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Early leaf development in Euterpe oleracea Mart. (Arecaceae,
Arecoideae): Leaflets, pinnae or segments?’

André Silva Pinedo? and Sueli Maria Gomes

Postgraduate Program in Botany, Department of Botany, University of Brasilia, P.O. Box 04.457, Asa
Norte, Brasilia, Distrito Federal, 70919-970, Brazil

Abstract. Euterpe oleracea presents long leaves with divisions in the blade frequently referred to as leaflets or
pinnae, as if they were compound. The purpose of this article is to present the first leaf ontogeny study for this
species. Buds of dissected E. oleracea were classified according to their size and morphology and examined under
scanning electron and light microscopy. The youngest leaf primordia are conical. The first foldings in the leaf blade
appear in primordia ca. 0.8 mm in length and already have procambium. When young leaves reach 1.5 mm long,
these plications separate from one another. Segments change their orientation throughout leaf development. Leaf
blade in E. oleracea is initially entire (nonplicate), becoming plicate at a later stage, and plications separate from each
other as a final step. This developmental process has some similarities with what is observed in other palm species.
According to early stages of the leaf ontogeny, these plants have simple pinnatisect and not compound pinnate leaves.
The use of terminology such as “leaflets” or “pinnae” is incongruent with simple leaves, and we recommend that
adult leaf blade subdivisions of Arecaceae should be called “leaf segments” instead. This work contributed to the
understanding of histological changes during palm leaf development, being a contemporary report on both

histological and micromorphological study on palm leaf ontogeny.
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The tribe Euterpeae (Arecoideae) is monophy-
letic (Pichardo-Marcano et al. 2019), comprising
five genera that occur primarily at low altitudes in
humid rain forests in Central and South America,
including the Caribbean (Dransfield et al. 2008).
Euterpe Mart. encompasses seven species and is
easily differentiated from other palms in this tribe
by its pendulous leaf segments (Henderson and
Galeano 1996, Henderson 1999).

Euterpe oleracea Mart. inhabits lowland and
flooded forest habitats in the Amazon region,
occurring from Ecuador to the Guyanas (Smith
2014). Different from E. precatoria Mart. and E.
edulis Mart., E. oleracea is sympodial, making
extraction of palm hearts possible without killing
the individual (Smith 2014). Moreover, the fruits
of this species, popularly known as a¢af in Brazil,
have high energetic and nutritional content (Ri-
beiro et al. 2012) and are one of the Amazonian
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products that stand out in the international market
(Smith 2014).

Leaves are organs formed on the shoot apical
meristem by the action of hormones, such as auxin
and cytokinin (Shani et al. 2010). An interesting
question is how development differs between
compound and simple leaves. Some recent works
were carried out approaching these two leaf types
(Efroni et al. 2010; Conklin ef al. 2019), but their
main focus is on the genes that determine leaf
complexity, and we still lack studies about the
meristematic differentiation that occur during leaf
ontogenesis. It is important to understand the
process of cell proliferation activity during leaf
morphogenesis, as this mechanism may be respon-
sible for controlling leaf complexity (Kang and
Sinha 2010). A typical palm leaf primordium
emerges in the shoot apical meristem with a hood-
shaped apex in its earliest stages, when the stem-
encircling leaf base is formed, distinguishing the
primordium regionally into a distal hooded blade
and a proximal tubular base (Kaplan et al. 1982a).

Concerning the ontogeny of Euterpe species,
researchers have focused on seeds (Panza et al.
2004; Neto et al. 2010) and fruits (Ribeiro et al.
2012). Studies of Euterpe leaves focus on its
ecology (Gatti et al. 2011), leaf epidermis in
seedlings (Ceolin ef al. 2007), or the developmen-
tal process that affects its populations (Carvalho et
al. 1999; Portela and Santos 2011). Barabé et al.
(2010) analyzed the shoot apical meristem of E.
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oleracea only in the first developmental stage,
when plications are still not present, as the work
aimed to understand the phyllotaxis. Thus, there is
no research about the micromorphological and
anatomical changes that occur along the process of
leaf development in this species.

This research aimed to investigate E. oleracea
leaf micromorphology and anatomy at distinct
stages of development, focusing on the meriste-
matic activity during ontogeny. Moreover, we aim
to question some terminology frequently employed
for palm leaves since incongruences were detected.

Materials and Methods. MATERIAL PREPARA-
TION. Seedlings of E. oleracea at about 100-150
cm in height (Fig. 1A) were purchased from
nurseries. The vouchers Pinedo 35, 46, 47, 48, 49,
and 50 were stored at the University of Brasilia
Herbarium (Thiers 2021) under register numbers
217308, 217309, 217310, 217311, 217312, and
217313, respectively. Shoot apices dissection was
made carefully with the naked eye. The axillary
buds were delicately removed from the main axis
and dissected separately under a stereomicroscope.
The developmental stages were isolated in distilled
water based on their size and morphology.

A total of 60 dissected buds 0.2-200 mm in
length were employed in this work. Stages ranging
in size from 0.2 to 50 mm were examined under
scanning electron microscopy, according to the
protocol presented by Kuo (2007). Light micros-
copy was performed with stages between 2 and
200 mm, according to the methodology employed
by Kraus and Arduin (1997), with adaptations
tested by Paiva et al. (2006).

SCANNING ELECTRON MICROSCOPIC ANALYSES:
Samples were fixed in Karnovsky solution at
4 °C for at least 1 hr (Kuo 2007), and then sodium
phosphate buffer 0.1 M (pH 6.8) ratio 1:1 (v:v)
was added. The material stayed for 24—72 hr in this
solution (Kuo 2007) and was washed three times in
the same buffer solution. Leaf primordia were
postfixed in 2% osmium tetroxide for 2 hr and
washed three more times in phosphate buffer.
Samples were dehydrated in an ethanol series (10,
20, 30, 40, 50, 60, 70, 80, 90, and 100%) for at
least 20 min in each solution, twice in each
concentration higher than 60%. The primordia
were dried in the critical point using liquid CO,
(Kuo 2007) and assembled on copper stubs using
black double-sided tape. The metallization was
performed with 8 nm of gold. Images were taken
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in the scanning electron microscope at the
Microscopy and Microanalysis Laboratory of the
Universidade de Brasilia, Brazil.

HistoLoGicaL ANALYSES: Samples were fixed at
room temperature (ca. 24 °C) in FAA50 (Johansen
1940) for at least 12 hr. The primordia were
dehydrated in an ethanol gradient (50, 60, 70, 80,
90, and 100%). The larger structures were soaked
longer in each concentration up to 4 hr. Thereafter,
samples passed through a series of ethanol butyl
acetate solutions (25, 50, 75, and 100%) for at least
1 hr in each concentration.

The specimens were infiltrated with melted
paraffin 3:1 butyl acetate and were maintained
overnight at 60 °C for 24 hr. The samples were
replaced in pure paraffin, and paraffin blocks were
mounted, positioning the primordia in such a way
that plications appeared in the sections, with the
aid of a stereomicroscope.

Serial sections were obtained on a rotary
microtome according to the size of the sample:
2.0-3.0 mm, 10-pum thickness; more than 3.0 mm,
15-pum thickness. Longitudinal sections were made
with buds of 2.0-20 mm and cross sections in a
2-mm primordium.

The sections were stained with safranin and
alcian blue, according to Kraus and Arduin (1997).
Colorless vitral varnish sealed up the slides with
coverslips (Paiva et al. 2006). Observations were
made, and images were captured with the program
LAS ES on an Olympus photomicroscope associ-
ated to the computer.

Results. A fully developed leaf of an E.
oleracea seedling (Fig. 1B) contains about 814
vegetative units. During its development, all these
segments are vertically oriented and remain closely
appressed to the midrib (Fig. 1C). A leaf cross
section at this stage reveals the segments well fitted
in a pattern, with all main vascular bundles aligned
in the middle of the structure, making a distinct
separation between leaf sides (Fig. 1D).

Concerning leaf ontogenesis, the E. oleracea
leaf primordium is initiated as a horn near the
dome of the shoot apical meristem. The group of
meristematic cells of this horn is the first visible
step in the leaf ontogenesis (Fig. 2B). A tubular
base of the horn develops and embraces the shoot
apical meristem (Fig. 2A), forming the young leaf
sheath. The leaf blade has no plications, and the
apex of the leaf primordium is promeristematic
(Fig. 2B, D, E).
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Fic. 1.

Euterpe oleracea Mart. segments organization along development. (A) Plant seedling. (B)

Completely developed leaf. (C) Leaf expanding. (D) A single segment (left) and the organization of the whole
group of segments (right) around the midrib (hand-made cross section). Arrows: vascular bundles. Scale bars:

A: 10 cm; B-C: 5 cm; D: 1 mm.

A larger number of cells is soon added by
anticlinal and periclinal divisions, and the horn
grows, being more evident when buds are more
than 200 pm in length (Fig. 2D). The leaf blade
primordium maintains its characteristic conical
shape at the distal region, and a longitudinal
plication develops from apex to base of this apical

horn (Fig. 2C, E, arrow). This longitudinal region
will originate the leaf midvein, and both sides will
form the blade wings.

The first lateral plications normally emerge
when the bud is about 700 pum in length. These
plications initially resemble a series of very slight
mounds or undulations on each wing of the
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Fic. 2. Leaf ontogenesis of Euterpe oleracea Mart. 1. primordia 0.2—-1.0 mm long. (A) Shoot apical
meristem with first leaf primordium emerging. (B) Group of meristematic cells (arrow) embedded in a leaf
sheath. (C) Leaf primordium with apical horn, with longitudinal plication (arrow). (D) Both sides of a
primordium with an apical horn (arrow). (E) Apical furrow (arrow) delimitating the sides of the leaf
primordium, which surrounds the shoot apical meristem (asterisk). (F) Leaf segments in vertical orientation.
(G) Smaller stages of development inside later stages. A, C, F: scanning electron microscopic; B, D, E, G: light
microscopy. Scale bars: A—G: 100 um.

primordium and first appear and are more and the shoot apical meristem is always embedded
developed on the adaxial side (Fig. 2F). Anatom- in the youngest leaf primordium (Fig. 2E).

ically, it is clearly seen that younger stages of There are about six to eight plications in a 1-
development grow inside the older ones (Fig. 2G), mm-long primordium (Fig. 3A). The developmen-

Downloaded From: https://complete.bioone.org/journals/The-Journal-of-the-Torrey-Botanical-Society on 11 Jul 2025
Terms of Use: https://complete.bioone.org/terms-of-use



2022] PINEDO AND GOMES: LEAF DEVELOPMENT IN EUTERPE OLERACEA 223

Fic. 3. Leaf ontogenesis of Euterpe oleracea Mart. 1I: primordia 1.0-5.0 mm long. (A) Horizontal
plications and nonplicated marginal strip (arrow). (B) Plicated pattern in the blade. (C, D) Plications enlarge
and become more distant apart. (E) Plications in a vertical orientation in primordium with procambial strands
(arrows). (F, G) Apical horn present (F) and missing (G). (H) Projection at the middle of plications (arrows),
indicating future ripping zone. (I, J) Vertical and horizontal segments in the same leaf. (K) Procambial strands
in ridges of plications. A, C, F-H: scanning electron microscopic; B, D, E, [-K: light microscopy. Scale bars:
A-E, J: 100 pm; F-H: 500 pm; I: 200 um; K: 50 pm.

tal size distinction among young leaf wings, more evident. A smooth (nonplicate) margin strip, which
evident in previous stages (Fig. 2C-E), becomes divides abaxial- from adaxial-side plications (Fig.
inconspicuous, while the longitudinal plication that  3A), grows less and becomes narrower than the
delimits the sides deepens and becomes more rest of the blade (compare Fig. 3A with Fig. 3F)
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and forms the ramenta in the adult leaf. Anatom-
ically, the plicate pattern along the blade is in an
advanced stage, with deep furrows and ridges (Fig.
3B).

In a later stage, plications have already grown to
100 pm in width and are spaced farther apart (Fig.
3C), contrasting with their closely appressed
organization during the initial stages (Fig. 2F,
3A). However, as development advances, plica-
tions seem to be again more closely appressed
(Fig. 3F, G). The apical horn elongates more, and
plications on both adaxial and abaxial sides are
completely formed at this stage (Fig. 3C). The
midvein region elongates, while the plications
change from a horizontal (Fig. 3C) to a vertical
position (Fig. 3G). The difference in size of the
two sides virtually does not exist at this stage.
Anatomically, procambial strands are evident
along the leaf blade (Fig. 3D), and they also start
to form in each plication.

As leaf primordia approach 4 mm in length,
plications are more vertically oriented (Fig. 3E-G).
The apical horn has less growth and maintains a
reduced size in comparison with the rest of the leaf
blade (Fig. 3F, G). From this point on, the young
leaf is almost entirely constituted by the plicate
zone of the blade on both sides of the conical
midvein (Fig. 3F—H).

The anatomical sections allow us to observe
again that many younger primordia are embedded
inside older ones (Fig. 3I). In some samples, the
most basal segments are oriented horizontally, and
the most apical ones are oriented vertically (Fig.
31). Moreover, in Fig. 31, it can be observed that
most basal plications separate from one another at
first, while the ones situated at the apex of the
primordia are connected between them for a longer
period. Procambial strands are observed on the
ridges of the developed plications (Fig. 3J), being
distinguished by the long and narrow cells.

Cross SEcTions: An external young leaf (Fig.
4A-E) embraces two leaf primordia (Fig. 4J) and
the shoot apical meristem (Fig. 4J, K). The
external young leaf has two wings of the blade
united by a reduced midvein at the apex (Fig. 4A—
C), while the midvein is well developed below
(Fig. 4D, E), followed by the petiole with two
series of vascular regions (Fig. 4F—H) and the
sheath with only one vascular series (Fig. 41-K).

The two leaf wings are different in size because
of an asymmetrical development (Fig. 4A-D),
being one wing twice larger than the other at the
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leaf apex (Fig. 4A, 40 pm below the tip). In a
lower level, the bigger wing presents three well-
developed plications, and the smaller one has none
(Fig. 4B; 170 um below the tip). Below, there are
four plications with different sizes versus two
smaller plications with similar sizes (Fig. 4C, 300
pm below the apex).

The midvein region is much more developed at
the leaf base (Fig. 4D, E) than at the apex (Fig.
4A—-C). The connection of the innermost plication
to the midvein at the leaf apex is shown in Fig.
4A-C. Below, the connection of other plications to
the midvein is presented (Fig. 4D, 440 pm below
the apex) up to the union of the most external
plications to the midvein, just at the base of the leaf
lamina (Fig. 4E, 580 pm below the apex).

The petiole region has an adaxial depression
distally and embraces the next primordium (Fig.
4F, star, 690 pum below the apex). This depression
is deeper in the middle of the petiole (Fig. 4G, 820
pum, and Fig. 4H, 940 pum, below the apex), and the
sulcate petiole accommodates the youngest leaf
primordia (Fig. 4G, H). Beneath, the petiole
margins are very narrow (Fig. 31, 1,070 um below
the apex), transitioning to the sheath region (Fig.
4], 1,220 pm, Fig. 4K, 1,440 pm, and Fig. 4L,
1,570 pm, below the apex).

Analyzing the vascularization from the base to
the distal region, procambial strands form a circle
in the leaf sheath (Fig. 4], K), two levels of a
semicircle in the petiole (Fig. 4G-I), and a
scattered pattern in the midvein (Fig. 4D, E). In
the leaf margin, there is a vascular bundle from the
leaf base to its apex (Fig. 4A-E), and it is more
developed than those of the adaxial plications. The
vascularization is poorly differentiated in the
abaxial plications, which have fewer cell layers
than the adaxial ones.

The two youngest primordia embraced by the
external young leaf also exhibit one side larger
than the other (Fig. 4F-I).

Discussion. Here we report for the first time the
leaf development process in E. oleracea. Previous
studies on leaf ontogenesis in palm species with
pinnate leaves (Table 1) give support to our
understanding of the events observed here.

More than two decades separate the most recent
studies on leaf ontogeny (Nowak et al. 2007,
2008) from previous contributions (Table 1). The
present work comprises a contemporary and
detailed report of a palm leaf ontogenesis and
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Fic. 4. Leaf ontogenesis of Euterpe oleracea Mart. III: primordium 2.0 mm long. Cross sections were
performed at the following levels below apical tip: (A) 40 pm, (B) 170 um, (C) 300 pum, (D) 440 um, (E) 580
pum, (F) 690 um, (G) 820 pum, (H) 940 pm, (I) 1,070 pm, (J) 1,220 pm, (K) 1,440 pm, and (L) 1,570 pm.
Arrows: plications; stars: leaf primordia; asterisk: shoot apical meristem. Scale bars: A, B: 50 pm; C-L: 100
pm.

combines both micromorphological and histolog-
ical illustration of the events.

Palms have complete amplexicaule leaves, and
the origin of the distal lamina and tubular sheath is
well documented (Eichler 1861; Arber 1918;
Kaplan 1973). The leaf primordium emerges in
the shoot apical meristem with a hood-shaped apex
in their earliest stages, when the stem-encircling
leaf base is formed, distinguishing the primordium
regionally into a distal hooded lamina and a
proximal tubular base (Kaplan ef al. 1982a; Fig.
2A, B, F).

The bud is organized with several stages of
development within a larger structure. An asym-
metry was observed between both sides of the
primordium mainly in the first stages of the palm
leaf ontogeny, being called “cathodic” and “an-
odic” sides by some authors (Kaplan et al. 1982a;
Nowak et al. 2007). This asymmetry is also well
documented in the present work (Fig. 3C).
According to Kaplan et al. (1982a), since the
smallest side of the leaf is located within the leaf
base of an older stage, it is subjected to
compression, and it is reasonable to consider that
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Studies that approach the ontogeny of pinnate palm leaves. AR: Arecoideae; CO: Coryphoideae.

Species

Subfamily, tribe References

Chamaedorea elegans Mart.
Chamaedorea seifrizii Burret

Chrysalidocarpus lutescens H.-Wendl. (now Dypsis
lutescens (H.Wendl.) Beentje & J.Dransf.)

Cocos nucifera L.

Elaeis guineensis Jacq.

Jubaeopsis caffia Becc.

Phoenix dactylifera L.

Phoenix reclinata Jacq.
Phoenix sylvestris (L.) Roxb.

Roystonea O.F. Cook

AR, Chamaedoreeae
AR, Chamaedoreeae

Nowak et al. (2007)
Kaplan et al. (1982a)
Nowak et al. (2008)
Kaplan et al. (1982b)
Dengler et al. (1982)
Venkatanarayana (1957)
Yampolsky (1922)
Robertson (1983)
Naumann (1887)
Deinega (1898)
Goebel (1884)
Periasamy (1962)
Padmanabhan (1967)
Eames (1953)

AR, Areceae

AR, Cocoseae
AR, Cocoseae
AR, Cocoseae
CO, Phoeniceae

CO, Phoeniceae
CO, Phoeniceae

AR, Roystoneeae

many processes that occur during leaf development
may be due to a reduced space and mechanical
constraints.

In the earliest stages of development, all cells
present about the same size, but cells of the apical
meristem of the leaf primordium are the smallest of
all and are present in greater number than the
others situated in different regions (Fig. 2B, D).
According to Periasamy (1965), primordia first
grow by perpetuative growth (growth due to an
increase in the number of cells of nearly the same
volume), but a differentiative growth (growth due
to an increase in the volume of units of constant
number) takes place in their regions that will not
form plications. These processes seem to be
occurring in the early stages of E. oleracea leaf
development (Fig. 2D, E).

The differences between the two leaf sides could
result in asymmetrical leaves. This asymmetry is
observable mainly in the first stages of leaf
development in Chamaedorea Willd. and Dypsis
Noronha ex. Mart. (Kaplan et al. 1982a, 1982b).
However, such asymmetry is not so evident when
we analyze cross sections of Syagrus inajai
(Spruce) Becc. embryos (Genovese-Marcomini et
al. 2014). In our observations, cross sections
through the primordia also revealed a clear
asymmetry between the sides of the young leaf
of E. oleracea (Fig. 4).

The presence of procambium on a still non-
plicated primordium was observed in the classical
works of Kaplan ef al. (1982a, 1982b) and Dengler
et al. (1982). Indeed, these authors state that there
is a correlation among procambium emergence and
plication formation since high cell proliferation
within the original procambial strand causes

provascular tissue to increase in coordination with
the uprise of the adaxial ridge. A later vascular
differentiation is present in E. oleracea since
procambium appears in the primordium from
about 2 mm, when virtually all plications are
already developed, a result that matches with the
palm genera Cocos L., Borassus L., Caryota L.,
and Phoenix L. by Periasamy (1966).

According to Nowak et al. (2008), segments in
Chamaedorea are initially disposed in a vertical
orientation, then they become oriented horizontally
and assume again a vertical disposition in later
stages of development, as we observed for E.
oleracea in the present study (Fig. 3A, C, G). This
change in plication orientation seems to be related
to the amount of space available for the primor-
dium, but it may also have a genetic influence. It
was curious to observe some segments oriented
horizontally and others vertically on the same
primordium (Fig. 31), indicating that leaf primor-
dium sides do not change their orientation
simultaneously, presenting a delay among them.
The ecological meaning of this intriguing pattern
can be the topic of further research concerning
palm leaves.

The lines observed along the segments of
primordia about 4 mm long (Fig. 3F, G) represent
the first step of the stage of individual segments
separating. This process is not exactly an abscis-
sion; it is rather an abscission-like mechanism
since abscission requires that a given plant part
become detached (Nowak et al. 2007). In palms
with reduplicate leaves, such as Elaeis oleifera
(Kunth) Cortés and Cocos nucifera L., a zone of
schizogeny develops between major vascular
bundles and involves epidermal and ground tissues
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only (Gunawardena and Dengler 2006), and this
statement also seems to be true for E. oleracea
(Fig. 3G, arrows).

The mechanism of leaf folding is not exclusive
to palms. Other groups of monocots, such as
Cyclanthaceae, also present plicated leaves in their
ontogenetic process (Wilder 1976; Rudall 1990).
However, despite their resemblance, Cyclantha-
ceae leaves evolved independently from Arecaceae
leaves since there are significant differences among
them, such as initiation site, presence of sheath and
petiole morphology, number of costae, and direc-
tion of newly formed plications (Wilder 1976).
Since Arecaceae and Cyclanthaceae are not closely
related phylogenetically, this feature seems to have
evolved independently in the two groups.

A REVIEW ON SoME LEAF TErRMINOLOGIES. The
very tip of primordia, which is formed in the initial
stage of plant leaf development (Melo-de-Pinna
and Cruz 2020), forms two longitudinal projec-
tions. Plications arise only below these projections,
in the region that will become the adult leaf
lamina, so leaves in palms are simple and dissected
and not compound, just as pointed by De Candolle
(1827), possibly the first to make the observation
that palms have simple leaves.

In this sense, it is necessary to review the
terminology to describe palm leaves in respect to
their segmentation. For instance, Dransfield et al.
(2008) consider “segments” the palm leaf units in
palmatisect leaves and “pinnae” or “leaflets” in the
pinnatisect ones. Nevertheless, since palm leaves
are simple, the terms employed for pinnate leaves
are questionable once they apply only for plants
with compound leaves.

In some studies, the individual subunit of a
mature palm leaf is sometimes referred to as
“pinna” (e.g., Defaveri ef al. 2015; Simozrag et al.
2016; Salem and Ali 2020) or “leaflet” (e.g.,
Kaplan et al. 1982a; Nowak et al. 2009; Noblick
2013; Vianna et al. 2017), while some works even
employ both terms apparently as synonyms
(Dransfield 1986; Kaplan 2001; Horn et al.
2009). Although Glassman (1972) uses only the
term “pinna” in his classical work, his successor
Noblick (2017) is one of the few researchers who
adopts both terminologies, with the term “leaflet”
most frequently employed throughout his article.
Nevertheless, since both terms are used for eudicot
compound leaves (Harris and Harris 1994; Vidal
and Vidal 2000), we consider they are inadequate
to be employed for the subunits of the palm leaves.
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According to Bell and Bryan (2008), leaflets of
pinnate-leaved plants develop from an isolated
patch of marginal meristem, and hence each unit
will be organized in a similar manner to a whole
simple leaf. The authors also state that each leaflet
has at its base a small petiole, named petiolule.
This is clearly not the case for palms with simple
pinnatisect leaves.

On the other hand, for palms with palmate
leaves, the terminology “segment” is commonly
used by Dransfield ez al. (2008) to designate the
blade subunits. “Segment” is employed in plant
sciences with a much wider meaning to refer to the
sections or divisions of a plant organ (Harris and
Harris 1994). Thus, we propose that the term
“segment” be used to name all units of palm leaves
regardless of being pinnatisect or palmatisect. In a
previous work, we already used the terminology
“segment” instead of “pinna” and ‘leaflet”
precisely thinking about the consistency of this
hypothesis (Pinedo et al. 2016).

The term “rachis” is also inadequate since it is
employed to designate the midvein of compound
leaves (Font Quer 1953). We propose to renounce
the term “rachis” and standardize the terminology
“midrib” for palm leaves, as is seen for the simple
leaves of other plants. This can also be applied to
other plants with simple sectioned leaves, such as
Cyclanthaceae.

Conclusion. The monitoring of the distinct
stages of development of E. oleracea revealed
many similarities with previous works for pinnate
palms, highlighting that the ontogeny of palm
leaves tends to follow a general pattern, with some
few peculiarities for each species. The review of
terminologies proposed in the present study,
despite being used for a long time by researchers,
allows an appropriate description of the palm
leaves. Moreover, E. oleracea ontogeny in later
stages of development is still unknown, and the
process of segment separation needs to be
analyzed.
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