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COMPENDIO

Los dos botones que quedan en las axilas de las hojas del cacao tienen poten-
cidlidades morfogenéticas distintas; empero, la diferencia entre ambas clases de boto-
nes no es la fuente de la diferenciacion del eje.

El botén distal es mas grande, se forma antes que el otro, y recibe la deno-
minacion de “botén principal”. El botdn mds pequeiio, que se forma mds tarde, es
Hamado “botén subordincdo”.

El botén principal puede originar una rama siléptica y plagiotrdpica, con filo-
taxis distica, en el desarrollo de la horgueta. Tal rama tiene una conexion primaria
amplia con el sistema vascular del tronco gue la sostiene.

Un botdn principal que no se desarrolla silépticamente, puede formar mds
tarde una rama proléptica. Tal rama proléptica puede desarrollar de dos maneras; la
primera, consiste en formar una rcma ortotrépica con filotaxis espiral, generalmente
sobre el eje ortotrdpico del tronco. En cambio, conforme a la segunda posibilidad, los
botones prolépticos pueden engendrar ramas plagiotrépicas con filotaxis distica, gene-
ralmente sobre otras ramas laterales plagiotrdpicas. Una rama proléptica tiene nna
conexidn primaria angosta con el sistema vascular secundario del eje que la sostiene.

El botén subordinado se forma sobre el botén principal, y jamds lo hace
silépticamente, Si el botén principal y el eje son daitados, el botén subordinado puede
formar una rama proléptica, tal como lo hace wnn boton principal proléptico. Por lo

general, el botdn suboidinado se desayrolla en una inflorescencia.

En esencia, punede afirmarse, por el momento, que la diferencia entre ramas
plagiotrdpicas y ortotrépicas nada tiene que ver con el tipo de botdn que las haya
originado, ni tampoco al hecho de que su origen sea por silepsis o por prolepsis.

Introduction

HEOBROMA cacao has an unusual and distinc-
T tive pattern of growth, categorized as Noze-

ran’s model by Halle and Oldeman (9) and
described by Hallé and Oldeman (9), Hallé e al.
(10), Vogel (16), Greathouse and Laetsch (7),
Brooks and Guard (1), and Cuatrecasas (5). The
young seedling (which has epigeous germination ac-
cording to Cuatrecasas, (5)) forms an orthotropic un-
branched axis with spiral phyllotaxis. After reaching
a height of 100-150 cm (according to Hallé and Ol-
deman (9) and Vogel (16)) the apical meristem loses
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its meristematic character and disappears. Hallé and
Oldeman (9) state that this disappearance occurs dur-
ing a period of rapid growth, i.e., during one of the
flushes of the shoot. The loss of the apical meristem
is preceded immediately by the appearance of three to
six sylleptic lateral branches at successive congested
nodes near the tip of the now-terminated orthotropic
axis. (The terms “‘syllepsis” and “prolepsis” are used
in the sense of Hallé ef al. (10)). Thus a “pseudo-
whorl” of sylleptic branches (the “orqueta” or “jor-
quette’) is formed. These branches grow out horizon-
tally (i.e., they are plagiotropic) and have distichous
phyllotaxis. There is a leaf dimorphism in that the
petioles of the leaves on the plagiotropic lateral branches
(which are called “fan branches”) are markedly shorter
than those of the spirally-arranged leaves of the ortho-
tropic shoot.
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The plagiotropy of the lateral branches is quite
stzongly determined and a plagiotropic branch will not
turn upward to form an orthotropic shoot. This is
true both on the intact tree and on rooted cuttings
from such branches (see Cheeseman (2); discussion
in Fisher (6)). Usually the lateral buds of the pla-
giotropic branches only give rise to further plagio-
tropic branches, although rarely and under unusual cir-
cumstances an oithotropic shoot may arise from one
of these buds (2, 5, 16); see the comments by Alvim
in the discussion of Fisher (6).

Normally the tree resumes growth in height by
replacement of the lost orthotropic apical mezistem with
a new orthotropic shoot developed by prolepsis from
a resting bud on the parent shoot somewhere below
the newly-formed tier of horizontal branches. This
tepiacement shoot ('chupon’) bears leaves in spiral
phyllotaxis and repeats the development of its parent
axis, eventually ceasing extension growth and giving
rise to another psendowhorl of lateral branches in the
manner just described.

Thus the trunk of the tree is sympodial, made up
of a succession of replacement shoots, each originat-
ing below # whotl of syileptic lateral branches. All
of the first-order lateral plagiotropic branches are
sylleptic and are borne aear the tip of a trunk uanit
All of the shoots which make up the trank are pro-
leptic, except the initial seedling axis Flowers and
fruits are borne laterally on the older wood of the
branches and trunk on specialized axillary short-shoot
systems called “flowering cushions” (see Lent (13))

Growth is "rhythmic”, with flushes of shoot ex-
tension and leaf expansion separated in time by periods
of relative quiescence of the apical bud when there is
no stem elongation or leaf production Gueathouse o
al. (8) found that new leaf primordia were produced
on the orthotropic shoot apex at the same rate that
the leaves expand Thus the number of leaf primordia
in the bud at the apex of the main shoot remains more
or less constant. Iserentant (12) studied the relative
lengths of the periods of growth and rest and conclu-
ded that the newly produced leaves of each flush had
an inhibitory efect on the growth of the apex of the
beanch which bore them, imposing upon it a period
of quiescence.

The strict correlation between syllepsis, plagiotropy,
and distichy of the lateral branches in contrast to the
prolepsis, orthotzropy and spiral phyllotaxis of the
branches which make up the trunk, together with
thythmic growth, is also seen in the other trees con-
forming to this architectural model (10, p 178 ff)
Tomlinson (15) stated '"This correlation between
length of rest and subsequent symmetry of shoots
seems common in tropical trees and needs emphasis,
as its may depend on contrasted methods of anatomi-
cal attachment resulting from contrasting develop-
mental procedures”

Theobroma cacao has two buds in the axils of most
of its leaves Multiple buds in one leaf axil is a com-
mon situation in tropical woody plants. (One recent

sampling at the Fairchild Tropical Gardens found mul-
tiple buds in 37 per cent of the woody dicots exami-
ned; (14)) The varied potential of the different buds
in an axil is part of the cause of the complex vegeta-
tive and reproductive development patterns seen in
evergreen tropical trees,

In T cacao the two buds differ in their size and in
theic potential. There are three possible fates for an
axillary mezistem: it may produce a sylleptic vegetative
branch, or a proleptic vegetative branch, or an inflo-
rescence. Lent (13) has shown that the cauliflorous
inflotescences of T. cacao are the products of axillary
buds which have remeained dormant in the outer layers
of the stem Where inflorescences develop on younger
twigs, Lent found that they always arise from the
smaller of the two axillary buds which he called the
“subordinate bud”. The “subordinate bud” is always
found below the lasger so-cailed “principal” bud.

Greathouse and Laetsch (7) state "It is possible that
the subordinate buds can offer an explanation of branch
dimorphism  Subordinate buds on orthotropic shoots
might give rise to plagictzopic shoots while principal
buds always give rise to orthotropic shoots”. These
authors also reported that the phyliotaxis of the prin-
cipal bud always matched that of the shoot which bore
it This differs from the observations of Brooks and
Guard (1) that all of the principal buds had disti-
chous phyllotaxis, whether on orthotropic or plagio-
tropic shoots. Greathouse and Laetsch atteibute this dis-
crepancy to the possibility that Brooks and Guard ob-
served only very young axillary buds on orthotropic
shoots.

None of the studies which appeared before that of
Hallé et al {10) correlated the well-knowa branch
dimorphism of this tree with the developmental dis-
tinction between prolepsis and syllepsis The branches
of the orqueta form by syllepsis while the replacement
orthotropic shoot develops from a resting bud by pro-
lepsis. According to Cook (3), syileptic branching is
apparently possible on the plagiotrapic lateral branches
as well, again giving rise to plagiotropic branches, at
least in Theobroma bicolor H. & B. (Cook Reported
that early branching sometimes took place on lateral
branches, and that “the development of this bud appears
to be almost simultancous with that of the terminal™).
Commonly the plagiotropic lateral branches form fur-
ther plagiotropic branches by prolepsis from their axi-
Hary 1esting buds. Only in very rare cases and by
unusual treatments can the resting buds of plagio-
tropic branches give tise to otthotropic shoots. Great-
house and Laetsch (7) and recently Vogel (16) have
demonstrated that it is possible to produce plagio-
tropic lateral branches by prolepsis from resting buds
on the otthotropic shoot, by pruning, Although Lent
(13) found that the subordinate bud usually formed
an inflotescence he and also Vogel (16) were able
to cause it to grow out as a vegetative branch by
decapitating the shoot and destroying the principal
bud.
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Table 1 —Type of Branch Produced by Axillary Meris-
tems in Theobroma cacag

Bud Position Parent Sheot Type

and

Development

Orthotrapie Plagiotropic

Subordinate Bud

{profeptic} Inflorescence Inflorescence
Principal Bud
{(syllepiic) Tlagiotropic Plagiotropic
Branch Branch

Principal Bud

(proleptici Orthotropic

Plagiotropic
Branch Branch

(rarely plagio-
tropic branch}

{rarely ortho-
tropic branch)

These complex relationship between buds and
branches are set forth in Table 1. This table shows
that there is only one combination which noomally
produces an orthotropic shoot with spiral phyllotaxis,
re. the proleptic development of 2 resting bud on an
orthotropic shoot. All of the other types and sites of
principal bud development result in the formation of
a plagiotropic branch.

Materials and Methods

Material of Theobroma cacap L. was collected by
Dr. P. B. Tomlinson at Finca La Selva, Puerto Viejo,
Costa Rica (PBT 1-II-78). This material was fixed in
FAA for later study in Cambridge, Massachussetts

Herbarium specimens in the Gray and Amold Ar-
boreturn Herbaria in Cambridge (G and A) were
checked for comparative information on other Theo-
broma species.

Many of the observations reported here are hased
on dissections and hand-sectioning techniques. In ad-
dition, paraffin-erobedded serial sections were prepared
by the usual methods. The cinematographic methods
of Zimmermann and Tomlinson (19) were used for
analysis of the vasculature of the orqueta

Obrervations

Brds

On the older portions of plagiotropic branches
(about 5 mm in diameter) two buds aze visible in
each leaf axil. On orthotropic shoots and on the
younger paris of plagiotropic branches the principal
bud was always visible to the naked eye and the smaller
subordinate bud was sometimes visible and was always
found upon dissection, even though superficially obs-
cured by the dense indumentum of the stem. This

subordinate bud is located in a depression in the stem
between the principal bud and the leaf base and often
is farther surrounded by and embedded in the base
of the petiole of the subtending leaf. The petiole base
may form a pocket hiding the subordinate bud until
after leaf fall

The principal bud has two outer scales and three
to five leaf primordia. Axillary buds can be found in
the axils of these primordia although there may be
one bud in the axils of the prophylls, rather than the
normal pair of buds In many cases the leaves and pri-
mordia of the principal bud showed distichous phyl-
lotaxis above the level of the prophylls, on both ortho-
tropic and plagiotropic shoots Thete was an angle of
about 30° hetween the plane of insertion of the pro-
phylls {which is perpendicular to the plane of the
subtending leaf axis and the parent stem axis) and
the plane of distichy of the remaining leaves of the
bud (Fig 1) Principal buds were often up to 3-4 mm
long from the base to the tips of the bud scales.

The subordinate buds have two enclosing scales and
two or three primordin enclosed within those scales
The enclosed scales are more or less at right angles to
the prophylis. Because of the small number of appen-
dages it 1s difficult to mawe any definite statement
about the phyllotaxis of the small subordinate buds
(see Fig 2)

Theobroma cacao has trilacanar nodes. The median
Icaf trace enters the petiole directly Each of the lateral
traces sends about five parallel veins into the stipule
abave it, as it passes horizontally toward the leaf base,
before entering the petiole. The vascular connections
of the axillary buds arise from the sides of the median
leaf gap. The principal bud is first distinguishable in
the axil of P-3 or P-4 It develops directly from det-
ached residual meristem adjacent to the subtending
leaf primordium In the axil of P-4 (Fig 3), the fourth
youngest leaf primordium of the shoot, the axillary
meristem is distinguishable only as a region of densely-
staining meristematic tissue. It does not project into the
axil It has at this stage a twe-layered tunica and a
cocpus region below No shell zone was seen at this
stage.

The axillary meristem in the axil of P-5 (Fig. 4)
protrudes sfightly into the axil as the corpus enlarges
and divisions within the lower part of the meristematic
region begin to form a rib meristem. At this stape
no appendages are visible The older developing bud in
the axil of P-G6 has two opposite prophyll primordia
(Fig. 5). In this figure of the principal bud in the
axil of P-6 the shell zone of the subordinate bud may
be seen

The subordinate bud appears at the stage of the
axillary meristern subtended by P-7 as a protuberance
of meristematic tissue between the base of the prin-
cipal bud and the base of the subtending leaf (Fig 6,
7). The subordinate bud is inserted well below the
level of the prophylls of the principal bud and is not
in the plane of the prophylis, Rather it is near the
plane containing the axis of the subtending leaf and
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the parent axis There is a noticeable bud gap in the
developing vascular cylinder of the principal bud oppo-
site the insertion of the subordinate bud ‘The principal
bud in the axil of P-8 is seen in Figure 8 No appen-
dages develop in the subordinate bud until much later,
after the stage when it is subtended by P-10. If the
principal bud elongates to form a sylleptic branch the
subordinate bud is usually left behind in the axil of
the subtending leaf.

Orthotropic branches have both principai and sub-
otdinate buds developed and arranged as described
above for plagiotropic branches The principal buds
on plagiotropic branches wete usually lazger and more
conspicuous than those on ortotropic shoots, but in other
respects the axiliary buds of the two types of axes
differed little.

Both orthotropic and plagiotropic branches appeai
to arise from principal buds The leaves which subtend
the branches of the orqueta all have small resting
buds in their axils between the base of the subtended
branch and the petiole or leaf scar (Fig 9) From serial
transections it can be cleatly seen that this resting bud
is the subordinate bud and that the principal bud has
grown out to form the branch

In the proleptic development of replacement shoots
on & decapitated orthotropic shoot such renewal shoots
arose from the principal resting bud at one or more
nodes below the cut (Fig. 10). The resting subordinate
bud could still be found between the developing prin-
cipal bud and the base of the subtending leaf

The Ciguetd

The normal structure of the orqueta is guite con-
sistent Judging by the spacing of the nodes the orqueta
appears to form during a flush of growth of the shoot,
but I have not beéen able to observe this event in
living material Hallé and Oldeman (9) state that the
apex aborts during a period of zapid growth Brooks
and Guard (1) say that marked fack of internodal
clongation is the first sign that an orqueta is forming
Normally the orqueta consists of a series of four o
five branches developed from principal buds by sy-
Hepsis. The morphology of the last, distal branch
differs from that of the others as its subtending leaf
is apparently adnate to the branch Thercfore, this ul-
timate branch is not subtended by a foliage leaf (Fig
11).

The last branch beass the scars of a foliage leaf
and its two ‘stipules about 1 cm above the base cn the
abaxial side as its first appendage.” The foliage leaf
it bears subtends a small bud The prophyll of a
sylleptic beanch in T cavao is usually a reduced unitary
structure, rather than a leaf and pair of stipules (sez
below) Therefore T interpret this reduced. leaf and
pair of normal stipules on the ultimate branch as the
subtending leaf of that branch, which has been carcied
up on the side of the hypopodium

The cessation of meristematic activity and differen-
tiation of the apical meristem of the shoot coincides
with the unusual elogation of the ultimate branch.

Often there is a small leaflike structure, without sti-
pules, or merely a small bump, on the otherwise bare
dome left where the apical meristem of the shoo
has disappeared,

Below, or occasionally among, the branches of the
orqueta one or two structuges may sometimes be found
which might be classed as large buds or short branches
(Fig 12). They have the features of aborted sylleptic
branches. There may be a short hypopodium, 1-3 mm
long, with no scales at the base Its prophylls and
subsequent foliage leaves are similar in structure to
those of young sylieptic branches.

These aborted branches look like the very young
brauches of a young orqueta. They have the distichous
phyllotaxis chazacteristic of the branches of the orqueta
As the branches of the orqueta undergo secondary
prowth any such arrested branches soon wither and
are lost A groove in the stem may be seen below
such an arrested branch as secondary growth is ini-
tially concentrated below the fully-developed branches
of the orqueta. This groove disappears as the stem
grows in thickness and any such arrested branches die

Proleptic Branches

1 was unable to study the formation of the pro-
leptic "chupon” branches, which were very rare in
my material, On a decapitated orthotropic shoot one
or more resting buds develop by prolepsis to form
replacement orthotropic shoots Such branches have
scales at the base and & transition from scales to fo-
liage leaves is accomplished over the first few milli-
meters of the branch base (Fig 10). There are zbout
five scales or their scars within the first millimeter of
the base of the branch Above these the internodes
are longer and reduced stipulate leaves are formed,
grading into normal foliage leaves through a short
transitional seties A change from the distichous phy-
liotaxis of the foliage leaves is made in this region
of transition There is a small subordinate bud at the
base of such a branch, between the branch base and
the subtending leaf. Therefote such a proleptic branch
is developed from a principal bud.

Proleptic branches were seen on distichous plagio-
tropic branches as well. The scars of the subopposite
prophyll were visible close together (the intervening
internode was less than 2 mm long) at the base of the
daughter branch. The internodes beyond the second
prophylls were much longer (about 1 cm or more}.
The transitional series of gradually fonger internodes
is lacking. Since the leaves had abscised from my ma-
terial I cannot say whether the transition in leaf form
from the prophylls to the foliage leaves was abrupt or
gradual.

Where the vascular cylinder of the proleptic branch
connects to that of the plagiotropic axis which bears
it the pith of the branch is very narrow. The size and
crogs-sectional shape of the pith of a proleptic branch
at its base are the same as those of a principal resting
bud similar to the one from which the proleptic branch
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grew, The vascular cylinder of a principal zesting bud
is oval in cross-section. The oval is elongated perpen-
dicular to the axis of the branch which bears the bud
The traces to the prophylls ate prominent at the ends
of the elongate oval. The pith is about 1.5 mm zlong
its long axis and 1 mm along its short axis, as seen
in cross-section where it emerges from the stem

In herbarium material of T cacao I observed what
appeared to be sylleptic lateral branches on plagiotro-
pic distichous shoots. These sylleptic daughter branches
are also plagiotropic and have distichous phyllotaxis.
1 also found examples of proleptic development of
plagictropic, distichous daughter branches on plagio-
tropic shoots on herbarium specimens. Inflorescences,
when scen on herbarium material, were always axillary
to leaves or at the bases of proleptic lateral branches,
where they were probably axillary to the bud scales
of such branches

Discussion

The results reported here support the observations
of Lent (13), who stated that the inflorescence arises
from the subordinate bud, not from the principal bud.
The near-universal presence of two axillary buds in
each axil reported by Lent and Vogel (16) is also
borne out by my studies. All of the vegetative branches
I examined arose from the principal bud and none of
them from the subordinate Lent (13) stated that
“...a subordinate bud can form a vegetative branch
if the branch on which it is borne is decapitated and
the principal bud to which it is adjacent is removed.
Normally a subordinate bud will remain dormant, elon-
gating very little, until the branch which bears it has
become older”. Also according to Lent and to Great-
house and Laectsch (7) principal buds which do not
give rise to vegetative branches abort after a time But
subordinate buds persist to give rise to inflorescences
ot “flowering cushions” on older wood. The behavior
of subordinate buds in I racao is thus very similar to
that seen in Ewcalypins regans F. Muell. by Cremer (4).

So the hope expressed by Greathouse and Laetsch
(7) that "Subordinate buds on orthotropic shoots might
give rise to plagiotropic shoots while the principal
buds always give rise to other orthotropic shoots”, is
not fulfitled On the contray all branches, both
sylleptic and proleptic and both orthotropic and pla-
giotropic, arise from the principal buds.

The hypothesis raised by Greathouse and Laetsch
(7) that the phyllotaxis, and presumably the geotropic
response, of a resting bud are fixed early and duplicate
that of the stem which bears the bud was not supported
by my observations. I was unable to confirm the state-
ment of Greathouse and Laetsch (7) that " .. the buds
show the phyllotaxis of the patent shoot”. The princi-
pal buds showed a wide range of form based on degree
of development. But I am inclined to support the sta-
tement of Brooks and Guard (1) that all of the weli-
developed buds have distichous phyllotaxis initially

It is not possible, however, to say anything about the
determination of geotzopic response oa the basis of
bud structure.

The development of branches with distichous phyl-
lotaxis initially. It is not possible, however, to say any-
thing about the determination of geotropic response
on the basis of bud structure

The development of branches with distichous
phyllotaxis would require the least re-arrangement of
the pattern of leaf production already established in
most buds But the characteristics of the meristem
which make the shoot plagiotzopic and produce short-
petioled leaves may be determined in some other way.
The development of a shoot with spiral phyllotaxis
requizes a change in the phyllotaxis of the shoot from
that found in the bud to that of the branch stage.
Perhaps in T’ cacao this is only possible with the inter-
vention of a period of relative quiescence and slow
development of the meristem entailed by proleptic de-
velopment, This would explain why orthotropic renewal
shoots are produced only from resting buds

The reverse is not always toue in Theebroma cacao,
for as 1 have observed on lateral branches and as was
shown in pruning experiments by Greathouse and
Laetsch (7) and Vogel (16), plagiotropic distichous
branches may arise by prolepsis. A similar but more
testricted situation was reported by Fisher (see dis-
cussion following Fisher (6)), for Terminalia calappa:
“If Iateral buds undergo prolonged rest in Teyminalia
they can never be plagictropic branches”. They can be
released by decapitation of the shoot tip but always
grow out as orthotropic shoots,

According to my cbservations of Theobroma, the
transition from scale-like leaves with distichous phyl-
lotaxis at the base of a proleptic orthotropic shoot to
normal foliage leaves with spital phyllotaxis only
begins with the formation of new leaves zs the bud
apical meristem resumes growth The prophylls and the
primordia alteady formed before the bud's resting phase
ate not rearranged

This may explain to some extent the more rapid
transition to longer internode length seen in proleptic
branches on plagiotropic laterals Here there is no
change in phyllotaxis from bud to the branch. It may
also be that these branches, though proleptic, were
formed on younger stems after a shorter period of
rest of the bud, and perhaps the bud had more com-
plete vascular connections with the conducting system
of the parent axis at the time the bud began to grow
out than do most resting buds.

Tomlinson (15) discussed “meristem differentia-
tion” He defined primary differentiation of shoot
meristemns as the phenomenon in which each primary
meristem of the shoot shows a preferred symmetry and
crientation from its inception. Noting that in trees with
such primary meristem differentiation the plagiotropic
shoots are usually syileptic while the orthotropic ones
are proleptic he stated ""This correlation between length
of rest and subsequent symmetry of shoots seems
common in tropical trees and needs emphasis, as it
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may depend on contrasted methods of anatomical at-
tachment  resulting  from  contrasting  developmental
procedures”.

In T cacan sylleptic branches ate predictably found
only in the crqueta at the top of the stem axis, where
the development of conducting tissues is much modi-
fied The anatomy of the bases of sylleptic and pro-
leptic branches of equivalent size in 7. cacao were there-
fore different from each other, but it &5 difficult
to compare them. The base of a branch of the orqueta
has a wide pith, and its vascular cylinder is essentially
a primary part of the vascular cylinder of the suuport-
ing stem. In the orqueta the bases of the sylleptic
branches comprise most of the vascular cylinder of the
trunle apex, and relatively little is made up of vascular
tissue that is not part of a sylleptic branch base. The
base of a proleptic branch has a narrow pith and its
vascular cylinder is developed contemporaneously with
tnd connected to the secondary vascular cylinder of
the stem Brooks and Guard (1) reported that the
mature stem anatomy of plagiotropic and orthotropic
branches in 1. cacao is similar in terms of the distri-
bution of pith, provascular, cortical, and epidermal
tissues, and in the occusrence and distribution of Iysi-
genous mucilage cavities.

If the anatomy of the branch connection influences
the determination of the type of branch to be produced
it must do so at a very early stage The number of
features involved in meristem differentiation in 7
cacap (viz., phyllotaxis, petiole length, geotropic res-
ponse) argue for a complex cause or combination of
causes. Also one must keep in mind that plagiotropic
second order branches develop on plagiotropic lateral
branches by prolepsis or, as described by Cook (3)
for Theohroma bicolor H & B. (Tribroma bicolor (H
& B Cook), in some cases apparently by syilepsis.
In addition Greathouse and laetsch (7) showed that
plagiotropic branches can develop by prolepsis if the
trunk of T racas is decapitated just below the orqueta
These Facts argue against the hypothesis stated by Tom-
linson (15), cited above, at least as it applies to
7. cacao

If there is an infiuence of developmental procedure
on meristem differentiation I believe it may have to do
with the slow development of the proleptic branch,
associated with its geadual transition from the resting
to the growing state, the need to re-establish vasculas
connection with the cambium if secondary growth in
thickness of the supporling stem has begun, and the
concomitant gradual increase in the rate of extension
growth of the branch

The strongly plagictropic, pagoda-like habit of T
cacae, and indeed of many simifar trees with all bran-
ches strongly plagiotropic from their inception, deser-
ves some comment as an ecological stratepy’, T cacao
is an understory tree of the tropical min forest. Tts
spreading  branches with distichous leaves probably
capture more light with less mutual shading than
would orthotropic  branches with spirally arranged
leaves. Growth in height, unless it leads to a place in
the canopy, may canfer little advantage in the low-light

environment of the understory of a dense rain forest.
Theobioma seems to have adapted to a strategy of effi-
cient Fight capture, rather than one of waiting for an
opportunity for canopy penetration depending on rapid
geowth in height Cock (3) emphasized the suitabi-
lity of the habit of T' carao for growth in the under-
story  According to the theories of Horn (1t) the
structure of an understory tree in the wet tropical
evergreen forest should appreach a monolayer. This is
what he found in the forests he studied in Costa Rica.
I do not krow whether T\ rarae conforms to this pre-
diction

The dimorphism in petiole length in T cucae may
represent an additionzl economy, as long petioles on
the two-ranked leaves of plagiotropic branches wouid
confer no advantage Presumably the mutual shading
of leaves on the orthotropic shoot is minimized by
re-adjusiments of position made possible by a longer
petiole with pulvini at either end, such as T' cacao has.

The adaptive value of the peculiar method of form-
ing the pseudowhorl of plagiotropic branches exhibited
by T cacao is not evident. Its essentizl features are
pagenchymatization of the apex (not its loss due to
terminal [lowering, as in some medes of growth) and
the formation of the orqueta of sylleptic branches. An
alternative pattern often observed is the intermittent
formation of a tier of sylleptic lateral Dbranches on
a continuous monopodial trunk, as in Myrsine floridana
(17) ot Diorpyros. Pethaps the loss of the apical me-
ristem of the trunk allows more efficient allocation
of resources to the lateral branches If the findings of
Zimmermann (18) that there is a bottleneck in the
leaf-specific conductivity of the xylem path at the
base of a branch, compared to the path in the stem,
hold true for sylieptic as weli as proleptic branches,
then the ioss of the apex might well change the hy-
draulic stiucture of the tree The branches of the or-
queta would not, when young, be competing with the
growing trunk above, as the trunk does not extend
above the orqueta Later a trunk refay axis is formed
from a resting bud below the orqueta: the trunk itself
morphologically and anatomically, at least initially, is a
branch Thus when young this part of the trunk itself
would confront the same bottleneck effect. TUnder
drought stress the young plagiotropic branches might
then have an advantage over the young trunk above in
terms of water availability and susceptibility to drought.
Tater still, alter a period of secondary growth, the
trunk would possibly acquire the advantage of a prefe-
rential water pathway seen in temperate trees

Sanminary

The two buds present in the leaf axils of cocoa
have different morphogenetic potential, but the distine-
tion between the two types ol buds is not the source
of the axis differentiation characteristic of the plant.

The larger, distal, first-formed “principal bud”
may give rise to a sylleptic, plagiotropic branch with
distichous phyllotaxis in the formation of the orqueta.
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Such a sylleptic branch has a broad primary connec-
tion with the vascalar systems of the axis which beass
it A principal bud which does aot develop by syllepsis
may form a proleptic branch latzr. Such a proleptic
branch may be arthotropic with spiral phyliotaxis (ge-
nerally on the orthotropic axis of the trunk) or pla-
giotropic with distichous phyllotaxis (generaily on
plagiotropic lateral branches) Such a proleptic branch
has a narrow initial coanection with the secondary
vascular system of its parent axis

The smaller, fater-formed ‘“subordinazte bud” is
formed abaxially on the principal bud. It never de-
velops by syllepsis If the principal bud and the axis
above are damaged the subordinate bud may form a
proleptic branch, in the manner of a resting principal
bud Normally the subordinate bud develops into an
inflorescence

The distinction between plagictzopic and ortho-
tropic branches is not due to their origin from dif-
ferent types of buds, nor to their origin by syllepsis
ar prolepsis.
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