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† Background and Aims Within Chenopodioideae, Atripliceae have been distinguished by two bracteoles envelop-
ing the female flowers/fruits, whereas in other tribes flowers are described as ebracteolate with persistent perianth.
Molecular phylogenetic hypotheses suggest ‘bracteoles’ to be homoplastic. The origin of the bracteoles was
explained by successive inflorescence reductions. Flower reduction was used to explain sex determination.
Therefore, floral ontogeny was studied to evaluate the nature of the bracteoles and sex determination in Atripliceae.
† Methods Inflorescences of species of Atriplex, Chenopodium, Dysphania and Spinacia oleracea were investi-
gated using light microscopy and scanning electron microscopy.
† Key Results The main axis of the inflorescence is indeterminate with elementary dichasia as lateral units.
Flowers develop centripetally, with first the formation of a perianth primordium either from a ring primordium
or from five individual tepal primordia fusing post-genitally. Subsequently, five stamen primordia originate, fol-
lowed by the formation of an annular ovary primordium surrounding a central single ovule. Flowers are either
initially hermaphroditic remaining bisexual and/or becoming functionally unisexual at later stages, or initially
unisexual. In the studied species of Atriplex, female flowers are strictly female, except in A. hortensis. In
Spinacia, female and male flowers are unisexual at all developmental stages. Female flowers of Atriplex and
Spinacia are protected by two accrescent fused tepal lobes, whereas the other perianth members are absent.
† Conclusions In Atriplex and Spinacia modified structures around female flowers are not bracteoles, but two
opposite accrescent tepal lobes, parts of a perianth persistent on the fruit. Flowers can achieve sexuality
through many different combinations; they are initially hermaphroditic, subsequently developing into bisexual
or functionally unisexual flowers, with the exception of Spinacia and strictly female flowers in Atriplex,
which are unisexual from the earliest developmental stages. There may be a relationship between the formation
of an annular perianth primordium and flexibility in floral sex determination.

Key words: Atriplex, Atripliceae, bract/bracteole, Chenopodiaceae, Chenopodioideae, Chenopodium,
Dysphania, floral ontogeny, floral sex determination, perianth modification, SEM/LM, Spinacia.

INTRODUCTION

The nature of bracteoles in Chenopodioideae
(Chenopodiaceae) has been disputed, as in traditional classifi-
cations genera with bracteoles were considered to be closely
related and classified within one tribe, whereas with molecular
studies these structures appear to be homoplastic. This work
aims to clarify the nature of bracteoles in perianthless female
flowers and accrescent in fruit. By ‘accrescent bracteoles’, it
is meant the laterally positioned structures of the female
flower, usually two, growing to surround the flower as it
matures.

Within Chenopodiaceae, there is considerable controversy
regarding the phylogenetic structure and infra-subfamilial
classification of Chenopodioideae. Of particular interest to
this paper are the tribes Atripliceae and Chenopodieae.
Before molecular studies, Kühn et al. (1993) recognized 12
genera within Atripliceae. The tribe was characterized by
flowers that were usually unisexual, the male flowers with a
perianth and the female flowers perianthless but bracteolate,
and fruit surrounded by two accrescent bracteoles. Atriplex

(Fig. 1A–D) is the largest genus of Atripliceae and a major
floristic constituent of xeric habitats in the world. Within
Chenopodieae, Kühn et al. (1993) recognized seven genera.
The tribe was characterized by proterogynous, ebracteolate
flowers. Chenopodium (Fig. 1E, F) is the largest genus of
Chenopodieae; the species with glandular trichomes were
transferred to Dysphania (Mosyakin and Clemants, 2002)
(Fig. 1G).

Cladistic analyses using either morphological characters
(Flores and Davis, 2001) or molecular data (Kadereit et al.,
2010; Zacharias and Baldwin, 2010) are not in agreement
with the traditional circumscription of Atripliceae (e.g. Kühn
et al., 1993). Molecular phylogenetic analyses (Kadereit
et al., 2003, 2010; Müller and Borsch, 2005) suggested that
the tribes Chenopodieae and Atripliceae are strongly inter-
mingled, but together form a clade [hereafter the
Atripliceae–Chenopodieae clade or Chenopodioideae sensu
lato (s.l.)]. The Chenopodioideae molecular phylogenetic
hypothesis of Kadereit et al. (2010) includes five main
clades named Atripliceae, Axyrideae, Chenopodieae I and II,
and Dysphanieae (Fig. 2). The genera Axyris, Ceratocarpus
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and Krascheninnikovia were classified in a new tribe
Axyrideae; Suckleya was transferred to Dysphanieae and
Spinacia to Chenopodieae II (Fig. 2). As a result of the mol-
ecular phylogeny of Kadereit et al. (2010), the diagnostic char-
acter ‘perianthless female flowers with two accrescent
bracteoles’ (Fig. 1C) for Atripliceae had to be interpreted as
homoplastic.

The ‘accrescent bracteoles’

Bisalputra (1960), based on morphological and anatomical
studies, concluded that the structures surrounding the fruit in
species of Atriplex are true bracteoles. Later these ‘bracteoles’
were also interpreted as a reduced form of a flowering shoot
(Urmi-König, 1981). Stutz et al. (1990) suggested an evol-
utionary sequence of reduction of female inflorescences,
beginning with multiflowered branches positioned in the
axils of vegetative leaves in ancestral Atripliceae. According

to this hypothesis, modification of vegetative leaves to form
a protective bract was followed by reduction and shortening
of internodes in the inflorescence. Further reductions, fusion
of the bracts and loss of the perianth in pistillate flowers even-
tually resulted in the simple female flowers that occur in
Atriplex. Chu et al. (1991) excluded Suckleya from
Atripliceae when they concluded that the ‘bracteoles’ in
Suckleya actually are modified perianth.

Flores and Davis (2001), based on a morphological cladistic
analysis, concluded that the occurrence of flower clusters
within these ‘bracteoles’ is not plesiomorphic, but rather a
derived condition from the one-flowered state in Proatriplex
and in the common ancestor of Archiatriplex, Axyris and
Microgynoecium. They suggested that a transformation to mul-
tiple flowers might represent a reversion to an ancestral state,
but their analysis provided no evidence of such a sequence
of events. Flores and Davis (2001) also suggested that the pres-
ence of two bracteoles is plesiomorphic within Atripliceae
(s.l.), and that it is secondarily derived from an ebracteolate
condition in the lineage that consists of Exomis,
Manochlamys and Proatriplex, while the presence of a single
bracteole in Archiatriplex, Axyris and Microgynoecium is
also derived from an ebracteolate ancestor. The cladistic ana-
lyses of Flores and Davis (2001) show that while in one
early derived clade the perianth is lost and the bracteoles
appeared, in a more derived clade the perianth re-appeared
as the bracteoles are lost. Based on these results, Flores and
Davis (2001) concluded that the bracteoles could represent
modified perianth.

Bracts and bracteoles

In this text, we will use the terms ‘bract’ and ‘bracteole’ as
follows: a bract is a leaf-like structure that subtends an axis in
its axil. Bracteoles (or prophylls) are leaf-like structures on a
pedicel near a flower, or ‘the only leaf organs preceding the
individual flower’ (Weberling, 1992, p. 211).
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FI G. 1. Habit and general aspect of some Chenopodioideae species. (A–D)
Atriplex barclayana. (A) Dry spiny scrub habitat in Baja California, Mexico.
The circle indicates the spot where the plants are growing. (B) General
aspect and habit. (C) Female inflorescence. The white arrow points to the
bract; the green arrows to the ‘bracteoles’; and the red arrow to the pistil.
(D) Male inflorescence. (E) Chenopodium sp. growing on gypsum soils of
Northern Mexico. (F) Chenopodium murale inflorescence with hermaphroditic

flowers. (G) Dysphania ambrosioides flowering shoots.

Axyrideae

Dysphanieae

Chenopodieae I

Atripliceae

Chenopodieae II

Chenopodium urbicum

Dysphania ambrosioides
Dysphania graveolens*

Chenopodium album*
Microgynoecium tibeticum

Atriplex acanthocarpa
Atriplex barclayana
Atriplex hortensis
Atriplex patula

Spinacia oleracea
Chenopodium bonus-henricus

FI G. 2. Simplified cladogram for Chenopodioideae based on Kadereit et al.
(2010). Dotted lines indicate ambiguous placement of the taxa depending on
the different molecular markers. Asterisk indicates species not included in

the molecular analysis, but sampled in this study.
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Floral sex determination

Kühn et al. (1993, p. 253) described Chenopodiaceae as
having ‘Flowers bisexual or unisexual and then plants monoe-
cious or more rarely dioecious, actinomorphic in clusters of 3
or more . . .’. Heywood et al. (2007, p. 96), considered the
flowers to be ‘usually bisexual, but sometimes unisexual’.
Leins and Erbar (2010, p. 364), considered that
Chenopodiaceae have ‘Reductions in the flowers up to uni-
sexuality associated with pollination by wind, number of
floral organs variable . . .’. In 2003, Talamali et al. reported
the presence of up to six floral phenotypes even on the same
individual, in Atriplex halimus, a Mediterranean species,
including bisexual, functionally male and functionally
female flowers, in addition to the already known strictly
female flowers. In their opinion, two basic floral architectures
are at the basis of this floral diversity: a male architecture and a
female architecture.

Ehrendorfer (1976) and Clement and Mabry (1996) con-
sidered the highly reduced, inconspicuous flowers of
Chenopodiaceae to represent the ancestral, anemophilous
Caryophyllid type, because the early Caryophyllales evolved
in open, dry, marginal environments at a time when insect or
other animal pollinators were scarce (Ehrendorfer, 1976).
However, phylogenetic studies suggest that Chenopodiaceae
(Amaranthaceae s.l.) constitute a relatively derived lineage
within Caryophyllales, and that they are not necessary anemo-
philous (Brockington et al., 2009).

According to Kadereit et al. (2010), both floral characters in
Atripliceae (i.e. ‘unisexual flowers’ and ‘perianthless female
flowers’ with two bracteoles) evolved independently several
times in lineages of Chenopodioideae.

Aims

It is commonly accepted that though homoplasy can be
caused by convergent evolution, an incorrect interpretation
of morphological structures can also lead to an erroneous con-
clusion of homoplasy. In this case, a morphological homology
assessment is needed in order to reinvestigate the nature of
these bracteoles. Consequently, the aims of this study are:
(1) to provide for the first time detailed floral ontogenetic
information in Chenopodioideae sensu Kadereit et al.
(2010); (2) to investigate the nature of the so-called bracteoles
in members of Atripliceae by a floral ontogenetic comparison
with other members of Chenopodioideae; and (3) to provide
detailed observation of flower sexuality at different ontogen-
etic stages.

MATERIALS AND METHODS

Nine species – five so-called bracteolate and four ebracteolate
species representing four genera and four of the five clades of
Chenopodioideae sensu Kadereit et al. (2010) – were studied:
Atriplex acanthocarpa (Torr.) S. Watson (Mexico, H. Flores
1411), A. barclayana (Benth.) D. Dietr. (Mexico, H. Flores
2007), A. hortensis L. (Gent University, cultivated),
A. patula L. (France, H. Flores 1534), Dysphania ambrosioides
(L.) Mosyakin & Clemants (Mexico, H. Flores 1538),
D. graveolens (Willd.) Mosyakin & Clemants (Mexico,

H. Flores 1536), Chenopodium album L. (Belgium, H. Flores
1536), C. bonus-henricus L. (Germany, H. Flores 1540) and
Spinacia oleracea L. (KUL, cultivated). Flowers and floral
buds of these species were collected and fixed in 70 %
ethanol. Vouchers specimens are kept at the Herbario
Nacional de México (MEXU).

Scanning electron microscopy (SEM)

Floral buds were dissected in 70 % ethanol under a Wild M3
stereo microscope (Leica Microsystems AG, Wetzler,
Germany), equipped with a cold light source (Schott
KL1500, Schott-Fostec LLC, Auburn, NY, USA). This
material was rinsed twice for 5 min with 70 % ethanol,
before being exposed to a mixture (1:1) of 70 % ethanol and
DMM (dimethoxymethane) for 5 min. Then the floral buds
were transferred to pure DMM for 20 min. Next, the samples
were critical-point dried using liquid CO2 with a BAL-TEC
CPD030 critical point dryer (BAL-TEC AG, Balzers,
Liechtenstein). The dried material was mounted on aluminium
stubs using Leit-C, and gold coated with a sputter coater (SPI
Supplies, West Chester, PA, USA). SEM micrographs were
made using a JEOL JSM 6360 scanning electron microscope
(JEOL, Tokyo, Japan), at the Laboratory of Plant
Systematics (KU Leuven).

Light microscopy (LM)

Prepared material was embedded in LR White Resin
(London Resin Company Ltd) by transferring it gradually
from pure ethanol to pure LR White (for the first step for
1 h, and for all subsequent steps for 4 h, starting with pure
ethanol, followed by pure ethanol/LR White mixtures in
decreasing volume proportions of 3:1, 2:1, 1:1, 1:2, 1:3 and
finally pure LR White). Polymerization was done in an oven
at 60 %C for 48 h. In addition, the material was treated in a
Branson 2210 Auction (Branson Ultrasonics B.V., Soest, The
Netherlands) ultrasonic cleaner, during the first two steps.
The embedded material was cut at 2.5 mm with a Microm
HM360 (Thermo Scientific, Walldorf, Germany) microtome.
Staining was done with toluidin blue 0.1 %, and subsequently
the slices were mounted using Eukittw (O. Kindler GmbH,
Freiburg, Germany). LM images were observed with a Leitz
Dialux 20 microscope (Germany) and digital photographs
were made with a PixeLINK (PL-B622CF, Ottawa, Canada)
camera.

Some images were electronically coloured, but not otherwise
altered, using Adobe Photoshop in order to facilitate the recog-
nition of the different floral parts, regardless of the developmen-
tal stage: perianth, green; stamens, yellow; ovary–style–stigma
branches, red; central ovule, amber or orange.

RESULTS

Our observations are presented in a general description of the
inflorescence and a general description of the floral ontogeny
(with minimum figure citation). Subsequently, each studied
species is treated in a standardized way starting with the less
inclusive clades (see Fig. 2), Chenopodieae I and
Atripliceae, because these taxa contain the genera with
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female flowers with protecting ‘bracteoles’. Descriptions are
followed by the species in Chenopodieae II, sister of both pre-
vious clades, followed by the species in Dysphanieae.
Representative species of each sampled clade are illustrated.

General structure of the inflorescences

In all studied species, the compound inflorescence consists
of an indeterminate, often thickened (and often branched)
main axis (Fig. 11B), with few to many lateral axes on
which there are numerous cymosely branched inflorescence
units (partial inflorescences), each subtended by a bract
(Fig. 10B). An inflorescence unit is essentially cymosely orga-
nized with a main axis terminated by a flower (Fig. 20A).
Below the terminal flower, lateral flowers occur, which in
their turn can (or not) function as a terminal flower with
lateral flowers, etc. In the inflorescence units, the often two
(A. hortensis, A. patula, D. ambrosioides and D. graveolens)
oppositely positioned lateral flowers may develop at different
rates (Fig. 10B), or one of them may not develop at all, result-
ing in complex, partially monochasially branching patterns
(C. bonus-henricus). In the inflorescence units of Spinacia,
no typical branching pattern can be recognized. An inflores-
cence unit originates in the axil of a bract from a single,

bulge-like primordium which then differentiates into sub-
primordia (Fig. 4A). The compound (partial) inflorescences
can become very complex with numerous inflorescence units
amidst trichomes, with here and there a bract protruding
(Fig. 11C).

General floral development

In Figs 3, 4–6, 7–10, 11–13, 14–17, 18–19 and 20, a com-
prehensive outline of the floral development of C. album,
A. hortensis, A. patula, C. bonus-henricus, S. oleracea,
D. ambrosioides and D. graveolens, respectively, is presented.

In all studied species, with the exception of
C. bonus-henricus, a developing flower primordium first
forms an annular perianth primordium; soon usually two
more or less oppositely positioned perianth lobes become
apparent in bisexual flowers and functionally unisexual
flowers, followed by three others that initially develop at
different rates (Fig. 7D). These two tepal lobes appear to be
positioned opposite one another, but, since they belong to a
whorl of five lobes, they cannot be, at least initially, opposite.
In C. bonus-henricus and D. graveolens, the perianth orig-
inates from five individual tepal primordia (Fig. 12A), which
develop asymmetrically into five tepals; the bases of the

A
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FI G. 3. An outline of the floral development into either a bisexual flower or a functionally female flower in Chenopodium album, using SEM images. a, anther; f,
filament; F, flower primordium; fa, floral apex; o, ovule primordium; ov, ovary wall (primordium); s, stamen; sg, stigma; st, style; te, tepal lobe. (A) An undiffer-
entiated flower primordium. (B and B*) A developing flower with a whorl of tepal lobes (green) and stamen primordia (yellow). Two seemingly oppositely
positioned tepal lobes are more developmentally advanced (arrowed). On the floral apex, an annular ovary wall primordium (red) surrounding the floral apex
(amber) is originating. (C) A developing bisexual flower. At this stage, the floral apex is differentiated into an annular ovary wall primordium surrounding a
central ovule. The two larger tepal lobes are separated by two less developed tepal lobes on one side, and one on the other side. (D) A developing female
flower. The ovary wall rises, enveloping the central ovule primordium. At this stage two more or less oppositely positioned tepal lobes grow out, enveloping
the pistil, while the other tepal lobes are less developed. The stamen primordia are differentiated into filament (arrow) and anther. (E) Bisexual flower with papil-
lose stigma primordia (encircled) protruding above the perianth, now consisting of five more or less equal tepal lobes. (F) Introrse stamens with bases of the

filaments fused.
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tepals fuse post-genitally (Figs 13A and 20C). In the other
species, the first two perianth lobes (tepal lobes) grow out
rapidly, partially enveloping the developing flower (Figs 3C
and 8B–E). Older tepal lobes are covered with large,
stalked, glandular trichomes (Figs 3C, 5F and 8B–E).
Depending on the species, flowers can be male with a rudi-
mentary, sterile gynoecium (functionally male; Figs 6A, B
and 8F, G) or without it (strictly male; Figs 14A–C and 15),
female with rudimentary, sterile stamens (functionally
female; Figs 3D, 4D, E and 6C) or without them (strictly
female; Figs 4G, 9A–C, 14D–F, 16 and 17), or bisexual
(Figs 3E, 4F, H; 5E, 12C, D, 18B, 19 and 20E). Only strictly
female flowers have a congenitally fused perianth with two
conspicuous lobes enveloping most of the gynoecium
(Figs 4C, G, 7B, 9B, C and 16B–D).

After the appearance of the perianth, in bisexual flowers or
functionally unisexual flowers, five stamen primordia originate
opposite the tepal lobes (Figs 3B, 5C and 7D, E). In Spinacia,
the strictly male flowers have 2–5 stamen primordia
(Figs 14A–C and 15). In the bisexual flowers of
D. graveolens, the number of stamens is reduced to one
(Fig. 20E). The stamen primordia differentiate into filament
and anther, each anther consisting of two thecae each with
two pollen sacs (Fig. 6A, B). At maturity, the anthers open
along longitudinal slits in between the pollen sacs (Fig. 15C,

D). After the formation of the stamen primordia, in bisexual
flowers or functionally female flowers, as well as in female
flowers, the floral apex differentiates into an annular ovary
wall primordium (Figs 3C, 5E, 8B–D, 9B, 12B, C, 14E,
17A and 20C) surrounding a central ovule primordium. The
ovary wall develops from the base, enveloping the central
ovule at a later stage (Figs 4F, 8E, 12C, D and 13B). On its
top, two to several stigma primordia appear soon, which
grow out into long, sometimes papillose stigma branches
(Figs 3D, 4D, E, 9C, 14F, 17B–F, 18F, 19 and 20E).

Floral ontogenetic description per species
Chenopodium album (Fig. 3)

Inflorescence. Not studied.

Floral sex determination. Only bisexual or functionally female
flowers were observed.

Floral ontogeny. When the primordia of all floral parts are
formed (Fig. 3B, C) from a floral primordium (Fig. 3A), the
flower develops either into a functionally female flower with
underdeveloped stamens (Fig. 3D) or into a bisexual flower
(Fig. 3E). The floral primordium (Fig. 3A) develops a perianth
with five asymmetrically developing tepal lobes. Two larger,
seemingly oppositely positioned lobes are separated from

A B

C

D

E

F

G

H

FI G. 4. An outline of the development into functionally female, functionally male, bisexual and strictly female flowers in Atriplex hortensis, using SEM images.
F, flower primordium; fa, floral apex; o, ovule primordium; ov, ovary wall (primordium); s, stamen; sg, stigma primordium; st, style; te, tepal lobe. (A) Lateral
view of an inflorescence unit with two flower primordia and a bract. (B) Terminal flower primordium with an annular perianth primordium on which asymme-
trical tepal lobe primordia appear (arrowed). (C) Part of a flower cluster with an already differentiating bisexual flower primordium (left) and female flower pri-
mordium (right). The hermaphroditic flower primordium shows an annular perianth primordium with four tepal lobes visible, which develop at different rates.
The female flower primordium has an annular perianth primordium with two alternate tepal lobes conspicuously growing faster. (D, E) Lateral and apical view of
the same functionally female flower with rudimentary stamens (yellow). (F) Developing bisexual flower with four visible stamen primordia (yellow) and the
ovary wall enveloping the central ovule with two stigma primordia growing out (red). (G) Strictly female flower with one tepal lobe removed (te). The pistil
is standing on a hypogynous stalklet (arrowed). (H) Functionally male flower with well developing stamens (yellow) and underdeveloped gynoecium (red).
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each other by on one side a single, and on the other side two,
less developed tepal lobes. Five stamen primordia are present
opposite the tepal lobes. From the floral apex, an annular ovary
wall primordium surrounding, and at a later stage enveloping,
the central ovule primordium is formed (Fig. 3B–D). In bisex-
ual flowers, at the (semi-)mature stage, the five tepal lobes are
more or less equal (Fig. 3E). The stamens have basifix, introrse
anthers with longitudinal slits (Fig. 3F). The bases of the fila-
ments fuse post-genitally (Fig. 3E). The gynoecium has two
relatively short papillose stigma branches (Fig. 3E), protruding
above the perianth.

Atriplex hortensis (Figs 4–6)

Inflorescence. Inflorescence units (Fig. 5A) subtended by a
bract (brown) are dichasially arranged with a terminal flower
(blue), two alternate lateral flowers (pink), each terminating
a lateral axis, each subtended by a bracteole (lavender). The
development of the terminal (initially bisexual) flower pre-
cedes the development of the lateral flowers (Fig. 5A–D).

Floral sex determination. Bisexual, functionally unisexual (both
genders) or strictly female flowers were observed.

Floral ontogeny. On the undifferentiated flower primordium, a
perianth is formed surrounding the still undifferentiated floral
apex (Fig. 4A–C). From this stage, the flower can develop into

either a functionally female flower (Fig. 4C–E), a bisexual
flower (Fig. 4C, F), a strictly female flower (Fig. 4C, G) or a
functionally male flower (Fig. 4H). Strictly female flowers
originate from primordia that are already recognizable as
determined to become unisexual female flowers at the earliest
stages by the enlarged and ellipsoid form of the floral apex and
by the development of only two apparently oppositely posi-
tioned tepal lobes (Fig. 4C). The floral primordium (Fig. 4A,
B) develops a perianth with five asymmetrically developing
tepal lobes. Two larger tepal lobes, seemingly oppositely posi-
tioned, are separated from each other by at one side a single,
and at the other side two (Fig. 5C), less developed tepal
lobes. Five stamen primordia are present opposite the tepal
lobes (Fig. 5B, arrowed), which becomes bulge like
(Fig. 5C–E). At this stage (Fig. 5B) it is not possible to
know whether this flower will become bisexual or functionally
unisexual. Subsequently, the floral apex differentiates into an
annular ovary wall primordium surrounding a central ovule
(Fig. 5D–F). Next, the ovary wall grows up from its base,
enveloping the ovule (Figs 4F and 6A–C). In functionally
male flowers, the development of the gynoecium stops,
while the filament and anther are formed (Fig. 6A, B). The
stamens have basifixed, introrse anthers with longitudinal
slits in between the pollen sacs (Fig. 6A, B). The bases of
the stamens fuse post-genitally (Fig. 6B). Functionally
female flowers originate from bisexual flower primordia, in

A

B

C

D E F

FI G. 5. SEM images of Atriplex hortensis. F, flower primordium; B, bract; B’, bracteole; fa, floral apex; ov, ovary wall primordium; o, ovule; s, stamen; te, tepal
lobe; TF, terminal flower. (A) Lateral view of an inflorescence unit with a terminal flower (blue), two lateral flowers (pink), each in the axil of a bracteole (laven-
der). The whole unit is subtended by a removed bract, the scar of which is visible (brown). (B) Lateral view of a terminal flower at an early developmental stage,
with an annular perianth primordium with tepal lobes growing at different rates (green). On the floral apex, stamen primordia are originating (arrowed). (C)
Apical view of a developing flower with perianth and androecium developing. (D) Lateral view of a developing flower. An annular ovary wall primordium is
originating, surrounding the floral apex (encircled). (E) The next stage in gynoecium development; an annular ovary wall primordium is formed, surrounding
a central ovule (encircled). (F) Developing flower with tepal lobes growing out; opposite to them are stamen primordia (yellow) and an annular ovary wall

primordium.
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which the gynoecium grows out while the stamen primordia
stop developing further (Figs 4D–E and 6C). In strictly
female flower primordia, the floral apex becomes

conspicuously large and baseball shaped, and, simultaneously,
the two tepal lobes grow out with a more or less opposite pos-
ition (Figs 4C and 6C, D). While the ovary wall is enclosing

A B

C D

FI G. 6. SEM images of the development of functionally male, functionally female and strictly female flowers in Atriplex hortensis. a, anther; f, filament; F,
flower primordium; fa, floral apex; ov, ovary wall; s, stamen; sg, stigma primordium; te, tepal lobe. (A) Flower with developing androecium and underdeveloped
pistil. (B). Detail of underdeveloped pistil in functionally male flower. Surrounding the pistil, fused bases of the filaments are visible. (C) Developing functionally
female flower with enlarged pistil (red) and primordial stamens (yellow). Left of this flower, an early developmental stage of a strictly female flower is visible
(encircled), recognizable by the presence of only two accrescent tepal lobes and a large (undifferentiated) floral apex. (D) Detail of a strictly female flower pri-

mordium, with an enlarged, baseball-like floral apex.

A

C D E

B

FI G. 7. SEM images of Atriplex patula. B, bract; F, flower primordium; TF, terminal flower (primordium); fa, floral apex; s, stamen; te, tepal lobe.
(A) Inflorescence unit with a terminal flower (blue) and two lateral flower primordia (purple) subtended by a bracteole (dark blue). (B) Two early flower pri-
mordia at successive stages of development. The left flower primordium has only two, alternate tepal lobes, indicating that it may develop into a strictly
female flower. The right flower (green arrow) has asymmetric development of the tepal lobes and stamens (four are already visible; the fifth has yet to
appear, yellow arrow). (C) Apical view of a developing flower in an inflorescence unit with a lateral, putative female flower primordium and an as yet

totally undifferentiated lateral flower primordium. (D) Lateral view of a developing terminal flower. (E) As in (D); apical view of a slightly later stage.
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FI G. 8. SEM images of the floral development in Atriplex patula in functionally male flowers. a, anther; o, ovule primordium; ov, ovary wall (primordium); ps,
pollen sac; s, stamen; te, tepal lobe. (A) Developing terminal flower on a partial inflorescence with all the floral whorls in development (perianth, green; androe-
cium, yellow; gynoecium, red) and multiple flower primordia at different developmental stages (encircled). (B) Apical view of a developing bisexual flower. The
tepal lobes develop asymmetrically. The two fastest developing tepal lobes, seemingly oppositely positioned, are separated from each other by two smaller tepal
lobes on one side, and a single lobe on the other side. The gynoecium consists of an annular ovary wall primordium surrounding a central ovule primordium. (C)
Lateral view of a developing bisexual flower. (D, E) Detail of the annular ovary wall primordium surrounding a central ovule primordium. In E, the rising ovary
wall (red) starts enveloping the central ovule primordium (amber). (F) Initially bisexually developing flower, the gynoecium development of which has stopped

prematurely. (G) As in (F); apical view of an underdeveloped gynoecium.

A

B C

FI G. 9. SEM images of the floral development in Atriplex patula in strictly female flowers. fa, floral apex; o, ovule primordium; ov, ovary wall (primordium);
sg, stigma primordium; st, style; te, tepal lobe. (A) Two adjacent flower primordia, of which one is developing into a functionally unisexual flower, and the other
is destined to become a strictly female flower (encircled). (B) Developing female flower with perianth (green) consisting of a congenitally fused basal part
(arrowed). Two tepal lobes, not entirely oppositely positioned, enclose the developing pistil. The ovary wall (red) is enveloping the central ovule (amber).
(C) Developing female flower with two conspicuous, accrescent tepal lobes. The congenitally fused basal part of the perianth (green) is marked with an

arrow. Stigma branches are growing out from the top of the ovary wall (red).
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the ovule, the ovule primordium grows out into an anatropous
ovule, which first develops an integument (Fig. 13B) followed
by the second integument (Fig. 13C).

Atriplex patula (Figs 7–10)

Inflorescence. The inflorescence (Figs 7A and 10A, B) is
similar to that in A. hortenis. Inflorescence units are dichasially
branched (Fig. 7A), although sometimes one of the two lateral
flowers develops more slowly or remains underdeveloped
(Fig. 7B, C).

Floral sex determination. Functionally unisexual (both genders)
or strictly female flowers were observed.

Floral ontogeny. Bisexual flowers have never been reported for
this species, but there are bisexual flower primordia. Some sec-
tions of flowers with five tepal lobes covered with large
cyst-like trichomes, which indicates a more or less develop-
mentally advanced stage, have both sexes (Fig. 10B, D, E).
We interpret these flowers as functionally unisexual;
however, functionally female flowers (Fig. 10B, E) were
only rarely found and seeds have only been found in strictly
female flowers. At very early stages, it is already determined

whether flower primordia will develop either into functionally
unisexual flowers (Figs. 7B, C, right side) or into female
flowers (Fig. 7B, C, encircled). Bisexual flower primordia
(Fig. 7B–E) develop as in A. hortensis. The differentiation
of the pistil from the floral apex starts when tepal lobes and
stamens are formed (Fig. 8A–E). Two out of the five see-
mingly oppositely sited (see above) tepal lobes develop
faster than the others (Fig. 8A–E). The gynoecium is unilocu-
lar, with a single, central, bitegmic ovule (Fig. 10D, E,
arrowed). In some flowers, the development of the gynoecium
stops, resulting in functionally male flowers (Fig. 8F, G). In
strictly female flower primordia (Fig. 7B, C, encircled, and
9A, encircled), the initial perianth has only two tepal lobes,
often asymmetric, seemingly but not entirely oppositely posi-
tioned, and also often not equally developed (Fig. 9B, C).

Atriplex acanthocarpa and A. barclayana (no figures presented)

Inflorescence. Not studied.

Floral sex determination. Functionally male and strictly female
(perhaps also strictly male in A. acanthocarpa) flowers were
observed.

A

B

D

EC

FI G. 10. LM and SEM (C) images of inflorescences and floral development in Atriplex patula. (A) Longitudinal section through an inflorescence, with the apex
of a main axis (green), and immediately below it two lateral inflorescence units. (B) Longitudinal section through an inflorescence unit, with a terminal flower
(blue) and two lateral flowers (purple). (C) SEM micrograph of a lateral view of a maturing flower. The tepals are fused at the base and covered with large
trichomes. (D). Transverse section through a developing flower. From outside to inside five tepals with quincuncial aestivation are visible (green), five
anthers (yellow), and the ovary wall (red) surrounding a developing bitegmic ovule (micropyle arrowed). (E) Longitudinal section through a developing terminal
flower of an inflorescence unit. The parts of the developing terminal flower are coloured green (perianth), yellow (androecium) and red (gynoecium). The ovule

(arrowed) is coloured amber. Below the terminal flower, a longitudinal section through two oppositely positioned lateral flowers is visible.

Flores-Olvera et al. — Floral ontogeny in Atripliceae 855

 at Leiden U
niversity on O

ctober 12, 2011
aob.oxfordjournals.org

D
ow

nloaded from
 

http://aob.oxfordjournals.org/


A
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B

FI G. 11. An outline of the first developmental stages in inflorescences and flowers of Chenopodium bonus-henricus. B, bract; F, flower primordium; fa, floral
apex; IU, inflorescense unit; s, stamen primordium; te, tepal lobe. (A) SEM mircrograph of an indeterminate inflorescence axis with numerous lateral inflores-
cence unit primordia, each subtended by a bract. (B) LM image of a longitudinal section through a part of an inflorescence with several inflorescence units (some
terminal flowers encircled in blue, some putatively lateral flowers encircled in purple). The apical part (green) of the (relative) main inflorescence axis is arrowed.
(C) SEM micrograph of the terminal flower (blue) at an early developmental stage with primordia of the members of the perianth and androecium, and an as yet
undifferentiated floral apex. Lateral flowers are visible (purple), each in the axil of a bract. (D) SEM image of a flower primordium with tepal primordia (green)

and stamen primordia originating.

A B

C D

FI G. 12. SEM images of the floral development in Chenopodium bonus-henricus. B, bract; fa, floral apex; o, ovule primordium; ov, ovary wall (primordium);
s, stamen primordium; te, tepal lobe. (A). View of two flowers at early developmental stages; note the left flower is more developed than the flower on the right.
The floral apex of the left flower (encircled in red) starts differentiating into an annular ovary wall primordium surrounding a central ovule primordium. In both
flowers, a perianth (green) and androecial primordia (yellow) are present. Tepals originate from individual tepal primordia. The development of the tepals occurs
asymmetrically. (B). Developing flower with annular ovary wall primordium (red) surrounding a central ovule primordium (orange). (C). Two flowers at succes-
sive developmental stages. The ovary wall grows up from the base forming a bag-like structure (red) enveloping the central ovule (orange).
(D). View of a longitudinally split flower at the same developmental stage as in C. The stamen primordia (yellow) opposite the tepals (green) start differentiating

into filament and anther. The ovary wall (red) is enclosing the central ovule (orange).
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Floral ontogeny. In A. acanthocarpa an abortive, withered,
rudimentary pistil may develop in the functionally male
flower. In addition, in A. acanthocarpa, there are male
flowers without a rudimentary pistil, which are interpreted as
strictly male flowers, but male primordia were not observed;
therefore, these flowers could have developed from either

bisexual (they could be functionally male) or male unisexual
primordia (Fig. 21). In both species, the strictly female
flowers develop from unisexual primordia with two perianth
lobes. In semi-mature to mature flowers, the perianth consists
mostly of a tubular structure enveloping the inner flower, with
small tepal lobes on the top of it. In male flowers, at the mature

A

B

C

FI G. 13. Different ovule protective layers. (A) SEM of an inflorescence unit of Chenopodium bonus-henricus. (B and C) LM images of the ovule development
in Atriplex hortensis. F, flower primordium; o, ovule primordium; ov, ovary wall (primordium); s, stamen; te, tepal lobe. (A) Post-genitally fused tepals (dotted
line ¼ limit between fused zone and free tepal lobes) in the terminal flower of the inflorescence unit; the two lateral flower primordia are shown in purple.
(B) Longitudinal section of a terminal flower with perianth, stamens (yellow) and gynoecium with ovary wall (red) and, at this stage, an anatropous ovule

(amber). (C) Detail of a developing ovule, which, at this stage, has two integuments (arrowed).

A
B C

D

E

F

FI G. 14. Outline of the floral development in Spinacia oleracea, using SEM micrographs. a, anther; fa, floral apex; o, ovule; ov, ovary wall, s, stamen primor-
dium; te, tepal lobe. (A) Undifferentiated primordia (encircled) of male flowers. (B) Primordium of a male flower with an annular perianth primordium and three
visible tepal lobes (green), surrounding two stamen primordia (yellow). (C) Apical view of a semi-mature male flower. (D) Primordia of female flowers. An
annular perianth primordium (green), with two oppositely positioned tepal lobe primordia, surrounds the floral apex. (E) Intermediate developing stage of a

female flower, with the ovary wall growing up. (F) Semi-mature female flower partially enveloped by the two accrescent tepal lobes.
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A B

C D

FI G. 15. SEM micrographs of developing male flowers in Spinacia oleracea. a, anther; B, bract; IU, inflorescence unit; s, stamen primordium; te, tepal lobe. (A)
Distal part of an inflorescence axis with numerous bracts, each subtending a primordium of an inflorescence unit (coloured in different blue tints). (B) Flower
primordium with asymmetrically developing, congenitally fused tepals (green). Three stamen primordia (yellow) originate. (C) Semi-mature male flower with

five stamens. (D) Apical view of a semi-mature male flower with four stamens.

A B

C D

FI G. 16. SEM micrographs of developing female flowers in Spinacia oleracea. B, bract; fa, floral apex; ov, ovary wall primordium; te, tepal lobe. (A) Female
inflorescence with numerous bracts and here and there female flower clusters (blue). (B) Detail of a cluster of female flowers, each enveloped by two conspicuous
accrescent tepal lobes, with a flower at a very early developmental stage encircled (shown in detail in D). In between the flowers, many multicellular trichomes are
present. (C) Primordium of a female flower, with perianth originating (green). (D) Detail of the encircled part in B; the floral apex is forming an annular ovary

wall primordium (red). Two unequally developed tepal lobes (green) are growing out, covering the flower.
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stage, the perianth opens from the top to the base. In female
flowers, the perianth envelops the inner flower, leaving only
the stigma branches to protrude above it.

Chenopodium bonus-henricus (Figs 11–13A)

Inflorescence. The inflorescence consists of a branched, inde-
terminate and thickened main axis with numerous lateral
inflorescence units which develop from a single primordium
in the axil of a bract (Fig. 11A, B). Each lateral branch of
an inflorescence unit ends in a terminal flower (blue) with
several apparently lateral flowers (pink), the branching
pattern of which is not clear (Fig. 11B, C).

Floral sex determination. Only bisexual flowers were observed.

Floral ontogeny. A flower primordium forms five individual,
more or less equal tepal primordia (green), subsequently fol-
lowed by the formation of five stamen primordia opposite
the tepals (Figs 11D and 12A). After the formation of the
stamen primordia, the floral apex starts differentiating into
an annular ovary primordium, surrounding a central ovule pri-
mordium (Fig. 12A, B). From this stage on, the development
of tepals becomes asymmetrical (Fig. 12B, C). Next, the
floral apex differentiates into an annular ovary wall primor-
dium surrounding a central ovule primordium (Fig. 12B).
The ovary wall develops from the base, enveloping the

central ovule at a later stage (Fig. 12C, D). At this stage, the
basal parts of the individual tepals fuse post-genitally
(Fig. 13A).

Spinacia oleracea (Figs 14–17)

Inflorescence. In male plants, the very early inflorescence
(Fig. 15A) is similar to that in C. bonus-henricus. However,
in the development of the male inflorescence units, no
obvious pattern can be observed (Fig. 14A). In female
plants, the inflorescence consists of a central axis with many
bracts protruding above its apex and hiding it, and in
between them, apparently without any recognizable pattern,
there are many multicellular trichomes and individual or clus-
tered flowers (Fig. 16A).

Floral sex determination. This species is dioecious, and only
strictly unisexual (hence both genders) flowers were observed.

Floral ontogeny. In male plants, in flowers at early develop-
mental stages, congenitally fused tepals surround a variable
number of stamen primordia. These develop into male
flowers (Fig. 14A–C). Male flower primordia first develop
an annular perianth primordium with two tepal lobes, which
are further developed than the other, just initiated tepal lobes
(Figs 14B and 15B). Simultaneously, two (Figs 14B and
15B) to five (Fig. 15C, D) stamen primordia appear.

A

D E F

B C

FI G. 17. SEM micrographs of developing female flowers in Spinacia oleracea. o, ovule; ov, ovary wall; pe, perianth; sg, stigma branch; st, style; te, tepal lobe.
(A) The ovary wall grows up from its base, gradually enveloping the central ovule. On its top, three stigma primordia appear (arrowed). (B) Developing female
flower consisting of a congenitally fused perianth (partially removed) and a naked pistil with stigma primordia developing into stigma branches and with a short
style. (C) Semi-mature female flower with a congenitally fused perianth with two conspicuous tepal lobes enveloping the flower. Three stigma branches are pro-
truding (red), mixed with stigma branches of neighbouring flowers. At its base, a female flower primordium is visible with perianth in green, and the floral apex
already differentiating into annular ovary wall primordium (red) surrounding a central ovule primordium (orange). (D) Semi-mature pistil with the lower part of
the ovary wall removed. A campylotropous bitegmic ovule can be seen (micropyle encircled). Constriction of the distal part of the ovary is starting (red arrows).
(E) As in D; later developmental stage. At this stage, the ovary wall (scar of partially removed ovary wall coloured red) is post-genitally fused with the perianth
(scar of partially removed perianth coloured green). (F) Mature pistil with constricted distal part of the ovary (red arrows) and up to five stigma branches, one of

which is ramified (white arrow).
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Female flower primordia, consisting of an annular perianth
primordium surrounding a floral apex, develop into female
flowers enveloped by two, more or less oppositely positioned
modified accrescent tepal lobes (Fig. 14D). At this point,

there is no indication of the formation of a gynoecium. This
stage is followed by the differentiation of the floral apex into
an annular ovary wall primordium (red) surrounding a
central ovule (Fig. 16D). The annular ovary wall rises from
its base and, on its top, usually three but also up to six
stigma primordia appear (Fig. 17A, B). These grow out into
long, papillose stigma branches (Fig. 17B). Meanwhile, the
congenitally fused perianth (green) also grows up from its
base so that the tepal lobes diminish in proportion to the
fused part of the perianth (Fig. 17C). At this stage, the
stigma branches (red) start protruding in between the two
tepal lobes (Fig. 17C). Subsequently, the distal part of the
ovary (¼style base) starts constricting. At this stage, the biteg-
mic, campylotropous ovule (orange) becomes mature
(Fig. 17D, E) and the ovary wall (red) and fused part of the
perianth (green) fuse post-genitally (Fig. 17E). At maturity,
the style has become distinct due to a constriction in the
distal part of the ovary (Fig. 17F). At this stage, stigma
branches are very long, papillose and can be ramified
(Fig. 17F).

Dysphania ambrosioides (Figs 18 and 19)

Inflorescence. Flowers (blue) are dispersed individually or in
flower clusters or inflorescence units, apparently without a
recognizable pattern, among a mass of multicellular trichomes

A

B

C

D

E

F

FI G. 18. Outline using SEM micrographs of possible development of a flower primordium into a bisexual or functionally male flower in Dysphania
ambrosioides. a, anther; f, filament; fa, floral apex; ov, ovary; pe, perianth; sg, stigma branch; st, style. (A) Flower primordium at an early stage with an
annular perianth primordium (green) surrounding the as yet undifferentiated floral apex. (B) Bisexual flower with split perianth (green), mature anthers
(yellow) and a superior ovary (red) with a short style, which is surrounded by a conspicuous whorl of stalked trichomes. Two papillose stigma branches
remain, and a scar of the broken branches is visible. (C) Mature functionally male flower with split perianth and with the anthers removed. Five filaments
are visible. Rudimentary gynoecium is visible in the centre of the stamens (arrowed). (D) Part of an inflorescence with a branched, thickened inflorescence
axis covered with trichomes and here and there individual flowers or flower clusters (blue) in which no pattern can be recognized. (E) Apical part of a main
axis, with an open apex (purple). (F) Cymosely branched flower cluster with a terminal flower (1), two lateral flowers (2) and secondarily lateral flowers (3).

FI G. 19. SEM micrograph of a semi-mature flower in Dysphania
ambrosioides with androecium (yellow) and opened ovary (red). The campy-
lotropous ovule is visible, with the micropyle (encircled) and funiculus, which
is broken at its base (arrowed). a, anther; f, filament; o, ovule; ov, ovary wall;

pe, perianth; sg, stigma branch.
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on a branched, thickened inflorescence axis (Fig. 18D). The
main inflorescence axis is indeterminate (Fig. 18E).
Immediately below its apex, bracts originate within the axil
of an inflorescence unit primordium (Fig. 18E). The inflores-
cence unit is dichasially organized (Fig. 18F).

Floral sex determination. Bisexual and functionally male
flowers were observed.

Floral ontogeny. Flower primordia develop either into bisexual
(Fig. 18A, B) or into seemingly strictly male flowers
(Fig. 18C); however, in the centre of the flower (arrowed), a
very small structure is present, which we interpret to be the
withered remains of a rudimentary gynoecium (hence we inter-
pret these flowers as functionally male). The flower primor-
dium initially differentiates into an annular perianth
primordium surrounding the floral apex (Fig. 18A). The
annular perianth primordium grows up from the base, totally
enveloping and enclosing the floral apex/androecium–gynoe-
cium (Fig. 18F). In bisexual flowers, only the (developing)
stigma branches grow out through the apical opening of the
perianth (Fig. 18F). Even at maturity, the perianth is narrowly
enveloping the inner flower. Only at the latest stages of the
flowering period do separate tepal lobes become distinguish-
able because the perianth tears open (Fig. 18B, C). Within
the unilocular ovary, the ovule primordium is developed into
a bitegmic, campylotropous ovule (Fig. 19).

Dysphania graveolens (Fig. 20)

Inflorescence. The inflorescence (Fig. 20A) is like that in
D. ambrosioides.

Floral sex determination. Only bisexual flowers were observed.

Floral ontogeny. The formation of the perianth starts with the
appearance of five individual tepal primordia, which develop
at different rates, with initially two alternate primordia devel-
oping more rapidly (Fig. 20B). Next, post-genital fusion of the
basal parts of the tepals occurs (Fig. 20C) and, opposite to one
of the tepals, a single stamen primordium appears (Fig. 20C
arrowed). Meanwhile, the floral apex differentiates into an
annular ovary primordium surrounding a central ovule primor-
dium (Fig. 20B, C). During its development, the central ovule
is bent so that its micropyle is turned towards the funiculus
(Fig. 20D). The single stamen primordium develops into a
stamen with an introrse anther (Fig. 20E). When developing
into fruit, the former ovary wall becomes papillose and the
stigma branches and the stamen disappear, but the perianth
is persistent (Fig. 20F).

DISCUSSION

Based on Weberling’s (1992, p. 213) description of a thyrse,
the inflorescence in the Chenopodiaceae studied can be con-
sidered to be an indeterminate thyrse.

In all studied species, the Bauplan and developmental
pattern of the flower is essentially the same. Figure 21 presents
a schematic outline of the development of the perianth and the
sex determination in all studied species.

In all flowers the androecium consists of five stamens oppo-
site the tepal lobes, with the exception of the flowers of
Spinacia and D. graveolens, where 1–5 stamen primordia
may appear and develop. The gynoecium originates from an
annular ovary wall primordium surrounding the central
ovule. The ovary wall grows up from the base, and, on the
top of it, two, three or five stigma branch primordia appear.

A B C

D E F

FI G. 20. SEM micrograph and LM image (D) of developing flowers in Dysphania graveolens. a, anther; F, flower primordium; fa, floral apex; fn, funiculus; o,
ovule; ov, ovary wall; te, tepal. (A) Dichasially branched inflorescence unit with a terminal flower of which the tepals (green) and developing ovary (red) with two
stigma branches are visible. Below the terminal flower, two opposite, lateral flower primordia are visible (purple). (B) Detail of a developing flower primordium,
with free tepals (green), and a floral apex beginning to differentiate. (C) As in B at a later developmental stage, with at the base post-genitally fused tepals and an
annular ovary primordium (red) surrounding a central ovule primordium (orange). A single stamen primordium (yellow) becomes apparent (arrowed). (D) LM
image of a longitudinal section through a developing ovule. The micropyle is indicted by an arrow. (E) Flower at maturity. (F). Fruit with persistent perianth.
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The ovule primordium develops into an initially anatropous,
later bending and becoming campylotropous, bitegmic ovule.

The ‘accrescent bracteoles’ actually are modified tepal lobes

Although bracteoles can be found at the base of the lateral
flowers in the dichasially branched inflorescence units of at
least three, often more, flowers, we never observe them to be
accrescent closely enveloping the female flowers.

Bisexual or functionally unisexual flowers (and strictly male
in Spinacia) have two alternate, out of five, tepal lobes which
develop more rapidly. Consequently, although these tepal
lobes seem to be positioned opposite one another, especially at
later developmental stages, they are not. In all strictly female
flowers there are only two primordia, which develop into con-
spicuous structures that in the literature have been called ‘brac-
teoles’ or ‘bracts’. In C. album, C. bonus-henricus and
D. graveolens, which do not have fruit protective accrescent
structures, the perianth has five more or less equally developed
tepal lobes at the mature stage. However, at the early ontogenetic
stages of all flowers, two alternate tepal lobes develop more
rapidly than the other three, which gives, at these stages, a
similar image to that for the development of the functionally uni-
sexual flowers in Atriplex. This suggests that the initially
asymmetrical development of the perianth lobes preceded
the modified accrescent tepals in Atriplex. Within
Chenopodiaceae, genera of the tribe Sclerolaeneae have a per-
sistent perianth (sensu Kühn et al., 1993), usually becoming har-
dened, crustaceous or succulent. Kühn et al. (1993) already
mentioned that in S. oleracea, the two protecting structures
could be a pair of modified perianth segments instead of a pair
of bracts borne on the pedicel of the flower. A similar suggestion
was documented by Sherry et al. (1993), showing the develop-
ment of male and female flowers in S. oleracea, where the uni-
sexual flower primordia are asymmetrical (developing two
tepal lobes more rapidly) from the earliest stages, and therefore
zygomorphic.

Moreover, according to Ehrendorfer (1976), Ronse De
Craene (2008) and Brockington et al. (2009), an undifferen-
tiated perianth consisting of five, uniseriate members (tepals
or tepal lobes) is ancestral within the core Caryophyllales.
Subsequently, in certain lineages, including Chenopodiaceae,
the perianth underwent considerable differentiation. The
development of two accrescent tepal lobes concurs with this
hypothesis.

Based on all this evidence we interpret the two accrecent
structures of strictly female flowers of Atriplex and
Spinacia as modified tepal lobes. In contrast, our results con-
flict with the hypothesis of subsequent and complex inflores-
cence shoot reductions, particularly in Atripliceae, as
proposed by several authors (e.g. Urmi-König, 1981; Stutz
et al., 1990).

Apparently, modifications of the perianth facilitating fruit
dispersal are quite common in Chenopodiaceae (e.g.
Anderson, 1982; Kadereit et al., 2003; Cabrera et al., 2009).
We consider that the presence of two large, modified accres-
cent tepal lobes in female flowers of the studied Atripliceae
and Spinacia can be either for the protection of the pistil
during pollination, or another modification that can be associ-
ated with fruit dispersal. This suggests that the modifications

that allow some species to survive in tough and windy con-
ditions, as stated by Clement and Mabry (1996) and
Ehrendorfer (1976), went beyond adaptations to only wind pol-
lination, and were also extended to adaptations to seed protec-
tion and fruit dispersal.

Taking into consideration the high variability of flower sex of
A. hortensis (bisexual or unisexual strict or functional), different
seed protective and dispersal modes can be achieved even within
a species. In A. hortensis the hermaphroditic flowers do not
develop the accrescent perianth lobes, while in the strictly or
functionally female flowers the two modified perianth lobes
are present during floral development, and at the fruiting stage
they develop into two thin and leaf-like structures covering the
fruit, very probably affecting its dispersal. The apparently
lower environmental pressure to disperse the fruit in a particular
way contrasts with species where seeds are only produced by
strictly female flowers. This is the case in, for example,
A. acanthocarpa, A. barclayana or Spinacia, where the two
lobes become thickened and hard, with spines, tightly enclosing
the fruit, which suggests animal fruit dispersal.

Floral sex determination

In all studied species, with the exception of
C. bonus-henricus and D. graveolens, the flower which devel-
oped after the hermaphroditic primordia (and in Spinacia also
the male flowers) consists of a congenitally fused perianth with
five (or less in Spinacia) tepal lobes; in C. bonus-henricus and
D. graveolens, individual tepal primordia appear which at a
later stage fuse basally. However, C. bonus-henricus and
D. graveolens are phylogenetically related to Spinacia and
D. ambrosioides, respectively, both with an annular primor-
dium. Chenopodium bonus-henricus and D. graveolens are
the only studied species whose flower primordia always
develop into bisexual flowers. Endress (2001) suggested that
annular primordia may uncouple the development of
the organ concerned (in this case, the perianth) from the
development of the neighbouring organs. In this view, the
annular perianth primordium in Atripliceae, C. album,
D. ambrosioides and Spinacia, could be related to unisexuality.

In strictly female flowers of the studied species, sex is deter-
mined at early stages of floral development; in Spinacia and
perhaps in A. acanthocarpa, strictly male flowers are also
determined at early stages. In contrast, hermaphroditic primor-
dia can result in bisexual flowers or in functionally unisexual
flowers. The latter are common in the studied species of
Atriplex, and apparently this is also the case in A. halimus
(Talamali et al., 2003); Chenopodium and Dysphania vary
depending on the species. Whether the androecium or gynoe-
cium develops or not may vary according to the species.

All studied species have a more or less high flexibility in
flower sex determination (summarized in Fig. 21). Atriplex
hortensis and A. patula have a large flexibility in sex determi-
nation: male flowers always originate from bisexual flower pri-
mordia; female flowers originate either from unisexual flower
primordia, recognizable by the two tepal lobes and enlarged
floral apex, or from a bisexual flower primordium. Some sec-
tions of more or less well developed stage flowers of A. patula,
with five tepal lobes, have both sexes. The finding of abortive
gynoecia in other species (such as A. acanthocarpa and
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A. hortensis), and the fact that bisexual flowers have never
been reported for this species, allows us to interpret these
flowers as functionally male flowers. In contrast, fertile her-
maphroditic flowers are well known in A. hortensis (e.g.
Tutin, 1964).

The observations of frequent unisexual flowers in
A. halimus by Talamali et al. (2003) concur with our
results. Nevertheless, they considered that the sexual variants
derived from two basic unisexual architectures (‘staminate
pentamerous flowers with an external whorl of yellowish
tepals and an internal whorl of stamens’ and ‘female
flowers with a single carpel enclosed within two opposite
bracts’). Based on the descriptions of Talamali et al.
(2003), we think that in A. halimus a phenomenon of flexi-
bility in sex determination is occurring which is similar to
that in A. hortensis and A. patula. The difference in
interpretation is based upon our ontogenetic study, from
which we can establish that the different sexualities can
be derived from hermaphroditic or unisexual primordia
depending upon the species. In the case of unisexual pri-
mordia, flowers are sexually determined from the earliest
developmental stages. Therefore, it would be interesting to
study the floral ontogeny of A. halimus, which could also
clarify the origin of the male flower in A. acanthocarpa,
either from functionally male or from strictly male primor-
dia, the latter thus far a condition observed only in Spinacia.

A very interesting observation by Talamali et al. (2003) is
that sex determination in A. halimus can be influenced by
external factors such as daylength. However, in our
opinion, there is one and only one Bauplan, which is the
resulting phenotype of the flowers; depending on the regu-
lation and expression of the developmental and genetic pro-
grammes, this Bauplan may vary. In all studied species,
there is a congenitally fused perianth, and the androecium
and gynoecium can develop fully, partially or not at all.
The only exceptions, in our opinion, are C. bonus-henricus
and D. graveolens, which have post-genital perianth lobe
fusion. Therefore, although we do not agree with the expla-
nations of the authors about the floral architecture and mor-
phology (‘bracteate flowers’), we can follow them, extending
it to A. acanthocarpa, A. hortensis and A. patula, and prob-
ably many other Atriplex species, when they state as a con-
clusion: ‘. . . plants which produce diversified floral
phenotypes offer a unique opportunity for unravelling the
genetic control of flower development which is complemen-
tary to works on classical hermaphroditic model species.’
(Talamali et al., 2003, p. 112).

In S. oleracea, after formation of the annular perianth pri-
mordium, the floral apex becomes unisexually determined,
which results in further development either without the
androecium, resulting in strictly female flowers, or without
the gynoecium, resulting in strictly male flowers. It might be

Chenopodium album Atriplex hortensis

Atriplex barclayana
Chenopodium

bonus-
henricus

Spinacia oleracea Dysphania
ambrosioides

Dysphania
graveolensAtriplex acanthocarpa

Atriplex patula Developing flower primordium

Free tepal
primordia

Congenitally
fused

Congenitally
fused

Perianth

Perianth

Perianth with two
acrescent tepal lobes

Fertile androecium

Abortive androecium

Fertile gynoecium

Abortive gynoecium

Androecium

Gynoecium

Mature flower

Post-genitally
tepals

FI G. 21. Schematic outline of flower sex determination in the studied species. Each species is schematized from the developing flower primordia (below) to
mature flowers (above). Arrows indicate from which primordia the mature flowers are developed. Dotted arrows indicate uncertainty regarding the primordial
origin (hermaphroditic or unisexual) and the sex of the mature flower in A. barclayana (strictly or functionally male). The white line below the names indicates

the corresponding developing pattern for the species. A key to the symbols used for the diagrams is given on the right.
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worth investigating how the ABC(DE) floral developmental
regulation system (Coen and Meyerowitz, 1991; Zahn et al.,
2006) functions in these cases.

Other aspects of inflorescence and flower morphology

According to Bull-Hereñu and Claßen-Bockhoff (2010,
2011), in apioid umbellets, the formation of a huge bulge by
the inflorescence meristem precedes the formation of a term-
inal flower. In A. patula and A. hortensis, already at early
stages, a strictly female flower can be recognized by (1) the
floral apex which is transformed into a huge baseball-like
bulge; and (2) only two congenitally fused tepal lobes partially
enveloping the floral apex. Sherry et al. (1993) reported that in
S. oleracea, female inflorescence apices are significantly larger
than those of the male; we concur with this observation.
Flower primordia are similar in size prior to perianth initiation,
but the male primordia develop at a faster rate. Investigation of
floral and inflorescence primordia apparently can be promising
in order to predict the eventual determination of the primor-
dium, as well as an introductory study for the investigation
of the underlying genetic and developmental programmes.

Talamali et al. (2003, p. 105) described ‘female flowers
with a single carpel’. However, Chenopodiaceae in general
are described as: ‘The carpels are 2–3(–5), forming a
1-locular superior ovary (semi-inferior in Beta) with 1 basal
ovule. The style is single and apical’ (Heywood et al., 2007,
p. 96). In all species of Chenopodiaceae studied by us, includ-
ing Beta vulgaris (Flores Olvera et al., 2008), the gynoecium
originates from an annular ovary wall primordium surrounding
the central ovule primordium. In the strict sense, individual
carpels cannot be observed in any of the developmental
stages. However, we can accept the use of the carpel concept
in Chenopodiaceae for practical/educational reasons since the
annular ovary wall primordium can be considered to be a con-
genital fusion of carpel primordia. It is usually accepted that
the number of stigma branches (two or three in Atripliceae)
is an indication of the number of carpels. Consequently, uni-
carpellate flowers in Atripliceae, or by extension
Chenopodiaceae, do not occur. The strictly female flowers in
C. album, the studied species in Atriplex, C. bonus-henricus
and D. graveolens have two stigma branches and, conse-
quently, they can be called bi-carpellate. In S. oleracea and
D. ambrosioides, it is not established whether the number of
stigma branches is equal to the number of congenitally fused
carpels because the branches ramify. In any case these
species have more than two stigma branches.

In Dysphania, the always bisexual flowers of D. graveolens
develop similarly to flowers of C. bonus-henricus, with free
tepal primordia which fuse post-genitally. In D. graveolens,
the androecium consists of a single stamen, which also
occurs in several other species in Dysphania (Kühn et al.,
1993). In D. ambrosioides, the perianth does not develop
tepal lobes. The annular perianth primordium grows up from
the base, tightly enveloping the inner flower. From the semi-
mature stage, the usually 2–4 stigma branches protrude
above the narrowly closed perianth, which eventually tears
open to liberate the stamens. This is an example of protero-
gyny. Based on the literature (e.g. Clemants and Mosyakin,
2003), the occurrence of a cup-like perianth tightly enveloping

the inner flower in D. ambrosioides is possibly shared by other
species of Dysphania, such as D. anthelmintica (L.) Mosyakin
& Clemants or D. chilensis (Schrader) Mosyakin & Clemants.
Further developmental studies focused on this issue could
provide taxonomic and developmental insights.

At older developmental stages of female flowers in
S. oleracea, the perianth fuses post-genitally with the ovary
wall. In B. vulgaris, Flores Olvera et al. (2008) found that
the so-called semi-inferior ovary is actually initiated as a
superior ovary, becoming semi-inferior by the formation of a
perigynous floral tube.

Implications for the taxonomy of Chenopodiaceae and future
research

According to the recent molecular phylogeny by Kadereit
et al. (2010), the former ‘bracteoles’, which were used to
delimitate Atripliceae s.l., are homoplastic within
Chenopodioideae. This result highlighted the need to
re-investigate the nature of the homoplastic ‘bracteoles’ in
order to test further homology assessments and to evaluate
the taxonomic utility of the ‘bracteoles’. After our ontogenetic
studies, we can confirm that although the structures do not cor-
respond to bracteoles, they still have to be interpreted as homo-
plastic since accrescent tepal lobes are also found at least in
Spinacia and also probably in Suckleya (according to Chu
et al., 1991). Therefore, the evolutionary conclusions (homo-
plastic character) of Kadereit et al. (2003, 2010) about the
two structures they called bracts (following Urmi-König,
1981), and which we now know are modified tepal lobes,
remain of value. One must only transfer their conclusions to
the perianth.

So far all species with so-called ‘bracteoles/bracts’ that have
been ontogenetically studied do not have accrescent bracteoles
or bracts enveloping the female flower. Nevertheless, there are
still some taxa that need to be studied before one can conclude
that ‘accrescent bracteoles/bracts’ do not exist within
Chenopodioideae. Examples of such taxa within Atripliceae
(sensu stricto) are: Archiatriplex, Endolepis, Exomis,
Manochlamys, Microgynoecium and Proatriplex in which
floral development studies for homology assessment of these
structures is needed. According to Kühn et al. (1993) and
Kadereit et al. (2010), all these genera have female flowers
with a perianth and some have two ‘bracteoles’ or ‘bracts’
enveloping a single flower (or even a cluster of flowers) that
could be indeed true bracteoles/bracts. Furthermore, the three
genera of Axyrideae, formerly classified within Atripliceae,
are described as having a single female flower, consisting of
a naked pistil enclosed by two ‘bracteoles’, but in Axyris the
female flower apparently also has 3–4 perianth segments
(e.g. Kühn et al., 1993). For Axyris, both bracteoles in
female flowers could indeed also be homologous with bracts
or bracteoles, but may also be modified perianth segments as
shown in this study in Atripliceae.

CONCLUSIONS

The two structures enveloping female flowers in Atriplex and
Spinacia oleracea, in the literature usually called ‘accrescent
bracteoles/bracts’, actually are accrescent, modified tepal
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lobes. These accrescent tepal lobes are related to pistil protec-
tion and particular fruit dispersal methods, and similar modifi-
cations happened several times in the course of evolution
within Chenopodiaceae.

Chenopodium bonus-henricus and D. graveolens are the
only studied species that form strictly hermaphroditic
flowers. In Atripliceae, a large flexibility in sex determination
was observed, including the possibility to form hermaphroditic
flowers, functionally male, functionally female, strictly female
and perhaps strictly male flowers. In all species strictly female
flower determination is from the earliest ontogenetic stages.
With the exception of C. bonus-henricus and D. graveolens,
where the perianth originates from individual tepal primordia,
in all other studied species the perianth originates from an
annular primordium. There may be a relationship between
the formation of an annular perianth primordium, which
decouples the development of the neighbouring whorl, and
sex determination as functionally male, functionally female,
strictly male or strictly female flowers.

The findings presented here fit into the current discussion on
plant development related to the problematical organ identity
in Angiosperms, particularly among reproductive structures.
Chenopodioideae species provide ideal sources for evolution-
ary developmental studies related to inflorescence structure,
merosity and sex determination.
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