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I. I N T R O D U C T I O N 

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 pa lmer ies , 
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
tions would not be real isedandthat in order to 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 s tarted in those regions, where natural pa lmer ies r e 
presented a feature of the existing vegetation. 

It was inevitable that some of these ear ly ventures should r e 
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 r evea l 
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 s tatus. After the creation of the 
plantations it quickly became apparent, in some a reas , that ge
neral growth and development were unsatisfactory, as manifested 
by a high disease incidence and low production. During the war 
years 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 hostili t ies. Investigations 
ca r r ied out immediately after the war, suggested that the p ro 
blems affecting these a reas couldbe devided into two main groups: 

(i) diseases due to fungal attack; 
(ii) diseases of physiological 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 part ly governed by soil nutritional s tatus. Based on the 
above considerations, it was evident that the use of appropriate 
mineral fer t i l isers 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 r e s 
pect of the type and quality of fer t i l iser , that might be required, 
nor were data available on the general economics of such t r ea t 
ments. Classical methods of soil analysis were unlike to be of much 
value in this respect, due to inadequate 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 



long te rm in character . The application of new techniques to this 
problem, such as by means of leaf injection, t i ssue t es ts e t c . , 
were t r ied out but proved generally unsatisfactory when dealing 
with a monocotyledonus t reecul ture. 

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

A. F e r t i l i s e r e x p e r i m e n t s 

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. 
It must be recognised, however, that fer t i l iser experiments suffer 
from the great inconvenience that they must be, of necessity, 
complex and long term in character before data, from which r e 
liable conclusions may be drawn, a re obtained, However, they 
still represent the only satisfactory method for the accurate de
termination of optimal levels of fer t i l iser applications. Thus, 
although in our present state of knowledge, fer t i l iser 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 fert i l iser experiment, covering only a smal part 
of the actual plantation provides data, applicable only to the 
soil 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 resul ts of which it is not possible to extra
polate the results obtained from the actual experiment. 

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

3. Owing, to the changes, which inevitably occur in the nutr i 
tional status of plantation soils, due to the exportation of 
mineral elements with the final products and general degra
dation by 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 re lease of 
nutrients from the decomposition of forest cover, increased 
micro-biological activity and a high rate of weathering in the 
early years , are so rapid that these can not be detected by 
means of ferti l iser experiments. 



It should be s t ressed, however, that, in the present stage of 
knowledge, the use of fert i l iser experiments is indispensable as 
an aid in the quantitative correction of deficiencies and as playing 
an important part in the interpretation of the resul ts of leaf and 
soil analysis. 

B. S o i l A n a l y s i s 

In temperate regions, advice on fer t i l iser policy may now be 
based on the data obtained from soil analysis. These a re obtained 
by the use of neutral sal ts , buffered solutions and dilute acids to 
extract the "Readily available" nutrients, which, for the major 
part , a re adsorbed by the adsorbtion complex of the soil. F rom 
the analytical data accumulated over a long period, plus the in
formation obtained from fert i l iser experiments and the co r re la 
tions between crop yields and analytical data for a wide range of 
soil types, it is now possible for soil chemists in these a reas to 
determine the crit ical nutrient levels in such soils. In cases where 
an element falls below this cr i t ical level, i ts application in appro
priate form will result in an increase in production. 

It should be s t ressed however, that these cr i t ical levels in the 
soil a re valid only for one part icular soil type, for the same 
combination of colloidal and physical propert ies of the soil and 
for any part icular crop. There a r e considerable difficulties in 
the interpretation of soil analytical data, which reduces conside
rably the value of the soil analysis as a basis for a sound ' fer t i 
l iser policy. In point of fact, it is not possible to t ranslate the 
chemical composition of a soil extract, obtained by conventional 
means, in t e rms of availability of nutrients to plant roots. This 
depends on a ser ies of factors mainly physical and colloidal, 
amongst which should be mentioned oxygen content, porosity, 
water relationships, soil 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 soluble phosphorus may 
show a widely varying availability of this element, due- to diffe
rences in s t ructure, oxygen content or other factor(s), mentioned 
above. Another difficulty is introduced by the fact that the r e ac 
tion of plant roots 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 rat io 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 interpretation of soil analytical data 
results from the nature of the plant in general and from its root 
system in part icular . The amount of nutrients extracted by diffe -
rent plants species, 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, 
a re of even greater importance for the following reasons: 

1) Insufficient data obtained from areas of known productivity a re 
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available to enable the necessary regressions to be determined: 

2) The number of fer t i l iser experiments on oil palms, which have 
resulted in positive responses, a re still too l imited to enable 
definite conclusions of general applicability to be drawn. 

3) The character is t ics of t ropical African soils differ material ly 
from those of temperate regions. The former contain such low 
concentrations of readily available nutrients, due to their low 
adsorbtion capacity, their low organic mat ter content, and as 
a result of excessive leaching, that considerable difficulties 
a re encountered in their determination in a neutral salt solu
tion or dilute acid. 

4) The high content of i ron and aluminium compounds resul ts in the 
fixation of phosphorus in a form, unavailable to plants, despite 
the fact that dilute acid extraction figures may be relatively 
high. 

5) It has not sufficiently been real ised that the constant weathering 
of the mineral r e se rves and subsequent r e lease 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 in these soils . 

C. F o l i a r A n a l y s i s 

The interpretation of the changes in the chemical composition 
of leaves is based on the conception that growth and production 
a re directly related to the concentration of nutrients in the leaf 
t issue, i rrespective of the character of the nutrient medium. An 
important advantage of this method is the fact that the nutrient 
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
t i l i ser 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 
fert i l iser experiments and soil analysis for the following reasons: 

lJ/The reasons for bad growth conditions or low production levels 
are known immediately on completion of the foliar analysis, 
representing a very mater ia l saving on t ime; 

2) The anticipated effect of a response to fer t i l isers may be iden
tified some considerable t ime, before the actual response is 
obtained, constituting a valuable advantage in those cases , 
where early information is required on the effect of fer t i l iser 
applications in plantations; 

3) Maps of plantations, based on the resul ts 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 be followed up, enabling recommendations to be made 
for appropriate fert i l iser applications, to ensure optimal 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 resul ts of which appropriate 
fer t i l iser policies may be based. 

A i m of t h e t h e s i s 

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 fer t i l isers to oil palm 
plantations. 

After examination of the l i terature on this subject and the choice 
of a sampling and an analytical technique, the influence of various 
factors, such as the morphological position of the leaflets, age of 
the palms, effect of climate and e r r o r s 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 
fer t i l isers , 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 fer t i l iser application, will be ex
amined. 
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II. L I T E R A T U R E 

The l i terature on the subject of Fol iar Analysis is enormous. 
An excellent review of the investigations, ca r r ied out on a great 
number of crops, is given by GOODALL and GREGORY (1947). 
In Sweden, LUNDEGARDH applied the principles of foliar analysis 
to cereals (19 51), one of the r a r e examples, where the method 
has been used to advice on fer t i l iser policy on a large scale. In 
the U. S. A., t i ssues t es ts a re frequently being applied for p r a c 
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 l i tera ture , with special reference to the ap
plication of foliar analysis to oil palms as a diagnostic methodfor 
determining fert i l iser requirements, follows. 

(i) E x t r a c t i o n P r o c e d u r e 

Two main extraction techniques a re used by workers on foliar 
analysis: 
(a) 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 nutrient s tatus. (THORNTON-1934, ULRICH-1941, EM-
MERT-1942, MORGAN-1935 and CAROLUS-1938). The method 
deals part icularly 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) 
sodium acetate buffer solution (MORGAN-1937). 

In all these techniques, it is essential that the extractions a re 
made on fresh material , as important changes in the proportions 
between the readily and non readily soluble fractions may take 
place, dependent upon the t ime 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 
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that a N / l 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 (PREVOT, OLLAGNIER and SCHEI-
DECKER). As leaf samples from oil palm plantations have f re
quently to be sent to a central laboratory by mail, the mater ia l 
should be oven dried, p r ior to despatch, precluding the possibility 
of determining the readily soluble nutrient fractions by one of the 
extractants, mentioned above. 

(ii) E xp r e s s i o n of A n a l y t i c a l R e s u l t s 

Analytical data may be expressed on a leaf, a unit leaf a rea 
(LINDNER, HARLEY - 1942-1944), on a fresh weight (van GIN-
NIKE N and BRUINSMA - 1938), on dry weight or on an ash basis . 
CHAPMAN and GRAY expressed their resul ts 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 
matter . The latter method of expression is most commonly used 
by other investigators, although is has never been shown that any 
method has particular advantages. CHAP MAN and GRAY suggested 
that expressing data as a % of ash, saves a considerable amount of 
analytical work. This is not quite c lear, as the ashing of plant 
t i ssues is a t ime 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 pr imary importance. 

NICOLAS and JONES (1944) using the t issue 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 ca r r ied out 
in a limited period of t ime. 

(iii) Lo c a t i o n of t h e S a m p l e s 

The chemical composition of the leaves depends very largely on 
their age and morphological position. Some elements, such as 
Potassium, and to a l esser extent, Nitrogen and Phosphorus, a re 
t ranslocated 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 (19 52) preferred 
to sample older leaves. On the other hand, certain elements, such 
as Calcium or Boron, a re not t ranslocated 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 the 
influence of differences in physiological age a re 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 (1940), 
CHAPMAN (1941) and GOODALL (1943), In respect of oil palms, 
CHAPMAN and GRAY a lso showed that the chemical composition 
of the leaf t i ssue 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 c o r r e 
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 better indication of the nutrient status 
of the oil 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) Inf l u e n c e of v a r i o u s F a c t o r s on L e a f C o m p o 
s i t i o n 

Independent of the nature of the nutrient medium, the chemical 
composition of leaves is influenced by other factors, such as 
climate, t ime 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 composition of the sample is negligible (PFEIFFER - 1912, 
LAGATU and MAUME, and LUNDEGARDH). 

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

(v) I n t e r p r e t a t i o n of F o l i a r A n a l y s i s D a t a 

Most investigators, mentioned above, and those listed by 
GOODALL and GREGORY, base their conclusions on the magnitude 
of the percentage Df 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 
applications of fert i l isers when the concentrations of nutrients 
in the plant t issue fall below a certain cr i t ical level. With a de
creasing nutrient concentration in the plant, growth response, 
as a result of ferti l iser applications of the nutrient in question, 
will increase. When the cr i t ical levels for the various elements 
a re known for a standard sampling and analytical procedure, r e 
commendations for practical fer t i l iser advice may be made. 
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L U N D E G A R D H , 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 elements, not present in limiting quantities in the leaf 
t i ssue, when estimating the probable response to a par t icular 
fer t i l iser (index value = mgm. atom/100 gm dry mat ter ) . 

In the opinion of L U N D E G A R D H , yield i nc reases , due to fer
t i l i ser application as a function of the index values, may be r e 
presented as concave hyperbolic curves , of the following nature: 

Y + a = b / x c . K ,̂ in which 
x = index value; 
X = i ncrease in yield after fertilising with a s tandard quantity 

of the appropriate factor; 
a, b and c, constants; 
K[ = interference factor representing the effect of a secondindex 

value 

Another method of expressing leaf analytical data is by means 
of rat ios 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 e lements. In Malaya CHAPMAN 
and GRAY used the K/P ratio in the leaves as an indication of the 
nutritional status of oil palms. The leading idea is the hypothesis 
that growth and production of crops is r a ther 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 cer tain a rea . 
By means of vertical diagrams, he was able to compare deviations 
from this average ("100 % lines") for each par t icular case. 

STEENBJERG (1951) showed that yield, as a function of the 
percentage of a certain element, e .g. P and Cu, in the leaf t i s 
sue, may be represented by a curve with a minimum. This means 
that, in cases of extreme deficiency of a par t icular element, i ts 
concentration in the leaf maybe medium or even high. Applications 
of this element as fer t i l isers 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 yield increase as a function of one element, 
applied as a fert i l iser, may be sigmoidal instead of parabolic, 
logarithmic or hyperbolic, as is generally assumed by many 
investigators. 
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IH. C H O I C E OF M E T H O D S O F A N A L Y S I S 

(i) P r e p a r a t i o n of S a m p l e s a n d E x t r a c t s 

The determination of the readily soluble fractions in leaf t i s 
sues will, under the conditions of the present investigations, 
encounter many technical difficulties, It is essential that the leaf 
t issue 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 , remains the only possibility. As 
regards the method of expression of analytical data, it i s 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 a re 
properly dried and packed, p r io r to despatch, the determination 
of various constituents as a % of dry mat ter , may result in e r 
roneous resul ts , owing to the fact that fungae and bacteria may 
have attacked the samples during t ransport . 

(ii) C h e m i c a l A n a l y s i s 

The following determinations were ca r r ied out on each sample: 
1) Potassium as K. 
2) Phosphorus as P . 
3) Calcium as Ca. 
4) Magnesium as Mg. 
5) The ash content as a % of dry matter . 

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

The choice of the analytical methods were a compromise between 
accuracy and rapidity. It is regrettable that g reater 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 t ime. On the other hand, until such t ime as 
the e r r o r s involved in sampling and the magnitude of the changes 
in leaf composition, due to external factors such a s 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 t i t r imetr ic methods have been 
used for this kind of work by many investigators. The advantages 
of the latter, as compared with spectographic methods, a re 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 d i s 
advantage in the t ropics that the colour intensity of the solutions 
is influenced by temperature changes. The intensity of the colour 
solutions has always to be compared with s tandard solutions, con
taining known quantities of the element to be determined, the 
comparison being made by means of a photo-electr ic co lor imeter . 

The analytical procedure, adopted for this work may be s uma r -
ised as follows: (for full details, see appendix). 

1) Preparat ion of Extracts . 
The leaf samples a r e cleaned with a cloth or, if necessary 

washed with distilled water. After rejection of the midr ibs , the 
middle sections of the leaflets a r e dried at 10 5° C a n d ashed. 

Ashing takes place in a muffle furnace at a t empera ture , which 
does not exceed 550° C. The ash content as a % of dry mat te r is 
determined. 

A known quantity of ash is digested in a mixture of concentrated 
sulphuric and ni tr ic acids, for oxydation of possible C content. 
The digest is made up to standard volume with 3% acetic acid after 
neutralisation with caustic soda (phenolphthalein as indicator). 

Silica is removed by filtering the ext racts , and from this f i l
t r a t e aliquots a re taken for the analysis of K, P, Ca and Mg. 

2) Potassium Determination, 
K is precipitated with a solution of sodium cobaltinitrite, to 

which s i lver nitrate has previously been added. 
The intensity of the stable blue colour, which develops when 

ammonium thiocyanate in alcoholic solution is added to this p r e 
cipitate, is measured by means of a Hilger Spekker Absorbtio-
meter . 

The actual percentage of K is read off a graph prepared from 
the readings obtained from a range of known s tandard K solutions. 

3) Phosphorus determination. 
The intensity of the blue colour, which develops when ammonium 

phosphomolybdate is reduced by stannous chloride, is measured 
with the Hilger Spekker Absorbtiometer and the P content read 
off a graph, prepared for P . 

4) Magnesium Determination. 
To an aliquot of the extract, t i tan yellow is added. Caustic soda 

forms a red lake with the Magnesium t i tan yellow complex. P r e 
cipitation of this red complex is prevented by means of the addi
tion of a glucose solution. The intensity of the colour is determined 
by means of the Hilger Spekker Absorbtiometer, and compared 
with a range of known standard solutions. 

5) Calcium Determination. 
The Ca content is determined by the precipitation of Ca as 

oxalate and subsequent t i tration with potassium permanganate 
in the presence of sulphuric acid. As the quantity of oxalate is 
very small and only N/100 potassium permanganate is used, a 
s e r i es of know standards is always included and the Ca content 
of the aliquot determined graphically. 
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General. . . . . . . . . . . -
Under t ropical cohditibris, rapid fluctuations in t emperature 

often introduce considerable variation in the speed of developing 
and fading of the coloured solutions. It was found to be essential 
to include a complete set of s tandard solutions with each s e r ies 
of determinations. 

Cooling of washing solutions, such 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 a minimum. 
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IV. S A M P L I N G T E C H N I Q U E 

The choice of a s t a nda r d s amp l i ng t e chn ique , depends on two 
f a c t o r s , inf luencing t he c h em i c a l c ompos i t i on of a s a m p l e : 

1) The v a r i a t i on of the leaf c ompos i t i on a s a function of o t h e r 
f a c to r s t han so i l condi t ions , s uch a s age of l e a v e s , a g e of 
p a lms , and c l ima t e ; 

2) The s ens i t i v i ty of t he leaf t o c hanges in so i l nu t r i en t c o n 
di t ions , a s r e f l ec ted by a l t e r a t i o n s in t h e c h e m i c a l c o m p o 
s i t ion of the leaf. 

The idea l s amp l e for rou t ine a n a l y s i s , would be one, s e n s i t i v e 
in i t s r e a c t i on to v a ry ing so i l nu t r i t i ona l cond i t ions , but whose 
c h em i c a l compos i t ion i s not o r v e r y l i t t l e in f luenced by o t h e r 
f a c t o r s , s uch a s age of the p a l m s and c hanges i n c l ima t o l og i c a l 
condi t ions . 

As the a im of leaf a na ly s i s i s t o obta in i n fo rma t ion on s o i l 
nu t r i en t condi t ions , the influence of a l l o t h e r f a c t o r s mu s t be 
d e t e rm ined t o enable c o r r e c t i o n s o r e l im ina t i ons t o be m a d e . As 
c a u s e s of v a r i a t i on in the c h em i c a l c ompos i t i on of leaf s a m p l e s , 
o the r t han va ry ing so i l nu t r i t i ona l condi t ions m a y be men t ioned : 

1) Loca t ion of the s amp l e ; t he c h em i c a l c ompos i t i on wil l b e 
different for l eaf le ts t aken f rom the t i p , m idd le p a r t o r b a s e 
of the l e ave s . 

A lso the physiologival age of t h e l e ave s m a y be of i m 
po r t a n c e . 

2) Influence of t he age of the p a lm on leaf compos i t i on . T h e r e 
m a y be a d i f ference in t he c h em i c a l c ompos i t i on of c o m p a r -
ab le s amp l e s t aken f rom p a l m s of d i f ferent a g e s . 

3) The influence of c l ima t e , d ry and wet s e a s o n s , r a in fa l l , 
r e l a t i v e humidi ty and i nso la t ion e t c . I nves t iga t ions should be 
made to d e t e rm ine whe the r s y s t e m a t i c d i f fe rences ex i s t in 
the c h em i c a l compos i t ion of s a m p l e s , t a k en a t i n t e r f a l l s 
du r ing t he y e a r , t o s tudy t he influence of d ry and wet p e r i od s 
and o the r c l ima to log i ca l f a c t o r s . 

4) Sampl ing e r r o r s due t o da i ly v a r i a t i on s in t he c h em i c a l c o m 
pos i t ion of the s a m p l e s , s m a l l d i f fe rences in age and e x 
p o s u r e t o sun e t c . 

5) E r r o r s in t he ana ly t i ca l t echn ique . 

E ach of t he above po in ts wil l be e xamined in m o r e de ta i l . 

( i ) L o c a t i o n o f t h e S a m p l e 

Tab le 1 shows t he c h em i c a l c ompos i t i on of t he m idd le p a r t s of 
l ea f l e t s , s amp l ed a t d i s t a l e nds , b e tween t h i s and t he c e n t r e , 
be tween t he c e n t r e and the b a s e , and a t t h e b a s e of t he l e ave s of 
d iffering phys io log ica l age . 

The phylo tax is of t h e o i l p a l m i s 5 / 8 , and consequen t ly 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 a s a % of a sh ) . .•• 

L e a l 
number 

Leaf 1 
. 

Leaf 5 

Leaf 9 

Leaf 13 

Leaf 17 

P a r t of 
leaf 

T ip 
Half way Tip 
Cen t r e 
Half way Cen t r e 
Base 

Tip 
Half way Tip 
Cen t r e 
Half way Cen t r e 
Base 

T ip 
Half way Tip 
Cen t r e 
Half way c e n t r e 
Base 

T ip 
Half way T ip 
Cen t r e 
Half way Cen t r e 
Base 

T ip 
Half way Tip 
Cen t r e 
Half way c e n t r e 
Base 

% K 

19 ,4 
22, 1 
24 ,6 
23, 9 
2 4 , 4 

16 ,8 
16 ,7 
19, 2 
22, 1 
25 ,0 

19 ,8 
2 0 , 8 
18 ,0 
22, 1 
22, 1 

15 ,9 
15 ,0 
18 ,6 
17 ,6 
18 ,6 

13 ,9 
19 ,0 
1 9 , 5 
16 ,8 
20 ,0 

% P 

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

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

2 ,60 
2 , 85 

%Ca % Mg 

7 ,6 
6 , 1 
6, 3 
6 ,0 
6 ,0 

8, 5 
8, 2 
7 , 3 
7 ,7 
7 , 1 

11 ,0 
11 , 1 

2 , 84 10, 4 
2 , 94 
2 ,92 

10, 5 
7 ,2 

2, 65 10, 0 
2 ,90 9, 2 
3, 24 10, 7 
3, 37 
3 ,42 

2, 12 
2 ,23 
2 ,70 
2 ,70 

10,7 
9, 3 

1 2 , 1 
11, 8 
11, 3 
1.1,8 

2 , 55 11, 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, 29 
3, 59 
2, 81 

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

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

Ash a s a 
d r y ma t 

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

5, 74 
5,88 
5,6 5 
6 ,08 
6, 27 

6 ,44 
6 ,04 
5 ,84 
6, 26 
6, 31 

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

6, 50 
6 ,04 
5,96 
6, 22 
6, 15 

-1-25 

Figure 1. Phylotaxis of the Oil Palm 
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is found under the base of leaf 1, i. e, ,the youngest fully opened 
leaf (see fig. 1). Leaf 17 l ies immediately under leaf 9, leaf 5 
is opposite leaf 1, whereas leaf 13 is found under the base of leaf 
5. Under Congo conditions, leaves older than the 17th, a re 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, a re 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 l e sser extent, Mg content. 
Leaves of different physiological ages 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 that, 
where the chemical composition of leaves of different palms is 
compared, samples must be taken from identical par t s of leaves 
of the same physiological age. 

In the following investigations a s tandardised sampling technir 
que has been adopted and consideration given to samples taken 
from the central par ts of leaves. As CHAPMAN and GRAY have 
shown that also the chemical composition of t ips, central par ts 
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 to make a definite 
choice as regards which leaf should be sampled for routine p rac 
tice. In our preliminary investigations, samples have been taken 
from the central par ts of the youngest fully opened leaf and from 
the 9th leaf for the purpose of determining sensitivity and var ia
bility. • 

(ii) Age of P a l m s , C h a n g e s i n C l i m a t i c C o n d i t i o n s 
a n d C h e m i c a l L e a f C o m p o s i t i o n 

the 
The determination of the influence of the age of the palms on 

w.e 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 technique, in cultural 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 t imes of the year. 

An experimental a rea 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 s imilar , 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 20 palms) 

Ash as % of dry mat ter 

s amp l ing 

t i m e 

Ma'rch ' 53 

Ap r i l 

May 

June 

J u ly . 

Aug. 

Sept. 

Oct. 

Nov. 

Dec. , 

J a n . ' 5 4 . . ; 

F e b r . ' 

leaf '. 

young 

7 ,20 

7 , 99 

7 ,29 

7 ,66 

6 ,01 : 

6, 49 

5 ,46 

7, 00 

: 6, 97 . 

'•• 7 , 4 0 - '-; 

•"••, 6, 51 ;: 
> 7 , 03 ' 

1, •--

old 

7 ,90 

8, 18 

8 ,77 

7 , 21 

6 ,86 

6, 44 

6, 60 

7 ,29 

6, 52 

"6, "8 6 

: 6, 95 ; 

6 ,02 

- leaf 

young 

7 , 31 

7 , 84 

6, 55 

6, 62 

5 ,42 

6 ,09 

5, 06 

7 , 04 

6, 54 

/•' 6 ,47 :'• 

. - 7»00 ; 

7 ,08 

9 

o ld 

. 7 ,20 

6 ,69 

7 , 7 5 

6 , 84 

6 ,10 

•'•; 6, 24 

6 ,0 5 

' 6, 81 

'".. 6 , 28 

" 6 ,82 

6, 40 

6 , 61 

9th leaves in the; morning between 7 and 10 a. m. This was s tarted 
at the beginning of the wet season, in March 1953 and ended in 
February 1954. All samples were analysed individually (80 s am
ples per month),. .... • ! ' • ' . . : .- ' ' 

Table 2 gives.the analytical resul ts , with the data expressed as 
a % of dry matter , while table 3 and 4 show the; resul ts as a % of 
ash. Each figure represents the average of 20 leaf samples, which 
were analysed individually. Theexper iment may be considered as 
a split plot, .comprising three e r r o r s . The estimation of the e r r o r 
variance for "age of the pa lms" is ,based only on 40 palms, as the 
successive monthly samplings may not be considered as ran
domised replications. Fur ther , the e r r o r 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 _palms.. 
As, however, the 1st and 9th leaves of each palm have been 
sampled, the e r ro r variance for "age 'Ms not the same as the 
e r r o r variance for "leaf",. although both are based on the same 
number of degrees of freedom (error b). To calculate the in
fluence of sampling t ime and its interactions with age of the palms 
and position of the leaf, ail the data accumulated over a whole 
year (960) may be used for the estimation for e r r o r variance c. 
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