvelden in
Bolemho, Kanangai en Yaligimba, heb mogen verwerken in dit
proefschrift.

Mr. EVANS, I am' indebted for the way he intreduced me to the
particular difficulties of laboratory work in the tropics. 1 will
never forget his friendship during and after working hours.

Cher Monsieur VREVEN, je vous remercie pour votre alde avec
l'échantillonage des expériences. A Brabanta.

Mes assistants Africains, je vous remc+cie pour les milliers
dtanalyses que vous avez fait dans notre laboratoire,

VADER en MOEDER, jullie dank ik voor de wijze, waarop jullie
mij altijd hebben gestimuleerd in mijn studie, ondanks de vaak
moeilijke omstandighéden

BEP, het is zo onnoemelijk veel waarvoor ik je danken moet;
aan jou draag ik dit proefschrift op.
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I.INTRODUCTION

In the general economy of the Belgian Congo, the production of
palm oil has come to play an important rdle. Palm oil for export
is produced by organised plantations and from natural palmeries,
exploited by the local population.

Despite early optimistic prognostications in respect of produc-
tion from natural palmery fruit of oil of satisfactory quality for
- industrial purposes, it quickly became evident that these expecta-
fions would not be realisedandthat in order {o obtain the required
quantities of good quality palm oil, other methods for its produc-
tion would have to be instituted, The solution of this problem was
considered to lie in the creation of organised plantations. In these
circumstances it was natural that the early oil palm plantations
should be started in those regions, where natural palmeries re-
presented a feature of the exibting vegetation.

It was inevitable that some of these early ventures should re-
sult in comparative failure, owing to lack of fundamental know-
ledge on the succesful establishment of oil palm plantations. An
investigation of the factors responsible for these failures reveal-
ed that wrong appreciation of soil quality, incorrect cultural
methods and use of unsuitable seeds were mainly involved. It had
not been sufficiently realised that the majority of the soils in the
Belgian Congo consisted of highly weathered formations of inher-
ently low fertility and that forest density was not a satisfactory
measure of the soil nutritional status. After the creation of the
plantations it quickly became apparent, in some areas, that ge-
neral growth and development were unsatisfactory, as manifested
by a high disease incidence and low production. During the war
yvears it was not possible to investigate these conditions owing to
lack of staff, and the problem only received serious attention in
the years, following the termination of hostilities. Inhvestigations
carried out immediately after the war, suggested that the pro-
blems affecting these areas couldbe devided into two main groups:

(i} diseases due to fungal attack;
(ii) diseases of physiologicadl origin,

Later it was shown that, under certain conditions, these two
groups may be closely related and that the incidence of fungal di-
seases is partly governed by soil nutritional status. Based on the
above considerations, it was evident that the use of appropriate
mineral fertiliserg represented a valuable aid in resolving some,
if not all, of these difficulties. Owing however, to lack of adequate
satisfactory experimentation, no knowledge was available in reg-
pect of the type and quality of fertiliser, that might be required,
nor were data available on the general economics of such treat-
ments. Classical methods of soil analysis wereunlike to be of much
value in this respect, due to inadeguate knowledge of the soils of
these regions, and the only satisfactory method of approach at
that time appeared to be by means of suitable field experiments;
which have the great disadvantage of being both combersome and
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long term in character. The application of new techniques to this
problem, such as by means of leaf injection, tissue tesis etc.,
were tried out but proved generally unsatisfactory when dealing
with a monocotyledonus treeculture.

The application of foliar analysis to oil palm, as first suggest-
ed by Chapman and Gray in Malaya, was, therefore, investigated
ag a promising approach to provide a rapid means of diagnosis,
Further experience has shown that a combination of soil analysis,
field fertiliser experiments and foliar analysis represents.the
only satisfactory solution at this stage to determine the qualita-
tive and quantitative fertiliser requirements of oil palms.. Each
of these methods will be examined in more detail.

A. Fertiliser experiments

To date, these represent the only satisfactory method for de-
termining the means of correcting deficiency symptoms and for
increasing the overall production of existing oil palm plantations.
K must be recognised, however, that fertiliser experiments suffer
from the great inconvenience that they must be, of necessity,
complex and long term in character before data, from which re-
liable conclusions may be drawn, are obtained, However, they
still represent the only satisfactory method for the accurate de-
termination of optimal levels of fertiliser applications. Thus,
although in our present state of knowledge, fertiliser experiments
remain indispensable, it should be recognised that: .

- 1. Contrary to general opinion, Congo soils do not show that

' high degree of homogeniety, generally attributed to them.

Thus, a fertiliser experiment, covering only a smal part

‘of the aciual plamtation provides data, applicable only to the

s0il type, on which it has actually been established and not

necessarily to the plantation as a whole. In large plantation

complexes, various soil types or fertility gradients may oc-

cur, which may only be determined by means of detailed soil

-studies but on the results of which it is not possible toexira-
.polate the results obtained from the actual experiment.

2. In these circumstances, it would be necessary to lay down
fertiliser experimenis on each soil type, obtaining in the
plantation, representing a very costly procedure:

3. Owing, to the changes, which inevitably occur in the nutri-
- tional status of plantation soils, due to the exportation of
mineral elements with the final products and general degra-
dationby leaching of the soluble elements, it would be neces-

sary to maintain the field experiments throughout the life of
the plantations,

: 4, In young plantations, established on virigin forest land,the
changes in the nutritional status, due to the rapid release of
nu_trlents from the decomposition of forest cover; increased
micro-biological activity and a high rate of weathering inthe

early years, are so rapid that these can not be detected by
means of fertiliser experiments.



It should be stressed, however, that, in the present stage of
knowledge, the use of fertiliser experiments is indispensable as
an aid in the quantitative correction of deficiencies and as playing
an important part in the interpretation of the results of leaf and
soil ana1y51s ’

B. Soil Analy31s

In temperate regions, advice on fertiliser policy may now be
baged on the data obtained from soil analysis. These are obtained
by the use of neutral salts, buffered solutions and dilute acids to
extract the "Readily available" nutrients, which, for the major
.part, are adsorbed by the adsorbtion complex of the soil. From
the analytical data accumulated over a long period, plus the in=
formation obtained from fertiliser experiments and the correla-
‘tions between crop yields and analytical data for a wide range of
soil types, ii is now possible for soil chemists in these areas fo
determine the critical nutrient levels in such soils, In cases where
an element falls below this critical level, its application in appro-
priate form will result in-an increase in production,

It should be siressed however, that these critical levels in the
soil are valid only for one particular soil type, for the same
comhination of colloidal and physical properties of the soil and
for any particular crop. There are considerable difficulties in
the interpretation of soil analytical data, which reduces conside-
rably the value of the soil analysis as a bagis for a sound "ferti-
liser policy. In point of fact, it is not possible to translate the .
chemical composition of a soil extract, obtained by conventional -
means, in terms of availability of nutrients to plant roots. " This
‘depends on a series of factors mainly physical and colloidal,
amongst which should be mentioned oxygen conient, porosity,
water relationships, socil -temperature, all of which play their
~ part in the uptake of elements by plant roots. Thus, two soils

with the same .contents of citric acid scluble phosphorus may.
show a widely varying availability of this element, due  to diffe-
rences in structure, oxygen content or other factor(s), mentioned .
above. Another difficulty is introduced by the fact that the reac-
tion of plant roois depends not on the concentration of the various
nutrients in the soil, but on their activity, which, in turn, depends
for the major part on the nature and amount of the clay minerals
present, the organic matter content, the ratio between cations and
anions and their actual concentrations. It has not yet proved pos-
sible to determine, in a simple direct way, the activities of the
various elements in the soil. ]

An added difficulty in the mterpretatmn of soil analytical data
results from the nature of the plant in general and from its root
system in particular. Thelamount of nutrients extracted by diffe -
rent plants speties, growing under the same nutritional conditions,
will vary in relation to their requirements and further depends on
the extent and depth of the rooting systems.

Under tropical conditions, the difficulties, mentioned above,
are of even greater importance for the following reasons:

1) Insufficient data obtained from areas of known producti\}ity are
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available to enable the necessary regressions tobe determined:

2) The number of fertiliser experiments on oil palms, whichhave
" resulted in positive responses, are still too limitedtc¢.enable
definite conclusions of general applicability to be drawn.

3) The characteristics of tropical African soils differ materially
from those of temperate regions. The former contain such low
concentrations of readily available nutrients, due to their low.
adsorbtion capacity, their low organic maiter content, and as
a result of éxcessive leaching, that considerable difficulties
are encountered in their determination in a neutral salt solu-
tion or dilute acid,

4} The high content of iron and aluminium compounds results in the
fixation of phosphorus in a form, "unavailable to plants, despite
the fact that dilute acid extractwn figures may be relatively
high,

5} It has not sufficiently beenrealised that the constant weathermg
of the mineral reserves and subsequent release of elements
provides a steady supply of plant nutrients, so that it is im-
portant to determine not the availability but the total mineral

. reserves inthese soils,

C. Foliar Analysis

The interpretation of the changes in the chemical composition
of leaves is based on the conception that growth and production
are directly related to the concentration of nutrients in the leaf
tissue, irrespective of the character of the nutrient medium, An
important advanfage of this method is the fact that the nuirient
status of the palm is directly and not indirectly determined.

Having ascertained the relationships between the chemical leaf
composition and growth and/or production, and knowing that fer-
tiliser applications result in corresponding changes in leaf com-
position, growth and production responses, the method of foliar
analysis as a diagnostic tool offers considerable advantages over
fertiliser experiments and soil analysis for the. followmg reasons:

1) The reasons for bad growth conditions or low production levels
are known immediately on completion of the foliar analysis,
representing a very material saving on time;

2) The anticipated effect of a response to fertilisers may be iden-
tified some considerable time, before the actual response is
obtained, constituting a valuable advantage in those cases,

where early information is required on the effect of fertiliser
applications in plantations;

3) Maps of plantations, based on the results of foliar analysis,

may be prepared at regular intervals, showing the nutrient
status of the palms of each block. :

4) The rapid changes in soil nutrient conditions in young planta-
tions may bhe followed up, enabling recommendations to be made

for appropriate fertiliser applications, to ensure optlmal growth
of the young palms, :
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The above points suggest that the method of foliar analysis con-
stitutes a rapid diagnostic tool, on the results of which appropriate
fertiliser policies may be based.

Aim of the thesis

The aim of the present work is to investigate to what extent
foliar analysis of oil palms is able to provide information on the
qualitative and quantitative application of fertilisers to oil palm
plantations. .

After examination of the literature on this subject andthe choice
of a sampling and an analytical technique, the influence of various
factors, such as the morphological position of the leaflets, age of
ihe palms, effect of climate and errors in the sampling and analy-
tical techniques on the chemical composition of the palm leaves
require investigation. The relation between growth and produc-
tion of palms as related to leaf nutrient concentrations should be
determined. The recognition of major element deficiencies, Ni-
trogen, Phosphorus, Potassium, Calcium and Magnesium, "their
cure and corresponding changes in leaf composition, induced by
fertilisers, forms one of the main sections of this work.

After showing that the method may be applied qualitatively, i. e.
the diagnosis of deficiencies, the quantitative relationship between
‘leaf composition on the one hand, and growth and/or production on
the other hand, as a function of fertiliser applicatien, will be ex-
amined.
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I. LITERATURE

The literature on the subject of Foliar Analysis is enormous.
An excellent review of the investigations, carried oul on a great
number of crops, is given by GOODALL and GREGORY (1947).
In Sweden, LUNDEGARDH applied the principles of foliar analysis
to cereals (1951), one of the rare examples, where the method
nas been used to advice on fertiliser policy on a large scale. In
the U, 8, A,, tissues tests are frequently being applied for prac-
tical purposes. .

CHAPMAN and GRAY, working in Malaya, were the pioneers
in applying the principles of foliar analysis to oil palms (1949).
More recently, OLLAGNIER, PREVOT and other workers of the
. "Institut de Recherches pour les Huiles et Oleagineux" in French
Equatorial Africa (1952-1954}and BROESHART in the Belgian Con-
go (1950-1954) have continued these investigations. ‘

A review of the literature, with spécial reference to the ap-
plication of foliar analysis to oil palms as a diagnostic methodfor
determining fertiliser requirements, follows,

(i).Ext‘raction Procedure

Two main extraction techniques are used by workers on foliar
analysis:
(2} The determination of the readily soluble fractions of the va-
rious elements in the leaves;

{b) The analysis of the total quantities of elements present in the
leaves. .

(a) This determination is based on the concept that these elements
have recently been taken up by the plant and, thus, indicate the
present nuirient status. (THORNTON-1934, ULRICI-1%41, EM-
MERT-1%42, MORGAN-1935 and CAROLUS-1938). The method
deals particularly with the elements Nitrogen. Phosphorus and
Sulphur, which have been shown to play an important part in the

formation of proteins in the protoplasm, The following extractants
have been used:

water (PAGE, BURKHART - 1941),

2% acetic acid (EMMERT, CAROLUS)

gsodium acetate buffer solution (MORGAN-1937),
In all these techniques, it is essential that the extractions are
made on fresh material, as important changes in the proportions
between the readily and non readily soluble fractions may take

place; dependent upon the time elapsed between sampling and
analysis.

(b) Determination of the total quantity of elements in the leaves.
This involves the wet or dry ashing of the plant material. LUN-
DEGARDH uses dilute hydrochloric acid as extractant and found

12



that a N/1 solution dissolves the total quantities of all metals
present. = .~ :

With reference to foliar analysis of the oil palm, wet and dry
ashing techniques were used by CHAPMAN and GRAY in Malaya
and by the French workers (PREVCT, OLLAGNIER and SCHEI-
DECKER). As leaf samples from oil palm plantations have fre-
quently to be sent to a central laboratory by mail, the material
should be oven dried, prior to despatch, precluding the possibility
of determining the readily soluble nutrient fractions hy one of the
extractants, mentioned above.

(ii} Expression of Analytical Results

Analytical data may be expressed on a leaf, a unit leaf area
(LINDNER, HARLEY - 1942-1944), on a fresh weight (van GIN-
NIKEN and BRUINSMA - 1938), on dry weight or on an ash basis.
CHAPMAN and GRAY expressed their results for rubber and oil
palms, as a % of leaf ash, whereas PREVOT, OLLAGNIER and
SCHEIDECKER (1954)prefer to present their figures as a % of dry
maiter, The latter method of expression is most commonly used
by other investigators, although is has never been shown that any
method has particular advantages. CHAPMANand GRAY suggested
that expressing data as a % of ash, saves a considerable amount of
‘analytical work. This is not quite clear, as the ashing of plant
tissues is a time consuming procedure, Moreover, they express
their results as ratios between the several elements, implying
that expressing leaf composition as a % of dry matter or as a %
of leaf ash is not of primary importance.

NICOILAS and JONES (1944) using the tissue test technique,
have expressed their -results on a semi-quantitative basis, i.e.
high, medium and low. These simple analytical methods have
the advantage that a great number of analyses may be carried out
in a limited period of time.

(iii) Location of the Samples

The chemical composition of the leaves depends very largely on
their age and morphological position. Some elements, such as
Potagsium, and to a lesser extent, Nitrogen and Phosphorus, are.
transiocated from the older to the younger leaves when the latter
become deficient in one of these elements. Taking these facts into
consideration, REMY (1903) and NIGHTINGALE (1952) preferred
to sample older leaves. On the other hand, certain elements, such
as Caleium or Boron, are not translocated from the older to the
younger leaves, and, consequently, Calcium and Boron deficiency
always occur first in the younger leaves. ROACH (1945} pointed
out that younger leaves are freer from contamination and that t_he
influence of differences in physiological age are more easily
eliminated. _ .

The necessity to compare the chemical composition of leaves
of the same physiological age has been demonstrated by a great
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number of investigators: LARSON (1933), WALLACE (1840},
CHAPMAN (1941) and GOODALL (1943), In respect of oil palms,
CHAPMAN and GRAY also showed that the chemical composition
of the leaf tissue was dependent on the position of the leaflet on
the frond and the part taken for analysis. The choice of the middle
sections of the leaflets of the 17th leaf for routine analysis was
based on the constatation that, under Malayan conditions, their
contents of Potassium and Phosphorus were significantly corre-
lated with production of the palms. This procedure was not fol-
lowed by the French workers, nor by BROESHART in the Belgian
Congo; they found that the chemical composition of the younger
leaves gave a relatively betier indication of the nutrient status
of the ¢il palms,

Moreover, under African conditions, the 17th leaf is generally
useless for routine sampling, as it is frequently dessicated or
seriously affected by deficiency symptoms.

In this connection, the question may be posed whether leaves,
which are necrosed or show deficiency symptoms, may be utilised
for sampling and analysis. GOODALL (1945), REUTHER and
BOYNTON (1940) and DROSDOFF and PAINTER (1942} showed
that, in such cases, the contents of other non deficient elements
may have changed considerable, thereby increasing the difficulties
in the interpretation of analytical data. This suggests that only
healthy leaves should be taken for analysis,

(iv)Influence of various Factors on Leaf Compo -
sition

Independent ‘of the nature of the nutrient medium, the chemical
composition of leaves is influenced by other factors, such as
climate, time of sampling, age of plants and light intensity.
(LUNDEGARDH, MITCHELL, 1936, ULRICH 1943), A suitable
sampling technique should be chosen so that, either a correction
for these factors may be made or that their influence on the che-
mical composgition of the sample is negligible (PFEIFFER - 1912,
LAGATU and MAUME, and LUNDEGARDH).

With regard to oil palms, no systematic investigation on this
particular subject has yet been published.

(v}Interpretation of Foliar Analyéis Data

Most investigators, mentioned above, and those listed by
GOODALL and GREGORY, base their conclusions on the magnitude
of the percentage of the several elements, found in the leaves.
The principle underlying this method of interpretation (ULRICH -
1948.), is based on the assumption that plants will respond to
?Lppllcatmns qf fertilisers when the concentrations of nutrients
in the_ plant tl‘ssue fall below a certain critical level. With a de-
creasing nutrient concentration in the plant, growth response,
as a result of fertiliser applications of the nuirient in question,
will increase. When the critical levels for the various elements
are known for a standard sampling and analytical procedure, re-
commendations for practical fertiliser advice may be made.
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LUNDEGARDH, using index values to express the quantities of
elements in the leaves of oats and rye, adopts more or less the -
same principle, but he also takes into consideration the index
values of elemenis, not present in limiting quantities in the leaf
tissue, when estimating the probable response to a particular
fertiliser (index value = mgm, atom/100 gm dry matter),

In the opinion of LUNDEGARDH, yvield increases, due to fer-
tiliser application as a function of the index values, may be re-
presented as concave hyperbolic curves, of the following nature:

Y +a =b/xC K, in which .

x = index value;

v = increase in yield after fertilizing with a standard quantity

‘ of the appropriate factor;

a, b and ¢, constants;

K; = interference factor representlngthe effect of a second index

value

Ancther method of expressing leaf analytical data is by means
of ratios between two or more elements. The foliar diagnosis
school of Montpeiller (LAGATU, MAUME 1924-1943) express N.
P and K as a % of the sum of these elements. In Malaya CHAPMAN
and GRAY used the K/P ratio in the leaves as an indication of the
nutritional status of oil palms. The leadlng idea is the hypothesis
that growth and productmn of crops is rather a function of the
balance between the various elements in the leaves, than a ques-
tion of the absolute levels.

Van GINNEKEN (1943), expressed the elements in the leaves of
sugerbeets as a % of the average normal content of a certain area.
By means of vertical diagrams, he was able to compare deviations
from this average (100 % lines") for each particular case.

STEENBJERG (1951) showed that yield, as a function of the -
percentage of a certain element, e.g, P and Cu, in the leaf tis-
Sue, may be represented by a curve with a minimum. This means
that, inh cases of extreme deficiency of a particular element, its
concentration in the leaf may be medium or evenhigh. Applications
of this element as fertilisers will, in such a case, decrease the
concentration in the leaf, due to rapid growth of the plant and
"dilution" of the leaf components. STEENBJERG points out that
the curve representing yieldincrease as a function of one element,
applied as a fertiliser, may be sigmoidal instead of parabolic,
logarithmic or hyperbolic, as is generally assumed by many
investigators.
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I, CHOICE OF METHODS OF ANALYSIS:

(i) Preparation of Samples and Extracts

The - determination of the readily soluble fractions in leaf tis-
sues will, under the conditions of the present investigations,
encounter many technical difficulties, It is essential that the leal
tissue be examined immediately after sampling, as important
changes in the readily soluble fractions rapidly take place. Ana-
lysis of the total content of the elements in the leaves, expressed
as a % of ash or of dry matter, remaing the only possibility. As
regards the method of expression of analytical data, it is not pos-
sible to make a definite choice, before it has been shown that one
is preferable to the other; expression both as a % of ash and of
dry matter must be compared before a final choice is possible.
It should be pointed out, however, that unless the samples are
properly dried and packed, prior to despatch, the determination
of various constituents as a % of dry matter, may result in er-
roneous results, owing to the fact that fungae and bacteria may
have attacked the samples during transport.

(ii) Chemical Analysis

The following determinations were carried out on each sample;
1) Potassium as K

2) Phosphorus as P,

3) Calcium as Ca.

4} Magnesium as Mg. ‘

5) The ash content ag a % of dry matter.

It has not been possible to carry out. Nitrogen detérmirnations,
involving a considerable amount of analytical work on a separate
sub-sample as opposed to K, P, Ca and Mg, which are easily
determined in the same extract. i

The choice of the analytical methods were a compromise between
accuracy and rapidity. It is regreitable that greater rapidity is
generally accompanied by reduced accuracy, but the former is
essential, where a large number of samples have to be analysed
in a limited period of time. On the other hand, until such time as
the errors involved in sampling and the magnitude of the changes
in leaf composgition, due to external factors such as climatic and
soil conditions, have been determined, the greatest possible
accuracy is desirable,

Spectographic analysis has proved very satisfactory in Sweden,
where LUNDEGARDH devised a special flame spectograph.

Flame photometry and micro titrimetric methods have been
used for this kind of work by many investigators. The advantages
of the latter, as compared with spectographic methods, are that
the equipment is much less costly and does not require highly
specialised laboratory staff and conditions.
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Colorimetric methods, although commonly used, have the dis-
advantage in the tropics that the colour intensity of the solutions
ias influenced by temperature changes. The intensity of the colour
golutions has always to be compared with standard solutions, con-
taining known quantities of the element to be determined, "the
.comparison being made by means of aphoto-electric colorimeter.

The analytical procedure, adopted for this work may be sumar-
iged as follows: (for full details, see appendix).

1} Preparation of Extracts. -

The . leaf samples are cleaned with a cloth or, if necessary
washed with - distilled water. After rejection of the midribs, the
middle sections of the leaflets are dried at 1059 C and ashed.

Ashing takes place in a muffle furnace at a temperature, which
does not exceed 5509 C, The ash content as a % of dry matter is
determined,

A known quarrtlty of ash is digested in a mixture of c:onc,entrated
sulphuric and nitric acids, for oxydation of possible C content.
The digest is made up to standard volume with 3% acetic acidafter
neutralisation with caustic soda (phenolphthalein as indicator).

. - 8ilica is removed by filtering the extracts, and from thig fil-
trate aliquots are taken for the analysis of K, P, Ca and Mg.

. 2) Potassium Determination, '

K is precipitated with a solution of sodmm cobaltlmtrlte to
which silver nitrate has previously been added. :

The intensity of the stable blue colour, which develops when
ammonium thiocyanate in alcoholic seolution is added to this pre-
cipitate, is measured by means of a Hilger Spekker Absorbtio-
meter.

_ 'The actual percentage of Kis read off a graph prepared from
the readings obtained from a range of known standard K solutlons

3) Phosphorus determination.

The intensity of the blue colour, whlch develops when ammonium
phosphomolybdate is reduced by stannous chloride, is measured
with the Hilger Spekker Absorbtlometer and the P content read
-off a graph, prepared for P, ,

4) Magnesium Determination.

To an aliquot of the extract, titan yellow is added Caustlc soda
forms a red lake with the Magnesium titan yellow complex. Pre-
cipitation of this red complex is prevented by means of the addi-
tion of a glucose solution. The intensity of the colouris determined
. by means of the Hilger Spekker Absorbtiometer, and compared
with a range of known standard solutions.

8) Calcium Determination,

The Ca content is determined by the precipitation of Ca as
oxalate and subsequent titration with potassium permanganate
in the presence of sulphuric acid. As the quantity of oxalate is
very small and only N/lOO potasgium permanganate is used, a
geries of know standards is always included and the Ca content
of the aliquot determined graphically.
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General. .

Under tropmal condltlons rapld fluctuatzons in temperature
often intreoduce . con51derable variation in the speed of developing
and fading of the coloured solutions. It was found to be essential
to include a complete set’ of standard solutlons with each series
of determinations. .. :

Cooling of washing solutlons, sich as acetone for the K de-
termination-to remove the "excess of reagent, proves to be ad-
vantageous, as the quantity of precipitate lost with washing was
reduced to & minimum,
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IV. SAMPLING TECHNIQUE

The choice of a standard sampling technique, depends on two

factors, influencing the chemical composition of a sample:

1) The variation of the leaf composition as a function of other
factors than soil conditions, such as age of leaves, age of
palms, and climate;

2) The sensitivity of the leaf to changes in soil nutrient con-
ditions, as reflected by alterations in the chemical compo-

sition of the leaf,

The ideal sample for routine analysis, would be one, sensitive
in its reaction to varying soil nutritional conditions, but whose
chemical composition ig not or very little influenced by other
factors, such as age of the palms and changes in climatological
conditions,

As the aim of leaf analysis is to obtain information on soil
nutrient conditions, the influence of all other factors must be
determined to enable corrections.or eliminations to be made, As
causes of variation in the chemical composition of leaf samples,
other than varying soil nutritional conditions may be mentioned;

1) Location of the sample; the chemical composition will be
different for leaflets taken from the tip, mlddle part or base
of the leaves.

Also the. physiologival age of the leaves may be of im-
portance. . .

2) Influence of the agé of the palm on leaf composition. There
may be a difference in the chemical composition of compar -
able samples taken from palms of different ages.

3) The influence of climate, dry and wet seasons, rainfall,
relative humidity and insolation ete, Investigations should be
made to determine whether systematic differences exist in
the chemical composition of sampiles, taken at interfalis
during the year, to study the influence of dry and wet permds
and other climatological factors,

4} Sampling errors due to daily variations in the chemical com-
position of the samples, small differences in age and ex-
posure to sun etc,

5) Errors in the analytical technique.
Each of the above points will be examined in more detail.

(i) Location of the Sample

Table 1.shows the chemical composition of the middle parts of
leaflets, sampled at distal ends, between this and the centre,
between the centre and the base, and at the base of the leaves of
differing physiological age.

The phylotaxis of the oil palm is 5/8, and consequently leaf 9
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TABLE 1

EXAMPLE OF DISTRIBUTION OF K, .P, Ca and Mg IN THE
LEAVES OF AN OIL PALM
{Data as a % of ash) . .

Leaf
number

Leaf 1
Leat s
Leaf 9
Leaf 13

Leaf 17

Part

of - ,
leaf e - % K
Tip 19, 4
Half way Tip =~ 22,1
Centre 24,86
Half way Centre 23,9
- Base 24,4
" Tip . 1 T18,8
" Half way T1p 16, 7
Centre ‘ ©19,2
Half way Centre 22,1
Base 25,0
Tip ©'19,8°
Half way Tip 20,8
Centre . 18,0
Half way centre 22,1
Base .. 22,1
Tlp 15,9
Half way T1p 15,0
Centre 18,6
Half way Centre 17,6
Base . 18,6
Tip 13,9

20

Half way Tlp 19,0
Centre ¢ 19,5
Half way centre 16,8
20,0

Base

4125

2,92

% P %Ca % Mg

3, 58
3, 26
4,25
3,97
4, 28

2,74
3 14
3,12
3, 31
4, 50

2,60 1.
2,85 1
1
1

v W N

-

[N

L

‘\'I-J-IOG_OO o O =]
Wel-INS NhaHe FIWRg Q0w

2,84
2,94

2,90

1
1

0

0

7
2,65°10,
9
3,24 10
0

9

25511 1

3,12

2, 64
2, 68
2, 47

2,32 .

3,08

3,06

2, 64
2,12
1, 86

3,75
3, 89
3, 20
3, 59
2, 81

3, 50
3,12
3,15
3,01
2, 65

3, 55
3; 47
3, 94
3,94
3, 49

Figure 1, Phylotaxis of the Qil Palm

Ash as a % of
- dry matter

6,62
6, 22
8, 50
7,14 -
7, 90

5,74
5, 88
5,65
6,08
6, 27
6, 44
6,04
5, 84
G, 26
6,31

6, 06
5, 53
6,03
6, 27
6, 58

6, 50
6,04



is found under the base of leaf 1, i.e,,the youngest fully opened
leaf {see fig. 1). Leaf 17 lies immediately under leaf 9, leaf 5
is opposite leaf 1, whereas leaf 13 ig found under the base of leaf
5. Under Congo conditions, leaves older than the 17th, are often
dessicated, as was mentioned previously, and have not been
sampled for analysis. : )

From table 1 it may be seen that the composition of the leaflets
taken from the tip of a leaf, are not comparable with the compo-
sition of the leaflets taken from the base. The tips have a lower K
and P content, but a higher Ca and to a lesser extent, Mg content,
Leaves of different physiologicalages show variations in chemical
composition; older leaves have a lower K and P content and a
higher Ca content than younger leaves. It will be evident thaf,
where the chemical composition of leaves of different palms is
compared, samples must be taken from identical parts of leaves
of the same physwloglcal age.

~In the following investigations a standardised sampling techni-

que has been adopted and consideration given to samples taken
from the central parts of leaves. As CHAPMAN and GRAY have
~shown that also the chemical composition of tips, central parts
and bases of the leaflets may be different, only the middle sect-
ions of the leaflets have been considered in the present investiga-
tions. From the data in table 1 it is not possible o make a deéfinite
choice as regards which leaf should be sampled for routine prac-
tice. In our preliminary investigations, samples have been taken
from the central parts of the youngest fully opened leaf and from
the 9th leaf for the purpose of. determmmg senmtnuty and varia-
bility.

(i) Age of Palms, Changes in Climatic Conditions.
and Chemical Leaf Composition

The determination of the influence of the age of the palms on
the chemical composition of leaves of differing physiological
ages, and its possible interactions with changes in climatic con-
ditions is not an easy procedure, as under plantation conditions,
differences in planting technigue, in culiural methods, origin
of seed and varying soil conditions can not be eliminated. Only
in cases, where replacements have been made in a young block,
may the chemical composition of palms in limited area be con-
sidered as not having been influenced by one of the above factors,
and possible differences between palms of different ages be de-
. termined at various times of the year.

An experimental area was chosen in a block in which the origi-
nal palms had reached the productive stage, but in which repla-
cements, which were still in the vegetative stage, had been made
later. The light conditions for all the palms were similar, and
there was no shading effect of the older oh the younger palms.
20 productive and 20 replacement palms in the same vicinity
were selected at random and sampled at monthly interfalls during
a period of one year. Samples were taken from the first and the
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TABLE 4

FOLIAR ANALYSIS OF INDIVIDUALY, MONTHLY SAMPLED
PALMS (average 28 palms)

R —Ash‘as % of dry matter

sampling ~ leaf 1. . leaf 9

time . young old young old
March '53 ~ 7,20 7,90 7,31 . 7,20
April - '7-,99,-' 8,18 . 7,84 6, 69
May 7, 29 8,77 6,55 7,78
June 7,66 7,20 6,62 6,84
July .~ 6,01. . 6,8 . 542 610
Aug. . 6,49 6,44 6,00 - 6,24
Sept. 5,46 . 6,60 . 5,06 - 6,05
Qct. - 700 7,29 . 7,04 ¢ 6,81
Nov. - . 6,97 - 6,52, - 6,5¢ : 6,28
Dec. *. ~ .. 7,40 - 6,86 - . 6,47 ' 6,82
Jan.'54. . g, 51: : 6,95° . 7,00 8, 40
Febr, * 9,03 ° 6,020 7,08 .66l

8th leaves in the morning between 7 and 10 a. m.. This was started
at the beginring of the wet season, in March 1953 and ended in
February 1954.. All samples were. analysed individually (80 sam-
ples per month), . - - - G S

Table 2 gives.the analytical.results, with the data expressed as
a % of dry matter, while table 3 and 4 show the resulis as a % of
ash., Each figure represents the average of 20 leaf samples, which
were analysed individually. The experiment may be considered as
a gplit plot, comprising three errors. The estimation of the error
variance for "age of the palms" iz based only on 40 palms, as the
successive monthly ‘samplings may not be considered as ran-
domised replications. Further, the error  variance for the ‘in-
fluence of the morphological position of the leaf on chemical com-
position may, for the same reason, be based only on 40 paims.
As, however, the Ist and 9th leaves of each palm have been
sampled, the error variance for "age'':is not the same as the
error variance for "leaf", although both are based on the same
number of degrees of freedom (error b). To calculate the in-
fluence of sampling time andits interactions with age of the palms
and position of the leaf,-all the data accumulated over a whole
year (960) may be used-for the eStimation for error variance c.

24



SDUETIBA = A
garenbs jo umns a g%
1070 = 4 18 "ud1e = ++

L} a
moww%w%mmﬁ =+
VESET  TELPIETL ¥829 LLGES2S 1€9%T (AXAL YA 9TTIT S9¥%0LES Laa 2t €6V LOTT
(+}620¥2  0ZEFOZ 18 44 08688 16092 000L82 gL6 09L0T TL1E 088ET
6FP¥ET  OFP6LSE . TLGL 082£8 +4+0088€¢ 09%26S £L6T 00L12 ++8BEGE 0268¢
+416F8L  00PL98 ++EE¥09  09L% 99 16822 008152 +4+L¥0L  02SLL ++1£68 0PZ98
+586892 0P88G6E  ,60¥BIT OOSE0ET . 69L¥6 09¥ZPO0T ., B1¥9% OFPG06Z ,68LF1 089291
TOSET  LTT91S QEge 96¥%202 L989 L95609% 828 PEFEE 8161 189L5
08LET OBLET +002¥2  Q02%2 086 086 09 . 0% 009 009
0ST00¥ 09T00F 400172 00112 ++0096081 0086081 4,.08¢8 088S8 ++30¥ESF Q0¥2SH
15901 8IISO¥ 1686 ¥LBYGBI £09¥T1  DZ6¥SEY $22¥¢ 619091 €Sk LOZ¥ET
+0028% 00%8¥ ++cvncmm orgusg 09Z¥%% 092%¥% 00gET 0QO0ZEI orL 117
BIEEST FILOP LT 098166EF 6ILELT L¥6¥ET
G8EERET 015¥662 €ELOLFS £61E62 gLEETY
9092%0LT LOZASEOT STL5LB0E 61,9291 16L9L12
A 534 A 58 A g8 A ss Fi8 58
§0I X g0T X g0T * g0l % pOL X
Japmur Lap jo % BB USY WIN[Saude| wniaresn snaoydsoyg wWNIESEI0d

SWIVd GHTIAYS ATHINOW ‘XTVIMIIAIONT "ADNVIHVA 40 SISATVNY

(131w £Ip Jo % B sE viEp)

¢ 378Vl

9E8 - Q9 J0J4IF

Jear x
it ade x ypon
17 Jeat x YuoW
11 ) afe x quop
11 YIoW
8¢ q I0aa3
I year x afy
T Jeer]
ge e 10113
T ady
1 gaaea] ajedoaldy
6L uuu\mwmmmwwu«
656 ®10L

wopasa g

Jo saaadag uondirosag



pressed as a % of dry matter, have been given, leading to the
following observations: :

1} Influence of the Age of the Palms. - :

There appears to be a highly significant difference in Mg con-
tent of the leaves between the young, non-productive palms and
the older, productive palms." No differences seem to exist forany
of the other elements. The ash content as a % of dry matter is
similar for young and old palms,.

2) Influence of Morphological Position of the Leaf.

The difference inchemical composition of the 1st and 9th leaves
appears to be highly significant in respect of K, P, Ca and ash as
a % of dry matter. The difference in Mg content just fails to attain
significance at P = 0. 05,0 =~ ‘ . : ' :

The interaction between leaf and age is only significant for the
Mg content of the samples; this would seem ito suggest that the
change in Mg content of the leaf tissue, as a function of the phy-
siological age of the leaf, is not the same for young non-produc-
tive and for palms in production. '

The interaction between age and leaf is not significant for the
other elements nor for the ash content as a % of dry matter.

3) Influence of Sampling Time.

The sampling time, i.e. the month, in which the leaf sample
was taken, has a highly significant effect on the chemical compo-
sition of the leaves, The differences in K, P, Ca and Mg contents,
as well as the % ash on dry matter, appear tobe highly significant,
when comparing leaf samples, taken at various periods of the
year. The interaction between sampling time and age of the palms
is highly significant for K, P and Mg content and ash as a % of
dry matter, but not for the Ca content of the samples. This sug-
gests that the changes in leaf composition, induced by changes
in climatological conditions (sampling time), are not identical
for young and old palms.” This was not unexpecied, as the rooting
system of younger palms is more resiricted than that of older
palms and, as a consequence, suffef relatively more from dry
periods., At such times, the top soil, in which the bulk of the
adsorbing roots are situated, is often completely dried out, and,
as a consequence, ion uptake is restricted or may even cease al-
together. '

Another example of a differential reaction of young and old
palms, to changes in climatological conditions, is that increases
in production after periods of heavy rainfall are first noticed in
young palms, _

The interatiion between time of sampling and age of the leaf,
is highly significant for K and Ca. This would suggest that these
changes, due to climatic variations, are not identical for the
first and 9th leaves.

The second.order interactions do not
any of the leaf components.

-attain significance for

To facilitate the comparison between t'ﬁe result i
A ! s of the analysis
of variance, the figures 2-5 have been prepared showing the c}):an-
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Element in

leat
0,23}
0,20
%P
0,18
0,16
2,0
" K 1,8
L6}
0.4
% Mg 031
0,21
0.7
e, P
% Capg * =3
e -
0.5 - Figure 2. Influence of
5 asn 8t sampling time on the
as ; chemical composition
of the 1e leaf (asa %

M A M J J A 5§ 0 N D J F of dry matter)

————— old palms Sampiing Time
young palms .

ges in leaf composgition as a function of the sampling time. In fi-
gure 6 the observations of the meteorological station are g1ven for
the area, in which the experiment was laid down.

It will be seen that the wet season starts in March and finishes
towards the end of November, with an interruption of a short dry
season of a few weeks in June, Fig. 6 shows the rainfall and in-
golation during the period, in which the palms were sampled,
Comparing the data from the figures 2-5 with those from fig. 6,
the following observations may be made:

a) There are significant differences in leaf composition of leaves
of different physiological age, a fact previously noted. The K
and P contents of the first leaves, expressed on ash or on dry
matter, are higher than those of the 9th leaves; the Ca and Mg
contents of the first leaves are lower than those of the 9th
sl;zaves 3 ash on dry matter is higher for the first than for the

th lea

b} The difference in age of the palms has an influence on the P
and Mg conients of the leaves. During the dry periods, the P
content of the leaves of younger palms is significantly lower
than that. of the leaves of the older palms, particularly when
the data are expressed on dry matter. The Mg content of the
leaves of the younger palms is lower than that of the older
palms, irrespective of the wayinwhich the data are expressed.

¢) Sampling time has a very significant effect on leaf composition,
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Fig‘ure'S. Influence of
sampling time on the
chemical composition
of the 9th leaf (as a %
i ¢ 17 ofdrymatter)

K Sampling Time . )

which is similar for both the 1st and 9th leaves. This suggests
that the influence of changes in climatic conditions should be
taken into consideration when a definite sampling technique is
adopted. It will be seen that: :

Potassium on ash or on dry matter, shows high values in
the dry seasons and in the small dry season.in June/July;

Magnesium, is significantly higher in April, July and De- -

cember, coinciding with the changes from wet to dry sea-
sons. This is irespective the method of expression of the
data.

-Phosphorus, on ash and on dry matter is lower in the dry
than in the wet season and attaing its maximum value in No-
vember at the end of the wet period. :

. Calcium on dry matter, has its minimal values in the middle

of the wet season. This effect is more pronounced for the
8th than for the 1st leaf. However, on ash, Ca has its highest
values in the middle of the wet season, for the lst but not
for the 9th leaf.
Ash on dry matter, decreases during the first part and in-
creases slowly in the gsecond part of the wet season. The
lowest values for both the first and the ninth leaves are
found in July, August and Septemher.

It should be pointed out that changes in the concentration of
the several leaf components, under the influence of variations
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Sampling Time

in soil and climatological conditions, need not necessarily be
the same for plantations, situated in other parts of the Congo
The main conclusion to be drawn from the above considera-
tions, is, that it is essential to compare the chemical com-
position of leaf samples taken during comparable periods of
the year.

d) Variations in climatological conditions do not have the same
influence on the leaf composition of young and old palms, as
suggested by the significant interactions between month of
sampling and age of palms. From fig. 2-5 it may be seen that
generally speaking, the characteristic changes in respect of
the P, Ca and Mg contents of the leaves, ‘-as a function of sam-
pling time, are more pronounced for younger than for older
palms. :

The P content of the leaves of young palms attain muchlower
values in the dry seasdn than that of older palms. Further,
the increase in Mg content, caused by the changes from wet to
dry seasons, are larger for young than for old palms. The
same may be said for the Ca content and ash on dry matter.
The fluctuations are greater in young than in the old palms.
With regard to K, the interaction between month of sampling
and age of palms is demonstrated by the fact that increases
in leaf K of young palms do not coincide with similar changes
in leaf K content of older palms, due to changes in climatolo-
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glcal conditions, F1g 2 suggests that the reaction of older

palms to increases and decreases.oft leaf K is retarded by ap~
proxlmately two months.

One further point remains to be considered; In the preceding
analysis of variance and subsequent conclusions, the assumption
was made that variations inleaf composition due tonon systematic
errors, follow the law of the normal freguency distribution. The
technique of apalysis of variance may be applied only to data, with
a normal distribution of the errors, It is generally not possible to
test data for normal frequency distribution. In this case, how-
ever, we are dealing with sufficient aralytical data to obtain in-
formation on the frequency distribution when a correctionis made
for the most important systematic influences.

It was shown earlier, that, apart from age of leaves and of
palms, the sampling time (climatic 1nfluence) is the most im-
portant facor, responsible for wvariations in chemical compo-
gition. The K and P contents in the 1st leaves of young palms
were corrected for the influence of climate, in the following way:

‘The Correction Factor is represented by the difference between
the average K and P contents for any given month and the average
figures for the month, showing the lowest K and P contents,

Whenallthe figures for the same leaf from palms of comparable
age, growing under identical soil conditions, have been corrected
for the influence of climate, any variation in those figures is due
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to the- influence of climate, and any variation in those figures is
due to non systematic errors; as a consequence, the distribution
would be expected to follow the normal frequency curve,

In order to examine this point, all figures have been grouped in
classes at intervalls of 0.1 % for K and 0. 01 % for P.

From figures 7 and 8, it will be seen that the distribution of the
leaf elements (in this case only K and P are considered) follows
approximately a normal distribution and, in consequence, the
analysis of variance may safely be applied to check the validity of
the previous conclusions, suggested by the table and the figures
2-5.

(iii) Sampling and Analytical Errors

The standard deviations of the various leaf constituents of young
‘and old palmsg in the 1st and 9th leaveés, on ash and on dry matter,
- found during the successive monthly samplings,are given in table
6 and 7. These data have been subjected to analysis of variance
and the results are given in table 8 and 9. Some conclusions may
be drawn from these. : -

1) A major part of the variation may be ascribed to the influence
of the sampling time, i.e, climate, It will be seen that in the
case of leaf K, the smallest standard deviations are found at
the beginning of the wet season, irrespective of the way inwhich
the data are expressed,

On the other hand, leaf P, on dry matter, shows the largest
standard deviations in March, July and November, coinciding
with the change from dry to wet seasons. When, however, the
data are expressed on ash, the standard deviations increase
towards the end of the wet season.

When Ca is exprssed on dry maftter, the variation is larger
in the dry than in the wet season but remains congtant through-~
out the year when expressed on leaf ash,

Mg on dry matter tends to show higher variation in the small
dry season in July, but on ash the variation is smaller in the
dry than in the wet season. Ash on dry matter has a rather
constant standard deviation throughout the year.

2} Age of the palms has, generally speaking, no influence on the
standard deviations in leaf constituents.
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TABLE 7a

STANDARD DEVIATIONS OF INDIVIDUALY MONTHLY SAMPLED

3)

34

PALMS

ashas a % of dry mattér

sampling leaf 1 . -+ leaf 9
time young old  young old
March 1,72 1,36 0,93 1,12
April 0, 92 1, 30 1,36 1, 48
May 1,01 1,35 . 1,28 1, 23
June 0, 93 1, 43 0,92 1, 48
July 0,94 0,61 1, 14 0, 96
Aug. 1, 29 0, 90 0, 87 2,14
Sept. 0,97 0, 97 0,95 0, 89
Oct. 1, 22 1, 41 0, 89 1,17
Nov. 0,71 - 1,61 - 1,09 1,63
Dec. 1,58 1,05 1,92 - 1, 17
Jan. 1,11 1,34 1,54 0, 87
Febr. 0,92 - 1,16 2, 10 1, 20

4 .

2 AT

24 { = Ai

22 ”1 b

20 n b0

18 N L

16 ; \

14 [} A

12 ]

i0

8 A

6

4 .

2 ’, “,.H

0,05 0,10 0', 15 0, 20 0, 2;

P as % of dey matier

Figure 7. Frequency distribution of Phosphorus content of first
leaves of oil palms {as a % of dry matter)

The age of the leaf has, in many cases, a marked influence on
the variation of the leaf composition. The variation in K content
is greater for the 9th than for the lst leaf and is more pro-
nounced when the figures are expressed on leaf ash. On the
other hand, P content on dry matter, varies less in the 9th
than in the lst leaf, whereas there is no difference if the data
are expressed on leaf ash. The variation in Ca content is great-
er _for the 9th than for the 1st leaf, irrespective of the way in
which the data are expressed., In respect of Mg content, no
difference in variation exists for the first and the 9th leaf,
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Figure 8. Frequency
distribution of Potas-
sium content of le
leaves of oil palms
(data as a % of dry
matter)

03 053 ) L3 20 23 8
K az a % of dry matter .

when the figures are expressed on dry matter buf, on ash,
the 9th leaf shows the largest variation.

The standard deviation of the ash content as a % of dry matter
ig similar for the 1lst and the 9th leaf,

4) It will be seen that the variations in standard deviations due
to other factors, such as small differences in soil conditions,
differences in insolation and errors in the preparationand che-
mical analysis of samples, amounts to only 14-24% of the total
variation with the exception of P on ash, where 33% of the total
variation should be ascribed to the above mentioned factors,

In table 10,.the standard devidtions of the several leaf consti-
tuents for the !st and the 9th leaf, averaged over 12 months are
given, - _

From this it will he seen that the standard deviations for the
8th leaf are slightly greater than for the 1lst leaf, as indicated
previously by the analysis of variance. It also appears that data,
expressed on ash, show a slightly larger standard deviation than
those, expressed on dry matter, The variation coefficients in the
table comprise.

a) Analytical Errors;

b) Sampling variation.

To obtain some information on the magnitude of the analytical
errors, a series of 30 sub samples were taken from one leaf
sample and individually analysed, The variation coefficients
(standard deviations as a % of the mean} were found to be:

For the determination of K, 4.0% :

For the determination of P, 4,8%

For the determination of Ca, 12%

For the determination of Mg, 13% )

For the determination of ash on dry matter, 9%.

From these, it is clear that the analytical methods in use, are
sufficiently accurate for the purpose of the work, as the sampling

variation appears to be much bigger than the. variation, resulting
from the analytical technique adopted,

Further it appears that there is little advantage in sampling
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'TABLE 10

STANDARD DEV!AT]ONS OF SEVERAL LEAF CONST]TUENTS FOR THE lst AND 9th
LEAF, AVERAGED OVER A PERIOD OF ONE YEAR - .

Average stan- Standard dev, Average stan- Standard dev.
dard deviation. -as a % of dard deviation as a % of

of 1st leaf mean | of 9th leaf - mean

Potassium as % of ash 5,7 21 I N az
Potassium as % dry matter 0,36 20 o, 39 28
Phosphorus % ash ... . 0,66 r 22 - 0,71 - 24
Phosphorus % dry matter . . 0,035 . 17 . 0,029 RS
Calcium % ash 1,8 L 21 Co.og,Te . 2B
Calcium % dry matter 0,11 18 ' 0,13 . 19
Magnesium % ash : 1,3 27 1,6 30
Magneaium % dry matter 0,077 23 0,085 25

1,16 T 16 1,26 19

Ash as % dry matter

more than 20-25 palms as, according to table 10, a bulk sample,
consisting of 20 palms has a standard deviation of the order of
4-6%, which is of the same magnitude as for the analytical errors.

One observation should be made concerning the accuracy of the
analytical data, when expressed on ash. During our investigations,
it became evident that relatively large errors may arise, should
the preparation of the ash not follow a standard procedure. Dif-
ferences in the rate of temperature rise, place in the muffle fur-
nace, and initial moisture content may have a marked influence.
A good ash is light gray and slightly cintered. It has been ob-
‘served; however, that, despite all precautions, dark coldured
ashes which still contain a considerable quantity of carbon are
frequently obtained. As a result, a bad ash, with a high C con-
tent, will show comparatively low contents of K, P, Ca and Mg,
expressed on ash.

Additional factors, respons1b1e for errors, are the hygros-
copicity of the ash and the high relative humldlty in the tropics.
All weighings for the ash{dry matter determinations shouid be
earried out quickly, to obviate increase during the weighing.

{iv) General Conclusions

1) When adopting a routine sampling system for practical pur-
poses, the morphological position of the leaf sample must be
taken into consideration, Leaflets should be taken from cor-
responding parts of leaves of the same physiological age.

2) The age of palms has an influence on leaf composition. The
influence of changes in climatological conditions on leaf com-
position is not identical for young and old palms. In general,
this will fluctuate more in young palms than in older pro-

ductive palms,

3} Sampling‘ time has a.significant influence on leaf composition
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and samples taken in the dry season are not comparable with
‘those, taken in .the wet season. As far as possible, samples
should be taken at the same periods of the year,

4) The erréi‘s,: involved in ‘the chemical analysis, represent
only a small'fraction of-the total variation. Bulk samples should
consist of 20-25 palms., :

5) When data are expressed on leaf ash, the ashing should foilow
a standard procedure to avoid the considerable errors, which
may arise, due to incomplete ashing,
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V. GROWTH, PRODUCTION AND LEAF COMPO-
SITION

To obtain direct information on the sensitivity of the 1st and 9th
leaves for the purpose of diagnosing possible mineral deficiencies,
growth and production records from fertiliser and other experi-
ments are plotted against the leaf composition, irrespective of
the nature of the treatments. The leaf, showing the closest cor-
relation between growth and/or production and chemical compo-
sition, should be chosen for routine sampling. This has been in-
vestigated for a series of experiments on different soils, located
in various parts ef the Belgian Congo. Figures 9-10 show the re-
gsults of the foliar analysis of bulk samples, taken from the ex-
perimental plots of a replanting experiment in the Kasai region.
See also table 33.

Growth was recorded as the increase in the number of leaves
during a given period of time.

Attention is drawn to the fact that, in this case, the growth of
the young palms is positively correlated with the K content of the
leaves, and that, moreover, the correlation is closer in the case
of the 1st than that of the 8th leaf.

P and Ca in the lst leaf are correlated negatively with growth.
Those relationships do not seem to hold for the P and Ca contents
in the 8th leaf.

As gsome authors (CHAPMAN and GRAY), have worked with
ratios between the elements, we have followed the same procedure
to enable comparisons to be made with data, given in literature
for oil palms and other crops. The advantage of expressing ana-~
lytical data as ratios lies in the fact that the errors involved in
the ash/dry matier determination have no influence, provided the
analysis of all elements concerned is carried out on the same
leaf extract. ]

In how far growth and production are more closely related to
the ratio between the various elements in the leaf than to the
actual contents, expressed on ash or on dry matter, remains to
be investigated, '

The K/P and K/Ca ratios of the first leaf show a very close
correlation with growth, as a corollary of the changes in K con-
tent on the one hand and the P and Ca contents on the other. Those
correlations have not been found for the 9th leaf.

Similar evidence was obtained for the chemical composition of
leaves from other fertiliser experiments in this area. Figures 11
and 12 show the correlation between the leaf composition of young
palms in an experiment, in which height is taken as measure of
growth. In this instance, it also appears that the K, K/P and K/Ca
figures in the leaves are positively correlated with growthand that
the P and Ca contents are negatively correlated with the height of

the young palms.
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This also holds good for the production from an experiment on
old palms in this area, for which precisely the same relationships
were found (fig. 13).

In all these figures it is clearly shown that the closest corre-
lations obtain between growth and production and the chemical
composition of the first leaf.

The relation between leaf composition and growth and/or pro-
duction of palms is not necessarily as found above; in a plantation
in the central Congo basin the P content of the first leaves of
young palms in a fertiliser experiment, shows a positive corre-
lation with the number of female flowers and bunches, used as a
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Figure 10, Replanting experiment in Kasai region.
Relationships between elements in 9th leaf and growth

measure of the response to the treatments. Fig. 14 shows the
growth data as a function of the P content. The K/P ratio was
found to be negatively correlated with the number of bunches and
female flowers. . .

Although these preliminary resulis would seem to suggest that
the sampling of the 1st in stead of the 9th leaf as a standard prac-
tice has definite advantages, due to the closer relationships, as
shown in the graphs, both the 1st and the 9th leaves have been
sampled for the purpose of this work to obviate any possibility
that other relationships, not yet apparent in any of the above cas-
es, might arise for the 9th leaves.

It was shown that the chemical composition of leaves is defi-
nitely related to growth of young palms and production of older
palms. The relationships found were, however, different in na-
ture for the different soil types, obtaining in the Central Congo
basin and Southern Congo. From a series of fertiliser experi-
ments, in the Kasai region it appeared that leaf K, K/Ca and
K/P were positively correlated with growth of young palms and
yield of productive palms, whereas a negative correlation with
growth and/or production was observed for leaf Ca and P.

The relationship between the various leaf constituents” and
growth or yield of palms, as established for the Southern Congo,
could not be confirmed for plantations in the Central Congo basin.
In the latter area, positive correlations betweern leaf P and growth
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of young palms or production of older palms. were frequently
found, while the K/P ratio was negatively correlated with growth
and production.

An attempt was made to compare the chemical leaf composi-
tion of palms of widely differing ages, growing on a wide range of
soiltypes with growth and/or production. The palms were growing

Fipure 11. Fertiliser experiment on young palms.
Correlations between leafcomposition and growth

on soils having the following characteristics:

1) Kasai Region (Brabanta).
(probable Karroo formation) ,
Sandy ‘soil containing 6-12% of clay (< 2), 1% of silt (2-20 u), +
fine sand (20-200 ;1) and 30-35% of coarse sand (200-2000 p),
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Figure 12, Fertiliser experiment on young palms.
Correlations between leafcomposition and growth
The organic carbon contemt, as determined by the rapid
method of. WALKLY and BLACK; is of the order of 0. 7-1.0%,
corresponding to an organic matter content of 1. 2-1.7T%.
Nitrogen, as determined by the Kjeldahl method amounts to
300-700 ppm. :
Total Potassium, as extracted by one hour boiling in concen-
trated. hydrochloric acid, varies from less than 50 ppm=-300
ppm. Phosphorus, determined in the same extract, is of the

order of 100-200 ppm.
The pH (glass electrode) varies between 4. 3 and 4. 7.

2) Kwilu Region (Lusanga areal.

The soils of this region are chiefly comprised of Kalahari
sand and only on some steep riverine slopes may the under-

lying Karroo formation be observed.

The area is extremely sandy, the clay content amounting to
4-129% with a silt content of invariably 1%; fine sand varies from

40-55% and coarse sand accounts for 35-55%,.

The organic carbon content amounts to 0.6-1. 2%, corres-

ponding with 1-1. 5% organic matter.
The Nitrogen content is of the order of 300-800 ppm.

Total Poiassium conient on the flat, higher plateau secils,

is

less than 50 ppm, but may be considerable higher on the steep

riverine slopes, varying between 100 and 300 ppm.
Phosphorus varies from less than 10 ppm - + 150 ppm.
The pH range is from 4, 3-5. 5.

3) Red Latosol in the Central Congo Basin (Elisabetha).

43



< I ’
26} feafd
27 : 24} -
[ ¢
526 i oL o 2
225 . 3 21}
- P
e x 21}
] =
~-zaf o boo20
22 1% .
. . -
20 30 4 5060 70 80 TH 30 40 50 60 70 60
P_roductiun i, 4 Praduction
leaf 1 i leal 9
. -l i
13 .
il »
- {a * -
W 45 : w45 :
& < o
: K
E 4 : Pl
-9
iy
® 35 - 35
3ot 30
25¢ 25}
20 .30 40 st 60 70 80 .. 20 30 40 50 &0 70 BO

- Produetion - o ' ' ' Production

k/l-‘ ‘ratio in leaf 1
K/P ratio in leaf LI
-3

20 30 40 50 60 0 8O 20 30 40 50 60 ';0 80
Production Production

Figure 13, Correlations between leafcomposition and production

{as average kg of bunches per palm per annum} of fertiliser ex-

periment on productive palms

The clay content of the area ranges from 10-30%. The fine sand
fraction between 40 and 60% and the coarse sand between 20-
40%.

The organic C content is of the order of 0.4-0.8% which
corresponds with an organic matter content of about 1%.

The N content varies between 300 and 600 ppm.

‘The total K content of the soils is high, of the order of 400

ppm, to more than 2000 ppm.

The total P content of these sbils is very variable and may -

lie between less than 10 ppm to 200 ppm,
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The soils have a high P fixing capacity.
The pH varies between 4. 2 and 4. 7.



4} Red Yellow Latosol (Yahg1mba)

The clay content varies between 12 and 30%, fine sand between
35 and 50% and coarse sand 30-40%.

The organic matter content is of the order of 1%.

Nitrogen varies between 300 and 800 ppm.

The total K confent of the soils ranges from 100-200 ppm;

total P between 30 and 200 ppm. The soils have a high P
fixation capacity.

The pH is 4.3-5. 0.

5) Yellow Soil in Swampy Area near Coquilhatville: (Flandria).

The top soils have a clay content of 10-15%; coarse sand
accounts for 22-28% and fine sand for 50-60%.

The orgamc C content is very high for tropical conditions
and varies from O0,8-1,2%, corresponding with an organic
matter content of 1. 5-2. 0%.

The total! N content is also high and is often 0f the order of
200 ppm.

The K content of the goils is extremely low and almost in-
variably less than 50 ppm.

The total P content, on the other hand is on the high side and
varies between 130 and 300 ppm.

Considerable variations are found in the pH in the limits
between 4. 5 and 5.6, which may be related to the swampy con-
ditions of the region,

The age of the palms, from which sampleg were taken for ana-
lysis, varied between one year {after planting}) and 30 years.

Growth of the young palms has been assessed by the increase
in the number of leaves during a certain period or by height in-
creases, In one case the number of fruit bunches and female in-
florescenses of the young palms, entering the productive phase,
were recorded; the production was recorded as weight of bunches
per individual palm,

The records obtained from a series of fertiliser experiments
and the block yields from the plantations were used for the de-
termination of growth and production.

As it is the object to compare the chemical composition of
leaves with growth and production records of palms of different
ages, growing under widely varying conditions of soil and climate,
it will be evident that comparisons between areas may only be
made in the practical terms of good, medium or poor, the abso-
lute productionlevelbeing a function of a complex of soil and eco-
logical factors, which are different for the areas under congide-
ration.

All palms have been sampled during the wet seasons, to avoid
as much as possible the influence of climate on leaf composition.

In table 11, some of the data have been tabulated for comparison;
in addition to the actual percentages of the several elements, the
K, Ca and Mg contents have also been expressed as a % of the sum
of K+ Ca + Mg and the K, P and Ca content as a % of K+ P + Ca.
This method of expression enables the data to be plotted in trian-
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gular diagrams, from which the ratios between the elements may
easily be determined (see figures 15 and 16).

0,28

0,27

m
o
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=
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% P of le leaf on dry
)
Y
L]

LI 100 110 120 130 140 150 160
increase in number of bunches + fetnale flowers in % of control

Figure 14, Positive correlation between production and P content

Figure 15. Relation between
The circle indicates the area e
corresponding with good

(on dry matter} of le leaf

K

K, Ca and Mg in first leaf.
of optimal leaf compaosition,
growth and/or production

/ .M/\/\/\/&
Mg ] 30 40 - 50 80 70 80 Y Ca

The following conclusions may be drawn from the tables and
the diagrams:

1) All the data fall in a narrow band in the diagrams.

From these it may be observed that the K/Ca ratio seems to
play an important part in the nutrition of oil palms. The Mg con-
tent expressed as a % of K+ Ca + Mg is rather constant for wide-
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Figure 16, Relation between
The circle indicates the area
corresponding with good

K, Ca and P in first leaf,
of optimal leaf compesition,
growth and/for production

Mg 10 20 0 40 50 L T0 80 80 Ca

1y different soil and climatic conditions. The same may be said
for the P content as a % of K+ P + Ca, which seems to be con-
gtant. The antagonism between K and Ca has been studied for a
lot of other plants and many similar examples may be found in the
literature.

2) I will be seen that the points, representing the leaf composi-
tion of high producing plantationblocks, wide-spread in the Congo,
and of fertiliser experiments, from whlch the hlghest growth or
production figures were recorded, appear to fall in a very limited
area, in each of the triangular diagrams. This area is approxima-
tely represented by the following limits: o

K. 67 to 70% of the sum of K + Ca + Mg.
Ca. 19 to 24%.
Mg, 10 to 13%.

In general the deviations from the above limits are found in
plantation blocks of low productivity, or in the control plots of
fertiliser experiments, where poor growth of young palms or low
production from mature palms are obtained.

The figures cited above correspond approximately with the
following actual percentages, expressed as a % of leaf ash:

K. 25-28% on ash.

Ca. 7-9% on ash.
Mg. 3.7-4.8% on ash,
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or expressed on dry matter:

K. 1.7-1.9% of dry matter
Ca. 0. 55-0. 65% of dry matter
Mg. 0.25-0.35% of dry matter.

Similarly, leaf P varies around 3.0-3,5% of leaf ash or 0.21-
0.23% of dry matter.

These findings suggest that there is an"optimal' composition of
0il palm leaves

The L R. H. O. workers in. French Equatorial Africa arrived at
similar conclusions for ground nuts and oil palms. Although the
sampling and analytical methods used are somewhat different
from the technique adopted by us, the area of optimal composi-
tion in their triangular diagram for K, Ca, Mg, corresponds
closely with that in figure 15. However, their further approach
to the problem is different from that adopted by us. The 1. R. H. O.
workers established so-called "critical values'" for the various
leaf constituents. As soon as an element in the leaf tissue falls
below this critical value, it is considered as being deficient and
fertilising with that particular element is advised. The "critical"
values, as given by the French workers, are:

N, 2,75% on dry maiter;
P. 0.15% )

K. 1.0%

Mg. 0, 24%

This indicates that, with the ekcepnon of N, which has not been
considered in this work, the other levels fall below. the "optimal
range, found for Congo conditions.

Our approach on the contrary, is based on the concept of the
Yoptimal® leaf composition, ,

Apart from the fact that variations in leaf composition may
exist, due ito differences in age and climatological factors, there
would seem to be an "optimal™ range of levels and ratios of va-
rious elements in the leaves., Within these, considerable varia-
tions in leaf composition may still be due to differences in age of
" the palms and in climatological conditions. Qur problem will,thus
consist 1n the evaluation of qualitative and quantitative deviations

from the "optimal" leaf .composition, characterlstlc for various
mineral deficiencies in the goil,

1) The expression "optimal" composition is used to indicate the

- chemical composition of leaves of palms having regional maxi-
mal growth and/or production. g ree
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VI, LEAF COMPOSITION OF MINERAIL DEFICIENT
: PALMS

To remedy mineral deficiencies in the oil palm may be a long
process, if the appropriate fertilisers are applied after the ap-
pearence of the deficiency somptoms. The common diagnosis of
the deficient element or elements is, however, based on the
external symptoms, shown by the palms. It was, therefore, con-
sidered important to test whether the diagnosis of mineral de-
ficiencies, before the symptoms were evident, was possible by
foliar analysis, For this diagnosis, it is essential that the changes
in leaf composition, resulting from the various deficiencies are
known. It was therefore, decided to establish a sand culture ex-
periment and to analyse the leaves of palms receiving the various
treatments at monthly interfalls to determine the effect on leaf
composition. Young palms were employed in this experiment on
the assumption that changes in the leaf composition of young and
old palms are similar.

The design of the experlment was a 6§ X 6 Latin square, in-
cluding the following treatments:;

A, Palms Wa.tered dally w1th a complete nutrient solutlon

B. minus N.
c i n " " 0 " P
D‘ I "o n T I n K'
E' L3 " 1"t " L1 L1 C;l
F. 1 1" n u . " ) no Mg..

Each treatment consisted of six palms, each of which was planted
in a half 200 liter drum, containing washed river quartz sand. The
palms were approximately one year old at the time of planting and
their roots were washed clean with tap water before planting.
Immediately after planting, the leaves were bound together to
prevent excess water loss and were left like this until growth was
resumed,.

The nutrient solution adopted for use in this experlment was
that recommended hy HEWITT, i, e,

‘Elements Milli, equivalent per litre

NOg3- 15

C POg--- 4
504 -~ 3

" Catt . 10
Mgtt 3
Kt : 5
Nat 1.33
Ht 2. 87
Fettt 0. 33
Mn™t 0.02
Cu*t 0.002
Zntt 0.002
B 0.033 milli Mol/h‘ter
Mo g.0002 "
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When a cation was omitted, it was replaced by Na; in the case of
an anion being omitted, it was replaced by 504,

The chemicals (analytical pure) used to make up the various
nutrient solutions were:

KNO3; Ca(N03)2 4H20; NaH2P04 2H20; MgSO47H2O; NaNO3;
K2504; Na2SO4. 10H20; CaSO4; FeC . H_.O MnSO4. 4H20; Cu504.

o
5H,O; ZnS0,. TH,0; HyBO; and (NH,),Mo O,.

Stock solutions of the above chemicals were made and aliquots
were diluted for the nutrient solutions. Each nutrient solution was
adjusted to pH 5 by the addition of caustic soda or sulphuric acid.
Each palm received + 1.5 liters of the solution per day. Holes
were made in the base of the drums to permit free drainage of the
sand and this was checked daily. Tap water was used to make up
the solutions,

TABLE 12

RESULTS SANDCULTURE EXPERIMENT; FIGURES EXPRESSED
AS A % OF DRY MATTER

Treatments element Febr. March April May June July Aug.
in leaf

%K 1,90 1,86 2,001 1,01 2,71 2,34 2,62
%P 0,284 0,201 0,323 0,317 0,338 0,314 0,364
Complete %Ca 0,625 0,618 0,615 0,657 0,652 0,669 0, 595
% Mg 0,290 0,240 0,261 0,234 0,230 0,356 0, 376

%K 1,99 1,70 2,18 2,19 2,36 2,35 2,66
%P 0,266 0,425 0,638 0,665 0,622 0,715 0, 448
% Ca 0,628 0,738 0,800 0,766 1,38 0,970 0,770
% Mg 0,291 0,348 0,452 0,542 0, 424 0,426 0, 318

%K 2,23 1,83 2,02 196 2,68 2,15 2,48
. %P 0,241 0,233 0,245 0,264 0. 263 0,197 0, 287
Without P. ¢ 'v. 0l689 0,693 0,637 0,582 0,560 0,596 0. 560
% Mg 0,270 0,272 0,236 0,297 0,205 0,321 0, 300

%K 1,78 1,32 1,33 1,43 1,57 1,01 1,81
. %P 0,256 0,292 0,334 0,327 0,354 0,405 0, 480
Without K. o o 0,732 0,772 0,786 0,703 0.722 0.736 0,795
% Mg 0,301 0,341 0,352 0,324 0,368 0,396 0,351

gg é,ggs L85 2,17 2,31 2,95 2,00 2,57

: ,311 0,323 0,283 0,252 0,269 0, 321

Wt 2 , » r ]

ithout Ca g 0y 0,606 0,576 0,523 0,436 0,390 0,333 0,347
%Mg 0,289 0,313 0,291 0,297 0,268 0,300 0,278

:;zg 3,3;4 1,99 2,34 2,06 3,05 2,30 2,81

: 0,301 0,329 0,310 0,328 0,364 0,402

Without M , : , ,

whout M8 wca 0,701 0,721 0,750 0,738 0,787 0,246 0. 852
% Mg 0,256 0,227 0,224 0,275 0,196 0, 320 0, 250

Without N.

AnE!.lysiS of this water showed that the amounts of anions and
cations present were negligible.

The drums were first placed in a glass roofed shed at a spacing
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TABLE 13

RESULTS SANDCULTURE EXPERIMENT, FIGURES EXPRESSED AS A % OF
ASH

Treatments element Febr. March April May June July August
in laaf

%K 26,8 28,1 27,3 33,3 39,2 31,5 355 -
4,01 4,44 4,49 5,52 4,92 4,21 4,42

b
e

Complete %Ca 9,24 8,71 8,35 11,22 9,39 8,87 7,33
% Mg 4,10 3,73 3,99 4,17 3,34 4,77 4,74

%ash 7,09 6,68 . 7,56 584 6,96 7,52 B,22

%K 29,7 23,2 23,6 251 23,3 24,4 24,9

%P 3,60 4,81 5,92 7,37 6,16 7,37 4,10

Without N %Ca 9,65 9,95 8,79 8,80 14,6 10,09 7,54
% Mg 551 4,70 543 6,25 4,25 4 46 3,35

%ash 6,57 1,42 9,28 8,73 10,08 9,70 1D, 17

%K 30,0 28,4 26,7 30,9 44,4 22,2 31,8

%P 3,63 3,70 3,06 4,08 4,34 2,09 3,80

Without P %Ca 9,22 10,79 8,46 9,24 8,99 9,07 1,35
% Mg 4,02 4,30 3,14 4,41 3,40 4,86 3,95

%, ash 6,91 6,53 7,68 6,56 6,27 6,64 7,75

%K 284 21,2 10,1 24,4 30,2 18,8 22,3

%P 4,08 4,82 4,85 563 6,79 7,48 6,77

Without K % Ca 11,25 12,34 11,54 11,89 13,8 13,58 11,07
% Mg 4,63 551 514 555 6,99 7,39 503

%ash 6,54 6,22 6,97 501 5,57 562 7,61

@K 31,2 241 28,3 33,5 42,2 28,8 34,3

%P - 3,23 4,01 4,15 3,97 3,60 3,84 4,34

Without Ca % Ca 8,49 576 6,93 6,35 560 4,83 4,78
% Mg 4,02 3,35 3,85 4,01 3,00 4,28 3,95

d%ash 7,29 7,82 7,84 7,00 7,09 %12 7,70

@K 30,4 26,8 28,1 29,0 38,4 28,3 30,4

%P 3,44 3,96 3,06 4,16 4,22 4,33 4,35

Without Mg % Ca 10,36 10,07 8,97 10,63 12,6 10,50 9,18
» Mg 3,97 3,26 2,80 3,90 2,51 3,95 2,75

% ash 6,97 7,72 850 7,15 7,94 8,15 9,33



of 50 cms, After 5 months, the rapid growth of the palms re-
sulted in over crowding and half of the palms were moved to a
second shed, close to the first and the spacing increased to one
meter., The deviding of a latin square over two separate areas
although frequently found in practice, still implies that there do
not exist interactions between rows and columns. The chance that
this last assumption is not absolutely true increases when the
above procedure is followed, but could under the given conditions
not be avoided,.

Leaf samples were taken from the youngest fully copened leaf,
each month for the first 7 months of the experiment After this
period, leaf sampling was not possible, due to the poor growth,
combined with a fungus attack of the palms of some of thetreat-
nents :

(i) Results of Foliar Analysis

The average leaf composition for each of the treatments for
the first 7 months is shown in tables 12 and 13, expressed both
on ash and dry matter. For the calculation of the significance
of the difference in leaf composition between the various treat-
ments, it should be borne in mind that the error variance for the
treatments, rows and columns effects are based in only 20 degrees
of freedom, as the meonthly samplings of the same palms do not
provide true replications, The effect of the time of sampling and
the interactions of the sampling time with the treatments, rows
and columns, is based on one hundred and twenty degrees of free-
dom. For the allocation of degrees of freedom and details of the
analysis of variance, see tables 14 and 15. From tables 14 and 15
the following conclusions may be drawn:

1) The effect of the treatments on the chemical composition of
the leaves has been highly significant,

2) The effect of the arrangement of the pélms in the sheds has not
been of great importance, as shown by the generally insigni-
ficant row and colurnn effects.

3) The effect of the month of sampling was in all cases signi-

ficant. The cause of this effect may be ascribed to environ-
mental and climatic conditions.

4) The interactions between sampling time and treatments are
highly significant, both when expressed on ash and on dry
matter, except for K on ash. .

This indicates that the changes in leaf composition, as com-

pared with time of sampling, are not similar for all the treat-
ments. . '

5) The interaction between the time of sampling and columns is
significant for the K and Mg contents on dry matter, and for
the P, Ca and Mgcdantents on ash,

This means that changes in leaf composition, induced by

varying environmental conditions, have not been the same for
all the columns, :
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6) The interaction between time of sampling and rows is not sig-
nificant.

To obtain information on the changes in leaf composition, re-
sulting from various deficiencies, comparisons have been made
between the complete nutrient and the other treatments. These
are listed bhelow:

A. Nitrogen Deficiency

Omitting N from the nuirient solutions resulted in the following
changes.

FPotassium

The average K content expressed as a % of dry matter is the
gsame for both treatments; the K content on ash is lower in the
deficient palms, Throughout the 7 months, the K content of the
deficient palms on dry matter remained constant, apart from a
decrease after the 5th month, followed by an increase to the pre-
vious level, The drop in K content on ash, is.not significant as
compared with the complete treatment, on account of the insigni-
ficant interaction between month and treatment. .

Phosphorus ‘

The average P content on dry matter is significantly higher in
the N deficient palms; if the data are expressed on ash, the dif-
ference in P content between the complete and the O N treatments
is highly significant,

The actual results of the analyses are tabulated in'table 16.

The P content on dry matter increases rapidly but decreases
after 5 to 6 months, Similar changes in P content were noticed
with time, as compared with the complete treatment, if the-data
were expressed on ash. :

Caleium
The average Ca content on dry matter is significantly higher

than in the palms receiving the complete treatmeni. When ex-

pressed on ash, there appears to be no significant difference.

: The Ca content on dry matter increases rapidly at first but de-
creases after the 5th to 6th month.

No consistent changes are to be seen when Ca is expressed on
ash.

Magne stum

The average Mg content on dry matter is s1gn1f1cant1y higher.
Cn ash, there are no, significant differences.

The Mg content expressed both on ash and dry matter, increases
in the first 4-5 months but decreases later to a level, much below
normal,

Ash as & % of dry matter

The ash content increases during the first 5 months and shows
a slight decrease after that period. The changes in leaf composi-
tion for deficient palins as compared with those, which received
complete nutrient solution, is demonsgtrated in table 16.

Sumarising, it may be seen, that N deficiency in the leaves may
be recognisedby the abnormally high P, Ca and Mg content, pro-
vided the data are expressed as a % of dry matter. When the data
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TABLE 16

MINERAL DEFICIENCIES AND LEAFCOMPDSHiON

NITROGEN DEFICIENCY

Average leafcomposition of complete and without N-treatment

Treatment . Potassium Phosphorus Calcium
% dr.m. %ash % dr.m. %ash %dr.m. % ash
Complete 2,19 31,2 0,319 4,57 0,642 9,04
" Without. N 2,20 25,1+ 0,535+ 5, 77+ 0,863+t 9,07
Sig, diff. .
at P=0,05 0,24 2,45 .0,066 0,53 0,006 1,64
Sign, diff.

at P=0,01 0,32

2,80 0,090 0,73 0,131 2,24

Magnesium

% dr.m, % ash

0, 284 4,12
0,401+ 4,71

0,039 1,17

0,045 1,60

Ash as a %ol
dry matter

7,27
8, 82+r

0,84

1,14

CHANGES. IN LEAFCOMPOSITION OF COMPLETE AND WITHOUT N TREATMENT,

Element Febr, March April

in leaf

%K 40,09 -D,16° +0,1B +0,28 -0,35 +0,02 +0,04

DURING 7 MONTHS
(data as a % of dry matter)

May June July Aug,

Sigp.inter-

Sign.interact.

action at P= at P=0,01

0,05
0,615

%P -0,019 +0,134 +0,315 +0, 348 +0, 284 +0, 401 +0, 084 0,133
% Ca -0,003 +0,120 +0,185 +0,110 +0, 725 +0, 302 +0, 176 0, 255
% Mg +0,001 +0,108 +0,181 +0,308 +0, 194 +0, 070 -0, G58 0,112

DATA ASH A % OF ASH

%hK- 43,2 -5,1 -3,8 -8,2 -16,0 -7,1 -10,6

% P -0,32 +0,37 +2,43 +1,B5 +1,24 +3,16 -0,32

% Ca +0,45 +1,24 +0,43 -2,42 +5,21 +1,14 +0,21

S % Mg +1,41  +0,97  +1,44 +2,08 +0,90 -0,30 -1,49
Ashasa : .

% of dr.m,-0,52 +0,74 +1,74 +2,68 +3,11 +2,18 +1,95

" NOTE: the interactions are represented by the differences between the columns,
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not sign,

"1,84
4,00
1,76

2,27

0,828
0,1%79
0,343
0, 151

not sign.
2,47
5, 39
2,37

" 3,05



Treatment Potagsium

Complete 2,19
Without P 2,18

Sign. diff.

at P=0,05 = 0,24

Sign. diif.

Phespherus Calcium Magnesium
% dr.m. %ash %Hdr.m. %ash %dr.m. % ash %Hdr.m. % ash
31,2 0,319 4,57 0, 642 9,04 0, 284 4,12
3z, 2 0, 247+ 3,661 0,609 9,08 0,269 4,01
2,45 0,066 0,53 0,096 1,84 0,039 1,17
2,60 0,090 0,73 0,131 2,24 0,045 1,60

at P=0, 01 0, 32

TABLE 17

MINERAL DEFICIENCIES AND LEAF COMPOSITION
PHOSPHORUS DEFICIENCY
Average leafcomposition of compiete and - P treatments

Ashasa %
of dry matter

7,27
6, 90

CHANGES IN LEAF COMPQSITION OF COMPLETE AND WITHOUT P TREATMENT,
DURING 7 MONTHS. {data as a % of dry matter)

Element Febr,
in leaf

%HK 40,33
%P -0, 043
% Ca  +0,064
% Mg -0,020
BE 44,2
%P -0,38
% Ca -D,02
% Mg -0,08

Ash as a

% of dry

matter -0,18

March

-0, 03
-0, 058
+0,075
+0, 031

+0,2
-0, 74
+2, 08
+0, 57

-0,16

April

+0,01

-0, 078
+0, 023
-D, 025

-0,6

-1, 42
+0,10
-0, 85

+0, 12

May June July

+0,04 -0,02 -0,19
-¢,053 -0,075 -0,117
-0,079 -0,092 -0,072
+0,045 -0, 025 -0,034

DATA AS A % OF ASH
-2,4  #5,2 40,7
-1,44 -0,58 -1,22

-1,98 -0,41 +0,08
+0,24 +0,06 +0,0%

+0,72 -0,69 -0,B88

Aug.

-0,151
-0, 077

-0,035

-0,074

-3,7
-0,62
+0, 02
-0,79

-0, 47

Sign. inter-
action at P~

0,05

0,615
0, 133
0, 255
0,112

not sign,
1,84
4,00
1,76

0, 828
0,178
0, 345
0, 151

not sign.

2, 47
5, 39
2,37

Sign, interact
at P=0, 01
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are expressed on ash, the recognition of N deficiently is less
easy.,

It may be seen that, in the latter stages of N deficiency, when
growth has stopped completely, there is a tendency for the con-
centrations of major elements in the leaf,to assume their "nor-
‘mal'" level again.

B. Phosphorus Deficiency

Phosphorus deficiency in the leaves is characterised by the
following changes in leaf composition:
Petessium

The K content did not change significanily during the 7 months
of the treatment, SN
Phosphorus e e L

The P content, both’expresséd on dry matter and on ash, has
decreased, as compared with complete treatment.

From table 17 it may be seenthat there'is a tendency for the P
content, on ash, to increase again after-4 months of the treatment.
This increase did not attain statistical significance.

Caleium e ! ‘ : C '

Ca on dry matter appeared to decrease below the ''normal" level
after 3 months of the treatment, although the average effect over
a 7 months period was not significant, ' '

Despite significant changes in the Ca content, expressed on ash,
after the 2nd month of the treatment, the average Ca content dur~
ing 7 months, did not change.

Magnesium LT e

The Mg content of the leaves, expressed on dry matter, de-
creased significantly below the "'normal” level but the difference
in average Mg conient between the complete and the OMg treat-
ment, was not significant,

Ash as ¢ % of dry matter o : )
No significant changes in the ash content could be detected.

Thus it may be seen that P deficiency in palms is characterised
by a decrease in the P conteni, whether expressed on ash or on

. dry matter, but that the P content on ash appears to increase
again as the deficiency accentuates. The Ca and Mg contents,
when expressed, on dry matter decrease.

C. Potassium Deficientéy :

The following changes in leaf composition were found to take
place in K deficient palms:
Potassium

The average treatment effect, resulting in a decrease of the K
content, when expressed on dry matter, is highly significant. Al-
though it may be seen from table 18 that the K content decreases

with time, the ‘interaction between month and K treatment did not
attain significance at P = 0,.05.
Phesphorus

The average P content over a period of 7 months is significantly
higher in the Kdeficient palms than in the ones which received the
complete treatment, both if the data are expressed on dry mat-

60



* ‘IABLE 1% AR SRR P R
MIN‘ERAL DEFICIENCIES AND LEAF COMPOSITION ‘
POTASSIUM DEFICIENCY P .
, . Average leaf compbsitwn of complete and K treatment } 7 :' f
Treatment Potassxum Phosphorus Caleium ) Magneaium Ash as a % of
dry matter

, o %drm.%ash % dr.m, % agh. %drm % ash 'Ld.t-m % ash

Complete 2,19 31,2 0,319 4,57 0,642 9,04 .0,294 41B, - 7,27

-Without K 1 4s++ 23 s++ 0 45.0+ B, 79++ u 749* 12 23++. 0, 34B++ 5, 73” . B, 37%

Sign. diff.. Lo - . ' . - Do e o
at P=0, 05 0, 24 2,45 0,066 0,53 0,09 1,64 O, q39 1,17 ~ . 6,84,
Sign. diff. — - T ’ ’ - o o ‘

at P=0,01 0,32 2,80 0,090 0,73 0,131 2,24 o, 045 1,60 - 1.,:14

CHANGES IN LEAF COMPOSITION OF COMPLETE AND WITHOUT K TREA’I‘MEN’I‘S. '
. DURING 7 MONTHS

Element Febr. March ~ April May June " July ’Aug: Slgll inter- Sign inter- o

in leaf action at’ action at
‘ P=0,056 Px0, 05
%K -0,12 -0,54 -0,70 -0,48 -1,13 -1,33 -g,81°-' 0,8157: - 0,828
%P -0,030 +0,001 +0,001 +0,010 +0,016 +0,096 +0,118 0,133  0;179.
% Ca +0,107 +0,154 +0, 171 +0,047 +0,069 +0,067 +0, 200 0,255 0,345
% Mg +0,011 +0,101 +0,091 +0,090 +0, 139 +0,'04D -n 025 0,112 0,151
DATA AS A % OF ASH -
%K +1,6 -5,9 -8,2 -8,9 - -9;0 - -12,7 -18,2 - riot sign, ' = not : 31gn. N
%P +0,07 +0,38 40,36  +0,11 +1,87 +3,27- +2,35. - 1,84 ©'° 2,47
% Ca +2,04 +3,63 +3,17 +0,66 [+4,38 +4,59 +3,91 . .4,00 - . 539 .
% Mg +0,54 +1,78 +1,15 +1,38 +3,65 ~+2,62 +0,30 1, 76 2, 37
Ash as a . Dle ...k
% of dry s
matter -0,55 -0,46 -0,50 +0,07 -1,39 -1,80 -0,61 2,27 3,05 -
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ter and on ash, The increase in P content with intensified K de-
fieicney is significant.
Calcium

The average Ca content {average 7 months) expressed on dry
matier or on ash, is significantly higher in the K deficient palms,
The fluctuations in Ca content are considerable; no consistent
increase or decrease was noticed.

Hagnesivm :

The average Mg content on ash and on dry matter, is signi-
ficantly higher in the K deficient palms, It may, however, be
seen that the Mg content decreases after 5 months, both if the
data are expressed as a % of dry matter or on ash. These de-
creases in Mg content are gignificant,

Ash az @ % of dry malter o :

The ash content as’'a % of dry matter was significantly lower
ih the K deficient palms. The changes in ash content with pro-
gressing K deficiency are irregular and no definite trend could
be seen. :

Thus, K deficiency is characterised by a decrease in theK
content of the leaves and an increase in P, Ca and Mg contents;
expressed as a % ash or on dry matter. The ash content as a %
of dry matter is below '""normal". As the K deficiency worsens,
there is a decrease in Mg content after an earlier increase,

D. Calcium Deficiency

Calcium deficiency resulted in the following changes is leaf
composition: '
Potasaium

No change in K content has been observed.
Phosphorus

The average P content of the palms of this treatment, expressed
on dry matter, was lower than "normal" although the difference
was not significant. When the P content was expressed on ash, the
Ca deficient palms had a significantly lower P content than the
complete treatment. The interaction between Ca treatment and
month was not significani. No definite trend in the change in P
content could be determined.

Caleium ‘

The average Ca content, based both on a dry matter and on ash
basis, was highly significantly lower in the Ca deficient palms.
The decrease in Ca content with the time was significant for both
methods of expression,

M agne sium

No significant difference in the average Mg content expressed
on ash and on dry matter, was found: however it may be seen
from table 19 that the Mg content on dry matter at first increased
and, affer 5 months, decreased, this being at a level below "nor-
mal”. This interaction was significant. Expressed as a % on ash,
the Mg content fluctuated slightly around the "normal' value.

Ask as a % of dry matter '

No significant differences in ash content have been found be-

tween the complete and O Ca treatments.
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TABLE 19
MINERAL DEFICIENCIES AND LEAF COMPOSITION

CALCIUM DEFICIENCY
Average 1eafcomp081t10n of complete and thhout Ca treatments

Treatments Potassium Phosphorus - Calc:um . . Magnesium Ash as a % of
) . N ) ’ 3 dry matter
% dr.m, % ash % dr.m, %ash %dr.m. %ash % dr.m. % ash S
Complete 2,19 3,2 0,312, 4,57 0,842 9,04 0,284 4,12 7.27
Without Ca 2,20 31,8 0,283  3,88% 0,458%" 6,34 0,288 4,01 7, 41
Sign. diff; o . ’ . : o Co
at P=0, 05 0,24 2,45 0,086 0,53 0,096 1,64 0,089 1,17 0,84
Sign, diff, Vo ST e S
at P=0,01 0,32 2,8 0,09 0,73- 0,131 ‘2,24 0,045 1,60 1,14

CHANGES IN LEAF COMPOSITION OF COMPLETE AND WITHOUT Ca TREATMENTS,,
DURING 7T MONTHS. {data as a % of dry matter} :

Element Febr, March Apr:ll'-_" May ~ June  July” Aug.’ Sign. inter- Sign. inter« -

. in leaf ' “ P ' : achon at P= -action at P=
. ' - o e . PP 005 . .0011 .
%K +0,30 -0,01 +0,16 40,39 +0,24 -0,32 -0,05 ~ 0,615 0,828
% P -0,050 +0,020 +0,001 -0,046 -0,086 -0,016 -0,043 0,133 a, 179
% Ca -0,019 -0,042 -D,092 -0,220 "-0.263 -0,336 -0,251 0,255 0, 345

% Mg -0,001 +0,073 +0,030 +0,040 +0,038 -0,055 -0,097 0,112 0,153
‘DATA AS A %.OF ASH

%K +4,4 -4,0 " +1,0 0,2 +3,0 -2, 7 -1,1 not aign, not sign,
%P 1

4

1

-0,78 -0,43 -D,34 ~-1,55 -1,32 -D,37 -0,08 8 2, 47
% Ca -0,76 -1,95 .-1,42 -4,87  -3,80 - -4,16.. -2,57 L 00 5,39
% Mg -D ,08  +0,32 " -0,14 -0,16 0,56 -0,48 0,79 76 - 2,37
Ash asa .
% of dry -
matter +0,20 +),14 +0,29 +)1,16 40,12 -D, 40 -D,52 2,27 3.05
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TABLE 20 )
MIN’ERAL DEFICIENCIES AND LEAFCOMPOSITION
. MAGNESI‘LTM DEFICIENCY
Average leafcomposition of complete and withdut magneaium treatments
Treatments Potassium Phosphorus Calcium Mag'nesium Ashas a % of
- . - dry matter
Bdr.m. % ash T dr.m. %hash %Hdr.m, %ash %dr.m, % aszh

Complete 2,19° 7 31,2 0,318 ' 4,59 0,642 9,04 0,284~ 4,12 7,27
Without Mg 2,38 ° 30,4 0,324 4,09 0,797** 10,32 0,252 3,29 7,90
-Sign, diff. a :
at P=0,05 0,24 2,45 0,066 0,53 0,086 1,84 0,039 1,17 0,84
Sign. diff. T ’
at P=0, 01 0,32 2,80 0,090 0,73 6,131 2,24 -0, 045 1,60 1,14

CHANGES IN LEAF COMPOSITION OF COMPLETE AND WITHOUT Mg TREATMENTS
DURING 7 MONTHS (data as a % of dry matter)

Element ‘ ' ’ Sign. 'her— Sign. inter-
in leaf - Febr. March April May June July . Aug. a.ction At P= action at P«
: .- 9,08 0,05
%K 40,17 40,13 +0,33 40,15 +0,34 -0,04 +0,20  .0,615 0, 828
%P -0,050 +0,010 +0,007 -0,008 -0,010 +0,050 +0,038 0,133 a,179
% Ca +0,076 +0,103 +0,136 +0,081 +0, 135 +0, 177 +0,257 . 0,255 0, 345
% Mg

-0,018 -0,013 -0,037 +0,041 -0,034 -0,036 -0,1286 0,112 n, 151

DATA AS A % OF ASH - -

%K +3,6 ~-1,3 +0,8 -4,3 -0,8 -3,2 -5,1 not sign,  not sign.
%P -0,57 -0,48 -0,53 -1,36 -0,70 0,32 -0,07 _ 1,84 2, 47
% Ca +1,12 +1,36 +0,62 -D,59 _+3,15 - +1,52 +1,83 4,00 5, 39
% Mg -0,12 -0,48 -1,18 -0,27 -0,83 -0,82 -1,99 1,74 2,37
Aghas a : . .
% of dry -
matter -0,12 +0,92 40,84 +1,30 +0,88 +0,63 +1,11 2,27 - 3,05
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It may be concluded that Ca deficient palms have a lower Ca
content and P content of the leaves. The Mg content expressed
on dry matter, first increases but at a latter stage of the defi-
ciency of Ca, decreases below the ""normal' level.

.. It should be noticed that the palms did not show any external -
deficiency symptoms and were still growing reasonably well. It
may thus he possible that not all the characteristic changes 1n
leaf cornpos1t10n have yet been determmed o

E. Magnesium ‘Deflcl-ency

The following changes in leaf composition were found in the Mg

deficient palms:
Potassium

-No 81gmflcant changes in K content were detected
Phospharus

No significant changes in P content were observed
Calecium

The average Ca content was higher than "normal' but the dif-
ference was only significant when the data were expressed on dry
matter (table 20). The rise in Ca content, expressed on dry
matter, with 1ncreas1ng def101ency, was gignificant. . s
Magnesium

Although the average Mg content expressed on dry matter and
also on ash, appears to be lower, the difference did not attain
significance at P = 0.05; However, the decrease in Mg content
with accentuatmg deficiency, was ‘significant for both means of
expression. .

Ash as a % of dry matter
The average ash content appears to be lower than for the com-

plete treatment, but just failed to attain significance at P = 0. 05,

Magnesium deficiency, therefore:causes a decrease in the Mg
content and an increase in Ca content of the leaves,

When the changes in leaf components for all the deficiencies
are considered, the tables 16-20 may be sumarlsed in the fol-

lowing way:

"Normal" composition is repreén’ted by O.
A level higher than "normal" by +
A level lower than '"normal" by . -

The various ‘stages of the def1c1en01es may be compared as
follows:



Deficiency

Ist stage :
2nd :

st "
2nd M :
st " =
2nd " :

Ca. 1st ™

Ca, 2nd " :
Mg.1st "
Mg.2nd " :

=z

-

rE OT

dr. mat.

Ieaf K

0 -

1 o0 o

1

oo OO0

g :
0 :

1o o0

“leaf P
: ash : dr. mat. : ash : dr.
o+ o+
o o0
- 0
B ¢ F
+ . 4
- 0 ;0
0 : 0 :
TABLE 21

leaf Ca
mat.

+ HER
1] = 0
0 0
+ +
+ +
+ +
+ +

leaf Mg
: ash : dr.mat. : ash:

+ +
(] -
a a
- 1]
+ +
+ 0
- 0

]
.
]

RATIOS BETWEEN ELEMENTS IN THE FIRST LEAVES AND

Treatments

Complete

Febr.

of dr. m,
© 2,815

March

“April

May

June.

. July

Without N

Without P

Without K

66

Aug,
Febr.

" March
© April

May
June
July
Aug,

Febr,

March

April
May
June
July
Aug,

Febr,
March
April
May
June
July
Aug.

as a %

2,718
2, 886
2, 801
3, 592
3, 365
3, 591

2,909 -

2, 786
3, 432
3, 498
4,164
3, 746
3, 748

3,189
2,795
2,893
2,821
3, 445
3, 058
3, 340

2,813
2, 433
2, 468
2, 457
2, 660
2,142
2, 956

of total

Month K+Ca+Mg Kasa%

MINERAL DEFICIE NCIES

Caas a%
of total

22
23

Mgasa %
of total

11



TABLE 21, continued.

Treatments Momth K3#+CatMg Kasa % Caasa% Mgasa%
: as a%  oftotal of total of total

~of dr.m. I

Febr 3,095 71 20
March 2,739 68 - 21 11
April 2,984 © 73 18 9
Without Ca  May 3,043 - 76 - 14 10
“"“June ;& ~--3,608. - 82 o T |
July..  72,653.0 76 - . 12-- : 12
Aug. 3,193 * .80 . - 11" 9
Febr. . 3,027 .68 . .23 9
March ~ 2,938.... 88.. - 24 7
April . - 3,314 - 7L w23 6
Without Mg May - 3,073 .67 .. 24 9
June 4,033 ;. - 786 .- 20 4
July-—- - 3,466 . . 66 . 24 10
Aug.. 3,912 - 72 - 22 - 6

The ratios between the major elements in the leaves, related
to the various deficiencies, have been compared in the table 21
for the K, Ca and Mg contents, From this it may be seen that
considerable differences obtain between the ratios.of K, Ca and
Mg, according to the particular deficiency. When compared with
the complete itreatment, the .palms with N deficiency have an
average K/Ca ratio of + 2.6 (complete treatment K/Ca =1 3, 5).
The K/Mg ratio of the N deficient palms is + 4.8 against 8-8 for
the complete treatment. In the case of K deficiency, the K/ Ca
ratio may “decrease .to less than 2 and the K/Mg ratio to 3-4.
Calcium deficiency is characterised by a high Ca/Mg ratio of
2. 5-5 as compared with 2-2. 5 for the complete treatment.

The ratios between K, Ca and Mg have been plotted in a trian-
gular diagram in fig. 17, This indicates that:

a) The complete treatment coincides Wlfh the area of "optimal®
leaf composition, as-found for palms in plantatlons and fertiliser
experiments: .

b} Palms deficient in K, Mg, Ca or N, occupy a different area
in the triangular diagram;

c¢) In the K, Ca, Mg diagram, there is no characteristlc area
for P deficient palms. .

Conclusiaons

From the results of the sand culture experiment, it may be
seen that there are posgsibilities for the recognition of deficien-
cies in palms by means of leaf analysis only.

In general it has been observed that the first stage of a deﬁ-
ciency is characterised by a decrease of the particular element
deficient in the leaves. However the reverse of this finding, i.e.
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the conclusion that a palm is deficient in a particular element,
when its content in the leaves is low, is not necessarily true, For
inatance it has been shown that in the cases of N, P, Ca as well as
in the case of Mg deficiencies, the Mg content of the leaves may
decrease far below its ''normal' value, as the deficiencies wors -
en.

When P is deficient, leaf Ca may decrease simultaneously with
the P content, whereas the P content increases again with in-
tensified P deficiency. -

Although the behaviour of leaf P is the case of P deficiency
may seem rather paradoxical, similar changes in leaf compo-
sition have been found by STEENBJERG, for the Cu content of
oats, These results may be explained by the sigmoidal shape of
the yield curve {giving yield as a function of the concentration of
an element in the nutrient medium)., The classical presentation
of hyperbolic or parabolic yield curves does not hold for cases of
extreme deficiency. At a certain stage in the deficiency, growth
almost ceases; this may. be due to an advanced stage of the de-
ficiency, but other factors may also be involved, such as climate
or disease incidence. The plant accumulates as much as possiblie
and may remain alive for a long period, without displaying any
marked change in external symptoms. The supply of the deficient
element causes a growthresponse but a decrease of the particular
element in the leaves, due to the "dilution" effect in the growing
tissues, so that uptake cannot keep pace with the plants require-
ments. At a later stage, when the root system is re-established
and ion uptake is able to follow the production of new leaves, the
deficient element starts to accumulate.

The above facts show clearly that the absolute level of a single
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element may never serve as reliable indication of a deficiency,

Much the same may be said in respect of ratios hetween ele-
ments, as shown in triangular diagrams. When an element. is
deficient, the dots, representing the ratios between the elements
in the leaves, may occupy a certain "characteristic' area in the
triangular diagram, but again, the reverse is not necessarily
true, The first stages of K deficiency are identical with N defi-
ciency as regards the ratios between K, Ca and/or Mg.

The ratios between K, Ca and Mg, when P is deficient, may be
similar to these when Ca or Mg are deficient.

Thus, the representation of data in triangular diagrams, or as
ratios does not provide any more essential information for the
determination of deficiencies than the changes in actual concen-
tration of the various elements in the leaves,

The actual changes in the concentration of leaf components, as
have been observed-in the sand culture experiment, may serve as
a preliminary guide for qualitative diagnosis of deficiencies in the
plantations, Their validity will need to be confirmed by means of
foliar analysis after fertiliser applications.

(ii) Deficiency Symptoms of the Oil Palm

During the course of the sand culture experiment, the palms
receiving certain treatments displayed definite deficiency symp-
toms, These are described below.

It is emphasized that the symptoms apply, to young palms., It
is prohable that identical symptoms will be shown by adult palms
but apart from Mg (BULL 1%54) this has not yet been proven,

‘1) Potassium

The earliest symptoms to develop was a chlorosis of the old
leaves. This consisted of a yellowing at the tips and edges of the
leaflets at the distal end of the leaves, which spreads inwardsto
- the midrib of the leaflets and also downwards to the base. The
- lamina in the immediate vicinity of the mid-rib remained dark
green, These symptoms were first observed after 7-8 months.

3 of the 6 palms, deficient in K,  showed abnormal symptoms on
the younger leaves after 10 months, This abnormality was the
presence of small, pale, almost white longitudinal spots, scatter-
ed over the laminae of the leaflets, and was most noticeahle in
the central part of the leaflets,

Growth of the palms was not greatly affected by the deficiency.

2) Nitrogen

This resulted in very poor growth of the palms and a homo-
genious yellowing of the leaflets of all the leaves. The youngest
fully opened leaf was a very pale yellow-green while the older
leaves were definite yellow. The leaflets of the oldest leaves
showed some scorching at the tips and, occacionally at the edges.
The veins of the leaflets were yellow and the leaf rachis was
yellow at the distal end.

3) Magnesium
The oldest leaves were first affected and showed symptoms
after 3-4 months. The leaflets at the distal end of the oldesﬁ
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leaves showed an ochreous - yellowing of the laminae at the distal

part. The discoloured area spread and changed to a more definite -
yellowing and later to a bright orange colour, which eventually

affected the- whole of the oldest leaves. The tips and edges of the

severely affected leaflets became scorched and brown coloured

and finally grey, following desiccation. '

There was a considerable similarity beiween the early symp-
toms of Mg deflclency and the chlorosis reSultlng from K defi-

ciency.

4) No external deflc1ency symptoms were observed in the palms
def101ent in Ca and P.
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VI, FOLIAR ANALYSIS AND FERTILISER EXPE-
" RIMENTS '

In the preceding chapters, it has been shown that the chemical
composition of the leaves of palms, growing under widely dif-
ferent conditions of soil and climate, varies within narrow limits,
provided growth and production are "normal', As soon as a par-
ticular deficiency occurs, a characteristic change in leaf compo-
sition is noticed. This enahles a diagnosis of possible mineral
deficiencies in the field to be made. The next step in the investi-
gations should be: :

1) to check whether the characterictic changes in the leaf com-
posgition for each particular déficiency, as observed in the sand
culture experiment, also occur in palms, growing in the planta-
tion; '

2) In that event, it remains to be shown that these deficiencies
may be remedied by means of appropriate fertiliser applications.

3) Evidence should be obtained to determine to what extent
growth/production - responses correspond with changes in leaf
composition towards the "optimal" leaf composition,

For this purpose, a number of fertiliser experiments in the
Congo, which had given significant responses to fertiliser appli-
cations, were at our disposal. They were mainly designed to in-
vestigate responses to applications of K, P and Mg. To date, no
positive growth or production responses to N or Ca applications
have been obtained.

(i) The Effect of Potassium Fertilisers

1) On young palms,

In a plantation in the Kasai region, a fertiliser experiment on
young palms had been laid down, to determine whether positive
growth responses couldbe obtained by means of various fertiliser
treatments, including Potassium applications at two levels.

The experiment consisted of 27 randomised plots of 15 palms
per plot with 9 replications at each level of Potassium, Thetreat-
ments comprised: :

1. No Potassium;

- 2. 100 gr, KRO per palm per annum;

3. 250 gr. " " " "

Growth increases, as measured by height, were determined for
each individual palm, 2 years after application of the fertilisers;
bulk leaf samples of the lst and 9th leaves of each palm were
taken per plot, giving representative samples. The height in-
creases and leaf analysis data are tabulated in tables 22 and 23
and figure 18, It was unfortunate that the leaf samples could not .
be properly dried, prior to despatch to the central laboratory, and
consequently, the ash catent as a % of dry matter could not be
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Figure 18, Changeé in-leafcomposition and growth responses of
' fertiliser experiment.on young palms (data as % of ash}

, y TABLE 22 .-
GROWTH RESPONSE AND LEAF ANALYSIS OF FERTILISER

EXPERIMENT ON YOUNG PALMS
(L.eaf, as a % of ash)

Treatment Average % K-
height in
cm

No K .235 20,7

Low K 296 23, 4

High K . 318 24, 0
Sign. diff, -
at-P=0,05 8

18,5 1,
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wCa %Mg %P
11,3 3,83 - 4,12
10,3 3,60 3,75
9,41 3,53 3,24
1,06 insign. 0, 25

K/P K/Ca

5,04 1,96

6,36 2,33

7,51 2,60
0,67t 0, 29
. 0, grt+



TABLE 23

GROWTH RESPONSE AND LEAF ANALYSIS OF FERTILISEf{
EXPERIMENT ON YOUNG PALMS
{Leaf 9 as a % of ash)

Treatment Average - % K % Ca %Mg %P K/P K/Ca.

Height _
No K 235 12,1 2,6 5,28 © 2,90 4,08 1,19
Low K 296 15,2 2,5 5,25 2,91 5,17 1,50
High K 318 17,5 11,4 5,07 2,89 5,99 1,68
Sign, diff.
at P=0,05 18,5 2,2 insign. insign, insign. O, sﬂ insign.
1,2

determined. For this reason the data in tables 22 and 23 refer only
to figures expressed on ash. The results indicate that:

a) The first leaves of the non treated palms have a K content
below the optimal value for K.

Ca, Mg and P on the other hand are high, as compared with the
optimal levels:. The K/P and K/Ca ratios are low in comparison
with those, normally found for palms growing under optimal con-
ditions, This would seem to suggest that, in this case, the K con-
tent of the soil is the limiting factor,

b) As was to be expected, applications, of Potassium to the
palms resulted in significant positive growth responses, The
palms, receiving the low level of application, showed a growth
increase of 61 cm over control,

The higher level of application resulted in a growth response,
significantly better than the other treatments (22 cms increase
over the low rate of Potassium treatment},

c¢) The change in leaf composition corresponds closely with the
K applications and growth response., The effect of the low level
of application may be observed in an increase of K in the 1st and
9th leaves and decreases in Ca, Mg, and P contents; this applies
particularly in the case of the 1st leaf. The K/P and K/Ca ratios
increased after the application of Potassium, as could be anti-
cipated. The application of the high rate of K, resulted in a further
increase in leaf K which is more apparent for the 9th than for the
1st leaf, The Ca, Mg and P contents decreased, whereas the K/P
and the K/Ca ratios increased further, as the result of the higher
K applications. In general, variation in the data, especially for
Ca and P is greater in the 9th than in the 1st leaves. Although,
as a general rule, changes in leaf composition in the 9th leaves
were similar to those in the first, the variation in the latter ap-
pears {o be much less. .

This stresses the advantage of sampling the lst leaf as a rou-
tine practice,

Growth responses and corresponding changes in leaf compo-
gition, induced by the Potassium applications, are further de-
monstrated in fig, 18, :
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2} Productive palms,

In the same area, a fert1l:lser expenment on 14 year old palms
was laid down td dete_rmme whether ylelds could be 1ncreased by
would correspond with ch&nges -in: leaf compos1t1on.

The_experiment consisted of a randomised plot design with 3
treatments: and 3 replications. Edch of the 45 palms per plot . re-
ceived the following treatments:

a) A potash dresamg df 2300 gr of potassmm sulphate per palm

- per annum, - % *

b) A complete ferflllser apphcatlon of. I
o 2300 gr of potassium sulphate
Lot s 8700 ige ofrock phosphate;
o 5000 gr of ammonium sulphate;
.. 3600 gr of lime stone;
{ s ~‘f='5200"gr'bf magnesium sulphate.A
c) Control. - S ‘

"The productmn in kg: of bunches per 1nd1v1dual' palm was re-
corded from the start of the experiment.. In table 24, the average
productlon for each of the treatments, covering a period of two
years after the flrst fert:lhser apphcatmns had been made, -are
given, v -

Leafsamples- wére taken from 1nd1v1dua1 palms, and bulked for.
the total palms per plot, two .years after the first appiication of
fertilisers had. been made.. The. analytlcal results for the lst and
9th leaves are.given in.table 24, Again, no ash content could be
determined, - due to incomplete drymg of the samples pI‘lOI‘ to
despatch to the central laboratory.

From the resulls glven in iable . 24 the followmg conclusions
may be drawn: . o :

1) The K content of the lat leaves frOm the control plots is. below
the optimal..value, whereas.the P and Ca contenis are materially
higher. Consequently, the ratios between K and Ca or P are much
lower than normally found., This leaf composition ia, as has been
seen in the case of the sand culture expernnent charactemstzc
for K deficiency,

2) In accordance with the expectations, the experlment shOWed a
significant response to the application of K and the complete fer-
tiliser treatment. The application of K, alone, resulted in doub-
ling the production, ag compared with the control.. The difference
in production between the plots, receiving a compleie fertiliser

application, and those with K. only, does not attam stat1st1cal sig-
nificance,

3) The changes in the leaf composition, ‘induced by the fertiliser
treatments, are in the direction of bptimal composition; both the
application of K and the complete fertiliser increased the K con-
tent of the 1st and 9th leaves as compared with the cqntrol fur-
ther, the Ca and P contents of the 1st leaves decreased as the re-
sult of fertilisers, and consequently the K/P and K{Ca ratios in-
creased. In the 9th leaves, the Ca and Mg contents decreased as
the result of treatments. The K/P and K/Ca ratios in the 9th
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leaves increased, when fertilisers were applied. Thus, the appli-
cation of K alohe, had the same effect on production as the com-~
plete N, P, K, Ca, Mg applications and induced changes in the
chemical composition of the leaves towards optimal composition,

Conclusions

a) The qualitative diagnosis of K deficiency of the control plots
of the experiments, as was suggested by the previous conclu -
sions of the sand culture experiment, proved to be correct.

b) The results obtained from the experiments suggest that the
concept of "optimal' leaf composition and the characterisfic de-
viationinleaf composition in the case of K deficiency, are reliable
criteria under practical conditions.

(ii)The effect of Phosphate Fertilisers

1) Young Palms,

In a plantation in the Central Congo basin, located on a me-
dium to heavy red latosol, with a high content of active iron and
aluminium, a fertiliser experiment on young palms, entering into
production, had been laid down with the object of determining
whether production responses to applications of N and P could be
obtained. The experiment comprised the following treatments:

a) Two rates of applications of rock phosphate of 900 and 2000

gr per palm/year respectively. ‘

b} An application of sulphate of ammonia of 1200 and of 2400

gr per palm/year respectively.

¢} Control,

The design of the experlment was a 3x3 factorial w1th 3 repli-
cations in blocks of 9,

The productionresponses were recordedby counting the number
of bunches and female inflorescences per plot, at regular inter-
falls. .

Leaf samples were taken from the 1st and 9th leaves of all
palms in the experiment. The samples from each plot were bulked
and analysed in the laboratory, one year after the first fertiliser
application had been made.

Table 25 shows the response in production to each of the fer-
tiliser treatments, and the leaf analytical data of the lst and 9th
leaves expressed both on ash and dry matter. From the table it
follows that:

a) The composition of the Ist leaves from the control plots
suggests that P is the limiting factor,

‘The P content of 0.182% of dry matter and 3.08% of ash lies
below the optimal value, On the other hand, the K content of the
lst leaves of 1.86% of dry matter or 31, 5% of ash is "normal".
The K/P ratio at + 10 is higher than the optimum of 8, The Ca
content on dry matter is slightly below the optimum. The Mg
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TABLE 24

PRODUCTION RESPONSES AND LEAFANALYSIS DATA OF FER-
’ TILISER EXPERIMENT ON 14 YEAR OLD PALMS
' (flg‘ures as a.% of ash)

. LEAF 1
Treatments Average %K %P %Ca % Mg K/Ca K[{P"~
' ' Prod. in kg - L o
bunchesper
palm e . o .

Potash. . 786, g"* 26,2 2,22 7,02 3,33 3,73 11,8

N P K Dolomite. - 62,2 28,3 2,87 7,00 3,57 4,11 9,84

Without Potash 30, 7 25,4 '3,7510,4 3,42 2,41 6,9

Sign, diff. at - e T

P =0,05 15,0 2,66 0,32 0,85 0,33 0,32 0,90

, R el _LEAF9 .

Potash .~ .. 76,8 - 27,4 2,43 7,68 3,30 3,61 11,2
NPK Dolomlte 62,2 > 24,8 3,21 8,54 4,28 3,02 7,96

Wlthout Potash ....30;7 - 19,9 2,9410,8 - 4,87 1,87-.7,15

Sign. diff, at R T ST L ‘

P = 0,05 15,0 2,40.0,26. 0,55 0,41 0,24 0,88

contént is higher than the opfiinal figure when expressed on ash.
The composition is characteristic for the first stage of P defi-
ciency as shown previously. .

b) From table 25 and also from f1gure 19, it may be seen that the
applications of P to the palms ‘resulted in positive production
responses, which were mgmﬁcan’t N applications showed a nega-
t1ve response

@) The productlon responses to P resulted in a simultaneous
significant increase in the P content of the 1st leaf, both when
expressed on dry matter and ash.

The N applications which gave a negatlve response did not
change significantly the leaf composition,.

From ‘the significant differences in productlon between the high
and low P treatments and the increagse in P content of the.lst
leaves which is almost propor'tlonal to the production responses,
the conclusion may be drawn that it is probable that even heavier
applications of rockphosphate than 2000 gr/palm mlght have. re-
-resulted in greater production responses.

The_ 9th leaf did not show any mgmflcant increases in P content
as a result of the P apphcatlons.

The experiment was coniinued with increased appllcatlons -of
rock phosphate, 5 and 10 kgs per palm applied, with a view to
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Fxg‘ure 19, Number of bunches + female ﬂowers as:a % of control
{after 1 year, and the changes in P content of the le leaf)

determining the optimal level of application which accordmg to
the leaf analytical data, had not yet beenattained. .

The production records over the period of one year after the
heavy appllcatlon, have been compared with the leaf analytical data
in table, 26, The data show that the control, plots suffer from a
more advanced degree of P deficiency, as compared with the
previous year; the P content iz still much below the optimum, but
the K content of the leaves has increased considerable, whereas
the Mg content has decreased. This stage of P deficiency is si-~
milar:to the. latter stages. of the P defzclency in the palms of the
sand culture experiment. : -

The high applications of rockphosphate durmg the 2nd. year after
the experiment was started, resulted in very marked production
responses, moreover it is shown in the table 26 that the produc—
tion increase durmg the second Vyear-is’ proportional to the in-
creased P content of the leaves (see also figure 20). However, the
chemical composition: of the-leaves of the high P treatments is
still not "optimal'’, as suggested by the relatively high K and ash
content of the leaves. An explanation for the fact.that the optimal
composition has still not been established, cannot be deduced
from the data, presented in the table 26. It may be that the P
fixation capacity of the so0il is so extreme that even the very high
applications - of rockphosphate havev not been able to restore the
"optimal" conditions in the leaves in ohe year. On'the other hand,
the shock dose of rock phosphate may have 1nduced another de-

flclency such as Mg or minor elements,

In order to find out whether elements other than P are factors
limiting the production, especially when - regular- applications of
N and P are-made, an’experiment. wag laid down in’ the same area,
comprising the following treatmernts: =~

a) 1100 gr of potassium sulphate per palm per annum;

b} 1500 gr of magnesium sulphate "

) 6400 gr of calcium carbonate " " .o

d) 320 gr of copper sulphate roon " "

e) 320 gr of manganes sulphate " " " "

f} 32 gr of borax " " " "

. €) 13 gr of a mixture of equal weights of zinc sulphate, nickel
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sulphate, cobalt squhate and ammeonium molybda.te per palm
per annum,

Al palms ‘received a dressmg of 900 gr of rockphosphate +
1200 gr of ammonium sulphate during the first year of the expe-
riment. - After the first year, the apphcatmn of phosphate was in-
creasedto 10 kg per annum. .

The design of the experlment was a 27 factorial in 16 plots
(one eight: replicate), allowmg for the- determmatmns ‘of the 7
main effects only. - 4

Each plot compmsed 36 palms

Table 27 gives the foliar analysis results after the first year.

This shows, that none of the treatments changed the leaf compo-
sition considerable, but that all palms show a definite P defi-
ciency, as suggested by the extremely low P contenis of the
leaves, despite. the ‘application of 900 gr rock phosphate, In ac-
cordance with expectatlons, no significant productxon responses
resulted from the various fertiliser treatments,

The heavy. application of rock phosphate, however, during the
second year after the experiment had been laid down resulted in
a gerioud attack of the lLittle Leaf disease, expecially in the plots
receiving potassium, but not a single case in those,” where boron
was- included in the fertiliser application. The fact thet Little
Leaf Disease in the oil ‘palm is due to boron deflmency had been
shown previously by FERWERDA and KOVACHICH (1954);

Thig may partly explain why the heavy P dressings -failed to
restare the "optimal" leaf composition, despite the very signi-
ficant effect of P apphcatlons on the production, which correspond
with significant increases in P content of the leaves.- :

.The very high P fixation capacity of many Congolese soils, to
which'further reference will be made later in this work, necessi-
tates- the applicationof veryheavy doses of the relatively insoluble
rock ‘phosphate. It has been shown that these heavy applications
increase the production of the palms and, at the same time, the
P content of the leaves. On the other hand, shock doses of rock
phosphate may induce other deficiencies as was suggested by the
fact that these heavy P dressings did not reestablishthe "optimal”
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TABLE 27

CHEMICAL COMPOSITION OF LEAVES OF FERTILISER EXPE-
RIMENT ON YOUNG PALMS
Data on dry matter,

Leaf 1 .
Treatments % K %P % Ca % Mg % Ash
+ K 2,23 0,191 0,620 0,377 17,32
- K 2,00 0,186 0,654 0,381 6,79
+ Mg 2,00 0,186 0,619 0,380 7,07
- Mg 2,23 0,191 0,654. 0,380 7,05
+ Ca 1,91 0,183 0,659 0,373 6,87
- Ca 2,31 0,194 0,616 0,385 1,24
+ Cu 2,08 0,183 0,609 0,388 7,24
- Cu 2,15 0,194 0,665 0,371 6,87
+ Mn 2,17 0,184 0,663 0,371 6,49
- Mn 2,06 0,193 0,611 0,387 7,862
+B 2,12 0,194 0,612 0,370 7,22
-B 2,11 0,183 0,661 0,388 8,90
+ minor ele- 7
ments 2,16 0,193 0,654 0,416 1,47
- minor ele- : B
ments 2,07 0,184 0,620 0,342 6,64

composition of the leaves. As, however, the control plots in the
N, P experiment had a much higher K and a lower Mg content
after the second year than after the first year, indicating an in-
creased degree of P deficiency, the boron deficiency, as found
later, may be indirectly caused by the P deficiency; the influence
of the increase inleaf K content as a result of P deficiency may be
responsible for a decrease in leaf boron content, in the same way
ag the high K content has a depressing effect on the Mg content,

Although the correct interpretation of the different phenomena
does not follow directly from the data in the tables, leaf analysis
has been shown 1o be a valuable aid in the interpretation of the
results of field experiments and in predicting the possible res-
ponses before the actual growth and production increases have
been obtained.

2} Fertilising of Productive iO—year-—old palms.

In a plantation in the Ceniral Congo basin, the chemical compo-
gition of the leaves was characterised by:

a) a low P content, much below the "optimal'' level;

b) a medium to h1gh K content;

c) a Ca content slightly below the Moptimum";

d) a "normal” Mg content.
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This composition would seem to indicaie P deficiency A ferti-
liser experiment had already been 1a1d down in this area, com-~
prising the following treatments: '
a) 0. 425 kg urea per palm per annum;
b} 1.000 kg of super phesphate per palm per annum;
¢} 0.800 kg potassium sulphate n " :
d} 0. 700 kg magnesium sulphate .
e) 0, 800 kg ground limestone " oo "
f) 0. 200 kg copper sulphate

B At n

n - T B | T

The lay out of the experiment was a 26factorial W1th confounding
of some higher order interactions for the estimation of the error
variance. Each experimental plot comprised 51 palms. The data
of the foliar analyses of samples taken afier one year; are given
in table 28. The results show:

1) That the application of 1 kg of super phosphate did not alter
the chemical composition of the leaves significantly; -

2} That the palms were still P deficient:

In order to determine whether the lack of response to phosphate

was possibly due to a high P {ixation capacity of the soil, soil
‘samples were taken from the experimental area, on which the fol-
lowing investigations were carried ocut:

A bulk sample was devided into 14 sub-samples, from each
of which 10 gr were weighed out. To these, solutions of NaHoP Oy
of known concentrations were added and shaken during one hour,

One series of 7 samples was washed with water and the other
with 1% citric acid, .

P was determined in the filtrate.

The results of these analysées are shown in table 29, The P
fixation capacity has been expressed as a % of the difference be-
tween the amount of P added and the amount of P found in the
soil as extracted by water or citric acid.

Figure 21 shows the P fication capacity of the soil as a func-
tion of logarithm of the added quantity of P, both for the water and
the citric acid extraction. For purposes of comparison, the added
quantities of P have been expressed in tons of rock phosphate
added per Ha. Although this is not justified, as.the conditions,
under which the P was fixed in the laboratory, are entirely dif-
ferent from those in the field, the results serve to illustrate the
extremely high P fixation capacity of the soil. It will be seen that
an extraction with 1% citric acid did not remove important quan-
tities of P. from the soil, despite the fact that the citric acid
anion is able to replace the adsorbed PO4 ions in the soil.

When this fact became known, all the plots receiving P-in the
fertiliser, were given an additional 10 kg of rock phosphate per
palm, applied in a narrow band on the surface. Six monthsafter
this heavy application had been made, leaf samples were again
taken, the analytical results of which are given in table 28.

It may be seen that the appllcatlon of rockphosphate resulted in
a highly significant increase in the P content of*the 1st leaves,
expressed as a % of dry matter. The P content,. expressed on
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TABLE 29

PHOSPHATE FIXATION IN SOIl. OF FERTILISER EXPERIMENT
AT YALIGIMBA :

NOSub., Extraction Aeq.appl. yPad- <P vP fix- % Fixa-

gample of Rock dedto found ed per tion
Phosph.in 10 gr. per 10 10 gr. .
Tons/Ha  soil. gr.soil. scil.

1 H,O - -0 1] 0
1% citric -
acid 0 (] 0
3 HyO 80 Kg 100 0 100 100
4 " 1% citric _ '
acid . 100 10 90 90
5 Ho0O 4 Tons 500 170 _ 330 66
6 1% citric
| acid . 500 300 200 40
7 H20 8 Tons 1000 650 350 35
8 1% citric .
acid 1000 800 200 20
9 " HpO. 40 Tons 5000 STGQ ’ 1240 _ 25
10 1% citric ) .
acid ' 5000 4400 600 12
11 H20 80 Tons 10000 8200 1800 _ 18
12 1% citric
acid 10000 9860 1040 10
13 Hy0 400 Tons 50000 45400 4600 9
14 1% citric _
acid 50000 46400 3600 7
%, fixation|

90

(L]

0

Figure 21, Phosphate fixation

160y 5001 100QY 5600 10600 ¥ 50000
log P added

84 —k uﬁo extract
+——= citric acid {1%) extract



ash, is significantly higher in the palms, which received appli-
cations of rock phosphate, at P = 0, 05.

There were no other significant changes in leafcomposition.
No changes in the comp031t1on of the 9th leafl were noticed (see
table 28).

Positive production responses six months a.fter the heavy P
applications had been made, were significant for P and negative
for K, as shown in table 30,

TABLE 30

PRODUCTION RESPONSES OF 10-YEAR-OLD PALMS Tb HEAVY
APPLICATIONS OF ROCK PHOSPHATE

Treatments Total weight of bunches as

a % of average of plots
K+P 101
P 110
K. , 98
control 90
sign. diff.

at P = 0,05 ' 6

The above results indicate a production increase of 23% as
_ compared with the treatments without K and P, six rhonths after
the first heavy application had been made, together with a sig-
nificant increase in the leaf P content,

In this case, leaf analysis was able to diagnose P deficiency,
but it was necessary to carry out additional scil analysis to ex-
plain the lack of response to ihe low phogphate application.

(iii) The Replanting of 0Oil Palms

In a plantation in the Kasai region of the Belglan Congo an
experiment was laid down with a view to finding out the "optimal"
conditions for the replanting of old oil palm plantations. The
design of the experiment was a 4 x 4 Latin square, comprising
the following treatments:

a) The old stand of oil palms was felled before the young palms
were planted but no fertilisers were given;

b) The young palms received a complete fertiliser application
and were planted under the shade of the old stand of palms;

ab) The old stand was felled and the young palms received
fertilisers;

i) Conirol; the young palms were planted under the sha.de of
the old palms without fertilisers. .

Leaf samples were taken from the 1st leaf only, from the 3 year-
old palmas.

Table 31 shows the analysis of variance of the composition of
the lst leaves and the growth measurements, made at the same
time as the sampling; increase in number of leaves and length
of the leaves were taken as growth criteria. a5



TABLE 31

GROWTH RESPONSE AND LEAF ANALYSIS RESULTS REPLAN-
TING EXPERIMENT

Increase in

Treatments K %P %Ca %Mg Limper in
' o ' ’ , leaves
Felling {a) ' "28,4 4,35 9,05 3,5 8,22
Fertilising (b} 24,7 4,07 8,02 4,95 6, 60
Felling + Fertilising (ab) 28,6 3,2 6, 45 3,8 11,11
Control (i) .. 13,4 8,8 13,9 4,2 4,26
Sign. diff. at P=0,05 a4 0,7 1,9 0,4 0, 38
Main effects _ _ '
A.Felling 9,4¥*-1,6% -3,2. -0,8%" = 4,24
B. Fertilising 5, 7t -1,9%+ -4,3 0,5% - 2,62
Sign. Main eff. P=0,05 3,1 0,5 1,5 0,3 0, 27
Interaction A x B -11,3%* 1,5 3,3t -0,45 0, 55
Sign. interac, at P=0,05 6,3 1,0 2,7 0,86 0, 54
General mean 23,7 4,86 9,4 4,1
- Error - ' 2,47 0,4 1,1 0,23

Error/% mean 10 8,7 11 5,6

. The fig'ures 22 and 23 illustrate the effect of the treatments on
leaf composition, . .
It may be geen that:

1) The chemical composition of the palms ofthe i)treatment (grown
under the shade of the old palms, without any applications of
fertilisers), is typical of K deficient palms. The K content is
very low, whereas the Ca and P contents are much higherthan
“optimal". The growth of the young palms was very poor and
compared unfavourably with that in the other treatments.

2) In treatment b} (when the palms are fertilised but are still
growing under the old palms), the K deficiency disappears, as
is' shown by the significant increase in leaf K content and the
significant decrease in leaf Ca and P.

3) When the 0ld stand on the a) plots was felled, the leaf K content
increased, leaf Ca and P contents decreased, {as in the case of
the b treatment), but leaf Mg content appeared to decrease toa
very low level, significantly lower than in all the other treat-
ments. Although the early growth of the palms was very good, a
serious chlorosis developed, some time after the felling of the old
stand, the older leaves turning yellow to orange, entirely compa-
rable with the Mg deficiency symptoms, obtained in the sand
culture trials. The conclusion was drawn that the felling of the
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old palms induced a Mg deficiency as a result of the considerable
guantities of K which are liherated by the decomposition of the
felled palms. :

This phenomenonhas also been noticed on other replanted areas
in the Northern and Southern Congo and could be explained in the
same way. The chemical composition of the leaves shows rela~
tively highK and Ca contents and a low Mg content. Mg, expressed
as a % of the sum of K+ Ca + Mg amounts to only 8-9% whereas
10-11 is normally found for the "optimal" composition.

4) Felling and fertilising (ireatment ab), gave the best results of
all the treatments. The higher Mg and lower Ca contents in palms
of these plots, explain the almost complete absence of chiorosis.

The general conclusion may be drawn that, when replanting an
old oil palm plantation, the felling of the old stand and subsequent
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release of large quantities of K fromni the decomposing material,
may induce Mg deficiency, even if the soil be deficient in K, :
This induced Mg deficiency is only of a temporary nature, as
the K is not fixed in Congo soils and heavy losses of K cccur, due
to leaching. As soon as a more favourable balance between K and
Mg in the soil has been reached, the Mg deficiency symptoms
disappear and the young palms resume normal growth, This ef-
fect is. comparable with the appearance of Mg deficiency in'crops,
growing in temperate regions, where, during wet periods, Mg
deficiency symptoms frequently appear, being induced by the
-excess of K in the soil, resulting from prevmus heavy Potassium
apphcatlons (SCHUFFELEN 1940, 1954) .

The present case demonstrated again the value of the method of

foliar analysis in the mterpretatmn of the results of field expe -
riments.
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VII. THE APPLICATION OF FOLIAR ANALYSIS IN
PRACTICE

A few samples may be given to show the way in which foliar
analysis may be applied in practice as a basis for advice on fer-
tiliser policy.

(i)A Plantation in the Kasai Region

In a plantation in the Kasai region, it was noticed that big dif-
ferences in production existed between the riverine and nonriver-
ine blocks, To obtain information on the possible causes for these
considerable differences in production, a series of blocks, all
planted in the same years (1938-1939) were selected, the pro-
duction figures for which were known over a period of 4 years,

From those blocks, edch of 20 Ha, leaf samples were taken,
bulked and analysed. All the blocks were situated in a line, running
from the river across the plantation. The average production in
itons of bunches per Haper year varied from 6-7 tons in the river-
ine blocks to 3 tons in the noh-riverine area,

Table 32 shows the production and foliar analysis data for the
selected blocks. Production as a function of leaf compositionis
shown in figure 24.

TABLE 32

FERTILITY GRADiENT_ IN PLANTATION IN SOUTHERN CONGO
(Planting 1938 and 1939) 9th leaf

Block  Average yield in
tons bunch/Ha/year

(4 years) %K %Ca%Mg %P K/Ca K/P
1 5,5 19,5 10,6 4,72 1,88 1,84 10,4
2 6,5 21,2 10,2 4,50 1,90 1,07 11,1
3 5, 7 16,7 9,86 3,01 1,75 1,69 9,5
4 4,7 16,0 11,2 3,58 2,05 1,43 7,8
5 4,0 14,0 11,3 3,40 1,90 1,24 7,4
6 3,7 16,3 11,1 4,06 2,15 1,47 17,8
v 4,1 15,2 10,2 3,45 1,94 1,90 7,8
8 3,2 - 14,8 11,0 3,84 2,15 1,34 6,9
9 3,9 14,5 11,6 4,11 2,18 1,25 6,6

From the results, it may be concluded that this is a typical
case of K deficiency, as shown by the low leaf K contents of the
low producing blocks and their relatively high Ca and P contents.
The positive correlation between the production andleaf K content,
the positive correlation between K/P and K/Ca ratios and pro-
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duction and, on the other hand the negative correlation between
production and leaf Ca and P contents confirm our previous find-
ings in respect of growth responses to K dressings on areas,
deficient in K.

The conclusion may be drawn that differences in production are
caused by differences in the degree of K deficiency of the riverine

and non-riverine areas, and, as a consequence, applications of
K fertilisers may be recommended. ' -

As the variations in K deficiencies of the palms were thought
to result from differences in the K status of the soils, represent-
‘ative soil samples were taken from all the blocks. They were ex-
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tracted for one hour with boiling concentrated hydrochloric acid
and the K content of the extract determined, Previous experience
with goil analysis in our laboratory had shown that the readily
available nutrients are almost indetectable in the highly degraded
goils of the Southern Congo and that the only possible way of esta-
blishing differences in the chemical characteristics of these soils
exists in the determination of their total mineral reserves.

The results of the soil analyses are shown in table 33 and fi-

gure 25,
TABLE 33

TOTAL K CONTENT OF SCIL IN PPM(HC1 EXTRACT) AND
PRODUCTION PER BLOCK OF THE FERTILITY GRADIENT

Block Production ppm K
0 8,0 125
1 5,5 72
2 6,5 84
3 b, T 70
4 4,7 42
5 4,0 36
6 3,7 - a4
7 4,1 30
8 3,2 - 30
9 3,9 30

It may be seen that there is a very close positive correlation
between the K content of the s0il and the production of the palms.
As this gseems to be linear, the regression coefficient and its sig~
nificance have been calculated. The regression function, giving
the production as a function of the determined quantity of K in the
soil, is represented by:

X =4,93 +0.04628 (Y - 56. 3) in which
X = the average production expected when the ppm K in the soil is
taken at a certain level Y. : :

The regression coefficient of 0.04628 has a standard deviation
of + 0.0126 and is highly significant at P = 0,01,

For Y = 100 ppm K, the corresponding average production
would be 7 tons of bunches per Ha per year. It is obvicus that
the formula only holds for this particular case and not for other
plantations. '

Here again, confirmatory evidence was obtained on the sig-
nificance of a diagnosis on the basis of foliar analysis.

(ii) Foliar Analysis of a Replanted Area
(near Coquilhatville)

In an area, recently replanted, the young- palms suffered badly
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the Topsoil (piantation in Kasaj region)

from an attack of. Cercospora and the older leaves showed many
yellow and scorched leaflets. To find out whether this condition
was associated with a mineral deficiency, 12 representative bulk
leaf samples, each comprising 20 palms, were taken. The results .
of the foliar analyses of these samples are given in table 34,
The majority of the samples had the following composition:

a) The K content is low, below the "optimum’’;
b)-P is normal to high; _
¢} Ca and Mg are normal to high.

This composition suggests that K is a limiting factor in this
area, although the deficiency does not seem to be advanced. In
this case an application of K, either as sulphate or muriate or of
bunchash, would seem ot be justified. ' ' ‘

The quantity to be applied cannot be determined by the leaf
analytical data at this stage. After an application of 1 kg has been
made, the effect should be followed up by means of foliar analysis
to determine whether this has resulied in a change towards the
"optimal" composition, '

(iii) Foliar Analysis of Nurseries in the Coquil-
hatville Area

11{1 'the same area, the nurseries showed marked signs of Mg
deficiency. The foliar analysis data of a few representative bulk

simples confirmed the existence of a Mg deficiency. Table 35
shows:

a) K is very high;

b} P is normal to high;

c) Ca is low

d) Mg is very low;

e) the ash content as a % of dry matter is high.
92



TABLE 34 -
FOLIAR ANALYSIS REPLANTING

No Sample Potassium Phosphorus Calcium Magnesium 7 Ash asAa % of
: : ’ dry matter

l%dr.m. % ash % dr.m. % ash %dr.m.. % ash % dr.m. % ash

1 1,58 23,3 0,214 3,15 0,740 10,88 0,394 5,80 5, 80
2 1,87 21,8 0,243 2,85 1,137 13,33 0,451 5,29 . 8§63
3 . 1,54 22,5 0,260 3,79 1,100 16,04 0,303 4,42 6,86
4 1,58 . 20,1 D,260 3,28 0,874 11,07 0,251 3,18 %, 80

5 2,07 24,0 0,270 3,13 0,614 7,12 0,457 5,30 . 8,63 .
6 1,73 - 22,5 0,284 3,70 0,740 9,63 0,383 ' 4,98 7,68 .-

7 1,87 24,6 0,278 3,66 0,577 7,59 0,234 ' 3,08 7, 60

B 1,78 22,6 0,251 3,19 1,086 13,76 0,297 3,77 7,88 -

9 1,200 19,1 0,256 3,81 0,714 10,64 0,274 ‘4,08 6,71
10 1,76 21,9 0,288 3,59 0,797 9,93 0,257 3,20 ~ 8 30
11 1,67 19,2 0,293 3,37 1,028 11,82 0,360 4,14 8, 70"
12 2,00 24,6 0,286 3,51 ‘0,828 7,73 0,366 - 4,50 - 8§ 13-

TABLE 35 -
FOLIAR ANALYSIS NURSERY (ﬁunch refuse applied}
N2 Sample Potassiym FPhosphorus Calcium Magnesium  Ashasa % of
' of matter
% dr.m, % ash % dr.m. % ash % dr.m. % ash % dr.m, % ash

1 3,47 37,5 O, 307 3,32 0,456, 5,03 0,134 1,45 9,26

2 3,44 38,3 0,253 2,81 0,497 551 0,154 1,72 8, 98

3 2,24 24,1 0,310 3,33 0,803 8,63 0,168 1,8% 9, 30
4 3,31 35,0° 0,263 2,77 0,386 4,07 0,146 1,54 - 9,47

TABLE 36
FOLIAR ANALYSIS NURSERY (No bunch 'refuse applied) . )
No Sample Potassium Phosphorus + Caleium Magnesium Ashas a % of
: . dry matter
% dr.m. % ash % dr.m. %ash % dr.m, % ash % dr.m, % ash
1 1,50 26,3 0,338 4,5 0,731 9,85 0,263 3,54 7,43
2 2,64 30,7 0,227 2,84 '»o, 577 6,71 0,348 4,05 8,60
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Although Mg deficiency is often associated with a high leaf Ca
content, it is evident that, in this case, the K content has become
50 hlgh that the Ca content decreased, due to the antagonism be-
tween K and Ca.

The cause of the high leaf K content may be explained by the
fact that the nursery had received a very heavy mulch of bunch
refuse with a high K content, which on decomposition liberated
sufficient K, to induce Mg deflclency. This explanation was con-
firmed by the foliar analysis data for a part of the nursery, which
had not been mulched with bunch refuse, Table 36 shows that this
had a leaf composition whi¢h was almost "optimal”. No deficiency
symptoms were apparent in this latter area, .

(iv) Foliar Analysis of a Young Plantation in the
Northern Congo Basin (Yaligimba)

In one of the plantation extensions, the palms had a very good
start, However, six months after planting, growth ceased almost
completely and the palms suffered from an attack of Cercospora.

Some representative leaf samples were taken with a view to
finding out whether this attack was associated with a mineral de-
ficiency of the scil, .

Table 37 gives the chemmal comp051t10n of 10 representative
bulk leaf samples (20 palms per bulk sample) The leaves havea
chemical composition showing:

a)a h1gh K content, far above the ' Optlmum

b) a normal Ca content; '

¢) a low to normal Mg content;

d} a very low P content, much below the "optimum".

TABLE 37
FOLIAR ANALYSIS OF YOUNG.PLANTATION YALIGIMBA

No Sample  Potassium Phosphorus Calcium Magnesium Ash as a % of
dry matter
% dr.m. % ash % dr.m. % ash % dr.m. % ash % dr.m. % ash

1 2,28 27,8 0,190 2,31 0,683 8,30 0,268 3,26 8,23
2 2,07 24,2 0,176 2,05 0,688 8,03 0,263 3,07 8, 57
3 2,03 26,8 0,181 2,40 0,848 11,23 0,217 2,87 7, 56
4 2,23 24,7 0,196 2,17 0,771 8,56 0,207 3,30 0,01
5 1,74 23,5 0,171 2,31 0,737 9,04 0,228 3,08 1,41
6 2,30 28,9 0,161 1,8% 0,771 9,03 0,211 2,47 8, 54
7 2,21 26,3 0,183 2,17 0,797 9,46 0,248 2,91 B, 43
8 2,07 23,8 0,180 2,07 0,786 9,05 0,240 2,76 8, 68
9 2,56 28,4 0,196 2,18 0,831 9,25 0,200 2,22 B, 98

10 2,17 28,2 0,18 2,36 0,857 10,33 0,177 2,13 8, 30
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This is characteristic for P deficiency. Applications of at least
2 kg rock phosphate may be recommended, as the soil appears to
have a high P fixation capacity. :

Earlier experience with applications of rock phosphate on young
palms, growing on P fixation soils had shown that even higher ap-
plications of P still resulted in significant growth responses, In
this case, soil analysis and field experiments together supplied
information for the determination of the quantity of rock phosphate
to be given, _ .

(v) Foliar Analysis of a Plantation in the Central
Congo Basin (Yaligimba)

A more complicated example will be given for a large planta-
tion, situated in the Northern Part of the Central Congo Basin,

The plantation covers an area of about 8000 Has and consgists
of blocks of one square km (see maps). The plantation comprises
an area of light sandy yellow soil and of a heavier reddish sandy
clay. The production has been recorded as from the establishment
of the plantation in 1939,

This plantation was sampled at the end of the rainy season (No-
vember and December) 1953. Bulk samples of the 1st leaves were
taken from 20 palms (4 rows of 5 palms) along a trace work of
500 x 500 m, a total of 297, representing 5940 palms,

Dealing with such a large area, it is possible that more than
one deficiency may occur. Due to variations in soil fertility con-
ditions, some of the samples may show a pronounced deficiency
of a particular element, others a characteristic composition for
another deficiency, whereas another series may shown an "op-
timal" composition.

In the case of iwo or more major elements being deficient at
the same time in one sample, it may prove difficult to draw direct
conclusions, When dealing with a large number of samples, how-
ever, the major deficiencies may be determined, even if more
than one occurs, making use of the variation in soil fertility
conditions and its influence onleaf composition. When the deficient
elements are known, their actual percentages, as found in the
samples may serve as a guide for the deficiency to indicate the
main deficient areas in the plantation,

The interpretatidn of the analytical data comprises three stages:

1) A classification of the samples according to possible de-
ficiencies; : .
2) Mapping on the data to indicate the areas deficient in one or

more element(s); .
3) The evaluation of a possible relationship between deficien-

cies and actual production of the palms.
1) Classification of Samples according to Deficiencies,

In table 38 all the samples have been classified, according to
the concentrations of the various components in relation to the

optimal composition. S .
In the first column all the possible combinations of high or
low K, P, Ca or Mg are given. A concentration below the “op-
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TABLE 38

CLASSIFICATION OF SAMPLES IN RELATION TO OPTIMAL
LEAF COMPOSITION -~ YALIGIMBA PLANTATION

' ‘Deviations from optimal A Numﬁer of samples Posdible
composition =~ per class deficiency
K- P Ca Mg _
+ F o+ o+ a4
T o Mg
+ o+ - * 7S . Ca
+ o+ - - . Mg
+ - + + . . 42 P
+ =+ - 11 P, Mg
T = ' 24 P, Ca
¥ - - - . 17 . P
- + o+ o+ 17 K
- + + - K
-+~ ¥
- + - -
e 25 K, P
- -t - S T - K, P, Mg
- s + . 18
- - - - 7

timal" value is indicated by a minus sign (-} and "optimal” or
higher than "optimal" by a plus sign (+). :
According to table 38, 128 out of 284 samples show P to be the
limiting factor, whereas 57 samples indicate K, 58 Ca and 33 Mg
deficiency., When the actual figures are considered, however, it
appears that: :

a) Nearly all the P figures, classified as low, (P < 0, 22) are
less than 0. 20%;

b) The majority of the K figures classified as low, (< 1.7%)
are lower than 1. 6%;

c) The Ca content of nearly all the samples appears to be within
the limits op the optimum values of 0. 5-0. 6%;
d) 15 samples have Mg content which is very low, (< 0, 25%).

€) The low P and Ca figures suggest that N is not deficient in
this area. _

This suggests that P deficiency is important in this plantation,

whereas K and Mg deficiency "are of less importance, and Cade-
ficiency does not seem to exist.

The low Ca contents, which are generally very close to the
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"optimum™ value of 0.6%, are characteristic fcr the oecurrence
of P deficiency. ) . _ -

2} Location of Areas of Deficiencies.

On the maps, the areas for K, F and Mg deficiencies have been
delimited. The area most deficient in P (P < 0. 20%), is mainly
found in a band, which ranges from blocks 0 and 1 to blocks 53

and 63.
K deficiency is generally found in a part of the area also defi-

cient in P, with the exception of the blocks 29, 30 and 31, which

are deficient in K only.

Low Mg content is most frequently found in the blocks 6, 7, 15,
17 and 27. In this part of the plantation, yellow and orange colour-
ation of the older leaves were frequently noted especially during

-the dry season,

3) Deficiencies and Actual Production of the Palms.

To determine whether a relationship exists between the areas
deficient in K, P or Mg and production, the average production
in tons of bunches per Ha, for the year 1953 has been subdivided

into following classes {table 39):

TABLE 39
PPRODUCTION AS A FUNCTION OF LEAF COMPOSITION

K.P,Mg K deficient P deficient K and P Mg deficient
optimum deficient
Block Froduct Block Product Block Product Block Product  Block Product
NO " -ion Ne -ion No© -ion NC -ion NO -ion
5 - 10,5 29 7,4 0 7,0 13 6,9 6 9,0
15 9,6 30 6,2 1 8,5 18 8,2 7 10,0
48 9,7 31 7, 4 2 8,4 36 7,9 18 9,7
49 "8,5 Average 7,0Tons 3 9,3 . 39 8,8 17 9,1
50 9,3 : ’ 4 8,7 40 7.7 27 5,0
60 10, 2 14 8,8 41 6,8 Average 9,3Tons
61 9,3 25 8,0 46 8,0
G4 10,9, 26 7,2 51 8,8
69 7.3 28 7,4 62 9,2
70 11,0 63 9,3 37 7.1
73 9,7 Average 8, 4Tons 47 7.7
74 8,1 52 9,0
Average ° 9,6 Tons Average 8,0Tons

Blocks only deficient for a small part, have not been included.

To check the significance of the production diiferences between
the 5 classes, the Standard Deviations of the mean production of
the classes have been calculated, as well as the Standard Devia-
tions of the production differences between the classes (table 40).
A certain fraction of the standard deviations will be due to varia-

97



tmns, introduced by the deficiencies, ‘but a part of the variations
in productlon may be explained by differences in year of planting,
spacing, origin of seed and errors in the determination of block
yields,

From the tables -39 and. 40 the followmg conclusmns may be
drawn: :

The areas deficient in P produce 1 2. tons of bunches per
Ha)year less than the blocks not deficient for K, P or Mg,

b) The blocks 29, 30 and 31 are deficient for K and produce 2, 8
tons of bunches/ Ha/year less ‘than'the blocks not deficient for
K, P or Mg;

c) Mg deficiency has no s1gn1f1cant effect on the productlon as
compared with the highest yielding blocks.

d) The blocks both deficient for K and P, produce 1. 6 tons/ Haf
year less than the blocks not deficient. for K, P or Mg.

As the production differences beiween the areas having a low
P, alow K + P or high K+ P content, suggest the importance of
P as the limiting factor for thé productionm, the average leaf P
content in each- of the three eategories of areas was determined
and the corresponding standard dev1at10ns calculated (tables 41
and 42),

From these it is evident that the mgmflcant dlfferences in pro-
duction of the areas delimitedby means of foliar analysis corres-
pond with significant differences in leaf P contents.

When the production-of all the blocks,  planted in the years 1939
~-1942 (with the exception of blocks 6, 7, 16, 17 and 27, Mg de-
ficient, and the blocks only for a small part deficient in K or P)
- is plotied against.leal P, content, figure 26 is obtained, from
which it is clear that leaf P content at its lowest value of + 0. 18%
corresponds to a production of + 8. 5 tons bunches/Ha/year.

0,2 . D'.-- =% .,

‘% P in firct leaf on dry matter

[ 7 B 9 10 3%
Producﬁrm in Tons of bunches per Ha per year
" s Kcontert of le leaves » . %
o K content of le leaves <1, 7%

Fxgure 26. Relationships between the production and the P content
ol the first leaves of the Yaligimba plantation
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TABLE 41

P CONTENT OF FIRST LEAVES AND PRODUCTION OF VARIUNS
AREAS IN THE YALIGIMBA PLANTATION

.Leaf Composition Average P content Average Production in

_ 1@ Leaf Tons/Bunches/Ha (1953)
K+ P. low 0, 193% + 0, 055 . 8,0 Tons + 0, 23
P. low 0, 206% + 0,033 8,4 Tons + 0, 28
K + P. normal 0,231% + 0, 042 9,6 Tons + 0, 31
TABLE 42

- SIGNIFICANCE OF DIFFERENCESIN PRODUCTION AND P CON-
TENT OF LEAVES OF VARIOUS AREAS IN THE YALIGIMBA

PLANTATION
Difference Difference in Difference Degrees Standardde-
between Production inPcontent of Free- viationof dif-
Classes . dom ferencein P.
) + content
K + P, high - ‘1,2 Tons™  0,025% 20 0,0054%
P, low )
K + P, normal -
K+ P.low 1,6 Tons*t 0,038%" 22 0, 0069%
P.low - K+ P.

low 0,4 Tons 0,013% 20 0, 00829,

+ Significant at P = 0,05
++ Significant at P = 0,01

The left hand part of the curve represents the P content of the
leaves from blocks, deficient in both K and P (K < 1, 7%). Pro-
duction is negatively correlated with leaf P. In the right hand
part of the curve, are found the data for the areas, deficient in
P only, and the areas of optlmal leaf composition, In this part
of the curve, the preoduction ig positively correlated with the P
‘content of the leaves.

In the extreme case of K deficiency (blocks 29, 30 and 31),
leaf P content is of the order of 0.23%, thus above the optimum
value., As soon as leaf P falls, the influence of K deficiency on the
production becomes less pronounced, until the P content reaches
the minimum of 0.16-0.18%. At the present time only P is de-
ficient and is positively correlated with production for the range
8.5-11 tons of bunches/Ha/year.

Conclusions:

P, and to a lesser extent, K, are limiting factors in the pro-

duction of this plantation.
a) The blocks 29, 30 and 31 with an average production of 7 tons
of bunches/Ha/year, are deficient in K. An application of in-
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cinerator ash to this area would seem to be justified. The effect
of the applications sheould be followed up by means of foliar ana-~
lysisg; ‘tb enable the.optimal guantity of K to be applied.

b) In blocks 40 and 41; ‘both K and P deficiency are limiting the
production (7.7 and 6,8 tons of bunches/Ha/year), but positive
produciion responses to applications of K are likely on accourlt of
the low K/P ratio, which suggests that K is the primary limiting
factor in this case. . . - o

c¢) In the area, delimited as deficient in both K and P, (with the
exception of the blocks 40 and 41), K applications are not re-
commended, unless P is also applied. Applications of K -alone
willincrease the relative P deficiency and might induce a decrease
in production,

d) In the blocks, indicated as deficient in P, applications of P
are recommended,
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IX. DISCUSSION-AND CONCLUSIONS

. Considering the data presented in the previous sections, the
gquestion may be asked: "Is if possible to obtain from foliar ana-
lysis data all the necessary information with regard to:

a) The diagnosis of mineral deficiencies in the field;
" b) advice on fertiliser policy, without the aid of soil analysis
and of field experiments'. .

a) As regards the first point, it has been shown that, with the
aid of foliar analysis, it is possible to indicate mineral defi-
ciencies in oil palm plantations, provided due attention is given
to the following considerations:

(i) Technlque

The sampling technique must follow a standard procedure as
regards the morphological position of the leaflets sampled andthe
time of the year of sampling. Only leaflets taken from leaves of
the same physiological age from the same part of the frond, may
be compared,

The indications obtained to date suggest that the youngest fully
opened frond is most suited for routine sampling and compares
favourably with older leaves. This does not imply that other
elements, not considered in these investigations, would not show
up betier in older leaves. This remains a subject for further re-
search,

The sampling should be carried out in the rainy season for the
following reasons:

" 1) The interaction between age of the palms and climatic con-
ditions is very pronounced in the dry season, especially when the
leaf composﬂ:lon of productive and very. young, non-productive
palms is being compared, This reactiontochanges in climatic con-
ditions is much quicker and often more intense in the case .of young
than of older palms. As only leaf analysis data from samples taken
at the same time of the year may be compared, the rainy season
which is much less influenced by changes in climatic conditions
offers many advantages,

2) Some plantations, situated elose to the Equator,do not have
a real dry season or a very short one.

‘"Thus, the possibility for a standard leaf sampling would be
greatly reduced if a dry period would be taken as a standard
sampling time.

As regards the analytical technique, reasonably accurate me-
theds should be selected for the determination of the leaf con-
stituents. The analytical error should not exceed 10%. In this
respect, the rapid "tissue tests" would not seem to be sufficiently

accurate,
(ii) Interpretation of Leaf Analytical Data

- The interpretation of foliar analysis data is based on the evi~
dence that there is a narrow range of "optimal"” concentrations
for each of the elements in the leaf tissue. Palms, with an ade-
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quate supply of plant nutrients, whether the growing medium is a
light sand, aheavy clay or a cultufe solution, shows this "optimal''
leaf composition. It does not depend on soil type and is identical
for young and old palms, provided a standard sampling technique
is strictly adhered to, Any deviations from this "optimal" compa=
gition indicate unfavourable nutritional conditions.

‘A deficiency in one element is generally associated with a
decrease in the leaf content of that element. In an advanced stage
of the deficiency, however, the content of the deficient element
may increase again to a low to medium concentration, Moreover,
any particular deficiency also affects the concentration in the
leaves of other elements, which are not deficient in the nutrient
medium. The elements not deficient may increase or decrease,
depending on the character and the degree of the deficiency.

These findings imply that:

1) Diagnosis should not be based on the concentration of one ele-
ment in the leaf tissue. The fact that the leaves have a low con-
centration of a particular element does not necessarily imply that
it is deficient, as it may be indirectly caused by ancther element
deficiency, An element in medium concentration in the leaf, only
slightly below the optimum'", may be extremely deficient due to
the posgsible parabolic nature of the relation between yield and/or
growth and leaf content of the element.

2} The only satisfactory basis for the diagnosis of deficiencies
- is the recognition of the characteristic. changes in the contents of
.all the elements in the leaf tissue, when one particular element
is deficient. o :

These characteristic changes may, however, depend on the de-
gree of the deficiency; the contents of certain elements may in-
crease at first, as the induced effect of a deficiency, but decrease
later, when the deficiency becomes more accentuated,

Resulting from these considerations it wiil be evident that a
reliable diagnosis of deficiencies in plantations may be made
only after determining the contents of all the elements in the
leaves. Thiis in addition to determinations of K, P, Ca and Mg,
analysis for N, 5, Mn, B, Cu and Zn should alsobe included. More-
over, whenever possible, the contents of the elements in the leaves
should be studied in relation to production andfor growth, to
determine the degree of the deficiency.

In that respect oil palm plantations are very suitable for foliar
analysis, as production figures are, generally, accurately known.
Even if. the production figures are not known, an estimate of the
production may easily be made by counting the number of bunches
and female inflorescenses on the 20 palms, from which the sam-
ples are taken. When'the composition of the bulk samples is being
compared with the production figure for each sample, a yiéld
curve may be drawn. _

A complication in the interpretation of leaf analysis is the fact
tha_t more than one deficiency frequently occurs in the same plan-
tation. In such cases the several deficient factors can still be de-
te:r.mmed,. as the considerable variations in soil nutritional con-
ditions will result in some of the samples showing a more pro-.
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nounced deficiency of element a, whereas others will indicate
element b as being deficient, From a limited number of samples
it may not be possible to draw any safe conclusions, but the in-
formation, given by the other samples, enables the estimation of
the most deficient elements in the plantations. Once the main de-
ficiencies are known, the actual % contents of the deficient ele-
ments in the leaves may be used as a guide for the deficiency and
be plotted on maps to delimite the areas deficient and not deficient .
for that element; provided the degree of the deficiency is known
from the yield curves. ‘

b) Advice on Fertiliser Policy.

For practical purposes, it will not be sufficient to indicate only
those elements, limiting growth and/ér production,
Advice on how to remedy the state of affairs will necessarily have
to be of a quantitative nature, The above results have shown that
the chemical composition of leaf samples does not give any infor-
mation on the reserve of nuirients in the soil. In each particular
plantation, the optimal fertiliser application will depend on the
nature of the soil, In some areas, P deficiency will be remedied
by a much smaller dose than in plantations, situated on a soil
with a high P fixation capacity. K, applied on the light sandy soils
in the Southern Congo, will quickly leach out to deeper horizons
and become unavailable to the palm roots, On the other hand,
losses by leaching will be materially less on some of the heavy
clay soils in the Northern part of the Central Congo basin, It is
thus evident that each particular plantation will require indivi-
dual treatment to cure deficiengies of the same physiological
nature, : )

Several means of determining the “optimal" application of fer-
tilisers may be cited:

1) By means of foliar analysis only; i, e. applying fertilisers and
following up changes in leaf composition to see whether these are
directed towards the "optimum'. ) . o

It may be possible that as a result of a fertiliser application,
the "optimum' for a particular element may not have been reach-
ed. In that case it is obvious that the dose has to be increased.

If on the other hand the application has been excessive, other
deficiencies may be induced and the rate of appliqation shogln‘:l be
reduced, or the second deficient element included in the fertiliser
applications,

2) By the applications of foliar analysis, combined with well
designed fertiliser experiments. Much time is saved gnd a great
deal of usefull informationobtained with regard to "optlma._l" levels
of fertiliser applications from experiments laid down in areas
characteristic for a definite deficiency, as indicated by means of
i lysis.
fOIIlfaihaénir{aatments comprise the application of fertiliser(s) at
different levels, the production responses may be comp‘;arec_i w1t'}}
the corresponding changes in leaf composition, and the “optimal
level determined. Although, theoretically, foliar analymg should
be able to follow up fertiliser applications and determine the
= "optimal" levels of application after a few years experience,
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without the aid of fertiliser experiments, it is our opinion that,
in our present state of knowledge, field experiments are essential
for the determination of the "optimal" level of fertiliser appli-
cations. : :

3) i has already been pointed out that soil analysis, as opposed to
foliar analysis does not supply the basic information, necessary
for advice on fertiliser pelicy. *

This does not imply, however, that no soil analysm should be
done in conjunction with foliar analysis. In fact in some abnormal
cases, such as P fixation, soil analysis may prove exiremely val-
uable to explain the lack of response to fertilisers.

" (iii) Conclusions _

Foliar analysis constitutes a very valuable method as an aid in
the determinationof qualitative and quantitative fertiliser require-
ments of oil palm plantatlons, provided a standard sampling and
“analytical procedure is adopted.

The interpretation of the leaf analytical data should be based on
the characteristic deviations from the "optimum' of all the ele~
ments in the leaves. .

Yield curves, giving production as a functlon of leaf composi-
tion, are essential as a means of determlmng the degree of a de-
ficiency., -

In no circumstiances may rehable conclusmns be drawn from
~ the cancentration of a single element in the leaf only,
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X. SUMMARY

In the previous sections a study was made of the applicability
of Foliar Analysis as a means of determining the nutritional status
of cilpalm plantations in the Belgian Congo. Affer a study of the
literature and a comparison of the resulis obtained by other wor-
kers, the main factors affecting the chemical composition of oil
palm leaves were investigated. It was shown that:

a) It is essential to compare leaflets from the same morphological
position, as placement on the frond and age of the leaf have a
marked influence on the chemical composition of the samples.

b} The age of the palms has an influence on the chemical compo-
sition of the samples, The influence of changes in climatological
conditions on the chemical composition is not identicai for
young and old palms. In general, this will fluctuate more in
young than in older, productive palms.

¢) Sampling time has a significant effect on leaf composition and
samples, taken in the dry season, are not comparable " with
those, taken in the wet season,

d) Errors in the chemical analysis should not exceed 10%. Bulk
samples of 20 to 25 palms should alwiays be faken, these having
a sampling variation of the same order as the errors involved
in the analytical precedure,

Further it was shown that the internal concentration is directly
related {o growth and production of the oil palms and that there is
an "optimal'' leaf composition. Irrespective of the soil charac-
teristics, a palm adequately supplied with nutrients in the correct
proportions, has a chemical composition which varies only within
narrow limits, provided the sampling and analytical technique
follows a standard procedure.

By means of gandciilture experiments it was shown that charac:—
teristic changes in leaf composition exist for each deficiency, but
that the character of the change is a function of the degree of the
deficiency. In no circumstances may diagnosis in the field be
based on the content of one element in the leaves, as elements
not deficient may decrease as the result of ancther deficiency,
and, further, because it has been observed that, under extreme
conditions of a def1c1ency, the concentration of the deficient ele-
ment in the leaf may increasge, when the growth of the palms al-
most completely ceases.

Qualitative dzagnosw of deficiencies should be basged on charac-
teristic changes in leaf composition for all the elements in the
leaves (N, P, S8, K, Ca, Mg, Mn, B, Cu, Zn}. It is necessary to
inglude minor element determinations as a deficiency of one of
these may affect the concentrations of major elements, thus
creating the possibility of a wrong diagnosis,

By means of fertiliser experiments, it has been shown that the
chemical composition of treated palms, which resulted in growth
or production responses, is closer to the '"optimal" than that of
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the control plots. The changes in leaf composition induced by the
fertiliser applications correspond closely with the responses.
The application of leaf analysis in oil palm cultivation offers
many advantages over soil analysis on the one hand and field ex-
periments on the other, as shown by examples, given for cases of
various deficiencies of plantations in different parts of the Congo.
Nevertheless, the data from field experiments and the application

of goil analysis, in special cases, may provide useful information
at the present stage, : '
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XI. APPENDIX

DETAILS ON SAMPLING AND ANALYTICAL METHODS
a)Sampling

A representative bulk leaf sample for a plantation block, con-
sists of leaflets taken from at least 20 palms in a block of 20 Ha;
40 palms should be sampled in a 40 block Ha, etc. :

In fertiliser experiments, all the palms per plot should pre-
ferably be sampled.

. Only healthy palms are sampled; those, showing disease symp—
toms, replacements or steriles, should not be considered for
sampling,

Samples are taken from the youngest leaf on which the leaflets
are fully open, Two leaflets from each side of the middle part of
the frond are taken; Each bulk-sample is numbered and wrapped
in paper to prevent contamination during the transport in the
plantations. The numbers correspond with a map on which the
location of the bulk sample is indicated.

When the sampling is being carried out, the following obser-
vations should whenever possible be made:

1) Description of the aspect of the palms;

2) The total number of bunches and female ﬂowers on the palms
at time of sampling;

.3) Date of planting, numbers of palms per bloc and the production
per. Ha;

4) General remarks concerning soil cover, water table, topogra-
phy etc,

The sampling is always carried out in the rainy season and in the

morning between 7 and 10 olclock,

b) Preparatlon of the samples

All leaflets are carefully cleaned with a rag or washed, if
‘necessary, with distilled water,

From the middle of each leaflet, only 10 cm is kept for ana-
lysis., The midribs are removed and rejected. The samples are
dried in an over for at least 6 hours at a temperature of 1000~
1059 and stored in glass bottles, while awaiting analysis.

¢) Preparing of extracts

700 mg is weighed out accurately and heated in a muffle furnace,
care being taken that the temperature does not exceed 550°. The
ash, which is light grey in colour and slightly cintered, is cooled,
weighed and the ash content as a percentage of dry matter cal-
culated, The ash is transferred into a glass tube with a flat bot-
tom, and, subsequently, 1 ml concentrated sulfuric acid and 1 ml
nitric acid are added, The tubes are placed on a hot plate and the
content is allowed to digest until the last traces of carbon have
been oxidised and the digest is clear, leaving only an insoluble
deposit of silica on the bottom of the tubes. The digest is trans-
ferred into a 100 ml measuring flask, diluted with distilled water

"and neutralised with caustic soda, using phenolphthaleine as indi-
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cator. 3 ml of acetic acid are added and the solution made up to
100 ml with distilled water. Silica is filtered off, and K, P, Ca
and Mg analysed in the filirate,

d) Chemical Analyses
Potassium determination
The following solutions are required for the determinationof K:

1)100 gr sodium colbaltinitrite in 600 ml sodium nitrite solution,
containing 200 gr of sodium nitrite; -

2} 8 gr of Silver nitrate in 20 ml of water;

3) Concentrated acetic acid. .

For the preparation of the cobaltinitrite solution, usedto precipi-

tate Potassium, solution 2 is added to 1 and diluted to 800 ml with

water. 8 ml of solution 3, is added and well mixed. The solution,

thus obtained, is cooled and connected to a filter pump and air is

aspirated throughthe solution for an hour to remove nitrous fumes.
The solution is stored in a refrigerator for a period of 12 hours

and filtered through a Whatmari N© 42 filter paper. Immediately

before use, the solution is centrifuged and only the supernatant

layers used for the analysis. The reagent may be used for a

period, nor exceeding two weeks.

4) 30% acetene;

5) Pure acetone; :

6) 200 ml concentrated nitric acid diluted to 1 liter with water, to
which one drop of Teepol has been added;

7) 20 gr of ammonium thiocyanate in 1 L of ethylalcohol;

8) Standard solutions containing 20, 40 60, 80 and 100 ppm K.,
in 3% acetic acid.

Procedure, ‘

- 3miexiract is plpetted into a centrlfuge tube of 15 ml and made
up with water to 5 ml, Of each of the standard solutions, 5 ml is
pipetted into centrifuge tubes. 2 mil freshly centrifuged cobaltini-
trite solution are added and mixed with the contents of the tubes
by rolling the tubes between the hands., The tubes are left for at
least 1 hour in the refregerator for precipitation of the Potassium,
After precipitation, the tubes are cenirifuged in an M. S. A, angle
centrifuge (for 3 minutes at 10. 000 rpm). After centrifuging, the
- supernatant liquid is removed by means of a thin glass tube, con-
nected to a suction pump. The precipitate is wahed twice with 5
ml of 30% acetone and once with pure acetone. Between each wash-
ing the tubes are cenirifuged for 3 minutes and the supernatant
acetone is removed in the way, as described above, - :

The washed precipitate in the centrifuge tube is dried in an
oven (100€) and 1 ml of the nitric acid solution added. The tubes
are heated on a sand bath until the precipitate has gcne into solu-
t1on, apart from the insoluble residue of silver chloride.

After cooling the tubes, 8 ml of ammonium thiocyanate in al-
coholic solution are added at- 2 mimite intervals, Each batch of
determinations comprises 24 tubes, of which 8 tubes are reserved

for the standard solutions. All determmatlons are made in du-
pllcate
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The intensity of the blue colour is measuredby means of a Hilger
Spekker photo-electric colorimeter using red glass filiers.

The actual K contents of the extracts are found by comparison
of the Spekker readings of the aliquots of the extracts with those
of the standards. This is doneby means of a graph giving readings
as a function of K xontert. A sebries of standard solution is in-
cluded in every baich.

Phosphorus Determination

The following solutions are required for the determination of
Phosphorus in the extract:
1) 25 gr ammeonium molybdate in 1 1. 10 N sulfuric acid;
2) 0.8 gr of stannous chloride in 10 ml hydrochloric acid and
made up to 100 m] with water. This solution is made up daily;
3) Standard solutions containing 1, 2, 3, 4 and 5 ppm P. in 3% .
acetic acid. o ' ;

Procedure

An aliquot of 1 ml extract is pipetted into 100 m! graduated
flasks. This is diluted with water to + 90 ml. To the solutions
thus obtained, 1 ml of acetic acid is added, Further, at two minute
intervals, 4 ml molybdate solution and 1 ml stannous chloride is
- added, Batches of 24 solutions comprise 6 for the standard so-
lutions (three in duplicate). The intensity of the colours is de-
termined by means of the Hilger Spekker photo-electric colori-
meter, using red filters, The actual percentages of Phosphorus
are read off a graph in the same way as for the Potassium method.

Magnesium Determination

Solutions required: 1) Titan yellow, 0,15 gr in 100 ml 95% ethyl -
' alcohol; : )

2) Sodium hydroxyde 8%;

3) Hydroxyl amine/dextrose solution, contain-
ing 20 gr hydroxyl amine/L and 95 gr dex-
trose/L; :

4} Standard solutions of 4, 6§ and 8 ppm Mg and
made up with a filler solution containing;

30 ml acetic acid per liter;
40 ppm K; ‘
. 10 ppm P;
' 20 ppm Ca; :
60 gr Sodium nitrate per liter;
52 gr Sodium sulphate,

Procedure _
An aliquot of 1 ml extract is pipetted into a wide test tube and
made up to 5 ml with filler solution. From the standards, 5 ml is
pipetted. To all tubes 1 ml of hydroxylamine/dextrose solution
is added and well mixed with the contents of the tubes.
' 0,15 ml Titan yellow, immediately followedby 2 ml caustic soda,
are added to the tubes at two minute intervals, A batch of .12 tubes
comprises 6 standards (3 in duplicate). The colour inter'lsnies are
compared by means of the Hilger Spekker photo-electric colori-
meter, using green glass filters. The actual percentages of Mgin
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the extracts are red off a graph in the same way as for the K and
P determinations. :

Calcium Determination

Solutions requ1red 1} Ammonia 10%;
2) Ammonia 2%,
3) Ammonium oxalate 4%;
4) Sulfuric acid 2 N, ;
- 5} Potassium permanganate N/100;
6) Standard solutlons containing 30 and 50
ppm Ca-.

Procedure

An aliquot of 5 ml extract is plpetted intoa 15 ml centrlfuge
tube and, subsequently, 1 ml ammonia 10% and 2 ml! ammonium
oxalate are added. The contents are. well mixed by rolling the
tubes between the hands. The precipitation of calcium takes at
least one hour,

After precipitation, the tubés are cenirifuged during 3 minutes
in an M.S, A, angle centrifuge (10.000 rpm), The supernatant
luquid is sucked off by means of a thin glass tube connected toa
vacuum pump and the precipitate is washed 3 times with 2% am-
monia, each time centrifuging for 3 minutes between the washings,

The precipitate of calcium oxalate is dissolved in 5 ml sul-
furic acid 2/N and heated on a water bath to 80° C,

The calcium content is determined by titration with 0,01 po-
tassium permanganate in the centrifuge tubes. The actual per-
centages are, however, not calculated as usual but determined
graphically., Each bath of 24 tubes contains 4 standards (in du-
plicate) for this purpose.,
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STELLINGEN

I .

Het aannemen van z.g. kritieke concentraties der elementen in
het bladweefsel van de oliepalm, als criterium voor een bemes-
tingsadvies, is onjuist.
- literatuur: P. Prevot en M. Oliagnier.’
Engrais minéraux et oléagineux tropicaux.
Oléagineux, Décembre 1953,
H. Broeshart.
The use of foliar analysis in oil palm cultivation.
: Tropical Agriculture; July 1954.
Dit proefschrift,

11

Orienterende hemestingsproeven met éénjarige gewassen, zijn
‘voor overjarige cultures van zeer beperkte betekenis. - '

I

De bemestingsformule voor oliepalmen, gebaseerd op de onder-
zoekingen van Homes, heeft weinig practische waarde. -
literatuur; M. V. Homes.
1tAlimentation minérale du palmier A huile.
Publication INEAC, ser.scient. 39, 1949,

v

De bepaling van de bodemvruchtbaarheid door middel van de hoe-
“veelheid uitwisselbare basen, zoals dit door de INEAC wordt toe-
gepast, is, voor tropische gronden, onjuist.

literatuur: INKAC, Rapports dfexercises, 1952 et 1953,

Y

De conclusie van de Leenheer en van Wambeke, als zouden ver-
gchillen in vruchtbaarheid en vegetatie van de gronden in het
Kwango-Kwilu gebied {Zuid-Congo) verklaard worden door ver-
schillen in waterhuigshouding, is aanvechtbaar.
literatuur; L. de Leenheer en A, van Wambeke.
Etude d'un axe de prospection pédologique (Kwango)
Bul. Agr. du Congo Belge, Vol. XLV No 2, April 1954

V1

Bij de bodemkartering in de Belgische Congo zal men met de in-
vloed van de mens en de termieten als bodemvormende factoren

rekening moeten houden.



Vi

Een efficient gebruik van de resultaten der onderzoekingen in de
oliepalm cultuur, is alleen mogelijk door internationale samen-

werking en 1ntegrat1e op het geb1ed van wetenschappelijk onder-
zoek,

literatuur: S de Blank
Cobperatmn and mtegratmn in oil palm research.
World Crops, June 1953.
T VI
Het. uitzaaien van meerdere zaden per plantplaats met het doel

om later één gezonde plant aan te houden, is alleen aan te beve-

len als men verzekerd is van een hoog kiem percentage van het
zaad.

IX

Voor het aangeven van een verband tussen twee 1andbouwkund1ge
grootheden, zal in vele gevallen een stippenkaart een betere in-
druk kunnen geven dan een correlatie co&fficient.

X
21 factoren-schemats zijn niet ‘aan te bevelen voor orienterende
bemestingsproeven op arme gronden.

X1
Het uitplanten van ongetest Dura x Tenera materiaal is te prefe-
reren boven het gebruik van ongetest Dura x Pisifera zaad.

X1I

Bij de oliepalm cultuur in de Belgische Congo, moet adaptatie aan
het milieu in de eerste plaats gezien worden als een aanpassing
‘aan klimaatomstandigheden en niet aan de eigenschappen van de
bodem.



