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Abstract. In the present work the inflorescences of
12 species of Cyperus sect. Luzuloidei Kunth sensu
Kiikenthal were analyzed using the methodology
and terminology of Troll’s school. All the inflores-
cences studied are polytelic (indeterminate). The
inflorescences are anthela-like or capitate, and can
be terminal or pseudolateral. Below the main
florescence a paracladial zone is present. In this
zone three types of branching were observed, i.c.
normal, accessory-axillar and prophyllar branch-
ing, whose position vary among the different
species. In the paracladial zone a subzone of long
paracladia and a subzone of short paracladia were
observed. In the short paracladial subzone the
spikelets are clustered in fascicles, which can be
serial, prophyllar or mixed. Variation in length and
position of pherophylls, length of prophyll, number
and degree of branching were noticed. The
systematic value of the inflorescence in the section
Luzuloidei is discussed.

Keywords: Inflorescences; typology; Cyperus sect.
Luzuloidei; branching pattern; fascicles; phyllotaxis;
systematic

Cyperus L., comprising about 550 species is the
second largest genus in the family (Tucker

1994, Goetghebeur 1998). Cyperus is not a
monophyletic group and presents several tax-
onomic problems, and there is no general
agreement in its circumscription and infragen-
eric division (Muasya et al. 1998, 2000, 2002).
Of the 28 sections proposed by Kiikenthal
(1935-36) the section Luzuloidei Kunth
includes species from the American continent
(Denton 1978).

The section Luzuloidei presents difficulties
in its taxonomical delimitation and in the
distinction of some of its members (Denton
1978); for that reason the elucidation of its
limits is necessary. Kiikenthal (1935-36)
included 18 species and several varieties in
the section Luzuloidei. The species circum-
scribed by Kiikenthal present generally com-
pound or decompound anthelic inflorescences;
rarely simple or contracted ones. Spikelets are
oblong to ovate, more or less compressed,
usually in congested clusters, with wingless
rachilla, and have dense or laxly imbricate
glumes. Denton (1978) excluded some of the
species and varieties considered by Kiikenthal
(1935-36), therefore the section Luzuloidei is
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now reduced to 10 species and 5 varieties; some
of them have been elevated to species (Tucker
1994, Carter et al. 1999).

Among the characters considered to char-
acterize the subdivision of Cyperus, the inflo-
rescence has been used at infrageneric levels
(Clarke 1908; Kiikenthal 1935-36; Barros
1925, 1938). However, the use of the inflores-
cences as characters for the division of the
genera has been criticized by several authors
(Goetghebeur 1989, Muasya et al. 2002). The
inflorescences of the genera Cyperus have been
described in many ways (Barros 1925, 1938,
1947; Kiikenthal 1935-36; Haines and Lye
1983; Tucker 1983, 1994; Adams 1992;
Guaglianone 1996), but always from a descrip-
tive point of view. Typological studies of
Cyperus inflorescences are rare (Mora Osejo
1960, Heinzen and Vegetti 1994, Perreta and
Vegetti 2002) and they include a few species,
without implementing a comparative study
within infrageneric categories.

To solve the taxonomic problems and the
relationships in Cyperus, a precise morpholog-
ical study at the level of species is required
(Muasya et al. 2000). In order to provide new
and useful data which may be used in the
revision of the genera, a re-evaluation could be
made on structural characters of the different
parts of the inflorescence.

In this context the typology-based system
developed by Troll (1964) and Weberling
(1989) has proved to be useful for describing
inflorescences (Mora Osejo 1987, Rua 1999)
as well as for providing characters with
phylogenetic value (Nickol 1995, Aagesen
1999, Rua and Aliscioni 2002, Tortosa et al.
2004, Liu et al. 2005). In a typological
interpretation of the inflorescence, the termi-
nal spikelet of the main axis of the inflores-
cence is the main florescence (HF; Figs. 1-4).
The lateral branches preceding the main
florescence are known as paraclades; each
paracladium consists of a short hypopodium,
a prophyll, an epipodium of variable length
and a terminal spikelet, named co-florescence
(cof; Figs. 1-4). The paraclades can be repre-
sented by only one spikelet (short paraclades,

sPc; Figs. 1-4) or by a more complex struc-
ture of ramifications (long paraclades, 1Pc;
Figs. 1-4). The paraclades form the paracla-
dial zone (PZ; Figs. 1-4) below the main
florescence; the paracladial zone and the main
florescence constitute the inflorescence. The
paracladial zone is wusually composed of
subzones of short paraclades (sPcZ) and long
paraclades (Figs. 1-4).

The aim of this work is to analyze the
inflorescences of Cyperus belonging to the
section Luzuloidei from a typological point of
view as a way to contribute to the knowledge
of the inflorescence of the genera and also
provide characters with potential use in further
taxonomic and phylogenetic research.

Materials and methods

Specimens belonging to 12 of 18 species of
Cyperus sect. Luzuloidei sensu Kiikenthal (1935—
36) (Table 1) were examined and a series of
characters related with the inflorescence were
recorded (Tables 2-4). Inflorescences were either
obtained from herbarium specimens (BAA, BAB,
LIL, SF and SI; Table 1) or collected in the field
from living plants, which were preserved in 70%
alcohol. The dry material was boiled in water for
a short period. Mature inflorescences were dis-
sected under a NIKON SMZ-10 stereoscopic
microscope, and photographed with a digital
camera Nikon COOLPIX 990. The results were
schematized and tables were made to register the
results in a comparative way. The number of
branches of primary, second, third, etc. order
were counted for each ramification pattern
(Table 4). The position of the different types
of branching was observed and schematized
(Figs. 1-4). The length of the proximal branch
was measured from the insertion until the apex of
its terminal spikelet (Table 3). A branch with
evident epipodium was considered when it was
recognizable (Table 2).

In C. hieronymi and C. pseudovegetus we could
not perform a complete qualitative study like in the
others species due to the lack of sufficient herbar-
ium material. In C. pseudovegetus only a part of the
inflorescence could be studied and in C. virens var.
drummondii only one inflorescence could be ana-
lyzed completely.



N. J. Guarise and A. C. Vegetti: Inflorescence structure in Cyperus L. section Luzuloidei

®: spikelet

©: serial fascicle

O: mixed fascicle

----- : little developed epipodium

--=: branched or not, developed
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br
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Fig. 1. Structure of the flowering unit of Cyperus section Luzuloidei with accessory-axillar branches in distal
portion of the main axis. br pherophyll; cof coflorescence of st order; cof” coflorescence of 2nd order; cof”
coflorescence of 3rd order; cof” coflorescence of 4th order; ep epipodium; HF main florescence; /Pc long
paracladium; pr prophyll; PZ paracladial zone; sPc short paracladium; sPcZ subzone of short paracladia
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Fig. 2. Structure of the flowering unit of Cyperus section Luzuloidei with accessory-axillar and prophyllar axes
from the middle portion of the main axis. br pherophyll; cof coflorescence of 1st order; cof” coflorescence of 2nd
order; cof” coflorescence of 3rd order; ep epipodium; HF main florescence; /Pc long paracladium; pr prophyll;
PZ paracladial zone; sPc short paracladium; sPcZ subzone of short paracladia
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Pz

Fig. 3. Structure of the flowering unit of Cyperus ochraceus. br pherophyll; cof coflorescence of 1st order; cof’

sPcZ|

®: spikelet
©: prophyllar fascicle

----- : little developed epipodium

-

IPc

4

coflorescence of 2nd order; cof” coflorescence of 3rd order; ep epipodium; HF main florescence; /Pc long

paracladium; pr prophyll; PZ paracladial zone; sPc short paracladium; sPcZ subzone of short paracladia
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Fig. 4. Variation of the flowering unit of Cyperus incomtus var. incomtus. A-C no fully homogenized
inflorescence; D fully homogenized inflorescence. br pherophyll; cof coflorescence of 1st order; cof”
coflorescence of 2nd order; ep epipodium; HF main florescence; /Pc long paracladium; pr prophyll; PZ
paracladial zone; sPc short paracladium; sPcZ subzone of short paracladia
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Table 1. Material studied

Cyperus entrerianus Boeck.: Guarise 58, 106, 110, 111, 119, 121, 210, 232, 233, 247 (SF), Vegetti & Guarise
1268, 1269, 1271 (SF).

C. eragrostis Lam. var. compactus (E. Desv.) Kiik.: Garaventa 1756 (BAA).

C. eragrostis Lam. var. eragrostis: Guarise: 60, 61, 109, 116, 117, 118, 122, 123, 124 (SF).

C. fraternus Kunth: Burkart 7927 (SI), Fernandez 947 (SI), Guaglianone et al. 710 (SI), Guarise 18. (SF),
Schulz 10550 (SI), Venturi 8858. (SI).

C. hieronymi Boeck.: Cabrera et Farris 17457 (BAA), Herbario Instituto Miguel Lillo 10108. (LIL), Burkart
& Troncoso 11246 (SI). Parodi 14558 (BAA).

C. incomtus Kunth var. incomtus: Cano & Camara-Hernandez 670 (BAA), Dinelli 791 (BAB), Guarise 112,
225, 226, 243 (SF), Spegazzini 14027 (BAB).

C. intricatus (Schrad.) ex Schult: Guaglianone, Tur et Carrillo 1139 (SI).

C. luzulae (L.) Retz.: Arenas P. 2336 (SI), Guaglianone et al. 3200 (SI), Parodi 9024 (BAB), Pipoly 9088
(SI), Saravia Toledo & Nelson Joaquin 10519 (SI).

C. ochraceus Vahl: Callejas, S 2256 (SI), Guaglianone, Galiano et Tur 1958 (SI), Krapovickas et al. 19391

(SI), Schulz & Varela 5236 (LIL).

C. pseudovegetus Steudel.: Fisher 372 (SI), Fisher 37232. (SI)

C. reflexus Vahl: Bacigalupo & Fortunato 1954 (SI), Burkart 19917 (SF), Lewis & Collantes 882 (SF),
Nicora 4997 (SF), Nicora 5424 (SF), Troncoso et al. 3535 (SF).

C. surinamensis Rottb.: Guarise 15, 20, 30, 51, 55, 102, 105, 108, 406 (SF), Martinez Crovetto & Grondona

4418 (BAB), Vegetti & Perreta 1239 (SF).

C. virens Michx var. drummondii (Torrey & Hooker) Kiikenthal: Gonzalez et al. 7091 (SF).
C. virens Michx var. montanus (Boeck.) Denton: Guarise 328 (SF).
C. virens Michx. var. virens: Guarise 29, 56, 66, 98, 142, 157, 173, 200, 223 (SF).

For the typological interpretation the termi-
nology follows Troll (1964), Weberling (1985,
1989), Kukkonen (1994), Rua (1999) and Vegetti
(2003).

Results

Tables 2, 3 and 4 show important qualitative
and quantitative inflorescence parameters rep-
resentative of Cyperus sect. Luzuloidei. In all
species studied the following zones can be
distinguished on the whole plant: innovation
zone, inhibition zone, paracladial zone and
main florescence. The innovation zone is the
basal region of the shoot. Generally it is
constituted by reduced leaves, and the buds
in this zone develop into lateral shoots similar
to the structure of the mother shoot. The
inhibition zone, located above the innovation
zone, is constituted by a sequence of sterile
nodes; the leaves within the inhibition zone
display well developed blades and sheaths. In
the distal portion of the inflorescence the axis

ends in a spikelet (main florescence), below this
a paracladial zone is developed. Each paracla-
dium in the paracladial zone can be branched
or reduced to its coflorescence. In C. virens var.
virens and C. eragrostis var. eragrostis some
paracladia display a reduced or vestigial co-
florescence (Fig. 5A).

The inflorescences may present either an
anthela-like form (anthelodium; indeterminate
inflorescences; Troll 1964) (Fig. 6A, B, C) or it
can be reduced to a more or less contracted
head, like a capitulum (Fig. 6D). These are the
fundamental forms of the inflorescences in the
species studied. The anthelodium can have
paracladia of first (simple anthelodium), sec-
ond (compound anthelodium) and up to third
order (decompound anthelodium) with an
evident epipodium (Table 2). The appearing,
number and length of the paracladia with an
evident epipodium is variable among the
species and varieties (Tables 2, 3). In C. entre-
rianus the inflorescence form is considerably
influenced by the environmental conditions.
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Table 2. Important qualitative inflorescence parameters of Cyperus sect. Luzuloidei

Species Maximum order Maximum Types of Order of the Order of the
with evident order fascicles Pca-a with  Pcp with
epipodium ramification branching  branching

C. entrerianus (none-1%t —) 2™ (4'h) sth Mixed & Serial — -

C. eragrostis var.  none 2nd (37 Mixed & Serial — -

compactus

C. eragrostis var. 15 (-2"9) 3 (4t Serial I -

eragrostis

C. fraternus (none-)1%t (-29) 31 (4 Serial st - ond

C. hieronymi (none-) 15— 2™ 5th Mixed & Serial 1%t — 2™ -

C incomtus var. none (189 2" (=3 Prophyllar - ond @)

incomtus

C. intricatus 1 3rd Serial - -

C. luzulae ]stpnd 4th Mixed & Serial 1524 3rd @

C. ochraceus nd 4th prophyllar - -

C. pseudovegetus  (none-1°-) 2" (=3 9 Serial ? ?

C. reflexus none (—1%) 3rd Serial stpnd -

C. surinamensis ond 37y (379 4th Serial 1stpnd ond_3rd

C. virens var. 15t (-2n9) 4t Serial 2nd —

drummondii

C. virens var. 3rd 6" Mixed & Serial — -

montanus

C. virens var. (15 2nd (=379 4th Serial 1stpnd ond

virens

Pca-a accessory-axillar paracladia; Pcp prophyllar paracladia; ® less frequently; ? missing data

This species frequently displays a compound
anthelodium, but in unfavorable conditions
the inflorescences may be either a simple
anthelodium or a capitate one.

In the distal region of Ist, 2nd and 3rd
order paracladia with an evident epipodium
there are clusters (glomerulous) of spikelets.
Such glomerules are constituted by paracladia
with a reduced epipodium and a variable
branching order (from 2nd to 6th), depending
on the maximum degree of ramification of the
species and their position in the inflorescence.

The position of the inflorescence in relation
to the scape, can be terminal (Fig. 6A), as in
most species of the section, or pseudolateral.
In pseudolateral inflorescences the lower phe-
rophyll and paracladium points into the same
direction as the stem, turning the main axis
aside (eg. C. surinamensis; Fig. 6B) or not (eg.
C. fraternus and C. reflexus; Fig. 6C).

Foliaceous, laminar, setiform and gluma-
ceous pherophylls are observed in clear
acropetal sequence. All the species dis-
played the four types of pherophylls, with
variations in the length of the proximal one
(Table 3).

In the species studied the prophylls display
an acropetal variation in size and form:
tubular (cladoprophyll), laminar and gluma-
ceous. All of them are two-keeled, a hardly
observable character in the glumaceous ones.
The length of the lowermost prophyll varies
among the species (Table 3), whereas the
length of the distal ones (glumaceous) is
smaller than 0,1 cm in all species studied.
The occurrence of the different types of phe-
rophylls and prophylls varies according to the
region of the inflorescence; on the main axis
the different types of pherophylls and pro-
phylls are present.
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Table 3. Important quantitative parameters of Cyperus section Luzuloidei Kunth (all measurements in cm)

Species Length of Length of long Length of the Length of the
first order evident paracladium, lowermost lowermost
paracladium different to 1rs bract prophyll

C. entrerianus (3,5-) 7-12,2 2n: 1,65-3,1 (14-) 4345  (0,15-) 1,5-1,6

C. eragrostis var. compactus 1,3-1,5 - 4-5 0,2-0,4

C. eragrostis var. eragrostis 5,58 2nd. 1,2-1,4 25-40 0,61

C. fraternus 2,2-5,4 2" 0,9-1 13,215 0,35-0,6

C. hieronymi (4,1-) 6-8 (-10) 2"%: (0,8-) 1,3-1,5 (-2,5) 2840 1,2-1,7

C. incomtus var. incomtus 1-1,65 - 12,5-32 0,2-0,5

C. intricatus 3-3,2 - 20-23 0,5-0,6

C. luzulae 1,44 2nd 11,4 30-38 0,5-0,6

C. ochraceus 5-8 ond. 1,7-1,8 38-55 0,7-0,8

C. pseudovegetus 1,5-7,2 ond. 0,8-1,2 20-36 0,7-1,6

C. reflexus 1,1-1,3 (-4,2) - (2,8-) 6,4-9,4 0,3-0,5

C. surinamensis 5,4-5.8 (-9) 20d:1,8-1,9 (-3,3) 3 0,8 17-25,5 1-1,1

C. virens var. drummondii 3,4 2716 32 0,7

C. virens var. montanus 14-16 2nd. 1-1,6 35-40 1,9-2.3

C. virens var. virens 6,2-8,5 27 1.8 (-2,6) 30,9 (25.2-) 30-52 1-1.8

The following ramification patterns were
observed in the paracladial zone of the inflo-
rescences studied of Cyperus sect. Luzuloidei:

Axillar and Normal branching. Paracladi-
um is produced by an axillary bud of a
pherophyll (Fig. 7A, B).

Prophyllar branching. Paracladium is pro-
duced by a prophyllar bud (Fig. 7A, B). The
prophyllar branch, its prophyll and the main
nerve of the pherophyll, are all in the same
plane. This branching type never repeats
several times. This means that the prophyllar
branching pattern never results in a series of
prophyllar paracladia.

In a few cases, the prophyll of some
spikelets in C. entrerianus, C. luzulae and C.
virens var. virens enclosed a flower (hermaph-
rodite or female) in its axil (Fig. 5B, C). This
flower appeared almost in the position of the
remain flowers of the spikelet. In all the cases
when this flower is present in the axil of a
prophyll, the first glume, normally inserted in a
transversal plane (with respect to the prophyll)
was found to be always absent (Fig. 5B, C).

Accessory-axillar branch. New paracladia
are observed between an axillary branch and
its pherophyll. These axes have a basipetal

development and maturation. Only one phe-
rophyll protected the accessory paracladia
(Fig. 7C, D) and each of these accessory axes
has its own prophyll in the axils of which a
prophyllar branch can be produced.

The prophyllar and accessory-axillar
branches can be either ramified or reduced to
their coflorescences (Table 2). In the different
species accessory-axillar and prophyllar axes
are arranged in different modes along the inflo-
rescence and the long paracladia (Figs. 1-4). In
some species accessory-axillar axes of 1st order
can be developed from the proximal region
upwards throughout the main axis (C. eragros-
tis var. compactus, C. fraternus, C. reflexus,
C. surinamensis) (Fig. 2), in the middle-distal
region (C. eragrostis var. eragrostis, C. intri-
catus, C. luzulae, C. virens var. drummondii and
C. virens var. virens) or just in the distal region
of the main axis (C. entrerianus, C. hieronymi,
C. virens var. montanus and var. virens)
(Fig. 1).

C. incomtus var. incomtus and C. ochraceus
have prophyllar paracladia only. In both
species, these paracladia are placed in the
distal region of the main axis (Figs. 3, 4B). In
C. incomtus var. incomtus also prophyllar
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Fig. 5. A atrophied coflorescence in C. eragrostis var. eragrostis; B, C axillary flower of prophyll of C.
entrerianus; D long paracladium of C. incomtus var. incomtus; br pherophyll; cof coflorescence of n-order; cof”
coflorescence of n+ 1 order; cof-r rudimentary coflorescence; ep epipodium; f7 flower; fsc fascicle (enclosed by
the solid white line); g/ glume; pr prophyll; ra rachis; rac rachilla; X indicate the position of the first absent
glume. In C, broken line indicate the position of the absent glume

paracladia of 2nd order were observed
throughout the main axis of the inflorescence,
with the exception of the short paracladial
subzone (Fig. 4A, C).

Fascicles of spikelets. Species studied in
section Luzuloidei are characterized by spik-
elets grouped in fascicles (Fig. 8). These
fascicles can be prophyllar (Fig. 8A, B),
serial (Fig. 8C, D) and mixed (Fig. 8E, F)
fascicles.

Prophyllar fascicles. They are constituted
by two spikelets where the prophyllar ramifi-
cation is not repeated successively. One of them
originates in the axillary bud of a pherophyll
and the other one in the axillary bud of the
prophyll of the spikelet (Fig. 8A, B).

Serial fascicles. The spikelets are arranged
one below the other, and all are protected by a
single basal pherophyll (Figs. 5A, 8C, D). In

such type of fascicles a spikelet size hierarchy
and a basipetal development sequence is
observed, which can end in a bud or rudimen-
tary spikelet. In some fascicles of C. virens var.
virens, some spikelets do not display the
basipetal sequence.

Mixed fascicles. The three types of ramifi-
cation are conjugated (Fig. 8E, F). The number
of accessory-axillary spikelets is variable,
whereas the number of prophyllar spikelets is
just one per prophyll, because this branching
type never is repeated several times. In C.
entrerianus and C. virens var. montanus two
spikelets could be observed in the axil of the
prophyll of a normal spikelet; these spikelets
are arranged in a serial way (Fig. 8E and F).

The presence of one or another fascicle
type varies with the species and varieties
(Table 2). In the three types of fascicles
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Fig. 6. Variation in the form and position of the inflorescences. A C. eragrostis var. eragrostis, B C. surinamensis
var. surinamensis; C C. fraternus; D C. reflexus. Ist-br first pherophyll; Ist-IPc first long paracladium; br
pherophyll; glom glomerulous; /Pc long paracladium; scp scape. In B and C the broken white arrow shows the
terminal head in the inflorescences and the position of the main axis

described the spikelets are arranged in the
same plane formed by the only subtending
pherophyll and the middle part of the prophyll
(Fig. 8).

Paracladial zone. The paracladial zone
can be divided in a subzone of short para-
cladia and a subzone of long paracladia
(Figs. 1-4). The inflorescences studied (except,
some C. incomtus var. incomtus inflorescences;

Fig. 4D) do not show a strong homogeniza-
tion process. Hence the short paracladial
subzone is small.

Generally the subzone of short paracladia
presents only serial fascicles (Figs. 1, 2), but
sometimes single spikelets can be observed (e.g.
C. entrerianus, C. eragrostis var. eragrostis,
C. hieronymi, C. luzulae, C. reflexus and C.
virens var. montanus). Rarely this subzone is
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eo Spikelet or fascicle of spikelets

cof’

br

Fig. 7. Types of ramification. A scheme of prophyllar ramification; B prophyllar ramification of
C. surinamensis; C scheme of accessory-axillar ramification; D accessory-axillar ramification of C. eragrostis
var. eragrostis. br pherophyll; cof coflorescence of n-order; cof” coflorescence of n+1 order; Pca axillar
paracladium; Pca-a accessory-axillar paracladium; Pcp prophyllar paracladium; pr prophyll

formed by mixed fascicles (C. entrerianus).
Only in C. incomtus var. incomtus and C. och-
raceus, this subzone is only constituted by
single spikelets (Figs. 6, 7). In C. entrerianus,
C. eragrostis var. compactus, C. hieronymi,
C. luzulae and C. virens var. montanus the
subzone of short paracladia is preceded by
mixed fascicles (Fig. 1), which are not part of
the homogenized subzone. In C. incomtus var.
incomtus and C. ochraceus the subzone of short
paracladia is preceded by prophyllar fascicles
(Figs. 3, 4A-C). In some inflorescences of
C. incomtus var. incomtus all the paracladia
are reduced to their coflorescences (these
paraclades present poorly developed buds
in the axils of the prophylls); for that
reason the inflorescences are completely

homogenized and only constituted by the main
florescence and a short paracladial subzone
(Fig. 4D).

Below the subzone of short paracladia, a
subzone of long paracladia is observed. This
subzone is constituted by paracladia that
repeat the structure of the inflorescences
(Figs. 1-4). This subzone displays variations
in the order of ramification, length of parac-
lades, number of paraclades and spikelets
(Tables 2-4). Variation in the type of ramifi-
cation, in the arranged of the prophyllar and
accessory-axillar branching along the main
axis, and whether these are branching or not,
is also observed (Table 2). These features can
be useful for the differentiation of some of the
species and varieties.
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Fig. 8. Types of fascicles. A, B prophyllar fascicle; C, D serial fascicle; E, F mixed fascicle. br pherophyll; cof
coflorescence of 1st order; cof” coflorescence of 2nd order; pr prophyll; pr (cof) prophyll of the coflorescence of
Ist order; pr (cof”) prophyll of the coflorescence of 2nd order

In the paracladial zone, the order, number
and length of the paracladia decrease acrope-
tally. In some inflorescences of C. incomtus
var. incomtus a hierarchy in size of the main
florescence over the first order co-florescence
and the latter over the second order ones is
observed. On certain occasions the spikelet of
second order is less developed (Fig. 5D); this
difference may be due to a differential devel-
opment of the spikelet plus the observation of
not completely mature inflorescences.

Spikelets. The structure of spikelets in the
species studies is remarkably homogeneous.
The spikelets have hermaphrodite and female
flowers; the latter do not display a determinate

position within the spikelet. The glumes are
generally arranged on a transversal plane formed
by the pherophyll and the prophyll (Fig. 9A, B).
In C. ochraceus (Fig. 9E) and C. incomtus var.
incomtus, due to a torsion epipodium of the
spikelets, some spikelets appear with the glumes
in the same plane as the pherophyll and prophyll,
or in an intermediate position. In C. hieronymi
spikelets with the glumes disposed in one or
another type as described above, are observed.
However, unlike C. ochraceus and C. incomtus
var. incomtus, the spikelets with the pherophyll,
prophyll and glumes in the same plane, do not
show any evidence of torsion in the rachilla base
(Fig. 9C, D).
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rac

pr

l‘ag. ﬂ

br gl

Fig. 9. Spikelets of Cyperus section Luzuloidei. A, B spikelets with the arranged on a transversal plane formed
by the pherophyll and the prophyll; C, D spikelets of Cyperus hieronymi with the glumes in the same plane as
the pherophyll and prophyll; E torsion of the epipodium of the spikelet of Cyperus ochraceus (indicated by an
asterisk). br pherophyll; g/ glume; pr prophyll; ra rachis; rac rachilla

The number of spikelets is very variable
between the species, even between the inflores-
cences of the same species (Table 4).

Phyllotaxis. The phyllotaxis varies along
the synflorescence (main shoot); the disposition
of the leaves in the trophotagma (vegetative
zone) is tristichous (phyllotaxis 1/3), whereas
in the paracladial zone the pherophylls, and
their paraclades, have a spiral arrangement
(Fig. 10), with a divergence fraction of 3/8.

In the paracladial zone the formation of
more than three orthostichies can be observed.
Each of this orthostichies is conformed by
paraclades from the basal and distal region of
the inflorescences; whereas the paraclades of

the middle region are not positioned over any
orthostichies (Fig. 10A). If the number of
primary branches in the main axis is not nine
or more than nine, there are no orthostichies
(e.g. some C. incomtus var. incomtus inflores-
cences).

In the axillar (Fig. 10A) and prophyllar
branching, the disposition of paraclades can
follow a right-hand or left-hand spiral; show-
ing an antidromic arrangement. This anti-
dromic arrangement was not observed in the
accessory-axillar ramification (Fig. 10C).

Another change in the phyllotaxis is
observed at the last order branching (spike-
let), in which, except for the prophyll, the
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Fig. 10. Phyllotaxis. A disposition of the paraclades of first order in the main axis and paraclades of second
order; B disposition of the paraclades of first order in the main axis in C. eragrostis var. eragrostis; C disposition
of paraclades in the normal and accessory-axillar ramification; the numbers indicate the appearing order of

appearance of paraclades

glumes have a distichous arrangement (1/2
phyllotaxis) (Fig. 10B). The distichous dispo-
sition of the glumes would indicate a change
in the inflorescence phyllotaxis, from a spiral
arrangement (3/8 phyllotaxis) to a distichous

phyllotaxis (1/2 phyllotaxis). This switch can
be mediated by the prophyll of the spikelets
in a transitional position, because it forms an
angle of 90° with respect to the glumes. In
C. hieronymi some spikelets present the pro-
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phylls in a distichous position respective to
the arrangement of the glumes (see spikelets)
(Fig. 9C, D).

Discussion

The inflorescences of the species of Cyperus
section Luzuloidei are polytelic (indeterminate
inflorescence) as in most Monocotyledons
(Weberling 1985, Alves 2000) and Cyperaceae
(Mora-Osejo 1960, 1987; Kukkonen 1984,
1986; Vegetti and Tivano 1991; Vegetti 1992,
1994; Heinzen and Vegetti 1994; Alves et al.
2000; Vrijdaghs et al. 2003, 2004, 2005 a, b).
In the basal portion of the principal axis each
synflorescence (Troll 1964, Rua 1999) presents
vegetative leaves. This is the trophotagma
(Hagemann 1990). Within this trophotagma
one can recognize an innovation and an
inhibition zone. The internode above the
distal vegetative leaf often elongates forming
the scape (Mora-Osejo 1960, Heinzen and
Vegetti 1994, Alves 2000), which still belongs
to the inhibition zone (Vegetti 2003). In the
distal portion of the inflorescence the axis
ends in a spikelet (main florescence), below a
paraclade zone is developed (Troll 1964,
Weberling 1985, Rua 1999). In the paraclade
zone, the acropetal reduction of the order of
ramification, number and length of the pa-
racladia is a common feature in the family
(Haines 1966; Kukkonen 1984, 1986, Vegetti
and Tivano 1991; Vegetti 1992, 1994; Heinzen
and Vegetti 1994; Browning and Gordon-
Gray 1999; Vegetti 2003).

It is remarkable that the transition from
tristichous disposition, being characteristic for
the leaves of the trophotagma region, to spiral
arrangement in the paracladial zone is a
relevant feature. Variation in the phyllotaxis
along the inflorescence and its ramification was
observed in grasses (Vegetti and Anton 1995;
Camara-Hernandez 2001a, b; Reinheimer and
Vegetti 2004; Kern et al. 2005; Reinheimer
et al. 2005).

The inflorescences are anthela-like or of a
capitate form, and can be terminal or pseudo-
lateral. The variation in the internode lengths

of the paracladia and the main axis produce
variation in the form of the synflorescences
(Vegetti 2003). The degree of development
of the different structures, especially the length
of the paracladial epipodium has systematic
(Denton 1978) and taxonomic relevance
(Carter 1990, Tucker 1994).

Different kinds of pherophylls and pro-
phylls can be observed. On the main axis, the
different types of pherophylls and prophylls
are not limited to the inflorescence subzones
as happens in species of Cyperus subg.
Cyperus (Lucero et al. 2005), where the
homogenization process includes the foliar
structures.

In the inflorescences of the species studied
normal, prophyllar and accessory-axillar
branching patterns were observed. Normal
and prophyllar branching patterns have
been described by several authors (Blazer
1944; Haines 1966; Guaglianone 1970, 1980,
1981, 1982; Meert and Goetghebeur 1979;
Bruhl 1995; Goetghebeur 1998; Vegetti and
Guaglianone 2005).

Guaglianone (1970) and Vegetti (1992)
named the paracladia originating in the axil
of a tubular prophyll “intraprophyllar” and
those placed in the axils of a laminar prophyll
“prophyllar”. The utility of the terms de-
scribed above is confusing and we suggest to
designate such structures as just “prophyllar’.

An accessory-axillar pattern is produced by
serial buds. Evidence for the interpretation as
serial buds is the lack of antidromic arrange-
ment of these branches. The antidromic
arrangement is typical of the successive ram-
ification (Mora-Osejo 1960), and it was
observed in the axillar and prophyllar branch-
ing present in the inflorescences studied. Fur-
ther ontogenic studies allow us to explain the
origin of these accessorial structures. Branches
arising from accessory serial buds are observed
in Hypolytrum Rich. (Alves et al. 2000) and
Cladium mariscus R. Br. (Mora-Osejo 1960);
while accessory collateral buds are observed in
Schoenus ferrugineus (L.) (Mora-Osejo 1960)
and in Coleochloa setifera (Ridley) Gilly
(Kukkonen 1986).
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In some species of section Luzuloidei,
flowers in the axil of prophylls were observed.
These axillary flowers have been also described
by Meert and Goetghebeur (1979), Kukkonen
(1984, 1986, 1990) and Timonen (1985). There
is an intense controversy on the origin of the
axillary flower in the prophyll. Koyama (1961)
considered the prophyll in the Cyperaceae
spikelets as a modified glume whose axillary
flower aborts secondarily. However, Dahlgren
et al. (1985) considered the flower in the axil of
the prophyll to represent the axillary flower
of the first undeveloped glume and not as part
of a prophyllar bud. They did not mention the
position of the undeveloped glume with respect
to the prophyll of the spikelet. According to
our observation (the relation of the prophyllar
product and the position of the flower in the
axil of the prophyll), it is reasonable to
consider the prophyll as being homologous to
a pherophyll and not to a glume. For that
reason the prophylls in the species of Cyperus
sect. Luzuloidei, independently of their form
and position in the inflorescence, are modified
pherophylls whose axillary buds may or may
not produce a branch, but never a flower.

The spikelets are the florescences (Rua
1999), which, in Cyperaceae, have been con-
sidered as flowering unit (Eiten 1976), partial
inflorescence (Pedersen 1969, Haines and Lye
1983) or fundamental inflorescence (Kral
1971). The spikelets bear hermaphrodite and
female flowers; the latter, as observed by
Barnard (1957), do not display a determinate
position within the spikelet. The glumes are
generally arranged on a transversal plane
formed by the pherophyll and the prophyll
(dorsiventrally compressed spikelet). In C. hi-
eronymi some spikelets have the pherophyll,
prophyll and glumes on the same plane (later-
ally compressed spikelet).

In the section Luzuloidei, the spikelets are
grouped in small fascicles; i.e. serial, prophyl-
lar and mixed fascicles. In the three types of
fascicles described, the spikelets are arranged
in the same median plane formed by the only
subtending pherophyll and the middle part of
the prophyll. This disposition is not the most

generalized in the prophyllar branching pat-
tern (Meert and Goetghebeur 1979). The serial
fascicles of the species belonging to Cyperus
section Luzuloidei resemble to the tandem
pattern branching proposed by Meert and
Goetghebeur (1979), and recognized by Bruhl
(1995), but differ from these in the origin and
the position of the branching. In the latter all
ramifications are prophyllar and originate
opposite to one of prophyllar keels; this
condition is considered primitive (Haines
1966). Haines (1966) used the term ‘“‘tandem
branching” to describe a serial branching
pattern, which is similar to the structure
described in this work; in order to avoid the
misapplication of terms relative to the serial
structure we decided to call them fascicle.

Systematic value

The species of the section Luzuloidei appear to
form a natural group (Denton 1978). The
accessory-axillar and prophyllar branch, and
the spikelets grouped in fascicles described in
this work were not observed in other species of
Cyperus. These characters can be distinctive
features at sectional level. Probably one or
more of these characters could be a synapo-
morphy of the section. According to the in-
group comparison, the accessory-axillar
branch appears to represent a primitive char-
acter within the section.

Notwithstanding that many characters
observed in the inflorescences of the section
are suitable to distinguish species or varieties
(Tables 2-4), the ramification pattern, the
types of fascicles, the constitution of the
subzone of short paracladia and whether this
is preceded by fascicles or not (and the type of
these fascicles), are the best states of characters
to delimit the following two groups:

Group 1: formed by species with acces-
sory-axillar branch and subzone of short
paracladia constituted by serial fascicles; inside
of this group two subgroups can be recognized:

a. mixed and serial fascicles, and subzone of
short paracladia preceded by mixed fasci-
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cles (Fig. 1): C. entrerianus, C. eragrostis
var. compactus, C. hieronymii, C. luzulae
and C. virens var. montanus.

b. with only serial fascicles and subzone of
short paracladia not preceded by mixed or
prophyllar fascicles (Fig. 2): C. eragrostis
var. eragrostis, C. fraternus, C. intricatus,
C. pseudovegetus, C. reflexus, C. surinamen-
sis, C. virens var. drummondii and C. virens
var. virens.

Group 2: formed by species without serial
branches, only with prophyllar fascicles, the
subzone of short paracladia constituted by
single spikelets and preceded by prophyllar
fascicles (Figs. 3, 4); this is observed in C. in-
comtus var. incomtus and C. ochraceus.; sub-
zone of short paracladia.

A comprehensive treatment of the section
Luzuloidei was published by Denton (1978).
Many of the relationships and groups estab-
lished in her work, and other treatments
(Denton 1983, Carter et al. 1996, Araujo and
Longhi-Wagner 1997), are incongruent with
the groups proposed here, being based in
similarities of the inflorescences.

Of the species considered within the sub-
group l-a, C. entrerianus, C. luzulae and
C. hieronymii appear to be closely related
(perhaps represent the same evolutionary line),
whereas the inflorescence of C. virens var.
montanus and C. eragrostis var. compactus
could be the result of a parallel evolution. The
close relationship between C. entrerianus and
C. luzulae has been proposed by Carter (1990)
and Tucker (1994), on the basis of vegetative
and reproductive characters. C. hieronymi
presents some spikelets with its pherophyll,
prophyll and glumes in the same plane (later-
ally compressed); this is the most distinctive
character of this species. Denton (1978) ex-
cluded C. hieronymi form the section Luzuloi-
dei, while Barros (1925, 1938) included it in his
section Chorystachys (now included in the
subgenus Cyperus). Despite that, form, ramifi-
cation patterns and the inflorescence structure
of C. hieronymi are very similar to the remain-
ing species studied here. This especially applies

to C. entrerianus. Considering this, the exclu-
sion of the section Luzuloidei is not supported
by the inflorescence characters.

According to Denton’s system (1978), all
species included in our subgroup 1-b, except
C. pseudovegetus, constitute a distinctive
group, distantly related to the rest of the
species of the section Luzuloidei. Inside this
group, C. reflexus and C. fraternus on one
hand, and C. virens s.l. on the other hand,
constitute two distinctive groups (Denton
1978, 1983); related to C. virens sl are
C. intricatus and C. surinamensis (Denton
1978). These relationships are supported by
the structure of the inflorescence, except for
C. virens var. montanus and C. intricatus. The
first species shows clear differences to the
remaining varieties studied here, and the sec-
ond species shows similarities with C. eragros-
tis var. eragrostis.

C. pseudovegetus appears more closely
related to C. luzulae (Denton 1978, 1983),
however the inflorescence of C. pseudovegetus
presents intermediate characters between
C. eragrostis var. eragrostis and C. [uzulae.
C. eragrostis var. compactus is recognized by
Barros (1947) but not by Denton (1978). The
difference observed in the inflorescences sup-
ports the distinction of two varieties.

C. incomtus var. incomtus and C. ochraceus
are the most distinctive species in the section.
C. incomtus var. incomtus has been excluded
from the section by Denton (1978) to appear
most similar to the section Glutinosi (with C4
anatomy). Similarities in the inflorescence of
C. incomtus var. incomtus with C. ochraceus
and in its anatomical character with other
species of the Luzuloidei section (Araujo and
Longhi-Wagner 1997) do not support the
exclusion proposed by Denton (1978). Further
studies are necessary to determine the position
of C. incomtus var. incomtus. There is no
doubt, that inflorescence structure has a def-
inite systematic value for the section. However,
this consideration must be handled with care.
The inflorescence typology provides a valuable
tool for making hypotheses of primary homol-
ogy (De Pinna 1991). It is advisable to test
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such hypotheses by a cladistic analysis. Despite
of the treatment of Denton (1978), there is no
comprehensive phylogenetic analysis of the
section Luzuloidei. For that reason, the rela-
tionships established in this work are preli-
minary and further cladistic analyses of the
section that include inflorescences characters,
are needed.

The authors are grateful to Prof. E. R. Guaglia-
none for the critical reading of the manuscript
and suggested improvements and Dr. Focko We-
berling for help us in the translation of the
manuscript.
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