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Anatomical variations in scapes of Eleocharis minima Kunth
(Cyperaceae, Poales) - amphibian and Kranz species

Shirley Martins"® & Vera Lucia Scatena®

Abstract

In Cyperaceae about 1/3 of the species have Kranz anatomy and some species of Eleocharis can either present Kranz
anatomy or not according to the environmental conditions, whether terrestrial (emerged) or aquatic (partly or fully
submerged). Eleocharis minima has emerged and submerged scapes in the same individual. To identify the possible
differences and their correlation with the environment, the anatomy of these scapes was investigated. The emerged
scape is quadrangular e has four vascular bundles, and the submerged is triangular with three bundles. Both scapes
(emerged and submerged) show non-Kranz anatomy in the basal region and Kranz anatomy of the eleocharoid type
in the median region. In the apical region of submerged scapes occur Kranz anatomy of eleocharoid types, but in this
same region of the emerged scape was observed variations in the continuity of the inner bundle sheath and may be
interpreted as eleocharoid or chlorocyperoid types. The plasticity of the Kranz anatomy in Eleocharis minima and
in other species of the genus is probably related to the amphibious habit. Therefore, the use of characters related to
Kranz anatomy in Eleocharis in phylogenetic and evolutionary approaches should be restricted and carefully analyzed
in view of its plasticity.
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Introduction

Cyperaceae has 45 genera, of which 28
present Kranz anatomy that is related to C,
photosynthesis (Bruhl & Wilson 2007). In the
family, only Cyperus, Eleocharis, Fimbristylis
and Rhynchospora contain Kranz and non-Kranz
species (Soros & Bruhl 2000; Bruhl & Wilson
2007). Eleocharis has approximately 250 species
(Govaert et al. 2007), and 20 of them were
described as having Kranz anatomy (Bruhl &
Wilson 2007). The species of the Eleocharis genus
occur in environments with moist or flooded soil,
and the plants may be partially or totally submerged
(Trevisan & Boldrini 2008). These plants are
characterized by a leaf lamina reduced to a tubular
sheath that is located in the base of the scape, which
is the principal photosynthetic organ (Hinchliff ez
al. 2010; Roalson et al. 2010).

As observed in Eleocharis baldwinii (Torr.)
Chapm., E. retroflexa (Poir.) Urb. and E. vivipara
Link., the Eleocharis stand out in Cyperaceae

by the plasticity of having or not having Kranz
anatomy in different individuals as a response to
environmental conditions (Uchino ef al. 1998;
Murphy ef al. 2007). These species present Kranz
anatomy (C,) when they are terrestrial and non-
Kranz anatomy (C,) or a C,~C, intermediate when
they are submerged (Uchino et al. 1998; Ueno
2004; Murphy et al. 2007).

In addition to the variable presence of Kranz
anatomy, different Kranz types were observed
in Eleocharis vivipara individuals from distinct
populations (Murphy et al. 2007). To date, the
plasticity of Kranz anatomy in Eleocharis has only
been described in different individuals growing in
distinct environmental conditions, either terrestrial
or submerged. Therefore, because Eleocharis
minima Kunth, which performs C, photosynthesis
(Bruhl & Wilson 2007), presents both emerged
and submerged scapes in the same individual, this
work aimed to study the anatomy of these scapes
and to identify the possible differences that can be
correlated with environmental conditions.
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Materials and Methods

Individuals of Eleocharis minima from
different populations (S. Martins 405, 406, 423)
occurring in lakes margins from the southern
Brazil were collected. Vouchers materials were
deposited at the Herbarium of the Department of
Botany, Universidade Estadual Paulista (HRCB).
The individuals collected were fixed in FAA 50
and stored in 70% ethanol (Johansen1940). The
analyses were realized in mature emerged and
submerged scapes of the same individual each from
the three different populations.

Portions of the emerged and submerged
scapes were dehydrated in an ethyl alcohol series
and then embedded in Historesin (Leica Historesin
Embedding Kit, Nussloch, Germany) (Feder &
O’Brien 1968). Transverse sections of the basal,
median and apical regions were made using a
microtome, stained with periodic acid-Schift’s
reagent and toluidine blue (Feder & O’Brien 1968)
and mounted in Entellan (Merck). Transverse
sections of the basal, median and apical regions
of mature scapes were also made by hand, stained
with basic fuchsin and Astra blue (Roeser 1972)
and mounted in glycerin jelly. Counting of number
of fiber strands and cells that they have was done
in different transverse sections. The terminology
about the vascular bundle sheaths is in accord to
ontogenetic studies realized by Martins and Scatena
(2011). The images were obtained with Leica DFC
290 digital camera clopped to the Leica DM LB
microscope using the IM50 software.

Results

Eleocharis minima is herbaceous,
perennial and cespitous (Fig. 1a), with scapes
that are approximately 10 cm high and present
photosynthetic emerged (Em) (Fig. 1b) and
submerged (Sb) (Fig. 1b-c) forms. In transverse
section, the emerged scape is quadrangular, with
four vascular bundles (Fig. 1d), and the submerged
scape is triangular, with three vascular bundles
(Fig. le).

Both scapes have a uniseriate epidermis (Fig.
1f-k) with thin-walled cells in the basal region of
the emerged scape (Fig. 1f) and thick-walled cells
other of the emerged scape and of all of the regions
of the submerged (Fig. 1g-k). Below the epidermis,
fibers (Fi) occur in general isolated in the basal
region of submerged and emerged scapes (Fig. 1f,
1) or in strands in the others regions, mainly in the
emerged scapes (Fig. 1g-h). The epidermal cells
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associated to the fibers are papillose (Fig. 1i, detail)
and have conical silica bodies (Si) (Fig. 1g, 1).

The chlorophyllian parenchyma is composed
of one layer of cells in the basal region of the
emerged scape (Fig. 1f), of two layers in the other
regions of the emerged scape and of all of the
regions of the submerged scape (Fig. 1i-k). In the
inner layer of the regions with two layers, the cells
are arranged radially around the vascular bundles
(Fig. 1g-k, asterisk). Idioblasts containing phenolic
compounds are present in the chlorophyllian
parenchyma (Fig. 1f-k).

The scapes possess vascular bundles of
different calibers. One major, one intermediate
and two small bundles occur in the emerged
scapes (Fig. 1d), whereas one major and two small
bundles occur in the submerged scapes (Fig. le).
The emerged scape in the basal region exhibits
non-Kranz anatomy, and the vascular bundles are
surrounded by a double sheath: the outer layer
presents thin-walled cells with a few chloroplasts,
constituting the endodermis (Fig. 1f, circles); and
the inner layer presents thick-walled cells without
chloroplasts, constituting the pericycle (P) (Fig.
1f). The median region of both scapes (emerged
and submerged - Fig. 1g, j) and the apical region
of the submerged scapes (Fig. 1k) present Kranz
anatomy with vascular bundles surrounded by two
continuous bundle sheaths: the outer one presents
thick-walled cells without chloroplasts, and the
inner one presents thin-walled cells with chloroplasts
(Fig. 1g, )), both constituting the biseriate pericycle
(P). In the basal region of the submerged scape the
vascular bundles present two sheaths: the outer one
is continuous, lacks chloroplasts and possess thick-
walled cells and the inner one is discontinuous, has
few chloroplasts and present thin-walled cells (Fig.
11). In the apical region of the emerged scape also
occur Kranz anatomy, but the continuity of the inner
bundle sheath varies among the populations, being
continuous or discontinuous (Fig. 1i). Aerenchyma
(Ae) occurs in the basal and median regions of the
emerged scapes (Fig. 1d) and in all of the regions
of the submerged scapes (Fig. 1e) internally to the
chlorophyllian parenchyma.

Discussion

According to our results, the anatomical
differences found between the emerged and
submerged scapes of Eleocharis minima suggest
a revision of the species characterization that has
been described only with regard to quadrangular
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Figure 1—Morphological and anatomical aspects of emerged and submerged scapes of Eleocharis minima Kunth. a-c. morphological
aspects—a. habit; b. mature plants with emerged (Em) and submerged (Sb) scapes (bar=4 cm); c. mature plant detaching submerged
scape (Sb) (bar = 2 cm); d-k. anatomical aspects — d-e. general view of the median regions of emerged and submerged scapes,
respectively (bar = 30 um); f+h. detail of the basal, median and apical regions of the emerged scape, respectively (bar = 10 wm),
i-k. detail of the basal, median and apical regions of the submerged scape, respectively (bar = 10 um) (Ae, aerenchyma; asterisks,
radiate parenchyma cells; circles, endodermis; Em, emerged scape; Fi, fibers; P, pericycle; Sb, submerged scape; Si, silica bodies).

scapes (Trevisan & Boldrini 2008). The submerged
scapes are more filamentous than are the emerged
scapes; probably due to fewer vascular bundles and
cells in the fiber strands, which are both adaptive
responses to the amphibious life form (Coan et al.
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2002). The presence of acrenchyma and the reduced
number of vascular bundles and support tissues
is common in aquatic plants (Coan et al. 2002;
Maberly & Madsen 2002), including Eleocharis
species (Ueno 1996, 2004). These hydromorphic
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features of the submerged scapes of Eleocharis
minima can help the plant fluctuate, favoring its
growth in an environment with variations in the
water level.

The occurrence of C, photosynthesis in
aquatic macrophytes, as in Eleocharis minima, is
indicated in response to bright light conditions and
low levels of free CO,, which in the latter case is
due to the high photosynthetic rate of algac (Bowes
et al. 2002; Sage 2004).

The continuity of the inner sheath in major
vascular bundles of Kranz Cyperaceae species is
one of the criteria used to classify the Kranz types
(Soros & Bruhl 2000; Martins & Scatena 2011).
The chlorocyperoid and eleocharoid only differs
on this criterion, since both possess two bundle
sheaths. Therefore, this is the first report of vascular
bundles with continuous and discontinuous inner
sheath in different scapes from the same species.

Most of the Kranz species in Eleocharis
present the eleocharoid type, but the fimbristyloid
type also occurs in Eleocharis baldwinii and
the eleocharoid and fimbristyloid types occur
in individuals from different populations of
Eleocharis vivipara (Ueno 1996; Murphy et al.
2007). These two types of Kranz anatomy differ
from each other in the number of bundle sheaths,
with two in the eleocharoid and three in the
fimbristyloid; and in the continuity of the inner
bundle sheath, being continuous in the eleocharoid
and discontinuous in the fimbristyloid (Soros &
Dengler 2001).

In Eleocharis minima, the median and apical
regions of the submerged scapes possess Kranz
anatomy, as characterized by the presence of
many chloroplasts in the inner bundle sheath. In
another species of Eleocharis, differences in the
type of Kranz anatomy and in the photosynthetic
metabolism in response to environmental conditions
were verified as being related to the availability of
water in the soil (Ueno ef al. 1989; Uchino et
al. 1998; Ueno 2004). In these species, which
are considered facultative C,—C,, the terrestrial
individuals present Kranz anatomy, and the
submerged individuals present non-Kranz anatomy
or Kranz-like anatomy (Murphy ef al. 2007). The
absence of Kranz anatomy in the basal region of the
emerged and submerged scapes can be related to
the occurrence of leaf sheaths in this region, which
probably reduces the photosynthetic activity in this
area of the scape.
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The variations observed in the occurrence
of the Kranz anatomy and in inner bundle sheath
continuity in emerged and submerged scapes
of Eleocharis minima reinforce the anatomical
plasticity of the genus. But, we believe that this
variation is not sufficient to indicate the occurrence
of different Kranz types to Eleocharis minima. In
the angiosperm groups with C, photosynthesis,
including in Cyperaceae, the presence and the type
of Kranz anatomy are important for phylogenetic
studies (Soros & Bruhl 2000; Giussani et al.
2001; Muhaidat et al. 2007). However, due to the
plasticity of the Kranz anatomy found in Eleocharis
minima and in others Kranz Eleocharis species, we
suggest that these characters can only be consistent
in the phylogeny of the terrestrial species.
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