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Preface 

This study of the literature on the chemical analysis of leaves and other 

plant parts of cacao was initiated at the request of the "Stichting voor 

Agrarisch Onderzoek ten behoeve van Nederlands Nieuw Guinea" (Foundation 

for Agricultural Research on Dutch New Guinea). When Dutch New Guinea was 

transferred to the Republic of Indonesia, so many data were already col

lected that it was decided to complete this study. For several reasons 

this completion required more time than was first expected, so that only 

now are the results being published. 

The present publication is a summary of a larger report. This larger 

report in Dutch has been stencilled and has a much longer list of refer

ences. This stencilled report and the larger list of literature can be ob

tained on application to our office. 

I am much indebted to Dr J.Bruinsma, Deputy Director of the Centre 

for Plant Physiological Research at Wageningen, The Netherlands, for 

critically reading the manuscript of this English summary, and to Mr 

R.Nichols, M.Sci., F.L.S., who gave many suggestions for improving the 

English of this summary. His criticisms are the more appreciated for his 

intimate knowledge of the subject. He carried out very thorough chemical, 

biochemical and physiological research on cacao over many years at the 

Regional Research Centre (Imperial College of Tropical Agriculture), Uni

versity of the West Indies, at Trinidad. 

T.Eerns tman 

Mr Nichols is now at the Agricultural Research Council, Ditton Laborato
ry, Larkfield, near Maidstone, Kent, England. 





I. Introduction 

Cacao was one of the first tropical crops, if not the first, from which 

the leaves were chemically analysed in order to try and deduce the ferti

lizer requirements from the chemical data. The first results of such in

vestigations were published by McDONALD as early as 1933 in Trinidad. In 

the following years the research in Trinidad into this problem with its 

various aspects was continued almost without interruption until today. 

From 1953 the results of investigations in other regions have become known 

(in alphabetical order: Brazil, Colombia, Congo, Costa Rica, Ecuador, 

Ghana, Ivory Coast, Nigeria, Sâo Tomé, The United States of America and 

West Irian). 

In spite of these many investigations it cannot be said that there 

are sufficient data to deduce the fertilizer requirements of cacao from 

the chemical analysis of leaves or other plant parts. This seems strange 

at first sight, when one knows that in most other tropical crops, often 

after much exhaustive research, as with many plants of the temperate and 

sub-tropical regions, one has succeeded in finding a usable method on 

these principles. 

When studying the problems related to cacao more thoroughly, however, 

it soon becomes clear why cacao offers special difficulties. These are 

several. As to making use of the chemical data from leaves, plant parts 

which are employed by almost all the investigators in this field, the 

following remarks can be made: 

In order to find leaves suitable for diagnosis, two primary problems 

arise in sampling: 

1. The choice of the number and the place (i.e. the number of a flush on a 

branch) of the leaves to be sampled. 

2. The choice of the sampling time, in connection with 

a. the age of leaves, 

b. the frequency of flushing, 

c. the occurrence of flowering and fruit setting maxima and minima, 

d. the climatic and hydrological influences on the physiological age of 

the leaves, the frequency of flushing, flowering, fruit setting, 

fruit formation, and occurrence of "cherelle wilt". To these cli

matic influences one may add the effects of microclimate influenced 

for instance by the shade trees. 

These two problems (1 and 2) are, however, interdependent, as an arbitrary 



sampling time determines at the same time the age of the leaves at a 

certain place on a branch. Conversely the final reasoned choice of a defi

nite sampling time implies that one expects to encounter leaves of a 

certain age at a certain place. 

The reason why the number and the place of the leaves to be sampled 

are mentioned here under one point (1), is both these factors are associ

ated. If one samples leaves from as many places and ages as possible, as 

HOMES (1953) advocates, the number of leaves is rather arbitrary and de

termined by practical considerations. When one samples 2, 3 or a few more 

leaves, this is done mostly on places fixed beforehand (i.e. according to 

the number of the flushes on the branches). 

In the next sections some important mutual influences of the mentioned 

factors, and also that of fertilization, will be further analysed. 

2. Four important problems in studying the leaves as sampling objects 

In connection with the physiology of Theobroma oaaao L. as affected by en

vironment, four other questions arise in searching for reliable criteria 

for sampling its leaves - and possibly for other plant parts. These 

questions will be discussed under the next headings 2.1., 2.2., 2.3. and 

2.4. 

2.1. The variation in the ages of flushes on different branches does not 

facilitate the determination of the place and time of leaf sampling 

Several of the sampling methods mentioned in earlier publications, appear 

to be of little or no value from the observations of HUMPHRIES (1944c, see 

Table I in particular) in Trinidad, VIDAL SUAREZ (1955) in Colombia and 

HAVORD and MACHICADO (1959) in Costa Rica. The last authors published data 

from Turrialba on the ages of leaves on 720 branches selected previously 

on trees subjected to 16 different shade and fertilizer experiments. It is 

evident from their data (see I.e., Table XVII) that one can never be sure 

that leaves of a particular flush are of known age from their location on 

the branch at a given latitude and longitude. Furthermore it follows from 

their data that leaves of a known age (e.g. of 120 days), may have been 

present on a branch on which 3, 2, 1 or no flushes appeared consecutively. 



The growth processes involved in the sprouting of these flushes also influ

enced the chemical composition of the sampled leaves of known age. 

In different climates the flushes occur at different times of the 

year and differ in number per year (see e.g. HARDY, 1960, p. 42-45, or 

1961, p. 45-48, for data on Costa Rica, Trinidad, Brasil and Ghana). Data 

from different countries must thus be compared with caution. 

2.2. The variation in the growth rate of the leaves in different climates, 

seasons and soil conditions, makes it difficult to exrpeat a certain 

chemical composition of a leaf at a certain age 

It is possible to record the moment of leaf-flushing by affixing datemarks 

next to these flushes (cf. HUMPHRIES, 1940b, and my larger report, 

sections VIII.B. and C ) . But when one samples too long after the be

ginning of the flushing, leaves may already considerably differ in their 

physiological ages in different climatic regions, or seasons, and so have 

quite different chemical compositions. The differences in physiological 

age can be even greater between those of leaves of trees on soils of 

different fertility and be influenced by the application of fertilizers 

during their growth (see further in this section and on p. 37). On the 

other hand sampling shortly after flushing has no meaning either, as e-

normous shifts in mineral and water contents occur in the first weeks of 

leaf growth. 

As it is the very desire to find chemical data as comparable as possi

ble (in principle not as equal as possible of course) for different 

climates, seasons and soil types, in order to be able to compare them with 

fertilization criteria (which first have to be established on the same 

basis!), it is understandable that one looked for methods of assessing the 

physiological ages of the leaves a certain time after they have unfolded. 

In this way one also determines ages lying nearer a proper sampling time. 

Until now two methods have been put forward to determine transition into 

the mature phase of a leaf. First it was tried to use the colour differ

ences and the degree of stiffness of the leaves in their consecutive 

growth phases. This method appeared not usable because some leaves appear 

dark green when flaccid, and others already stiff, when still light green. 

So one looked for another criterion in Sâo Tome and there a leaf was 

considered to be mature when its catalase activity reached a maximum 

(VIEIRA DA SILVA, 1960). In what measure this method is reliable, in par

ticular for other regions, must be doubted (see a discussion in more 



detail of this problem im my fuller report). It may not be omitted here 

that WEEVERS (1907) found that from the moment a leaf became stiff and 

dark green, its percentage of theobromine (on the dry weight) was practi

cally zero. With the knowledge of the modern cell physiology we can say 

today that certainly theobromine (a purine derivative) arises here as a 

decomposition product of the nucleoproteids. So its disappearance as ma

turity of the leaves approaches, will possibly help us to understand the 

physiology of the leaves of Theobroma cacao L. and so to find proper ways 

for a proper sampling time in connection with the behaviour of the several 

elements. 

On the other hand the growth rate of a leaf may give information of 

the physiological condition of a tree. So when a leaf remains green for a 

long time before becoming senescent, this can mean for example (as stated 

with other plants) that it is well supplied with potassium. Hastened 

growth and advanced senescence could mean an excess of phosphorus (see 

p. 37). 

The growth rate of a leaf can also be changed, however, by an 

enhanced or a decreased competition with other leaves, when these leaves 

are liable to climatological influences. The appearance of new flushes 

appears to be accelerated by a very dry season or by exposure to winds, 

although in fact there is a lack of sufficient nutrient substances for a 

quick production of new leaves of the same dimensions. Then the leaves of 

the consecutive flushes and the twig parts of the new flushes become 

smaller and smaller. All new leaves can withdraw certain nutrient 

substances from the older leaves, so that the senescence of the older 

leaves will be advanced. As the effect of the hastened flushing can also 

be obtained by removing the oldest leaves, it seems that the older leaves 

possess an inhibitor, which diffuses to and inhibits bursting of new buds 

too soon (see also McKEE, 1944, and my fuller report, section III.B.3.). 

Concluding this sub-section we can say that the growth rate of a leaf 

may sometimes give indications about the nutrient supply of the tree, but 

that one must carefully consider whether other influences caused the ob

served changes in normal growth rate. Conversely the growth rate and the 

factors influencing it, must also be considered when one tries to in

terpret chemical data. 

In studying these problems a distinction must be made between sampling 

for the establishment of standard nutrient values and the subsequent 

sampling in practice when these standard values will be used. As long as 

one is searching for standard values it will not be sufficient to sample 

only leaves of one age. In connection with the influence of light on the 



growth of the leaves MURRAY (1957) concluded that it would be theoretical

ly necessary to have standard values for leaves of all ages growing under 

all conditions from no shade to heavy shade. He thought that perhaps only 

such figures would make it possible to determine departures from optimum 

values due to particular nutrient deficiencies. Such analyses would also 

require the estimation of the physiological age of a leaf at the several 

sampling times. (See further sections 7 and 8 for the influence of light.) 

2.3. The temporary -influences of intensive periodical growth processes in 

other plant parts on the chemical composition of the leaves to be 

sampled demand a fundamental choice between leaf sampling during such 

intensive growth and sampling before or after it 

When one samples one, two or few leaves at certain places (and, although 

to a lesser degree, also when one samples as many leaves as possible from 

as many different places as possible , it becomes important to decide in 

what physiological state of the tree one is going to sample: in a more 

normal state (a period, when no special temporary efforts are asked from 

the tree nor sudden changes in transport, etc. take place), or in a period 

of maximum fruit formation, "general" flushing, maximum flowering and/or 

fruit setting. In the periods of special physiological efforts or changes 

an important competition between the fruits and/or the new leaves and/or 

the flowers, and/or the branches (!) and/or the older leaves and/or the 

older branch parts may arise. So one can ask: What is preferable? To know 
2 . . . 

the chemical composition of a mature leaf during a more quiet physiolo

gical growth stage of the tree or to know how the chemical composition of 

a mature leaf changes and how far it can supply the demands made on it 

during special physiological efforts of the tree without being left with 

insufficient quantities of certain nutrients. It seems more desirable to 

know the answer to the last mentioned question, but to estimate the con

dition met with in such a case in the right way, it is also desirable to 

know the composition of the leaf in a more normal state of the tree in 

order to know the differences between the composition of the leaves in the 

two periods. 

In this last case the question is somewhat less important because the 
important competition between younger and older flushes then doesn't 

„ play a part. 
When one samples as much leaves as possible from as many places as 
possible, one can also restrict the sampling to mature leaves, which can 
differ very much in age of weeks however. 



In studying the mutual influences of the various plant parts it may 

however appear that it is impossible to estimate by chemical analysis of 

the leaves how far certain processes in the tree approximate to an optimal 

course. For the estimation of this course the analysis of plant parts 

other than leaves may appear desirable, as will appear in the next section 

2.4., with its sub-sections 2.4.1. and 2.4.2. Later, in section 3, also 

other mutual influences of plant parts will be discussed under the heading 

"Competition phenomena influencing the chemical analytical data". 

2.4. The influences of chemical fertilization on the chemical composition 

of the leaves, fruits, flowers and other plant parts 

POUND and DE VERTEUIL (1934, 1935) had observed in Trinidad that with ma

ture trees capable of bearing fruit, applying fertilizers seemed to have 

no influence on the final dimensions and the weights of the individual 

ripe cacao fruits, but mainly was expressed in the larger number of fruits 

reaching maturity. This must have mostly» meant that a larger number of 

fruits passed the dangerous stage, during which they could have perished 

by the occurrence of "cherelle wilt", i.e. the wilting of the young fruits. 

This stage mostly extends only up to 80 days, but sometimes up to +_ 100 

days after the setting of the fruit. It causes a wilting of 70 to 90% of 

the formed cherelles, even with the highest yielding selections (McKELVIE, 

1956, 1957). HUMPHRIES (1943a andb, 1944a, 1947, 1950) demonstrated the 

wilting of the cherelles to be connected with the competition for inor

ganic nutrients between the developing fruits. McKELVIE (1956) put forward 

the idea that cherelle wilt is caused by a shortage in growth regulators, 

produced by the endosperm of the growing seeds, a shortage through which a 

decrease in the uptake of water and nutrients would arise, as was proved 

almost certainly also for other fruit crops (see NITSCH, 1952). NICHOLS 

(1960) came to the conclusion that cherelle wilt could arise by a shortage 

of growth regulators, riutrient substances, water or these factors to

gether. 

In accordance with this last opinion is a later conclusion of 

McKELVIE (1960) that cherelle wilt normally is not an important factor in 

Dr J.Bruinsma called my attention to the opinion of MCINTYRE (1964), who 
concluded from experiments with other plants that nutrients reinforce 
the production of growth regulators and that these in their turn promote 
vessel differentiation, through whose formation the nutrient uptake (in 
our case by the fruit) would again be enlarged (cf. also NAKAMJRA, 1964, 
1965). 



determining the size of the yield, because the number of ripe fruits 

produced appeared not to be influenced by the number of cherelles set 

earlier in the season. From this he drew the conclusion that cherelle wilt 

is the mechanism through which the size of the crop is adapted to the a-

mounts of available nutrient reserves of the tree. NICHOLS (1964b, 1965b) 

could state these conclusions more precisely through thinning experiments 

in Trinidad, experiments in which respectively 1, 2 or 10 fruits remained 

on every experimental tree. When wilting was expressed as a percentage of 

the total fruit set (i.e. wilted fruits plus the total fruits harvested), 

the wilting appeared much decreased by the thinnings. NICHOLS (1964b) 

therefore created the concept of potential yield (P) , which is determined 

by the vigour of the tree, dependent in its turn on the soil type, the 

photosynthetic efficiency of the canopy, the nutrient status, the climate, 

etc. When natural fruit setting (S) is abundant, there arises a reserve 

(R) of fruits in addition to the potential yield. This reserve will 

function as a buffer in the sense that a considerable part of the total 

amount of fruits can be lost through biotic factors (infection by fungi, 

etc.) without diminishing the yield, NICHOLS (1965a and b) considers the 

biotic factors - besides the physiological factors - also as possible 

causes of the occurrence of cherelle wilt in certain cases. If the bioti-

cally harmful influences are small, the yield will be determined by the 

environmental factors in so far as they influence the tree. When however a 

high percentage of the young fruits is attacked by fungi, the reserve of 

fruits will be readily exhausted and the additional wilting will lower the 

yields. So NICHOLS arrives at the next statements (see fig. 1; 1964b, 

fig. 5 ) : 

Under conditions of high fruit setting: 

(1) with low infection percentages the yield is determined by P. 

(2) with high infection percentages, R can be exceeded and P is lowered. 

Under conditions of low fruit setting: 

(3) P cannot be reached at all, and the yield is low. 

(4) P can be reached, but may be reduced by high infection. So the yield 

will also be lowered then. 

Only in case (1), says NICHOLS, one can say that cherelle wilt does not 

lower the yield. Further he points to the fact that condition (2) probably 

occurs more often than one thinks, and that the satisfactory results of 

the spraying with copper-fungicides may be attributed to this situation. 

7 
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Fig. 1. Diagram to illustrate the relation between the number of setted 

fruits S and the potential yield P of the tree. The reserve pool 

of fruits R, is the difference between S and P. (From NICHOLS, 

1964b, fig. 5.) 

From the preceding remarks we can therefore draw the conclusion that when 

there are sufficient nutrient substances (and water! and few diseases!) 

present to allow a normal growth of the fruits after their setting (i.e. 

with an acceptable quantity of wilt), the degree of the preceding fruit 

setting will determine much more the size of the final yield, i.e. that a 

bad fruit setting would then become a yield limiting factor. This does not 

mean that one could say that there will not be a shortage in one or some 

elements. Such a deficiency will certainly exist in certain cases, but it 

must be possible that the case occurs that this deficiency or another 

adverse factor apparently only has a real bad influence on the fruit 

setting, and not on the growth of the fruits after a successful setting; 

this would appear from the fact that an elimination of this deficiency 

would give a better fruit setting but no large increase of the percentage 

of cherelle wilt. From the larger number of cherelles set one could how

ever obtain a higher yield. In this way can also be explained the satis

factory results obtained by McDONALD, 1933, with phosphate fertilization, 

and the results of MURRAY, 1953, with shade and fertilization experiments. 

From these considerations it appears at the same time that the -possi

bility may occur that a too small fruit setting and an injurious quantity 

of cherelle wilt may occur together, and that either of these phenomena is 

caused by a shortage in another element or that both are caused by a 

shortage of the same elements. 



That poss ibly d i f f e r en t d e f i c i enc ie s can function as causes of d i f f e r 

ent y ie ld diminishing p rocesses , i s not s t range i f one considers the back

ground of these p rocesses . These a re very d i f f e r en t and moreover unknown 

for a g rea t p a r t . 

2 . 4 . 1 . F a c t o r s i n v o l v e d i n c a u s i n g c h e r e l l e 

w i l t 

As to the occurrence of che re l l e w i l t we a l ready saw t ha t t h i s can proba

bly a r i s e through a shortage in growth r egu la to r s as wel l as in n u t r i en t 

substances and water or by a shortage of these f ac to rs t oge the r . If one 

examines the p o s s i b i l i t i e s how these fac tors could exe r t t h e i r i n f luence , 

i t becomes c lea r from the ava i l ab l e l i t e r a t u r e t ha t i t i s not easy to 

point to the r e a l causes of w i l t i ng in the normal chain of processes oc

curr ing i f no w i l t i n g takes p l ace . Neither the ava i l ab l e data on the 

growth r egu la to r s nor those on the mineral supply give a r e a l s o lu t ion to 

the problem. 

Speaking genera l ly one can say t ha t the growth of the cacao f r u i t s in 

the period during which they a re s u scep t ib l e to w i l t - l a s t i ng from the 

f e r t i l i z a t i o n onwards u n t i l + 80 days l a t e r (sometimes 100 days) - can be 

divided i n t o two pa r t s as to the mechanisms r egu l a t i ng t h e i r growth. F i r s t 

t h e i r growth i s probably governed by substances d i f fus ing from the p e r i -

sperm, a maternal t i s sue of the seeds . Later t h i s function i s probably 

taken over by the embryo and the endosperm, according t o NICHOLS (1965a), 

although he remains holding i t poss ib le t ha t the perisperm a l so plays the 

l a r g e s t or the only r o l e during the second s tage of development of the 

seeds d i s t inguished by him (he d i s t i ngu i she s three s tages a f t e r the f e r t i 

l i z a t i o n : 0-40 to 50 days; + 50-jf 80 days; a f t e r _+ 80 days) . During both 

f i r s t growth phases another mechanism could lead to the a r i s i ng of w i l t . 

NICHOLS (1965a; cf. a l so 1960, 1959, 1957) could not e s t a b l i s h a r e l a t i o n 

ship between growth promoting substances (one of which i s probably i d e n t i 

ca l with indole a c e t i c acid) demonstrable in the seeds of the f r u i t s of 

3-4 cm and longer ( i . e . + 33 days a f te r the f e r t i l i z a t i o n and o lder) and 

the s u s c e p t i b i l i t y to w i l t i n g . The th ickness of the perisperm appeared to 

be much smaller with seeds of w i l t i n g f r u i t s than with seeds of non-

w i l t i ng f r u i t s +_ 50 days a f t e r f e r t i l i z a t i o n . As to the t r ac ing of the 

r egula t ing inf luence of the substances of the perisperm and/or endospern 

on the development of the embryo (see note 1, page 10), there can be 

pointed to the observat ions of STEWARD, SHANTZ, MAPES, KENT and HÜLSTEN 



(1964) with other plants that the mineral composition of the nutrient 

medium of the embryo appeared to be much less important than the amount of 

organic growth regulators of the types occurring in the endosperm of sever

al species. These growth regulators however are different from amino 

acids, oytokinins and gibberellins. 

This is not to say however that certain nutrient elements could not 

exert a marked influence upon the growth of the embryo. STEWARD et al. 

(I.e.) demonstrated that addition of certain quantities of Fe, Mn and Mo 

caused interactions between these elements through which the growth of an 

embryo or of a root tissue expiant of carrot was influenced. On the other 

side it is known that the almost complete lack of Ca in the medium, or the 

complete lack of the metallic trace elements Fe, Mn, Mo or Cu in the basal 

medium of WHITE does not limit the growth, caused by such cell division 

stimulating substances of liquids like coconut milk. 

SHANTZ and STEWARD (1964) found that among the biologically active 

substances of Cocos nucifera L., Zea mays L. and Aesculus xwoerlitsensis 

Khne., the greatest activity in the growth of embryos was caused by myo

inositol, present in the neutral fraction and not by the substances 

present in the acid, so-called active fraction. These last ones promote 

specifically the cell division, but can promote the total growth of the 

embryo only synergistically with the neutral fraction. 

From these data can be concluded that certainly the mechanisms 

leading to wilting of cacao fruits cannot be elucidated alone by investi

gating the occurrence and the behaviour of minerals, auxins, cytokinins 

and gibberellins. Nevertheless it seems possible that some general 

processes instigate the beginning of wilting and that these processes in 

principle are competition processes, in which also the auxins could play a 

great part. Before discussing this possibility, attention must be called 

also to another possibility. This one can be suggested by the fact observed 

with Lupinus luteus L. that an older fruit can form substances which are 

toxic for smaller fruits (or flowers). (See VAN STEVENINCK 1957, 1959a and 

b, and ROTHWELL and WAIN, 1964). 

(see page 9 ) . The assumption of the existence of this influence is not 
contradictory to the observations of NITSCH, PRATT, NITSCH and SHAULIS 
(1960) with Vitis labrusaa L. One is inclined namely to conclude from 
their observations that the activity of the endosperm (and the testa) is 
first stimulated by the nucellus (also a maternal tissue); after this 
process the growth of the embryo seems induced by the growth regulators 
and other substances present in the endosperm. The beginning of the 
growth of the embryo coincides with the beginning of the decrease of the 
dimensions of the nucellus. 

10 



Further attention can be drawn to the fact that OSBORNE (1955, 1958), LIU 

and CARNS (1961), ADDICOTT, CARNS, LYON, SMITH and McMEANS 1964) isolated 

so-called "abscisins" from ripe (abscisin I) and young (abscisin II) 

cotton fruits, and to the fact (ADDICOTT et al., 1964) that early in the 

flowering season the abscission of young fruits is small, but is about 

100% later in the season when the cotton plants have many developing 

fruits. 

Not in disagreement with the assumption of an occurrence of such a 

substance(s) in the cacao fruits is the result of NICHOLS (1957) that he 

never could demonstrate the existence of an inhibitor in the stalks of 

non-wilting fruits, but this is of course no positive evidence of the ex

istence of an inhibitor in stalks of fruits which will wilt at a certain 

moment. 

Now in peduncles of cacao fruits an abscission layer is not formed, 

but in them the first indication of the beginning of cherelle wilt is the 

appearance of occlusions in their xylem vessels, following oxidative 

breakdown in the pericarp (NICHOLS, 1960, 1961). McKELVIE (1956) observed 

that fruits wilting after 8 weeks (so _+ 56 days) have relatively thinner 

peduncles. The peduncles cease to grow (observed as to the growth in 

thickness) when the fruits are + 80 cm long. The obstruction phenomena 

need not to be caused necessarily by some inhibiting substance but can 

also be the result of a lack of certain substances, enzymes and growth 

regulators included. The circumstances leading to the obstruction of the 

pod stalks now could be instigated first by a competition for auxin by a 

neighbouring lapgev fruit (or some larger fruits). 

ADDICOTT and LYNCH (1955) communicated that with several plant 

species older fruits produce more auxin than younger fruits, and that this 

fact leads in some cases to abscission of younger fruits because the older 

fruits are able to withdraw a larger quantity of nutrient substances than 

the younger ones. This differential effect further reduces the auxin in 

the younger fruits. Now NICHOLS (1965a) could not find a relation between 

cherelle wilt of cacao and the quantities of growth promoting substances, 

by estimating these quantities in seeds from pods of different dimensions. 

His "cacao auxin 1" (probably indole acetic acid ) could be readily de

tected in seeds in very roughly the same amounts from all sizes of pods 

larger than 4 cm. NICHOLS neglects, however, the fact that these amounts 

must supply a much larger mass of tissue in a pod of e.g. 11-12 cm than in 

This growth regulator will be abbreviated in the following text as IAA. 
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one of e .g . 2 cm. That some very young fruits already soon attain larger 

dimensions than other very young fruits may be caused by the presence of 

larger amounts of certain nutrient substances or growth regulators in 

their maternal tissues or by a somewhat earlier fertilization of the ovary 

cells. Now each f r u i t a t t a i n i ng a c e r t a i n (same) dimension has to pass the 

same s tages (speaking broadly) of d i f f e r en t auxin supply by the seeds , 

s tages which a r i s e by the increase of the mass of t i s s u e to be suppl ied . 

But what ever the auxin concent ra t ion of a pod may be , we may assume that 

the t o t a l metabolism of a l a rger pod w i l l be l a rger than t ha t of a smaller 

pod, so c r ea t ing a s t ronger "metabolic s ink" in the l a rger pod, a " s ink" 

which exe r t s i t s inf luence on a l l supplying phloem and xylem v e s s e l s . So 

too l e s s n u t r i e n t s may be l e f t for smaller pods. 

That the competi t ion between f r u i t s can a l so be of a hormonal nature 

can be deduced from r e s u l t s of i n ve s t i g a t i on s by MARRË (1954) with Ipomoea 

purpurea (L.) Roth. He found tha t a decrease in the capaci ty of the f r u i t 
2 t i s sue to reduce TTC (a dehydrogenase reagent) a f t e r deseeding a f r u i t , 

only occurred when at least one normal fruit was present on the same 

cluster. Appl icat ion of an aux in- lano l ine pas te appeared to replace the 

seeds e f f i c i e n t l y as to t h e i r capac i ty to a) counterac t the decrease of the 

r educt ion of TTC, b) to induce such a decrease in the deseeded f r u i t s not 

t r e a t ed with auxin of the same c l u s t e r . These r e s u l t s mean among other 

things t h a t a deseeded f r u i t can grow with a l imi ted amount of auxin if 

the a va i l ab l e n u t r i e n t substances in the p lan t are not withdrawn f i r s t by 

other metabol ica l ly more a c t i ve f r u i t s (conclusion by NITSCH, 1965). 

The e f f ec t of auxin on the dehydrogenase seems to be of a more general 

c h a r ac t e r , as the removal of the top of the shoot ( cen t re of auxin p ro 

duction) of pea seedl ings was followed by a marked decrease of the a c 

t i v i t y of g lucose-6-phosphate-dehydrogenase. So in the cacao f r u i t the 

disappearance of t h i s e f f ec t of auxin on dehydrogenases could a l so be a 

consequence of the i n a c t i v a t i on of auxin by polyphenoloxidase, an i nac -

t i v a t i on presumed by NICHOLS (1964a, 1960) as the inner p e r i c a rp , s u r 

rounding the seeds of cacao f r u i t s , has a very a c t ive polyphenoloxidase 

system in young f r u i t s ( < 9 , 0 cm, i . e . younger than + 63 days ) , but no 

more in o lder f r u i t s ( > 1 3 , 0 cm, i . e . o lder than _+ 81 days) . So in o lder 

f r u i t s p r a c t i c a l l y no more polyphenoloxidase i s p r e sen t , able to i n a c t i v a t e 

IAA. From t h i s f a c t we can conclude t ha t from that time onwards also the 

We must reckon a l so with a l a t e r au to-product ion of auxin by the f r u i t 
„ t i s s u e , e .g . from a p recursor . 

T r iphenyl - te t razo l ium ch lo r ide . 
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dehydrogenase activity can increase if the other conditions in the 

fruit are favourable for this! This assumption is also in accordance with 

the fact, observed with Vitis labrusca L. by NITSCH a.o. (1960) that a 

large increase in IAA content partly takes place after the rapid develop

ment of the endosperm and only during the first half of the rapid develop

ment of the embryo . So this increase of IAA could be a luxurious increase 

as to its role in the growth stimulation of these seed parts, but not so 

as to that of the rest of the fruit tissues. (See for the increase of the 

amounts of minerals imported to the cacao fruit and the increase of the 

growth of the diameter of the fruits, + 80 days after the fertilization, 

p. 30-31.) 

In his longer report the author of this literature study also puts 

forward possibilities trying to make these and many other data applicable 

for the explanation of the events taking place in the peduncles of the 

wilting and the non-wilting fruits. These possibilities will not be dis

cussed here in detail. As to the supply of nutrients to the fruits may be 

pointed to the fact that an import as well as an. export can take place 
2 

through the phloem vessels to the fruits, and an import through the xylem 

vessels; the rates of transport seem regulated by the growth phases of the 

fruits (cf. HUMPHRIES, 1944a, 1940a). The changes in quantitative compo

sition of this total supply of elements through the xylem and the phloem 

and the changes in the composition of the wall and the pulp of the fruit 

seem in accordance with some very fundamental changes in the growth of the 

fruit tissues so that it can really be expected that it will be possible 

to trace the elements especially required in particular processes at 

certain times of the fruit growth (cf. p. 30-31) and so find the way in 

which deficiencies of these elements may lead to wilting. The elements or 

cultural measures required to increase the levels of the auxins and/or 

other substances, necessary to decrease the degree of wilting are not 
3 

known. In this connection it is also interesting to quote MARRE (1954) 

who found in his investigations with Ipomoea purpurea (L.) Roth, that the 

degree of TTC-reduction in the parts of deseeded fruits seemed to point 

more to a decrease of the level of active dehydrogenase than to an immedi

ate effect of a deficiency of respiration substrate as this decrease was 

not reversed to an increase when the parts were placed in a solution con-

. See note 1 on page 10. 
Cf. the results of BIDDULPH and CORY (1965), referred to at p. 31. 
This refers especially to the way in which these substances are involved 
in the concerning processes. 
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taining sucrose or other sugars, with K, Mg, Mn or phosphate ions with 

various concentrations. 

So it seems that when a certain auxin level is reached in a fruit 

after setting, this quantity cannot be increased anymore shortly after the 

seeds have been taken away. When an adjacent not-deseeded fruit is present, 

auxin and/or other essential substances are probably translocated to this 

fruit or an other process takes place. Such a transport will also take 

place when a smaller fruit lies adjacent to a larger one. The substances 

probably diffusing from the perisperm (and later probably from the endo

sperm and the embryo) probably exert such a dominating effect in the first 

growth phases of the fruit corresponding with the first wilt maximum , as 

noted by McKELVIE (1956), that it is evident that only before fruit 

setting and even before flowering a real influence on the reduction of 

wilt can be exerted as to the period in which the first wilting maximum 

can occur. Later, during the development of the endosperm and the embryo, 

during whose formation the second wilting maximum may occur according to 

McKELVIE (I.e.), probably the same substances decide the degree of wilting, 

but perhaps other substances, imported from the phloem or the xylem, can 

play a part. However the general conclusion seems justified that in the 

time preceding flowering, a general reinforcement of the vegetative vigour 

of the tree must be pursued until a certain degree, and that this rein

forcement will also have its influence on the maternal tissues in the 

reproductive organs. 

Now other factors come into play when one tries to promote the vege

tative growth, and thereby the fruit growth. It appears that the influence 

of an improved vegetative growth upon the cacao production can be observed 

within about half a year, but at other times only after two or more years. 

These different reactions of the tree to external influences will however 

be discussed in a later section: 4. Long-term competition phenomena influ

encing the yields (p. 32-33). 

Attention is drawn to the fact that only McKELVIE (1956) observed the 
occurrence of two wilt maxima in Ghana, but that NICHOLS (1965a) never 
could state a similar fluctuation in the wilting in Trinidad. Neverthe
less NICHOLS supposes, as we saw (p. 9 ) , two distinct causes of wilting 
existing, one operative before the division of the zygote and one opera
tive after, although the physical expression, the syndrome of cherelle 
wilt, is the same. 
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2 .4 . 2 . F a c t o r s i n v o l v e d i n f r u i t s e t t i n g 

As we saw on p . 7 - 8 the f r u i t s e t t i ng may become a y ie ld l im i t ing f ac tor 

when s u f f i c i en t n u t r i e n t substances a re p resent for normal f r u i t growth 

a f t e r s e t t i ng as well as when they a re not so . So in addition to the pur

suance of an adequate vegetative growth and an advantageous reduction of 

cherette wilt, one has to aim at an improvement in fruit setting. Now 

f r u i t s e t t i n g seems to be governed by a l o t of cooperat ing f a c t o r s , which 

seem to be connected very c l o se ly with the whole physiology of the t r e e , a 

circumstance which appears to be important as to the choice of the p lan t 

p a r t to be sampled for chemical ana lys i s in order to deduce the f e r t i l i z e r 

requirements from the chemical d a t a , - as fa r as t he re i s looked for an 

improvement of the f r u i t s e t t i n g . 

Cacao t r ees appeared to show a b e t t e r f r u i t s e t t i n g in the time of 

f lush ing . POLANIA TRUJILLO (1953) found tha t t h i s r e l a t i o n was accompanied 

with a b e t t e r germination percentage of the pol len g ra ins in Vitro and a 

b e t t e r e longat ion of the po l len tube . In vivo t h i s behaviour of the po l len 

during f lushing appeared to be revealed l a t e r in a g rea te r number of beans 

per cacao f r u i t . A s t i l l g rea ter inf luence on the f r u i t s e t t i n g appeared 

to be caused by the pH of the st igma, so t ha t a s t ronger r e l a t i on sh i p 

could be e s t ab l i shed between the pH of the stigma and the number of beans 

per pod. So one can envisage an influence of f lushing on the composition 

of the s t i gmat i c f lu id by the formation of s pec i a l substances in the young 

leaves and t he i r t r anspor t to the f lowers , a process which could r e s u l t 

among other th ings in a , favourable pH. Another explanat ion could be the 

ex is tence of a f ac tor ( the temperature? in connection with the a i r humidi

ty? ) leading to (or connected with) the bu r s t ing of the buds as wel l as 

to an amel iora t ion of the germination medium for the po l len g r a i n s . (As 

t h i s medium i s considered here the s t i gmat i c f lu id as wel l as the a i r 

- with i t s water vapour - surrounding the po l len on the s t igma) . Another 

explanat ion again could be the way in which the t r an spo r t of c e r t a i n 

substances in the t r ee i s influenced during f l u sh ing , e i t h e r by the 

f lushing i t s e l f , or by the condi t ions leading to f lush ing . I t i s almost 

c e r t a i n t h a t c e r t a i n elements l i k e calcium, boron or z inc a re involved in 

Cf. the p o s i t i v e s i g n i f i c an t c o r r e l a t i on between the average monthly 
r e l a t i v e humidity and the f r u i t s e t t i n g as found by ESQUIVEL (1962). 
Cf. a l so the r e s u l t s of KONAR and LINSKENS (1965) on the unique r o l e of 
water vapour in the germination of the po l l en on the stigma and the 
growth of the po l len tube with Petunia xhybrida (Hook.) Vilm. 
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influencing the germination of the pollen and the growth of the pollen 

tubes in the living tree, as also certain growth regulators. This can be 

concluded from the fact that many data are known on such influences of 

these elements and substances in vitro. (On Ca: See the literature 

mentioned in sub-section 2.4.2.2. On B: See the literature mentioned in 

the next sub-section 2.4.2.1. and further GÄRTEL, 1952, 1955, and VASIL, 

in LINSKENS, ed., 1964. On growth regulators: FÄHNRICH, in LINSKENS, ed. 

1964, especially as to cacao the beautiful results of VALLECILLA, 1953, 

and further my larger report, section III.E.2.). 

POLANIA TRUJILLO (1953) in Colombia reported much larger fruit set

ting percentages and larger numbers of beans per pod on cacao trees in 

shade of 50 and 25% compared with those in shade at 75 and 0%. These re

sults could be ascribed to the better growth of the pollen tubes (not to a 

better germination of the pollen) in the lower light intensities and shade 

conditions. With these factors one has to consider the measures to be 

taken after having studied the chemical data obtained from the analysis of 

leaves or other plant parts. (See also HAVORD, MALIPHANT and COPE, 1955, 

and HURD and CUNNINGHAM, 1961.) 

2.4.2.1. The role of boron in fruit setting 

In Colombia ESQUIVEL CRUZ (1955) could establish a stimulation of growth 

of pollen tubes of Theobroma oaoao L. with boric acid in vitro, but not by 

injection of B into the living cacao tree or by application in a hanging 

drop on the flower. The germination in vitro of pollen from injected trees 

also had no favourable results in comparison with the germination of 

pollen grains from untreated control trees. Regarding the peculiarities of 

transport of boron in the tree and the peculiar distribution of boron in 

the tree as a consequence, these negative results are not so surprising. 

VISSER (1955) concluded that in pears it depended on the variety how 

pollen germination was influenced by injection of B in the stem or 

branches. The known data on the distribution of B in the cacao tree indi

cate however that it will be worth while to trace its influence on the 

fertilization processes. LOCKARD and BURRIDGE (1965) established in Ghana 

that during the first half of the most important flowering maximum a de

crease in the boron content of the leaves occurred, but during the second 

half an increase. During this second half of the flowering period also 

however already the first half of the most important wilting period oc

curred. During the second half of the wilting period a decrease of the 
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boron content of the leaves occurred. During the most important yield 

period of + 4 months, during which many fruits matured, the boron content 

of the leaves remained almost constant (after a preceding small increase). 

LOUÊ (1961) established by deficiency experiments with cacao plants in 

nutrient solutions in the Ivory Coast that the B content was very low in 

leaves as well as in twigs of B deficient plants; in not-deficient plants 

the B content of the leaves was high, but in the twigs it was as low as in 

the B deficient plants. This last statement is in accord with the known 

facts on the distribution of B in fruit trees, in which it is known that 

the branches contain less than the half of the B content of the leaves 

(QUILLON, 1964). 

This remarkable preference of the B for the leaves as compared with 

the branches (not as compared with the fruits!) perhaps also gives the 

explanation of the observation by HVATUM (1965; also cited by LJONES, 1966, 

p. 35-36) that the application of borax to the spindle tree (Euonymus sp.) 

increased the boron contents of the leaves only a little, but very much 

increased the dimensions of the trees and the fruit yields. Here it seems 

that there had been reached maximum B content in the leaves. The increase 

in the fruit yield was mainly the result of the increase of the number of 

fruits per tree. From the observations of HVATUM it also appeared that the 

boron condition of the tree was better reflected in the boron contents of 

the fruit than in those of the leaves, a conclusion also already drawn by 

BURRELLL (1958) for apple trees'. 

LJONES (1966) points to the fact that, although in Norway the per

centage of orchards in general low in boron is not great, B deficiency 

symptoms on the fruits are found, usually on individual trees or groups of 

trees, seldom however on many trees in an orchard. This would point to an 

unequal distribution of boron in the soil, a condition also recognisable in 

the results of SIRONVAL and COTTENIE (1964; in particular with regard to 

boron but also as to other trace elements). With these results in mind one 

can consider for example the observations of HEWITT (1958b; also cited by 

LOCKARD and BURRIDGE, 1965) in Ghana of symptoms of B deficiency on cacao 

leaves. LOCKARD and BURRIDGE (I.e.) further stated that the lowest B con

tents in cacao leaves were reached after wilting, and not after the main 

1 T . . . 

In this connection it is worthwhile also mentioning that QUILLON (1964) 
points to the fact that one has to analyse the B in fruits always either 
in the whole fruit or with figurative fruits as the distribution of 
boron in fruits is very unequal (the flesh contains very little). Also 
in the leaves the distribution is very unequal (reference to KOHL and 
OERTLI, 1961). 
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cropping period as was the case with most other elements (Ca, Mg, Mn, Al, 

Fe, +_ Cu, and in a second minimum almost the Na). These observations and 

some earlier mentioned in this sub-section seem to indicate that boron not 

only plays an important part in fruit setting but also in the growth of 

the young fruits during the period of their susceptibility to wilting. 

As to the influence of boron on fruit setting it is also important to 

mention the observation of WADLEIGH and SHIVE (1939) with the cotton plant, 

that the reaction of its cells becomes much more acid with B deficiency. 

The pH decreased from 6.1 to 4.1 , first with some cells in the medulla and 

the cortex, later also in cells of the pericycle and the xylem parenchyma. 

The affected cells perished in the end. At the same time sugars accumu

lated in the tissues. A decrease in the pH of the stigmatic fluid or in 

the pollen of cacao could occur with boron deficiency. 

Another factor which plays a part in boron physiology of plants is 

the quantity of sugars present. VISSER (1955) stated, as also earlier 

ESSER (1953) and KATO and HOSOKAWA (1953) that the addition of sugar or 

agar to a germination medium of pollen decreased the effect of boron on 

germination considerably. In this connection it is interesting that we can 

deduce from data of HUMPHRIES (1947) in Trinidad that the bark of a less 

fertile series (B) of cacao trees contained much higher sucrose contents 

at 6 ft and 1 ft height than the bark of a more fertile series (A) at 

these heights, during the months May, June and July. These were the criti

cal months for the fruit setting of the main crop, which matured 5 to 6 

months later. As for the sucrose contents of the wood at these heights the 

opposite could be noticed, however, as also at 12 ft. 

Now the transport of boron is closely connected with that of sugar. 

JOHNSTON and DORE (1929) stated for tomato plants that an accumulation of 

sugars occurs in the leaves when B is deficient and sugars decrease in the 

stem. This seemed to indicate a decrease in the transport rate of the 

sugars from the leaves by deficiency of boron. SISLER, DUGGAR and GAUCH 

(1956) could confirm this by using C labelled sucrose, even in tomato 

plants which did not show B deficiency symptoms, but had a lower B content 

than control plants. ZITTLE (1951) was of opinion that the dependence of 

the sugar transport on the B content resulted from the qualities of boric 

acid to form complexes with polyhydroxy acids, so also with sugars. These 

complexes dissociate protons. KLOTZ (1954) supposed that the unknown role 

This relative high sucrose content at these heights could be a result of 
the fact that less fruits had to be supplied during the downward trans
port of the sucrose through the phloem. 



of B could be found in the change of the dissociation of polyhydroxy 

compounds. 

From all these observations of the boron physiology of plants we can 

draw the conclusion that it must be very important to trace the behaviour 

of boron in the flowers themselves, in their pedicels, and in the bark 

parts surrounding the flower, thus firstly the flower cushions. This also 

holds fcr the time before flowering. In what a peculiar way B can be dis

tributed in the region around the flowers in other plants appeared during 

the investigations of GOUNY and HUGUET (1964) with Pyrus aommunis L. The 

quantity of B in the wood spurs (the leaves included) during the flowering 

time was only the third part of the quantity of B in the fruit spurs 

(their leaves included). In the preceding weeks the B content in the fruit 

spurs increased much more than in the wood spurs. After a rather stable 

period of two weeks from the beginning of flowering the B content increased 

eight times faster in the fruits than in the leaves, of the 100 fruit 

spurs to which they were attached. In the leaves of the wood spurs the B 

content also increased slowly after the fruit setting. 

From these facts it seems justified to conclude that the tracing of 

the behaviour of boron in the flower and/or in their neighbourhood seems 

more important for the establishment of the requirements for the fertili

zation with boron than an analysis of the behaviour of boron in the leaves 

- how interesting this may be! -, as far as the amelioration of the fruit 

setting and the supply of boron of the fruits is concerned. 

2.4.2.2. The role of Ca, K, P, N and other elements in fruit setting 

An analysis of the flower and its surrounding parts seems more advisable 

as the quantities of Ca, K, Mg, N and P, appeared to show large fluctu

ations in the fruit and wood spurs of pear trees during flowering, fruit 

setting and fruit growth (see GOUNY and HUGUET, I.e.). The Ca content de

creased enormously in the months before flowering, while the K content in

creased enormously during this time (after the flowering it decreased re

markably), as also the N content (in particular the organic N content and 

from this the insoluble part), and in a lesser degree also the Mg content, 

the P content and the Mn content (for the fluctuations in detail during 

shorter periods see GOUNY and HUGUET, I.e.). If indeed such fluctuations 

also occur in the flower cushions and in the surrounding bark of cacao be

fore, during and after the appearance of flowers, it is clear that only 

analysing these parts of the plant or parts of the flower can reveal the 
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composition of the medium which directly influences fruit setting. From 

this one may derive information from which fertilizer requirements can be 

established with regard to the elements concerned in fruit setting, and 

later the fruit growth. 

An analysis of these plant parts is the more important as there have 

been found significant correlations or relationships between some elements 

and sugars or starch in the bark of cacao as can be seen from the following 

scheme, framed by HUMPHRIES (1950): 

at 6 ft and 12 ft height together in the bark: 

starch 

neg. 

phosphor neg. total reducing sugars -

at I ft height in the bark: 

starch 

• po i , potassium 

pos. 

phosphor total reducing sugars neg. potassium 

Fig . 2. Corre la t ions and r e l a t i on sh i p s between the contents of potassium, 

phosphorus, s t a r ch , sucrose and t o t a l reducing sugars in the bark 

of cacao in Tr inidad, in the lower and the h igher pa r t s of the 

t r ee (see fu r ther in the t ex t ) . 

In t h i s scheme s i gn i f i c an t c o r r e l a t i on s between two components are r e p r e 

sented by continuous l i n e s , non - s ign i f i can t ones by dot ted l i n e s . 

From th i s scheme can be seen t ha t HUMPHRIES obtained separa te r e s u l t s 
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for the correlations between certain substances apd elements at 1 ft 

height in the bark and those in the bark at 6 ft and 12 ft height calcu

lated together. He obtained these results by calculating the seasonal 

correlations of the 4th order between certain carbohydrates and nutrient 

elements in the bark. To obtain these 4th order season correlations the 

mutual influences of some variables were eliminated, namely the partial 

correlations between sucrose and the crop, and that between potassium and 

the crop. The total number of variables was 6: sucrose, starch, reducing 

sugars, potassium, phosphorus and the crop. 

In the wood few significant correlations of the fourth order appeared 

to exist between the mentioned components, but in general they showed the 

same tendencies as in the bark, although there were no clear indications 

of changes from positive to negative values or reversely, on the consid

ered heights of the tree. 

In the bark and the wood there appeared to exist however a positive 

correlation between potassium and starch, a relationship found during in

numerable other investigations. 

In addition to the connections between the transport of boron and 

sugar, we thus also find correlations in the bark between the occurrence 

of certain carbohydrates on the one hand, and that of potassium and 

phosphorus on the other. As it is not known to what influences the 

transport of carbohydrates is exposed in the several physiological growth 

stages of a cacao tree each year, it is clear that it deserves more recom

mendation to analyse the bark parts around the flowers or flower buds, the 

flower cushions themselves, or parts of the flower, or the flower buds 

than the leaves. This conclusion is moreover in harmony with the results 

of MALIPHANT (1961) in Trinidad, who established a negative correlation 

between the P content of the bark (not with its N content!) and the yield 

of cacao fruits. (Every 4 weeks a bark sample was taken during a year.) 

The N content of the bark fluctuated in accordance with the soil moisture 

content 6 weeks earlier. This N content increased by shade, but also by N 

fertilizers in the absence of shade. The P content of the bark was lowered 

by shade ànd N fertilizers, but increased in the absence of shade by P and 

K fertilizers. Some of these relationships differed from those observed in 

the leaves. (Cf. the results on the N-P-relations in the leaves, mentioned 

on p. 39.) 

Further it is important in this connection that MOSS (1964) came to 

the conclusion that the bark and not the leaves of Theobroma aaoao L. 

represents the soil-potassium-intensity. It is a pity, however, MOSS did 

not analyse the potassium contents periodically for different growth 
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phases of the tree at different heights and for different seasons sepa

rately, because this procedure would have revealed perhaps more of the be

haviour of potassium in the plant. MOSS sampled, however, bark pieces and 

soil solutions each 6 weeks during 14 months, i.e. during a part of the 

wet season in 1959 and during the dry season of I960. So he sampled 10 

times but calculated means from the chemical data for the whole period. He 

takes, however, in account that the composition of the soil solution and 

of the plant material varied considerably during the experimental time. 

For this reason he also determined the composition of the soil solution at 

different depths (1-3 in. and 4-7 in.). 

As we have seen, a decrease in the Ca content of the fruit spurs and 

long shoots of pear trees before the flowering time was accompanied by an 

increase in K content in these plant parts. So, in addition to the in

creased B supply we could also get a relatively low Ca content and Ca/K 

ratio in the medium for the germination of the pollen, if more or less the 

same ratios between elements occur in the flower parts involved in the 

initial stages of fertilization. Now KWACK and BREWBAKER (1961) showed -

with more than 100 pollen types - that the population effect, observed by 

VISSER (1955) and BREWBAKER and MAJUMDER (1961), was caused by the Ca ion, 

as to the germination of the pollen as well as to the elongation of the 

pollen tubes. The population effect describes the observation that small 

populations of pollen seldom germinate well, compared with large popu

lations in the same media (see also BREWBAKER and KWACK, in LINSKENS, ed., 

1964, who could show these phenomena with pollen of 100 plants). The influ

ence of Ca however is also dependent on a suitable osmotic medium and ade

quate quantities of oxygen and borate, while its effect is enhanced in 

vitro by methyl donors and inorganic cations (in particular Mg, K, Na and 

H ) . 

BREWBAKER and KWACK (I.e.) showed in preliminary studies that plants 

grown in soils with Ca deficiency or in very acid soils produce pollen 

which is often relatively poor in Ca. Ca deficiency in pistil tissues 

leads to the failure of pollen tube growth and fertilization. 

So again it can be concluded that the bark parts around the flowers 

or parts of the flowers themselves are to be preferred for sampling for 

chemical analysis of the cacao tree. 

This conclusion seems the more justified as one can deduce from chemi

cal bark and wood analyses of cacao by HUMPHRIES (1947, 1950), that there 

always existed principal differences between the bark and wood composition 

of a more fertile series of trees and that of a less fertile series of 

trees, exactly also during the periods of maximal fruit setting, that is 5 

22 



to 6 months before the maximum yield periods . HUMPHRIES (I.e.) did not 

notice these differences himself because he joined the data obtained by 

him for the two series, in calculating mean values for the graphical repre

sentation of his results. 

During the months May, June and July critical for the fruit setting 

for the main crop in Trinidad, the Ca contents of the wood of a less 

fertile series (B) were much higher at 6 ft and 12 ft than in a more 

fertile series (A). At 1 ft height in the wood this difference only ap

peared clearly in the first week of June. 

The N contents of the wood of series B were much higher than those of 

series A during almost the whole year, in particular during the months 

critical for the fruit setting mentioned above. 

Also the P contents of the wood of series B were much higher in these 

months than those of series A, in particular in the end of July at 12 ft. 

The K contents of the wood at 6 ft and mostly also at 12 ft were also 

higher in series B than in series A during the "critical months". (At 12 

ft from the last one and a half week of May onwards until the second week 

of July). At 1 ft in the wood of series B a very strong decrease of the K 

content occurred however from the half of March onwards during the whole 

remaining dry season, so that it even reached a much lower value in the 

beginning of June than at 1 ft in series A. 

The Ca contents in the bark were also higher in series B during the 

"critical months", at 6 ft and 1 ft. At 12 ft only until the half of June. 

The N contents in the bark were also higher in series B during the 

"critical months", although the differences with those of series A were 

not so strong as for the Ca contents. Nevertheless these differences were 

very strong at 12 ft. 

The P contents of the bark were also higher in series B than in series 

A during the "critical months", although the differences between them and 

those of series A were still somewhat smaller than those between the N 

contents of the bark of these two series. Nevertheless these differences 

were very marked at 1 ft and at 6 ft. 

The K contents in the bark however were almost always lower in series 

B than in the more fertile series A at all heights during the "critical 

months" in spite of a continuous decrease of the K content of the bark of 

series A. In May the K content was much higher in the bark of series A at 

The differences in sugar content of these two series were already dis
cussed at p. 18. 
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all heights. 

These differences were also accompanied by differences in water con-
7 

tents of the bark and the wood. In May and June at all mentioned heights 

(1 ft, 6 ft and 12 ft) in the wood and in the lower part of the tree (1 ft 
2 

and 6 ft) in the bark the water contents of the trees of series A 

remained higher than those of series B, in spite of the occurrence of a 

strong decrease in the water content of the bark of series A at all three 

mentioned heights in June until the flushing in the end of June. (In the 

wood however only a small decrease of the water contents took place at 12 

ft; at 6 ft on the contrary a strong increase). After this flushing the 

water contents of the bark of series A increased however rather quickly 

and were from the end of July onwards - also at 12 ft - markedly higher 

again than in the bark of series B. The somewhat lower water content of 

the bark of series A at 12 ft, in comparison with the water content of the 

bark of series B at this height, only occurred just prior to the flushing. 

A short time only at the beginning of May the water content of the 

bark at 6 ft of series A was somewhat lower than that at 6 ft in the bark 

of series B, but not at 1 ft and 12 ft! 

Of course one could think only the water contents were deciding the 

size of the yield, but it seems the observed differences in mineral and 
3 . . 

sucrose contents between the two serres A and B, and the differences in 

the distribution of the minerals and the sucrose between the bark and the 

wood, will have played a great part as well, or even a more deciding one. 

Further can be remarked there certainly existed a certain relationship be

tween the differences in the water contents between the two series and the 

distribution of the mentioned elements and sucrose in the wood and in the 

bark. 

KRAEMER (1949 a, b and c, cited by WALTER, I960, p. 220) found in 

other trees (Abies sp., Picea sp.) that the transport of assimilates in 

the bark of the stem stops during drought, and that the osmotic values of 

the bark cells suddenly decrease. We can therefore suppose that during a 

less severe drought, i.e. with a certain limited quantity of water in the 

bark, there will take place appreciable changes in the osmotic values of 

the bark of cacao, a fact which could have a deciding influence on fruit 

See for the deviation of this general statement as to the water content 
of the bark of series A at 6 ft during the beginning of May next para-

2 graph. 
See note 1. 
See p. 18. 
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setting. In connection with the observations on the lower K contents of 

the bark of the less fertile series B at all heights during the months 

critical for fruit setting of the main crop (but higher sucrose contents 

at 6 ft and 1 ft; but not in the wood!) , it is interesting to point to 

the fact that it is the K ions that have the greatest influence on the 

osmotic values of cells of all the ions occurring in cells (cf. BUSSLER, 

1964). 

3. Competit ion phenomena influencing the chemical analytical data 

From various data it appears that competition for nutrient substances, 

growth regulators and water occurs between fruits, leaves, branches, stem, 

flowers and other plant parts. In the case leaves are chosen to be sampled 

and chemically analysed as well as in the case a bark or flower part is 

chosen for this purpose, it is necessary to know the main features of this 

competition. 

It is a curious fact that besides the good influence of the flushing 

on the fruit setting, as stated by POLANIA TRUJILLO (1953) (see p. 15 et 

seq.) in Colombia, POUND (1933) and PYKE (1933) had already established a 

strong positive correlation between the occurrence of cherelle wilt and 

the intensity of leaf flushing. So here the intensity of the flushing 

comes into play and not only its occurrence per se. PYKE could establish 

an increase in cherelle wilt during the flushing as well as immediately 

after it. So one is inclined to suppose that there must also exist a corre

lation between fruit setting and cherelle wilt during and after flushing. 

A high fruit setting, favoured by the occurrence of flushing, must be ac

companied by a high incidence of cherelle wilt. This is not so strange 

when one is aware of the fact that as a result of a higher fruit setting 

more fruits are formed, so that more fruits can wilt afterwards if there 

is not a sufficient supply of nutrients and/or growth regulators and/or 

water. 

HUMPHRIES (1943a) showed that a clear distinction must be made be

tween the influence of flushing on the occurrence of cherelle wilt on 

young and adult cacao trees. On young trees of 5 and 6 years old (those of 

1 See p. H 
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6 years were in their third year of fruit bearing) in Trinidad practically 

all fruits wilted at the end of September after considerable flushing. In 

the 5 weeks preceding flushing, the dimensions of the wilting fruits became 

progressively smaller. Of the fruits set immediately after flushing, a 

large part reached maturity however (the percentages of mature fruits varied 

on the various experimental plots). The dimensions of the remaining wilting 

fruits set immediately after flushing became much larger - roughly con

sidered - than the final dimensions of wilting fruits, set later during 

the time that the earlier setted fruits (immediately after flushing) 

reached maturity. So first the processes preceding the flushing and the 

flushing itself seem to have been a large competitive force injurious for 

the fruits, and after the flushing the larger fruits (after some time) 

seem to have had a larger competitive force than the smaller fruits, set 

later. So the dimensions of the wilted fruits were first becoming smaller 

(before the flushing), then larger (after the flushing), then smaller a-

gain (during thf. maturation of the fruits setted after flushing) . These 

tendencies must be considered as recognisable generally, as there were 

many fluctuations in the dimensions of the wilting fruits of the young 

trees. The changes in the dimensions of the wilting fruits of older adult 

trees had a rather continuous course however. From these observations 

HUMPHRIES concludes that young trees are much more sensitive to sudden 

changes in the distribution of nutrient substances because their nutrient 

reserves are much smaller than those of older adult trees. 

McKELVIE (1957, 1960) found that removing of the leaf buds decreased 

wilting of young fruits and caused an earlier production of a larger 

number of ripe fruits. The control trees later bore 2.5 times more leaves 

than the de-budded trees, whereas the control trees showed heavier wilting. 

As the control trees formed more carbohydrates, McKELVIE came to the con

clusion that a lack of carbohydrates could not have been the cause of the 

stronger occurrence of cherelle wilt with the control trees. The bean and 

pod-size of the de-budded trees were however reduced. 

In this connection it is interesting to point to a communication of 

NITSCH (1965, p. 1606) on other plants that the closer a fruit lies to a 

vegetative apex, the greater the caused inhibition of the growth of this 

fruit will be, although the total nutrition of the plant remains the same. 

Removing the vegetative apices of fig trees (CROSBY and CRANE, 1952) stimu

lated the development of parthenocarpic fruits without changing the total 

carbohydrates in the plant (see about the interaction between vegetative 

growth and fruit growth further NITSCH, I.e., p. 1604). From these and 

other data on correlative inhibitions (see e.g. CHAMPAGNAT, 1965, and 
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LEOPOLD, 1964a) it is not possible to deduce the real factor causing the 

inhibition. This factor could be too high a concentration of a certain 

growth-promoting substance or a certain concentration of a typical growth-

inhibiting substance; also the buds could possess a stronger suction force 

(resulting from a greater metabolic activity) than the fruits for nutrient 

substances, which can be carried along the transport routes. 

Whatever the cause of the inhibition of the fruit growth may be, it 

seems certain that the inhibiting influence is induced via the phloem. 

Next to this also, however, an influence upon the dimensions of the fruits 

exerted via the xylem probably plays a part. This follows from the results 

of experiments of HUMPHRIES (1943a) with cacao at Trinidad. It appeared 

that the mean distance of mature healthy and diseased (but outgrown) cacao 

fruits to the soil (measured via the branches and the stem) was signifi

cant shorter than the mean distance of wilted fruits to the soil. This 

could point to the influence of the fact that the non-wilted fruits earlier 

had a chance to withdraw nutrient substances, water, etc. from the xylem 

vessels (and other tissues), than the more remote (from the soil) wilting 

fruits. Another factor, however, also comes into play, as it also appeared 

that the mean diameter of the branches on places where the non-wilting 

fruits were grown was significantly larger in all cases than that of the 

branches where the wilted fruits occurred. HUMPHRIES concludes from this 

fact that the fruits on the thinner branches - also being farther away 

from the soil - were more susceptible to desiccation than those on the 

thicker branches (reference to POUND, 1932a, who showed cacao fruits to be 

smaller the more distant they are from the soil; reference to ESBJERG, 

1934, who showed apple trees of 0.5 m height to be higher yielding than 

such ones of 1.0 m height, under similar circumstances). Besides the 

differences which arise between the water contents of branches of differ

ent diameter, one can however also presume larger reserves being present 

in the thicker branches, while at the same time a longer distance from 

fruits to the soil also implies a shorter distance to the terminal buds of 

the branches'. Without more experiments we cannot say therefore what factor 

is really responsible for the occurrence of wilt as far as the location of 

the fruit is concerned. Perhaps the distance to the soil as well as the 

distance to the vegetative apex plays a role, while the larger desiccation 

of the thinner branches can bring about a relative shortage of water in 

them which could also have a decisive influence upon the chemical re

actions in which the growth-promoting and growth-inhibiting substances are 

involved. 

These conclusions however entail the possibility that leaves at 
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different distances from the soil and from the vegetative apices of the 

branches, and on branches of different diameter, will also show different 

chemical compositions and will be subjected to other influences of the 

fruits when these grow on different distances from them. 

This probable variation in composition of the leaves according to 

their distance from the fruits could also be influenced by the season, as 

HUMPHRIES also stated that the variance (i.e. the square of the standard 

deviation) of the distance of the fruits to the soil, appeared to be low 

in the beginning of the wet season, increased to a maximal value in the 

next weeks, and after that decreased again (these are the general tenden

cies; sometimes temporarily secondary maxima occur). HUMPHRIES supposes 

these variations to arise either by the changing moisture contents of the 

soil or by the changing humidity of the air, although he could not prove 

this in a convincing way already statistically as to the changes in soil 

moisture content, which only reflected the rainfall faintly. 

With all these considerations one must take into account that the 

cacao fruits arise on the leafless parts of the branches. This is differ

ent from the position of the fruits and leaves on most (or all) fruit 

trees, on which, as with the pear and the apple tree, leaves even occur on 

the fruit twigs. So it is clear that also by the typical arrangement of 

the fruits and leaves on such a cauliflorous plant as Theobroma cacao L. 

the competition phenomena deserve special attention. Also because of the 

cauliflorous nature of this plant species a very important competition 

must be that between the cambium of the branches and the stem, the fruits 

and/or the leaves for nutrient substances, growth regulators, water, etc. 

This can be derived from data obtained by DE TARSO ALVIM (1954, 1957c) and 

HUMPHRIES (1944d), although their results are not equal. The second author 

found in Trinidad that the periodic outbursts of cambial activity always 

occurred in the same period as the development of the leaves. This could 

also involve a strong competition between the cambium and the fruits 

during this time. The first mentioned author found in Costa Rica, however, 

that there was a highly significant negative correlation between radial 

stem growth and cherelle wilt. Practically no wilt occurred when the mean 

radial stem growth was 0.005 inches during a fortnight. As also a high 

significant negative correlation between the flushing intensity and the 

s tern growth two weeks later appeared to exist, and also the increment of 

the stem diameter decreased during periods of intense flushing, we could 

conclude that in Costa Rica flushing needed so many nutrient substances or 

water, etc. that radial stem growth was decreased (see note 1, page 29) 

(see for the lack of air in the soil by heavy rains as an explanation of 
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2 
these results below) , while exactly the opposite would have happened if 

enough of these substances, water, etc. would have been present, if we 

take the relations observed by HUMPHRIES as normal in conditions of suf

ficient nutrient and water supply. The assumption that the relations ob

served by HUMPHRIES can be considered as normal in such conditions is sup

ported by the observations with other plants in temperate climates that 

cambium can be stimulated by growth regulators present in buds and later 

in leaves and also possibly in a certain measure by vitamins present in 

these organs, provided that the dormancy of the buds has been broken, 

which means that the level of certain growth inhibitors must be decreased 

(see on dormancy further HEMBERG, 1965 and 1961, in particular as to the 

influence of temperature and long periods of daylight; see for the differ

ences in the occurrence of cambium activity in relation to the bud activi

ty between ring-porous trees, diffuse-porous trees and conifers: REINDERS-

GOUWENTAK, 1965). As Theobroma cacao L. in some climates always bears 

leaves and in other climates periodically looses all its leaves, it can be 

expected that in the first mentioned climates cambium activity never stops 

(cf. BROOKS and GUARD, 195l/'52) and in the second will be periodically 

interrupted (cf. HOLTERMANN, 1902, p. 656; 1907, p. 198, and Tafel XVI, 

Fig. 118, on observations with Theobroma cacao L. on Ceylon; and REINDERS-

GOUWENTAK, 1965, for observations with other plants), while of course many 

graduations can exist between these two extreme possibilities, which will 

be revealed by an examination of the growth rings in these trees. 

In considering these variations in cambium activity one must also 

reckon with the possibility that, although rain will normally increase the 

cambium activity of the cacao tree (see e.g. HUMPHRIES, 1944d, in Trini

dad), too much rain can inhibit it by causing a lack of air in the soil, 

through which a complete check of the radial stem growth may occur. DE 

TARSO ALVIM (1954) who observed this reaction, observed at the same time a 

heavy incidence of cherelle wilt, which he also supposes to be caused by 

this disturbance of the normal uptake processes. He does not take into ac

count however that two to four weeks before this phenomenon a rather 

strong flushing occurred and, although to a lesser degree, even continued 

during the period of observation. This means that these leaves, apparently 

growing normally, competed more strongly than the cambium and the cherelles 

and the incidence of "cherelle wilt" increased! See also next paragraph. 
DE TARSO ALVIM (1957c) also points to the possibility of changes in stem 
diameter by changes in water content of the wood and the bark (tran
spiration by insolation; rain, etc.). 
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