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Abstract

Senegalia was recently described as non-monophyletic; however, its sections exhibit robust monophyletic support, suggesting
a potential reclassification into separate genera—Senegalia sect. Monocanthea p.p. is the largest section. It contains 164 spe-
cies of pantropical distribution and includes all of the current 99 neotropical species of Senegalia; however, no morphological
characteristics are available to differentiate this section. To characterize this section, we examined floral developmental traits
in four species of Senegalia sect. Monocanthea p.p. These traits were previously considered as potentially distinguishing
features within Acacia s.1. and include the onset patterns of the androecium, the timing of calyx union, the origin of the
staminal disc, and the presence of stomata on the petals. Furthermore, we analyzed previously unexplored traits, such as
corolla union types, inflorescence development, and micromorphological features related to the indumentum, as well as
the presence and location of stomata. The characteristics proposed as potential synapomorphies of the group include the
postgenital fusion of the corolla and the presence of a staminal disc formed at the base of the filaments. The other analyzed
floral characteristics were not informative for the characterization of the group. Future studies of floral ontogeny will help
to establish more precise patterns, mainly whether corolla union and staminal tube formation occur similarly in African and
Asian sections of Senegalia.

Keywords Acacia - Floral morphology - Inflorescence development - Mimosoid clade

Introduction

Acacia s.1. is a genus long known as non-monophyletic
within the mimosoid clade (Leguminosae: Caesalpin-
ioideae). It comprises more than 1450 species, among which
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a polyandrous androecium with > 30 free stamens is one of
the most striking floral features (Koenen et al. 2020; Lewis
2005; Luckow et al. 2003). Currently, it is segregated into
seven genera: Acacia Mill., Acaciella Britton & Rose, Mari-
osousa Seigler & Ebinger, Parasenegalia Seigler & Ebin-
ger, Pseudosenegalia Seigler & Ebinger, Senegalia Raf. and
Vachellia Wight & Arn. (Maslin et al. 2003; Miller and Sei-
gler 2012; Seigler et al. 2006, 2017). The position of these
segregate genera varies within the mimosoid clade. All of
them, except Vachellia, are in the ingoid clade, part of the
central mimosoid clade (Koenen et al. 2020). Senegalia is
one of the most diverse and widespread genera of mimosoid
clade, with 219 species having a pantropical distribution
(Terra et al. 2017).

Recent analyses have confirmed that Senegalia is para-
phyletic and that its monophyletic, well-supported sections
will probably be treated as separate genera in the future
(Koenen et al. 2020; Ringelberg et al. 2022; Terra et al.
2022). Within Senegalia, the clade “sect. Monacanthea
p.p.” comprises around 164 species with a pantropical
distribution, and all neotropical species (99 species) are
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positioned within this clade. The morphological features
considered critical to distinguishing sections within the
genus, like patterns of prickles and the inflorescence mor-
phology, are no longer key for most species (Terra et al.
2022). Since floral ontogeny can reveal characters not pre-
sent in fully developed structures, studying it can be valu-
able for characterizing the sect. Monacanthea p.p. (Maslin
and Stirton 1997; Tucker 1992a).

Although floral morphology in Acacia s.l. seems uni-
form, there are variations in floral ontogeny traits. Analy-
ses of floral development showed different types of calyx
initiation (Ramirez-Domenech and Tucker 1990), distinct
mechanisms of calyx and tubular corolla formation, as
well as different pathways of androecium development
(Buttrose et al. 1981; Derstine and Tucker 1991; Gémez-
Acevedo 2021; Gémez-Acevedo et al. 2007; Pedersoli
et al. 2023; Prenner 2011; Rico-Alvarado and Gémez-
Acevedo 2022). Previous analyses proposed the patterns
of androecium initiation, congenital and postgenital union
of the perianth and androcecium, the origin of the stami-
nal tube and petal stomata as potential traits for use in
the delimitation of genera of Acacia s.l. (Gémez-Acevedo
et al. 2007). However, no other study has analyzed these
or other ontogenetic traits to characterize the taxa of the
Acacia s.1. group. Therefore, a comparative analysis using
these and other characteristics of floral ontogeny and anat-
omy could provide valuable information for the characteri-
zation of these groups.

This work aimed to analyze the morphology and ontoge-
netic sequence of inflorescences and flowers of four neo-
tropical species of Senegalia belonging to the section Mona-
canthea p.p. (Ringelberg et al. 2022) to determine whether
the union and initiation of calyx, the corolla union type,
the presence of the staminal tube, and the distribution of
stomata and trichomes can be important in the characteriza-
tion of this section. Inflorescences and flower ontogenies
were described, giving their potential to provide informa-
tive characters considering that they are little explored in
mimosoids; the type of petal union was mainly studied in S.

grandistipula and S. polyphylla. All results were compared
with previous studies, especially those conducted in Acacia
s.l.

Materials and methods
Study species

Four species were selected to cover the diversity of habit and
external morphology of inflorescences and flowers Senegalia
polyphylla (DC.) Britton, S. grandistipula (Benth.) Seigler
& Ebinger, S. riparia (Kunth) Britton & Rose ex Britton &
Killip and S. fubulifera (Benth.) Seigler & Ebinger (Table 1).
The plant material of the four species was collected in differ-
ent locations in Brazil, and the specimens were deposited in
the HUFU and RB herbaria (at the University of Uberlandia
and The Rio de Janeiro Botanical Garden).

Floral organography and development

Inflorescence and floral buds were collected and fixed in
FAA 70% (formaldehyde-acetic acid-ethanol; Johansen
1940) and stored in 70% ethanol. Ten flowers of each spe-
cies were dissected and described for organography using
the Leica MZ 75 stereomicroscope. We counted the number
of flowers in ten head-like inflorescence per species to deter-
mine the floral abundance per head-like inflorescence (refer
to Fig. 1 to observe the head-like inflorescence). To define
the structure of inflorescence, we used specimens from her-
baria (Supplementary Data).

For surface analyses under a scanning electron micro-
scope (SEM), the materials were dissected, dehydrated
in an ethanol series (Tucker 1993), critical point dried in
a Bal Tec CPD 030 (AG, Liechtenstein—JBRJ-RJ) dryer,
mounted on metal supports with carbon-coated adhesive
tape and then covered with gold in an Emitech K550X
(Ashford, UK—JBRJ-RJ). Dissection, measurement, dehy-
dration, and metallization were performed at JBRJ, Rio de

Table 1 Characteristics of the species studied with their more remarkable characteristic for the comparative analysis along with their collection

location

Specie Inflorescence  Floral insertion  Calyx

Collection location Voucher

(municipality, state)

Corolla

S. grandistipula  spicate pedicellate campanulate and campanulate and gla-  Ibiracu, ES V. Terra & .A.C.
puberulent brous or puberulent Coutinho 715

S. polyphylla capitate sessile campanulate and gla-  tubular and glabrous ~ Aguas Vermelhas, Mansano, V. F. 971
brous to sericeous MG

S. riparia capitate sessile campanulate and tubular and glabrous  Ibiracu, ES V. Terra & L. A.C.
tomentose Coutinho 716

S. tubulifera capitate sessile tubular and puberulent tubular and puberulent Crato, CE V. Terra & L.LA.C.

Coutinho 709
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Fig. 1 Inflorescence morphol-
ogy of Senegalia. a Sche- }[
matic diagram illustrating the AT
inflorescence morphology '
of the four studied Senegalia
species. b Fascicle of head-like
inflorescences in S. tubulif-

era with a single bract on the
peduncle. ¢ Flower detail of S.
tubulifera. d Fascicle of head-
like inflorescences in S. riparia
displaying a single bract on the
peduncle. e Flower detail of S.
riparia. f Fascicle of head-like
inflorescences in S. grandis-
tipula supporting two bracts on
the peduncle. g Flower detail

of S. grandistipula. h Fascicle
of head-like inflorescences

in S. polyphylla, exhibiting

a peduncle without bracts.

i Flower detail of S. polyphylia.
The black arrows indicate the
position of the first-order bracts.
The white arrows indicate the
position of the second-order
bracts. Drawing: Marcus J. A.
Falcao

_Z/ﬁ"&.:?’

Janeiro, Brazil. Observations and images were obtained at
CENABIO-UFRIJ using a Zeiss EVO 10, and at the Cen-
tro Brasileiro de Pesquisas Fisicas-CBPF using a JEOL-
JSM-6490LV scanning electron microscope at 15, 20, or
30 kV, all located in Rio de Janeiro, Brazil. The electron
micrographs were processed using Adobe Photoshop CS5.

b 3 mm

Anatomical study

For anatomical analyses (light microscopy), floral buds in
pre-anthesis were gradually dehydrated in an ethanol series,
embedded in historesin (Gerrits et al. 1991), and sectioned
transversely (4—6 pm thick) using a rotary microtome (Leica
RM 2245, Wetzlar, Germany). The sections were stained

@ Springer



910

Journal of Plant Research (2024) 137:907-925

with 0.05% toluidine blue in phosphate buffer (pH=6.8)
(O’Brien et al. 1964) and mounted on water in tempo-
rary slides (Gerlach 1969). The anatomical sections were
observed and photographed under a light microscope (Olym-
pus BX50) coupled to a digital camera (Olympus DP73)
with the scale bars under the same optical conditions. All
steps were performed in the Rio de Janeiro Botanical Garden
(JBRIJ) and the Plant Micromorphology Laboratory at the
Federal University of Rio Janeiro, Rio de Janeiro, Brazil.

lllustrations and terminology

The images were processed using Adobe Photoshop CSS5.
The nomenclature for the position and order of initiation
of floral organs follows Tucker (1987) and Teixeira et al.
(2014). The terminology for inflorescences follows Endress
(2010) and Weberling (1992). The term “subunits of inflo-
rescences” refers to the maximum branching level of the
inflorescences, i.e. the racemes and spikes that support the
flowers (Grimes 1999; Troll 1965; Weberling 1989). The
term congenital union refers to when several organs of the
same whorl develop as a ring wall, which may form a tubu-
lar structure in time. In contrast, postgenital union refers
to when the free parts join during floral development after
they have emerged (Endress 1994). The terminology for the
type and extent of corolla connation follows Pedersoli et al.
(2023); connation-coherence refers to when petals are con-
nate in the basal portion and coherent in the mid and apical
portion and complete coherence when petals are interlaced
with papillae along their entire length. The initial stage of
development refers to the set of stages from which it is pos-
sible to observe the floral symmetry, the order of initiation of
the appendages, the order of initiation between whorls, the
number and type of whorls, the number of organs per whorl
and the possible omission of some organs. The intermedi-
ate stage begins after the initiation of the organs and mainly
concerns the elongation of the organs. The late stage begins
when the floral organs show cell specialization (Tucker
1997). Differentiation between bracts and bracteoles follows
Tucker (1987) and Endress (1994).

Results
Organography of inflorescences

Synflorescences in the four species are composed of terminal
and lateral panicles, with 30.39+2.18 cm long in S. gran-
distipula, 40.38 +4.24 cm in S. polyphylla, 32.04 +1.69 cm
in S. riparia and 18.79+3.25 cm in S. tubulifera. The axes
display alternately and helically inserted head-like subunits
arranged in fascicles (Fig. 1a). Each fascicle is subtended by
three bracts, one abaxial, and two laterals (first-order bracts).
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Multicellular trichomes grow on the peduncle of S. gran-
distipula (Figs. 1f and 21), while in the other species, the
peduncle has no trichomes. The peduncles of the head-like
subunits bear two bracts in S. grandistipula (Fig. 1f), one in
S. tubulifera (Fig. 1b) and in S. riparia (Fig. 1d), and none
in S. polyphylla (Fig. 1h) (second-order bracts). The head-
like subunits are spiciform in S. grandistipula (Fig. 1f) and
capitate in S. polyphylla (Fig. 1h), S. riparia (Fig. 1d), and
S. tubulifera (Fig. 1b). The number of flowers per head-like
subunit of each inflorescence is 60-64 in S. grandistipula,
18-21 in S. polyphylla, 18-20 in S. riparia, and 20-23 in
S. tubulifera. A single bract subtends each flower in each of
the four species.

Organography of flowers

The floral symmetry is radial. The flowers are pedicellate
in S. grandistipula (Fig. 1g) and sessile in S. polyphylla
(Fig. 1i), S. riparia (Fig. le), and S. tubulifera (Fig. 1c).
The calyx and corolla are gamosepalous and gamopetalous
with free lobes in all four species. The base of the filaments
is united, forming a staminal tube. The anthers are versatile
with longitudinal dehiscence. The ovary is stipitate, and the
style is curved, exceeding the height of the stamens. The
gynoecium length (from the base stipe to the stigma) is
about 8 mm long in S. grandistipula, 6.5 mm in S. poly-
phylla, 7 mm in S. riparia, and 6 mm in S. tubulifera. The
merism and length of floral organs, and the distribution and
type of indument on the floral organs vary among species
(Table 2).

Organogenesis of inflorescences

Primordia of head-like inflorescence subunits emerge in
an acropetal and helical order from the inflorescence apex
along with the three first-order bracts that subtend them in
S. polyphylla (Fig. 2a, b), S. riparia (Fig. 2e), and S. gran-
distipula (Fig. 2f). The new head-shaped inflorescence pri-
mordia emerge and cluster between the first order bracts
forming fascicles. These inflorescences emerge asynchro-
nously within each fascicle, but synchronously with other
head-shaped inflorescences in other parts of the synflores-
cence. (Fig. 2a, e, f). In S. grandistipula, the second-order
bracts protect each inflorescence head-like subunit in the
early developmental stages (Fig. 2f, 1). The formation of flo-
ral meristems in each head-like subunit is acropetal (Fig. 2c,
g, 1, j). The development of floral organs begins after all
floral meristems are formed on the inflorescence subunit.

Floral organogenesis

The floral meristem is elliptic or rounded and subtended by
a bract (Fig. 2d, h, k), and no bracteoles are initiated. The
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Fig.2 Organogenesis of
inflorescences in Senegalia.
a-d, S. polyphylla. f, g, h, 1, S.
grandistipula. e, i, S. riparia.],
K, S. tubulifera. a, e, f Lateral
view of inflorescences primor-
dia of S. polyphylla, S. riparia,
and S. grandistipula. b Detail of
the inflorescence primordium
apex of S. polyphylla showing
the inception of three bracts.

¢, g, i, j Indeterminate growth
of inflorescence subunits in S.
polyphylla, S. grandistipula,

S. riparia, and S. tubulifera.
The asterisk shows the apex

of the inflorescence subunit.

d, h, k Rounded or elliptical
floral meristems before organ
initiation in S. polyphylla, S.
grandistipula, and S. tubulif-
era. (1) Detail of a group of
primordia of inflorescence
subunits forming a fascicle in
S. grandistipula showing first
and second-order bracts and
multicellular trichomes on the
peduncle (arrow). b =first order
bract, bl =second order bract,
f="floral meristem, ped =pedun-
cle, si=inflorescence subunit.
Scale bars: a, d, e, g, h, k,
=100 pm; b, i=20 pm; ¢,
j=50 pm; 1=200 pm

sepals in S. grandistipula, S. polyphylla, and S. tubulifera
arise as individual primordia. In S. grandistipula the order of
initiation is helical modified. The first to emerge is the mid-
dle adaxial sepal (Fig. 3a), followed by one of the abaxial
sepals, the third is the next abaxial lateral sepal (Fig. 3b),
the fourth is the adaxial lateral sepal, and the last is the next
adaxial lateral sepal (Fig. 3c). Some flower buds showed
variations of this initiation pattern (Fig. 3d-f). In S. poly-
phylla, the order of initiation of the sepals is erratic, with
no discernible sequence (Fig. 3g-k). There are deviations
from the calyx pentamery. Six sepals can emerge in S. gran-
distipula, (Fig. 4a), and four in S. polyphylla (Fig. 31). The
petals in S. grandistipula (Fig. 4a, b), S. polyphylla (Fig. 4c,
d), and S. rubulifera (Fig. 4f), arise as individualized primor-
dia simultaneously and alternate with the sepals. In S. poly-
phylla petal primordia initiates after a long plastochrone;
at this stage, the enlarged sepals cover the floral meristem
(Fig. 4g). The petal primordia emerge when sepals elongate
in S. grandistipula (Fig. 4h) and S. tubulifera (Fig. 4i). There

are variations in the corolla merism. Six petal primordia can
emerge in S. grandistipula (Fig. 4a), and in S. polyphylla,
four (Fig. 4c) or even seven petals (Fig. 4e).

In S. grandistipula (Fig. 5a, b), S. polyphylla (Fig. 5c), S.
riparia (Fig. 5d), and S. tubulifera (Fig. 5h), the androecium
and gynoecium inception occur concomitantly and begin
after petal elongation. The stamen primordia arise from a
ring meristem, initially pentagonal and sectored into five
parts by the emergence of stamen primordia, which arise in
an antesepalous position and proliferate laterally and cen-
tripetally (Fig. 5a, d, f). The carpel primordium is differen-
tiated as a circular dome in the central region of the floral
meristem (Fig. 5b, d, f, h).

Middle and late stages of floral development
In the middle stage of development, the sepals enlarge

and unite postgenitally, with lobes joined by interlac-
ing epidermal papillae, forming a valvate aestivation in
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Table 2 Merism, length and indument of each whorl per species

Whorl S. grandistipula S. polyphylla S. riparia  S. tubulifera
Calyx Merism 5-6 4-5 5 5
Sepal length 4 23 1.7 2.8
Adaxial indument Glabrous Glabrous Glabrous  Glabrous
Abaxial indument Mainly glabrous by some Glandular and non-glandular ~ Glabrous Covered by non-glandular
scattered non-glandular trichomes. trichomes.
trichomes.
Presence of stomata - Scattered in the abaxial surface - -
Corolla Merism 5-6 4-5 5 5
Sepal length 5.6 4.5 5 4.5
Adaxial indument Glabrous Glabrous Glabrous  Glabrous
Abaxial indument Glabrous Densely covered by non-glan-  Glabrous Covered by non-glandular
dular trichomes. trichomes.
Presence of stomata - Scattered on the tips of adaxial - -
surface
Androecium  Number of stamens 91-101 151-163 113-121  109-135
Filament length (mm) 10 6.8 10 8
Gynoecium  Gynoecium length 8 6.5 7 6
Ovary indument Densely covered by non-glan-  Densely covered by non-glan-  Glabrous Covered by non-glandular

dular trichomes.
Presence of stomata -

dular trichomes. trichomes.

Scattered on the surface

The length of the gynoecium was measured from the stipe at the base to the stigma. Calyx and corolla length were measured from the base of the
flower to the apex of the lobe of each whorl. All measurements are in millimeters

S. grandistipula (Fig. 3m) and S. polyphylla (Fig. 3n). In
S. tubulifera, the sepal aestivation is imbricated with the
adaxial sepal outermost (cochlear descending) (Fig. 30). In
the later stages of development, the calyx is opened by the
elongation of the corolla, and the basal part remains united,
forming a tubular calyx with free lobes in all Senegalia spe-
cies (Fig. 6a, d, g, j). In S. grandistipula and S. riparia,
the calyx of preanthetic flowers reaches approximately two-
thirds of the corolla length (Fig. 6a, g); half the length of the
corolla in S. polyphylla (Fig. 6d) and one-third of the corolla
length in S. tubulifera (Fig. 6j). In S. grandistipula (Fig. 6a),
non-glandular scattered trichomes are formed and cover the
abaxial sepal surface concentrating mainly on the tips of the
lobes of the sepals (Fig. 6¢). In S. polyphylla (Fig. 6d), the
abaxial sepal surface of preanthetic flowers is covered by
stomata, non-glandular trichomes, and glandular trichomes
(Fig. 6f, 1). In S. riparia (Fig. 6g), the sepal abaxial sur-
face is glabrous (Fig. 61), and in S. fubulifera (Fig. 6j), the
sepal abaxial surface is covered by non-glandular trichomes
(Fig. 6n).

In the middle stage of development, the petals enlarge and
unite postgenitally, with lobes joined by interlacing epider-
mal papillae, forming a valvate aestivation in all Senegalia
species (Figs. 4j-1 and 6j). In the later stages of development,
petals exceed the sepals in length, involving the androecium
and gynoecium inside the floral bud in all Senegalia species

@ Springer

(Fig. 6a, d, g, j). The abaxial surface of the petals is gla-
brous in S. grandistipula (Fig. 6a, b) and S. riparia (Fig. 6g,
k), densely covered by non-glandular trichomes in S. poly-
phylla (Fig. 6d, h), and covered by scattered non-glandular
trichomes in S. trubulifera (Fig. 6j, m). Stomata can occur
at the tip of the inner surface of the petals in S. polyphylla
(Fig. 6¢e). In S. grandistipula (Fig. 7a) the corolla union is
postgenital, the apical portion is joined by papillate cells
(Fig. 7b, c), while the middle (Fig. 7d, e) and basal parts of
the petals are joined (Fig. 7f), forming a single tissue (con-
nate-coherent type). In S. polyphylla (Fig. 7g) the postgenital
union of the corolla is the type of full coherence, where the
apical (Fig. 7h, i), median (Fig. 7j, kB3), and basal portions
are united by epidermal papillae (Fig. 71, m).

In all Senegalia species, the stamens elongate asynchro-
nously, concomitant with their inception, and the differentia-
tion of the anthers and filaments is synchronous (Fig. Sk-m);
the stamens remain folded in preanthetic flowers (Fig. 8b, g,
1, q); finally a bithecate dorsifixed anther with longitudinal
dehiscence develops (Fig. 8c, d, h, i, m, n, r, s); and the base
of the filaments becomes united forming a staminal tube
(Fig. 8w-y, aa). In S. grandistipula, S. riparia, and S. tubu-
lifera, the staminal tube has scattered stomata in the inner
upper part (Fig. 8v, z, ab).
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Fig.3 Sepal initiation and
elongation in Senegalia. a-f,

m, S. grandistipula.g-1, n, S.
polyphylla. O, S. tubulifera;

the bracts were removed, and
the abaxial side is positioned at
the base in all the images. All
images are presented from a
polar view. a-¢ Development of
sepals showing a helical modi-
fied order of initiation. All sepal
primordia arise free. d Floral
bud with reversed unidirectional
initiation. e Floral bud with the
first sepal in a lateral adaxial
position. f Floral bud with the
median sepal in the abaxial
position. g, h Floral bud with
the first sepal in an adaxial

and lateral position, respec-
tively. i Floral bud showing a
reversed unidirectional order of
initiation. j Floral bud with two
lateral sepals emerged. k Floral
buds with three sepals emerged.
1 Floral bud with four elongated
sepals. m, n Flower bud, calyx
closed by conspicuous papillose
cells arising from the margins of
the sepals. o Floral bud, calyx
showing cochlear descending
aestivation of sepals. b=bract,
s=sepal. Scale bars: a, b,

e, j,k,h,n=20 pm; ¢, d, g,

i, £, 1=50 pm; m =100 pm;
0=200 pm

In S. grandistipula (Fig. 5c¢) and S. tubulifera (Fig. 51),
the carpel cleft forms after the stamen primordia have dif-
ferentiated and begin to elongate. In contrast, in S. poly-
phylla (Fig. 5g) this differentiates before the ring meristem
has fully differentiated into stamen primordia. In S. gran-
distipula, the orientation of the carpel cleft of each flower
in the head-like inflorescence is variable (Fig. 5e), whereas
in S. polyphylla is always oriented towards the adaxial side
(Fig. 5j). In all Senegalia species, the carpel cleft closes
(Fig. 5k-m), the style grows remaining folded in the apical
part of the ovary in preanthetic flowers (Fig. 8a, f, k, p),
and the stigma is cup-shaped (Fig. 8e, j, o, t). In S. gran-
distipula (Fig. 8a) and S. polyphylla (Fig. 8f) the ovary of
preanthetic flowers is densely covered by non-glandular

trichomes; in S. riparia is glabrous (Fig. 8k), and in S.
tubulifera is covered by scattered non-glandular trichomes
(Fig. 8p) and stomata (Fig. 8u).

Discussion
Inflorescences

All species of Senegalia we studied have inflorescences in
terminal and lateral panicles that support subunits in head-
like inflorescences, i.e., racemes with very short inter-
nodes. In mimosoids, such inflorescences are common;
likewise, it is usual for the number of flowers per head-like
inflorescences to vary among species (Derstine and Tucker
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Fig.4 Petal initiation and
elongation in Senegalia. a, b, h,
1, S. grandistipula. c-e, g, k, S.
polyphylla. L, S. riparia. f, i, S.
tubulifera; the bracts and sepals
were completely removed, and
the abaxial side is always at the
base. The images a-i, k and 1
are presented from a polar view,
the image j is presented from a
lateral view. a Floral bud with
six sepals and six petals primor-
dia. b, d, f Flower bud with five
free petal primordia alternate
with the sepals. ¢ Floral bud
with four free petal primordia.
e Floral bud with seven free
petal primordia. g-i Floral buds
show differences in plastochro-
nes between the beginning of
petals and the development of
sepals. j-1 Floral bud, elongated
free petals with papillae at the
tip. p=petals, s=sepals. Scale
bars: a,d=20 um; b, ¢, e, f, h,
k=50 pm; g, i, j, 1=100 pm

1991; Ramirez-Domenech and Tucker 1989; Stone et al.
1999; Tucker 1988). The asynchrony in the emergence of
head-like inflorescences may be because in Leguminosae,
perennial species, such as theSenegalia species studied by
us, have axillary buds that often remain dormant until the
next vegetative or flowering period. This would give rise
to new head-like inflorescences from the same architecture
as the previous flowering shoots (Weberling 1989).

In each inflorescence subunit, the organ initiation in
each floral bud occurs only after the last flower primordium
of that inflorescence subunit is formed. This character is
typical of mimosoids, where each flower bud pauses its

@ Springer

development after initiation until all flowers are initiated on
the inflorescence subunit, so flower development on each
raceme is synchronous (Tucker 2003a). Considering the
synchrony in anthesis of each flower of each inflorescence
subunit, they would be acting together to attract pollinators,
and for this reason, they are considered the unit of pollina-
tion in mimosoids (Arroyo 1981; Harder et al. 2004).

Initiation and position of the perianth organs

In flowers of the mimosoid clade, it is possible to find
the median sepal in the adaxial position (Tucker 2003a).
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Fig.5 Androecium and gynoecium initiation and elongation in
Senegalia. a-c, e, k, S. grandistipula. £, g, j, 1, S. polyphylla. d, m,
S. riparia. h, i, n, S. tubulifera. The bracts, sepals, and petals were
completely removed in a-j. The abaxial side is at the base in a-j. The
images a-j are presented from a polar view, and the images k-N are
presented from a lateral view. a, d, f, h Floral bud showing an alter-
nipetalous stamens initiation. The inception of the remaining stamens
is in lateral and centripetal mode. Arrows show the direction of sta-
mens initiation. The carpel inception is appreciated as a bulge at the
center of the floral meristem. b Inception of the remaining stamen

Although this condition is common in this group, it can also
be found in other Caesalpinioideae outside the mimosoid
clade, such as Gleditsia (Tucker 1991), Ceratonia, and
Erythrophleum (Tucker 1992a, b). This condition may
be related to radial symmetry, as a bilateral symmetry in
Leguminosae is not known with the median sepal in the

primordia. The carpel is completely delimited in the central region
of the floral meristem. ¢, g, i Somewhat later stage shows the stamen
elongation beginning for the antesepalous regions and the carpel cleft
formation (arrow). e, j Lateral view of the inflorescence. The arrows
indicate the carpel cleft orientation in each flower. k-n Longitudinal
section of the floral bud shows the carpel cleft fusing (arrow). The
asterisk shows filaments with different lengths. The anthers have the
microsporangia completely differentiated. A =androecium, b=bract,
c=Carpel, p=petals, rm=ring meristem, s =sepals. Scale bars: a, c,
d=20 pm; b, e, h, i, k-n=100 pm; f, g, j=50 pm

adaxial position (Endress 1999; Sinjushin 2021). However,
the merism’s instability can cause the median sepal’s posi-
tion to present deviations, as observed in S. grandistipula
(Fig. 4a), Inga grandis T.D. Penn., and I. hispida Schott ex
Benth. (Paulino et al. 2017), or instability, as observed in
Inga congesta T.D. Penn., Mimosa caesalpiniifolia Benth.
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Fig.6 Late stage of develop-
ment of sepals and petals in
Senegalia. a-c, S. grandistipula.
d-f, h, i, S. polyphylia. g, k, 1, S.
riparia. J, M, N, S. tubulifera.
a, d, g, j Preanthetic flower,
lateral view, calyx unite at the
base with open aestivation.
Protection of the androecium
and gynoecium organs is by
the valvately closed petals.

b Magnification of the corolla
showing the glabrous surface.
¢ Magnification of the sepal
surface showing non-glandular
trichomes. e Inner surface of
petal tip, frontal view, showing
scattered stomata. f, i Magni-
fication of the sepal surface
showing stomata, non-glandu-
lar, and glandular trichomes.

h Magnification of the corolla
surface showing a dense layer
of non-glandular trichomes.

k, 1 Magnification of the calyx
and corolla shows the glabrous
surface. m Magnification of
the calyx showing non-glan-
dular trichomes on the sepal
surface. n Magnification of the
corolla showing non-glandular
trichomes on the petal surface.
Scale bars: a=1 mm; b,
h=100 pm; ¢, f, k-n=50 pm;
d, j=500 pm; e=30 pm;
=200 pm; i=10 pm

and M. bimucronata (DC.) Kuntze. (Gongalves et al. 2023).
Likewise, some flowers of S. grandistipula have the mid-
dle sepal in the abaxial position (Fig. 3f), a feature already
found in other mimosoids such as Inga grandis T.D. Penn.,
Pentaclethra macroloba (Willd.) Kuntze., Anadenanthera
microsperma Teijsm &Binn, Parkia multijuga Benth.,
Stryphnodendron adstringens (Mart.) Coville. and Neptu-
nia pubescens Benth. which also show meristic variation
(Barros et al. 2017a, b; Paulino et al. 2017; Pedersoli and
Teixeira 2016; Ramirez-Domenech 1989; Tucker 1988).
The erratic pattern of calyx initiation found in S. poly-
phylla has also been reported in the mimosoid Vachellia
pennatula (= Acacia pennatula) (Schltdl. & Cham.) Seigler
& Ebinger and Vachellia cornigera (=Acacia cornigera)
(L.) Seigler & Ebinger (Gémez-Acevedo et al. 2007; Gémez-
Acevedo 2021). Valvar estivation of the calyx is common in
mimosoid (Tucker 1987); however, imbricated aestivations
were reported in Pentaclethra macroloba (Willd.) Kuntze
(Barros et al. 2017a, b), Adenanthera microsperma Teijsm.
& Binn., Calliandra angustifolia Spruce ex Benth. (Pren-
ner 2004a; Ramirez-Domenech and Tucker 1990), and in

@ Springer

S. tubulifera, reported in this study. The different types of
sepal initiation may show different developmental pathways
by which radial symmetry arose in the mimosoid clade
(Ramirez-Domenech and Tucker 1990).

The simultaneous petal initiation in S. grandistipula, S.
polyphylla, S. tubulifera, and valvar estivation of the corolla
in S. grandistipula, S. polyphylla, and S. riparia are com-
mon and stable characters that define the mimosoid clade
(Ramirez-Domenech and Tucker 1990; Tucker 2003a). This
pattern contrasts with the imbricate corolla estivation of the
other groups of Leguminosae (Falcdo et al. 2020; Koch-
anovski et al. 2018; Mansano et al. 2002; Prenner and Klit-
gaard 2008; Tucker 1996). The protective function in flowers
is commonly associated with sepals and the floral attraction
to petals; however, in some groups of plants, the petals can
assume the protective function (Endress 2011). The pro-
tective whorls are relatively thicker, covered by tector and
glandular trichomes, and are usually green. Also, the valvar
estivation has been related to whorls with a protective func-
tion (Endress 2004, 2011). In many mimosoids, the flowers
have colorful stamens that are the conspicuous floral whorl
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Fig.7 Corolla union in S. gran-
distipula and S. polyphylla. a-f, a
Senegalia grandistipula. g-m,
Senegalia polyphylla. a, g Floral
bud, lateral view, representing
the height of the anatomical sec-
tions shown. b Apical portion

is united by marginal epidermal
papillae (arrows). ¢ Magnifi-
cation of (b) shows the floral
bud margins being closed by
papillae (arrow). d The middle
portion of the flower showing
the corolla union forming a
continuous tissue. The corolla
regions with tissue fused are
thinner (arrows). e Magnifica-
tion of (d) shows a corolla
region alternate to the sepals
where the tissue is completely
fused. f Basal portion of the
flower with a fused corolla
forms a single tissue. Scale bars:
a, g=1 mm; b-d, f, h-1=50 pm;
e, m=200 pm

responsible for the floral attraction and, as in the case of the
species of Senegalia studied, the floral protective function
is assumed by the petals (Koenen et al. 2020).

Lability of perianth merism

Fluctuations in perianth merism are rare in core eudicots,
where the pentamerous and tetramerous pattern predomi-
nates (Endress 2011; Ronse De Craene 2022). This is con-
firmed in mimosoid, where pentamerous and tetramerous
flowers are more common (Tucker 2003a). However, mer-
ism changes within core eudicots have been reported in
natural populations, being more common in families such
as Styracaceae, Polemoniaceae, and Gentianaceae (Ronse
De Craene 2016). Perianth merism lability in Leguminosae

is comparatively an uncommon character; however, there
are records for several clades, some examples are in the
genus Acacia (Prenner 2011), Apuleia (Falcdo et al. 2020),
Calliandra (Prenner 2004a), Ceratonia (Tucker 1992b),
Dialium (Marcus José de Azevedo Falcdo Junior personal
communication; Tucker 1998), Inga (Paulino et al. 2017),
Lecointea (Mansano et al. 2002), Mimosa (Gongalves et al.
2023), Mendoravia (Zimmerman et al. 2017), Parkia (Renan
Siqueira Moraes personal communication), Stryphnoden-
dron (Pedersoli and Teixeira 2016), Swartzia (Paulino et al.
2013) and Vachellia (Gémez-Acevedo et al. 2007).

This study adds two species having pentamerous flow-
ers with a meristic variation of the merism within the same
inflorescence: S. grandistipula, which can initiate six sepals
and petals primordia, and S. polyphylla with four sepals

@ Springer
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Fig.8 Late stage of development of androecium and gynoecium
in Senegalia. a-e, v, w, S. grandistipula. f-j, x, S. polyphylla. k-o,
Y, Z, S. riparia. p-t, aa, ab, S. tubulifera. a, f, k, p Gynoecium of
preanthetic flower. The style is conspicuously folded, and the stipe
is noticeable. b, g, 1, @ Androecium of preanthetic flower. The sta-
mens remain conspicuously folded. e Inner surface of petal tip, fron-
tal view, showing scattered stomata. ¢, d, h, i, m, n, r, s Dorsifixed
and bithecate anthers of anthetic flowers showing longitudinal dehis-
cence. e, j, 0, t Cup-shaped stigma of an anthetic flower. (u) Detail

@ Springer

of the ovary surface showing scattered non-glandular trichomes and
stomata (arrows). v, z, ab Detail of the upper portion of the staminal
tube of an anthetic flower showing stomata. (w, X, y, aa) Longitudinal
section of an anthetic flower with the flower base magnified show-
ing the staminal tube. A=androecium, f=filament, G=ovary stipe,
O=ovary, p=petals, st=staminal tube, sy=style. s=sepals. Scale
bars: a, b, f, g, p=500 pm; ¢=100 pm; d, i, j, m, n, z, ab=20 pm; e,
h, o, r-v=50 pm; k, 1, q, w, X, y, aa=200 pm
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and petals primordia. More specifically, changes in the
perianth merism between five and six or seven sepals have
already been reported for other mimosoids such as Calli-
andra angustifolia Spruce ex Benth. (Prenner 2004a) Inga
congesta T.D. Penn., Inga feuillei DC., Inga grandis T.D.
Penn., Inga hispida Schott ex Benth. (Paulino et al. 2017),
Farkia platycephala Benth. Renan Siqueira Moraes personal
communication), Stryphnodendron adstringens (Mart.) Cov-
ille (Pedersoli and Teixeira 2016), Mimosa bimucronata
(DC.) Kuntze., Mimosa candollei R. Grether (Gongalves
et al. 2023), Neptunia pubescens Benth. (Tucker 1988), and
Vachellia pennatula (Schltdl. & Cham.) Seigler & Ebinger
(Gomez-Acevedo et al. 2007). On the other hand, perianth
merism variation from five to four or fewer members, as
observed in S. polyphylla, has been less reported, so far
reported only in C. angustifolia (Prenner 2004a), Inga bella
M. Sousa (Paulino et al. 2017), M. candollei and M. caesal-
piniifolia (Gongalves et al. 2023)d pubescens (Tucker 1988).

The propensity for meristic fluctuations in the mimosoid
clade can be explained by the mechanical forces within
flowers (Ronse De Craene 2016, 2018); however, floral
evolution is also strongly influenced by pollination systems
(Hodges and Arnold 1995; Xiang et al. 2023). Most groups
with variations in the perianth merism have actinomorphic
flowers (Gongalves et al. 2023; Mansano et al. 2002; Paulino
et al. 2017; Ronse De Craene 2016; Tucker 1999), which
exhibit, in general, more generalist pollination systems rela-
tive to zygomorphic flowers (Buckhari et al. 2017; Fenster
et al. 2004; Sinjushin and Karasyova 2017). Zygomorphy
allows precision in the placement of pollen on the pollinator;
therefore, variations in perianth merism in these flowers may
alter the bilateral symmetry, making them non-functional
or less attractive to pollinators (Citerne et al. 2010; Lazaro
and Totland 2014). Meristic variation in flowers of highly
congested inflorescences, such as in Senegalia and other
mimosoids, would not affect attractiveness because they do
not act as a pollination unit by themselves but the inflores-
cence as a whole (Harder et al. 2004).

Union of perianth organs in mimosoid

In this study, a postgenital union of the calyx and corolla
in S. grandistipula, S. polyphylla, and S. tubulifera was
evidenced, in which each primordium of sepals and petals
initiates separately from the others, elongates, and subse-
quently unites with the adjacent members. Postgenital calyx
unions have been mentioned in other mimosoids such as
Acacia saligna (Labill.) H.L. Wendl. (Gémez-Acevedo et al.
2007), A. microsperma, Wallaceodendron celebicum Koord.
(Ramirez-Domenech and Tucker 1990), Parkia multijuga
Benth. and S. adstringens (Pedersoli and Teixeira 2016).
Congenital calyx unions have been reported in Acacia cel-
astrifolia Benth. (Prenner 2011), Acaciella angustissima

(Mill.) Kuntze (Rico-Alvarado and Gémez-Acevedo 2022),
Mimosa albida Humb. & Bonpl. ex Willd., Mimosa pigra
L., Mimosa strigillosa Torr. & A. Gray (Ramirez-Domenech
and Tucker 1990), S. berlandieri, V. pennatula (Gémez-Ace-
vedo et al. 2007)d cornigera (Gémez-Acevedo 2021).

Sympetaly is a remarkable character in the mimosoid
clade that differentiates them from other Leguminosae,
where the corollas are mostly free (Lewis et al. 2005;
Tucker 2003a). The corolla union in the mimosoid clade
occurs mainly postgenitally (Pedersoli et al. 2023), with
exceptions reported in A. saligna, V. cornigera, and V. pen-
natula (Gémez-Acevedo et al. 2007; Gémez-Acevedo 2021).
Postgenital union of the corolla may occur via papillose
cells or wall-to-wall junctions, which may involve the api-
cal, middle, and/or basal parts (Pedersoli et al. 2023). In S.
grandistipula, the corolla shows a connation-coherence type
union, where connation occurs in the middle and basal part
and coherence in the apical part by the action of papillose
cells. In S. polyphylla, total coherence occurs, where the
apical, middle, and basal parts are joined by papillose cells.
Conjunction-coherence type unions have been reported in
other mimosoid species: Abarema cochliacarpos (Gomes)
Barneby & J.W. Grimes, Inga laurina (Sw.) Willd., Inga vera
Kunth, P. multijuga, Pithecellobium dulce (Roxb.) Benth.
and Samanea saman (Jacq.) Merr. (Pedersoli and Teixeira
2016; Pedersoli et al. 2023). Corollas with full coherence in
the mimosoids: A. celastrifolia, Adenanthera pavonina L.,
Entada acaciifolia Benth., Mimosa artemisiana Heringer
& Paula, P. macroloba, Piptadenia gonoacantha (Willd.)
Kuntze, Stryphnodendron adstringens, S.rotundifolium var.
rotundifolium Mart. and Tetrapleura tetraptera (Schumach.
& Thonn.) Taub (Pedersoli and Teixeira 2016; Pedersoli
et al. 2023). Within the ingoid clade, there is a tendency
toward connate corollas, except for A. celastrifolia (Peder-
soli et al. 2023; Prenner 2011), and the one reported in this
study, S. polyphylia.

Androecium features

Polyandry can be produced by the action of ring meristems,
which allow a prolongation of stamen production after car-
pel initiation, without depending on the apical meristem
of the flower (Endress 2006; Kong and Becker 2021). The
evolution of polyandry in eudicots is unclear; however,
the diversity of ring meristems suggests recurrent emer-
gence in evolution, probably produced by similar pollina-
tion environments (Kong and Becker 2021; Luckow et al.
2003; Wessinger and Hileman 2020). Similar developmental
mechanisms control the development of the free multistami-
nate androcecium characteristic of Acacia s.1.; however, the
underlying molecular mechanisms that generate and regulate
ring meristems are unknown and need to be studied (Kong
and Becker 2021; Luckow et al. 2003).
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The order of emergence of individual stamen from the
ring primordium in a centripetal sequence, as described here
in S. grandistipula, S. polyphylla, and S. riparia, is com-
mon in the mimosoid clade (Ramirez-Domenech 1989), with
exceptions reported in A. baileyana, which showed com-
bined centrifugal and centripetal initiation (Derstine and
Tucker 1991) and A. angustissima with a synchronous ini-
tiation of the stamen primordia, this latter is a novel devel-
opmental pattern in the mimosoid clade (Rico-Alvarado
and Goémez-Acevedo 2022). In Leguminosae, polyandry is
present in other groups such as in Detarioideae (Colophos-
permum, Maniltoa, Polystemonanthus) and Papilionoideae
(Alexa, Swartzia, Bocoa, Cordyla) (Da Silva 2023; Sinjushin
2021). In Swartzioid (Papilionoideae), a ring meristem
with centrifugal and centripetal initiation has been reported
(Paulino et al. 2013; Tucker 2003b). Nevertheless, to date,
there are no precise data on the developmental processes of
the multi-staminate androcecium in all legume groups.

At the beginning, the ring meristems in S. grandistipula,
S. polyphylla, and S. riparia appear sectored in five parts
around the flower. The formation of these sectors is due to
the delayed initiation of the stamen primordia that occurs
on the sides of the pentagonal-shaped floral meristem. This
delay is probably attributed to the pressure exerted by the
petals on the ring meristem during the initial stages of devel-
opment. Consequently, this pressure induces a temporal mis-
match in the meristematic activity of the androecium, lead-
ing to the early proliferation of the stamen primordia located
between the petal margins (Bull-Herefiu et al. 2022). Then,
as the flower bud develops, the sectors are no longer evident.
This is because the pressure exerted by the petals ceases to
exist because the petals have elongated (Ronse de Craene
2018). This type of initiation is evident in studies of some
mimosoid species with multistaminate androecia, such as A.
baileyana (Derstine and Tucker 1991), A. saligna, S. ber-
landieri, V. cornigera, and V. pennatula (Goémez-Acevedo
et al. 2007; Gémez-Acevedo 2021).

The formation of the staminal tube occurs through the
union of the stamen bases as in P. multijuga (Pedersoli and
Teixeira 2016) or by the growth of the receptacle below the
bases of the stamens as in Calliandra houstoniana (Mill.)
Standl. (Tucker 2003a). In the Senegalia species studied, the
staminal tube was formed by the growth of the base of the
filaments. The presence of the staminal tube is directly asso-
ciated with pollination mechanisms because these can limit
the range of floral visitors that can access the nectar that is
normally produced and accumulated in the space between
the tube and the pistil (Polhill 1981; Rodriguez-Riafio et al.
1999; Tucker 1987).
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Gynoecium features

In S. grandistipula, S. polyphylla, and S. riparia, carpel ini-
tiation occurred before the initiation of all stamen primor-
dia, a common condition in Leguminosae (Tucker 1987).
The adaxial orientation of the carpel cleft is also usual in
Leguminosae (Sinjushin 2021; Tucker 1987), with some
exceptions reported in Caesalpinioideae: Ceratonia siliqua
L. (Tucker 1992b), Gleditsia J. Clayton (Tucker 1991), A.
baileyana (Derstine and Tucker 1991), A. saligna, S. ber-
landieri, V. pennatula (Goémez-Acevedo et al. 2007) and
cornigera (Gémez-Acevedo 2021). Likewise, slight lateral
carpel cleft deviations of the adaxial side have been previ-
ously described in some genera of Papilionoideae (Prenner
2004b). In this study, S. grandistipula also presented unusual
orientations of the carpel cleft (abaxial and lateral). These
erratic initiation patterns are associated with radially sym-
metric taxa (Sinjushin 2021; Tucker 1999).

Cell specializations

The presence, timing of formation, and distribution pattern
of trichomes on the surfaces of sepals, petals, and ovaries
were different among the Senegalia species analyzed here.
These late-expressed characteristics in floral development,
such as the size and shape of organs, distribution, and
type of indumentum, tend to differentiate species of the
same genus (Tucker 1992a, 1997). Intertwined papillate
epidermal cells in the apical parts of petals and sepals in
the middle and late stages of development are responsible
for flower bud closure, a common corolla closure mecha-
nism in mimosoids (Pedersoli et al. 2023). This has been
proposed as a potential ontogenetic synapomorphy for the
mimosoid clade (Gongalves et al. 2023).

In Leguminosae, glandular trichomes on the surface of
the sepals have been reported mainly in Caesalpinioideae
and Papilionoideae (Marazzi et al. 2019). Likewise, secre-
tory trichomes are located on the inflorescence axis, base
of the floral receptacle, margins, and surfaces of bracts,
bracteoles, sepals, and petals (Barros et al. 2017a, b). Flo-
ral trichomes and stomata can emit volatile compounds to
repel herbivores or attract pollinators (Callow et al. 2000;
Effmert et al. 2005). In S. polyphylla, glandular trichomes
and stomata were found on the outer surface of the sepals,
as well as stomata on the inner surface of the petal apex.
Considering that petals in Leguminosae are the main sites
of fragrance emission (Marinho et al. 2014) and that the
sepals mainly have a protective function (Endress 1994;
Ghazoul 2001), trichomes and stomata on the sepals could
be more related to protection from herbivory, while the
presence of stomata on the petals related to the release of
fragrances to attract potential pollinators. However, it is
necessary to analyze in detail the compounds produced



921

Journal of Plant Research (2024) 137:907-925

70T OPRARIY-ZAWON) DLIS1UL0D ‘A {066 JOONL, PUB YIOUSWOJ-ZIIWEY /00T ‘T8 30 OPIAIIY-ZIWON) LIIPUD]IAG 'S ‘TTOT OPIARIY-ZOWOD) PU. OPRIBATY
-001Y DUISSUSNEUD D]J219DIY <[0T T8 30 OPIAIY-ZoWQL) :jmpuuad ‘A ‘vusyvs 'y ‘0661 19ON], pue YoSUSWO([-ZAIIWRY 1ISputy ‘A ‘wntojpuid Upa puvisauIvf A Duvisauivf Upa pupisouvf
A ‘Daafinov A ‘n8SaLs g ‘sapounal "y H107 ‘Te 10 ourned pue (g Iouuald :v1jofilisn]ad 'Y ‘0661 IONon], pue YodUusWo-ZIwey (66T IOYONL, pue sunsIeq :puUnajing p1ondy = SooUdISfoy
‘uonyesr qnd oy} ur so10ads oY) 0} USAIS SwreU ) SAILOIPUT sasayjuated Ul SOWRU Y ], 'PAQLIOSIP JOU Sem I9JORIBYD SIY) JeY) S9IedIpul (-) Sprew oy ], Ao13 ur payySIy31y aIe 219y parpns saroads ay [,

sdn 1erod
Q) Je 90BJINS JoUUI Y],

QoejIng AIeAQ 2U) UQ
punoj uoN

Tedas oy uo apis

[erxeqe oy pue sdn 1ejod
AU} Je 90BJINS JOUUI Y,

SnoIqe[n

snoiqe[n

SOUWIOYDLI) JE[NPUR[S-UON

snoiqern

SQWOYOLI) Te[Npue[3-UON

[eI0)e]-[RIXEPE-TRIXRqR ]

[exo)e[-[erxepe ‘|

umouun {|

umouun {|

Terxepe {[

SOUIOYOLT)
Ie[npue[3-uou ‘[erxeqy

SOUIOYOLT)
Ie[npue[3-uou ‘[eIXeqy

snoIqe[n

SOUIOYOLT)
Ie[npue[3-uou ‘[erxeqy

[euad
-U0J ‘snodue)nuits ;g

- snoaue)[nuuIs :-
- ‘snoaue)nuiis :-

- snoaue)nuis :-

renuaSuod
‘snosuejnuwiis :g—¢

- ‘snoaue)nuwiis :-

eyuad
-13sod tsnosuejnuurs ‘g

eauadisod
‘snoaueynuuts :/—

Jey
[BISIP 9} UO SIWOYDLL],

SoWIOYOLN)
Ie[nNpuE[3-uou ‘[eIXeqy

SowIOYoLN
IR[NPUEB[3-UOU ‘[RIXBQqY
snoiqe[n

sowoyd

-11) Ie[npue[3 pue
Ie[npue[S-uou ‘[eIxeqy

[e3uaSuoo OneIIn (g

- {[eprooray :-

- {[eUONOAIIPIQ ‘-

- {JeuonoaIpiq :-
[eUAZU0D ONRILId (§—C
- {[eproor[ay :-

- ‘umouyun g

- ‘umouyun g

reyuagysod ‘onerrs (g—

pppuuad ‘A
(uspury
DIOVIY =) HSpuly A
(wn.o3ourd "y =) win.
-03au1d "TeA DUDISIUIDS ‘A

(pouts "y =) pup
-1S2UIDf “TeA DUDISIUIDS A

DAISIUL0D ‘A
(v42finon

DIODIY =) DIIINID ‘A

vuafiingny °g

ppdL °§

pydydqjod -

- - - - - {snosueynuIs ‘G - - {[ear[ey <G 188248 °§
renuagdisod REliitelipl il reyuagdisod
puUNoOj UON  SAWOYDLI) Ie[NPUR[S-UON  [BIJB[-[BIXBPE-[RIXEqR ] snoiqe[n {SNOQUBINWIS 9—G  IR[NPUB[S-UOU ‘[BIXBqQY {poyIpow [eo1[eY 9—¢ pndusipunis g
sdn 1erod sdn oy} uo sewoyoLn reyuad [eliitelip)ail [e1ua3uod [eproorey
Q) & doBJINS IoUUI A, - [eIdJe[-[eIXEPE (] IR[NpUB[S-UOU ‘[eIXBqQY -3s0d ‘snoouejnwils ¢ Je[NpUB[S-UOU ‘[RIXEQY - 9SIOAI [RUONOAIPIUN G L2IpUDLIAG *§
sdn rered renuad dn oy uo sewoyoLn reued
9U) JB QJBJINS IOUUI Y], snoiqe[n umouyun : | snoiqe[n -3sod ‘snooueynuuis ¢ Ie[npue[3-uou ‘[eIxeqy -U0J :SNOJUR)[NWIS G PULSSIISNSUD D]]210DIY
eyuad eyua3d
- snoiqe[n [eIQ)B[-[RIXEPE ¢ ] - -U0J {SNOQURI[NWIS G snoiqe[n -U0J snoaue)[nuwIs <G pusIys y
- - - - - ‘snoaue)nuiis g - - {[eorpay :- sapoutjal 'y
K1eao pue Anudd eyruasisod reyuad
sdn steyod uo 9oejIns Iouuy snoiqe[n [eIO] JO JAIURD ¢/ —¢ - {SnoQuUBINWIS {G— - -U0J {SNOUB)[NWIS ‘f D1]OfLUISD]2D Y
reuad
punoj uoN - [erxepe ¢| - -)s0d ‘snosuejnwis ‘g - - {[ePIODI[Y-ONBLID (G pupka1vq PIOVIY
UuoneRIuALIO uorun :ddue uorun doue
judwinpuy 13910 [odreo ‘spadres # juownpuy  -readde Jo 1opIo CWISLION juownpu]  -readde Jo 10pI10 ‘WSLI]A
BIRWOIS wnId0UAD e[[0I0D) xA[eD so10adg

so10ads /1 Aq 210y pejuasaidar *I's »1opoy Ul paIpnis A[[eoneuaSojuo exe) ay) Jo sI9joeIeyd oneuasojuo pue [eioy jo uostredwo)) ¢ ajqel

pringer

As



922

Journal of Plant Research (2024) 137:907-925

by these trichomes and stomata to understand better their
function in these flowers.

Stomata were found on the surface of the ovary in S.
tubulifera. This feature has been reported in other angio-
sperms (Endress and Igersheim 1999) and legumes within
Caesalpinioideae, mainly in pluricarpellar species of the
mimosoid clade: Acacia celastrifolia, Archidendron glabrum
(K. Schum.) K. Schum. & Lauterb., A. lucyi F. Muell., Inga
bella, I. congesta, 1. gereauana (Pipoly & Vasquez) T.D.
Penn., 1. grandis, 1. hispida (Paulino et al. 2014; Prenner
2011). The presence of stomata on the surface of the carpel
has been related to a photosynthetic function (Galen et al.
1993); however, they may also be associated with the release
of volatiles (Effmert et al. 2005).

Nectar secretion in Acacia s.1. flowers is not common,
and polyads are the main floral resource for floral visitors
(mainly bees) (Ancibor 1969; Stone et al. 2003). Some spe-
cies of Acacia s.1. with reports of nectar production are:
Acacia zanzibarica (S. Moore) Taub., A. tortilis (Forssk.)
Hayne, Senegalia brevispica (Harms) Seigler & Ebinger, S.
mellifera (Vahl) Seigler & Ebinger, S. senegal (L.) Britton,
S. berlandieri and Acaciella angustissima (Gémez-Acevedo
et al. 2007; Rico-Alvarado and Gémez-Acevedo 2022; Stone
et al. 2003;). In this study, S. grandistipula, S. riparia, and S.
tubulifera showed stomata in the apical part of the staminal
tube, which could indicate possible nectar secretion. Still,
studies are needed to corroborate nectar production.

Ontogenetic traits and phylogenetic relationships
inAcacia s.l.

Ontogenetic characters leading to flower formation in the
segregate genera of Acacia s.1. show a high variation (see
Table 3). The order of appearance of sepals, and the process
of calyx and corolla union are the most variable characters.
Calyx initiation patterns change even within the same inflo-
rescence, which is rarely reported in other legume groups,
i.e. in Astragalus (Derstine and Tucker 1991; Naghiloo et al.
2012). Some floral developmental characteristics that are
specific for genera of Acacia s.l. could be the postgenital
union of corolla in Senegalia, simultaneous initiation and
congenital union of the calyx in Acacia, and an erratic initia-
tion with congenital union of sepals and petals in Vachellia.
The presence of a staminal tube was reported in Acaciella
angustissima and Senegalia, and simultaneous initiation of
stamen primordia only in Acaciella. Due to the large num-
ber of species in many of these clades, along with the small
number of species studied, it remains difficult to associate
developmental trends to specific genera, and further ontoge-
netic studies are needed.

@ Springer

Conclusions

The postgenital union of the corolla and the staminal tube
may be typical characteristics of the Senegalia sect. Mon-
acanthea p.p., however, is necessary to analyze if these
characteristics also occur in the African and Asian sections
Senegalia and Monocanthea s.s. Potential distinctive char-
acteristics suggested to differentiate groups within Acacia
s.l., such as the inception patterns of androecium and the
presence of stomata in the petals, were not shown to be char-
acteristic of all Senegalia species. Similarly, the mechanisms
of postgenital union of the corolla vary among Senegalia
species, indicating that this is not an informative charac-
ter for the morphological characterization of the section.,
The results demonstrate the great diversity of ontogenetic
pathways in the construction of the multistaminate flower in
Senegalia sect. Monacanthea p.p. and the mimosoid clade.
Further studies of floral anatomy and ontogeny in species of
the different genera of Acacia s.1., as well as in the mimosoid
clade, will help to establish patterns more precisely.
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