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A B S T R A C T

The nucellar beak is a proboscis-like outgrowth of the nucellus at the micropylar end, being the
obligatory path for the pollen tube entering the ovule. Among the few angiosperm families with nucellar
beak, Cucurbitaceae is remarkable because the pollen tube may develop at least two types of growth
within the nucellar beak: tubular and ampulliform. Wondering about the possibility that Cucurbitaceae
ovules may express some histological variation that could be related to pollen tube growth within the
nucellar beak, we performed a compared anatomical and histochemical study of the nucellar beak and
the pollen tube growth of ten species of Cucurbitaceae. Results show that Cucurbitaceae ovules are
diverse in size and proportions (of integuments, nucellar body, and nucellar beak), and they have at least
four types of nucellar beak histology: pectic-tracked, secretory-like, amylaceous, andmixed. Amylaceous
and mixed nucellar beaks are related to the ampulliform growth of the pollen tube, which could have
appeared independently in most derived tribes of Cucurbitaceae, although information about nucellar
beak structure in the basal tribes is still needed. In addition, the understanding of the relation between
amylaceous nucellar beaks and the ampulliform growth of the pollen tube, whose function is still to be
discovered, might open the possibility of a unique model of pollen tube-ovule co-evolution in
angiosperms.

ã 2014 Elsevier GmbH. All rights reserved.
Introduction

Angiosperm ovules are diverse in structure and tissue
differentiation (Endress, 2010), from tenuinucellate, reduced forms
without integuments (as Santalales, Brown et al., 2010) to
crassinucellate, bitegmic ovules. In addition to the relative
orientation of the funiculus, nucellus and micropyle, number of
integuments and nucellus development, angiosperm ovules may
also develop structural variation in the funiculus (e.g. obturators),
integuments (e.g. arils and endothelium), and nucellus (e.g.
hypostase, epistase, postament, nucellar cap, and nucellar beak,
see Maheshwari, 1950; Rangan and Rangaswamy, 1999; Rutish-
auser, 1969; Schnarf, 1929; Shamrov, 2002). Fundamental embry-
ological studies (Maheshwari, 1950; Schnarf, 1929) recognized a
few cell types in the nucellus: i.e. plain parenchyma cells,
epidermal cells, parenchyma cells with reticulate thickenings,
and cells with thick, suberized or lignified walls. However, the
nucellus may also have a more complex histology, that includes
transfer cells, self-lytic cells, and transmitting cells (see Bruun and
Olesen, 1989; Li and Tu, 1992; Liu and Li, 2003; Liu et al., 2001;
Rangan and Rangaswamy, 1999; Wilms, 1981). Some nucellar cells
arazu).

.

of Acacia ovules are even supposed to play a role in late pollen tube
incompatibility (Kenrick et al., 1986).

Despite the increasing structural complexity revealed in the
nucellus, one particular structure has been left aside in most
studies of this kind: the nucellar beak. The nucellar beak is a
proboscis-like outgrowth of the nucellus at the micropylar end,
which may be completely surrounded by the integuments or
partially protruding towards the placenta or the transmitting
tissue in the ovary. The nucellar beak is the obligatory path for the
pollen tube entering the ovule, and because of its relative size and
position, the nucellar beakmight be seen as a plug, an impediment
for the pollen tube to reach the embryo sac, or at least for the
micropylar guidance mediated by the synergids (cf. Johnson and
Lord, 2006). Few angiosperm families have species with nucellar
beak, viz. Aetoxicaceae, Cucurbitaceae, Euphorbiaceae, Malpigh-
iaceae, Polygonaceae, Rhamnaceae, and Trapaceae (Bouman, 1984;
Rangan and Rangaswamy, 1999). Among the species bearing a
nucellar beak, those of Cucurbitaceae are remarkable because their
pollen tube may develop at least two types of growth (Pozner,
1993; see also Singh, 1963): tubular, and ampulliform. Based on
studies of the fertilization process in Cayaponia bonariensis
(ampulliform pollen tube growth) and Cucurbitella asperata
(tubular pollen tube growth), Pozner (1993) suggested that these
different pollen tube growth patterns might be related to the
nucellar beak histology.

http://crossmark.dyndns.org/dialog/?doi=10.1016/j.flora.2014.04.003&domain=pdf
mailto:mlizarazu@darwin.edu.ar
http://dx.doi.org/10.1016/j.flora.2014.04.003
http://dx.doi.org/10.1016/j.flora.2014.04.003
http://www.sciencedirect.com/science/journal/03672530
www.elsevier.com/locate/flora


M.A. Lizarazu, R.E. Pozner / Flora 209 (2014) 340–348 341
We wondered about the possibility that Cucurbitaceae ovules
may express some histological variation in the nucellar beak, that
could be related to pollen tube growth. For this reason, we
performed a comparative anatomical and histochemical study of
the nucellar beak and the pollen tube growth of ten species of
Cucurbitaceae.

Materials and methods

Out of 10 different genera of Cucurbitaceae one species each
was selected for present study, based on published pertinent
information or previous observations of their pollen tube growth
(Appendix A; Table 1): Cayaponia bonariensis (Mill.) Mart. Crov.,
Cucurbita maxima Duchesne subsp. andreana (Naudin) Filov,
Cucurbitella asperata (Hook. & Arn.) Walp., Wilbrandia ebracteata
Cogn., Gurania makoyana (Lemaire) Cogn., Diplocyclos palmatus (L.)
C. Jeffrey, Cyclanthera hystrix (Hook. & Arn.) Arn., Luffa aegyptiaca
Mill., Sicyos warmingii Cogn., and Trichosanthes anguina L. Selection
of the species was also conditioned by the availability of fresh
material.

Fresh flowers were fixed in FAA and kept in the Instituto de
Botánica Darwinion collection, with reference vouchers at BAB and
SI. Pistillate flowers at two stageswere selected: early anthesis and
fertilized flowers. According to the flower size, entire ovaries or
selected fragments were dehydrated, clarified and embedded in
Histoplast (Ruzin, 1999), to obtain serial microtome sections,
10mm thick, with ovules longitudinally oriented. Some sections
were stained with Mayer's haematoxylin (Sass, 1958), and Schiff –
fast green for general structural analysis. The remaining sections
were used for the following histochemical tests: PAS – fast green
(O’Brien and McCully, 1981) for identification of non soluble
polysaccharides; I-KI (Ruzin, 1999) for starch and amylopectin;
ruthenium red (Ruzin, 1999) for pectins; acridine orange (Kinzel,
Table 1
Pollen growth within the nucellar beak in different taxa of Cucurbitaceae
(systematic position according to Schaefer and Renner, 2011). Data based on
illustrations published by Kirkwood (1906), Mann and Robinson (1950), Johri and
Chowduri (1957), Singh (1963), and observation made by Pozner (1993).

Taxa Tribe Pollen tube
growth

Reference

Cayaponia Cucurbiteae Ampuliform Pozner, 1993
Citrullus Benincaseae Tubular Singh, 1963; Johri and

Chowduri, 1957
Coccinia Benincaseae Tubular Singh, 1963
Ctenolepis Benincaseae Tubular Singh, 1963 (sub

Blastania)
Cucumis Benincaseae Tubular Mann and Robinson,

1950; Singh, 1955
(including
Dicoelospermum)

Cucurbita Cucurbiteae Ampuliform Longo, 1903
Cucurbitella Coniandreae Tubular Pozner, 1993, 1994
Cyclanthera Sicyoeae Ampuliform Singh, 1963
Diplocyclos Benincaseae Tubular Singh, 1963 (sub

Bryonopsis)
Echinocystis Sicyoeae Ampulliform Kirkwood, 1906 (sub

Micrampelis)
Halosicyos Coniandreae Tubular Pozner, 1993
Herpetospermum Schizopeponeae Ampuliform-

Tubular
Singh, 1963
(including Edgaria)

Luffa Sicyoeae Tubular Singh, 1963
Melotria Benincaseae Tubular Singh, 1963
Momordica Momordiceae Tubular Singh, 1963
Sechium Sicyoeae Tubular Singh, 1963
Sicyos Sicyoeae Tubular Pozner, 1993
Trichosanthes Sicyoeae Tubular Singh, 1963

(including
Gymnopetalum)
1955) for cellulose, hemicellulose and pectin identification; Sudan
IV (Ruzin, 1999) for lipids (waxes and suberin); phloroglucin/HCl
(Ruzin, 1999) for lignines; Cotton blue (Ruzin, 1999) for callose
identification; and bromophenol blue (Mazia et al., 1953) for
protein identification.

Histological sections were studied and photographed with
compound microscopes Nikon Labophot and Nikon FXA,
equipped with a Nikon digital camera. Observations of the pollen
tube growth within the nucellar beak were made directly on
microtome sections. Average size of ovule structures at anthesis
was measured in 10 ovules per species, on longitudinal, sagittal,
median sections.

Results

General structure, size and proportions of ovules

All studied species have anatropous, crassinucellate, bitegmic
ovules. The outer integument is thick, becoming even thicker
towards themicropyle. A vascular bundle runs all along the sagittal
plane of the outer integument, from the base of the funicle to the
micropylar tip of the outer integument. The inner epidermis is one-
cell thick, the outer epidermis becomes many layers thicker
towards the micropyle except for Luffa aegyptiaca, and Tricho-
santhes anguina where it remains one-layered. The inner integu-
ment is 2 layers thick at the chalazal end, becoming thicker (3–4
layers) towards the micropyle. The inner integument collapses
soon during or after anthesis, from the chalazal end towards the
micropyle, but the micropylar portion of the inner integument
usually remains with a normal histological structure in Sicyos
warmingii, Cyclanthera hystrix and Gurania makoyana.

The nucellus can be divided in two main portions: (1) an ovoid
nucellar body, and (2) a micropylar, conical to cylindrical,
outgrowth or nucellar beak. Both integuments grow equally,
surrounding the entire nucellar beak. However, the nucellar beak
may grow with different proportions according to the species
(Fig. 1A–I; Fig. 2A–C) so that the nucellar beak may: (1) get contact
to the carpel tissue (Cucurbita maxima subsp. andreana, Cayaponia
bonariensis), (2) be slightly shorter than the integuments, and the
inner integument leaves a narrow, short micropylar channel with a
fewcells in length (e.g. Cucurbitella asperata,Wilbrandia ebracteata,
Luffa aegyptiaca, Trichosanthes anguina, Diplocyclos palmatus), or
(3) be much shorter than the integuments, and the inner
integument forms a long micropylar channel (Sicyos warmingii,
Cyclanthera hystrix, Gurania makoyana).

Ovules studied here have different size and proportions among
species (Table 2). The nucellus (body+beak) ranges from 0.4 to
1.1mm in length and from 0.22 to 0.38mm in width. The nucellar
beak may represent 25–50% of the total length of the nucellus, and
the micropylar channel may be absent (when the nucellar beak
contacts the carpel tissue, e.g. Cucurbita maxima subsp. andreana,
Cayaponia bonariensis) or reach 1/4 to 1/5 the length of the nucellus
(e.g. Sicyos warmingii). This variation not only produces large
ovules with long nucellar beak (and vice versa), but also small
ovuleswith a long beak (e.g. Luffa aegyptiaca) and large ovules with
a short beak (e.g. Gurania makoyana).

Nucellus histology

The nucellus is a basic parenchymatic structure surrounded bya
single-layered epidermis. Most histochemical tests gave negative
results, only acridine orange and I-IK tests revealed pectins and
compound starch grains (respectively) at specific locations (Figs. 2
and 3A and B).

Combining the structural histological analysis and histochem-
ical tests, six cell types were identified in the nucellus at anthesis:



[(Fig._1)TD$FIG]

Fig. 1. General ovule structure in Cucurbitaceae. (A) Trichosanthes anguina, (B) Luffa aegyptiaca, (C) Diplocyclos palmatus, (D)Wilbrandia ebracteata, (E) Gurania makoyana, (F)
Sicyos warmingii, (G) Cucurbitella asperata, (H) Cucurbita maxima ssp. andreana, (I) Cyclanthera hystrix, and (J) Cayaponia bonariensis. A–J: Bar = 100mm.
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Fig. 2. Micropyle and nucellus structure in Cucurbitaceae. (A) Cayaponia bonariensis, (B) Sicyos warmingii, (C) Cucurbitella asperata, (D) Cayaponia bonariensis, (E)Wilbrandia
ebracteata, (F) Cucurbitella asperata, (G) Diplocyclos palmatus, (H) Trichosanthes anguina, and (I) Sicyos warmingii. (A–C) Micropylae. (D) Elongate to isodiametric parenchyma
cells with compound starch grains. (E and F) Elongate to isodiametric, more or less vacuolated parenchyma cells with cell walls rich in pectins. (G) Non-cutinized epidermal
cells with dense cytoplasm. (H) Elongate to isodiametric, more or less vacuolated parenchyma cells. (I) Isodiametric parenchyma cells with dense cytoplasm. C: Bar = 100mm;
A and B: Bar =50mm; H: Bar = 20mm; D–G and I: Bar =10mm.
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(1) non-cutinized, more or less vacuolated epidermal cells; (2)
non-cutinized epidermal cells with dense cytoplasm (Fig. 2G); (3)
elongated to isodiametric, more or less vacuolated parenchyma
cells (Fig. 2H); (4) elongated to isodiametric, more or less
vacuolated parenchyma cells with cell walls rich in pectins
(Fig. 2E and F); (5) elongated to isodiametric parenchyma cells
with compound starch grains (Fig. 2D), (6) isodiametric
parenchyma cells with dense cytoplasm (Fig. 2I).
The nucellar body usually has a homogeneous structure with
elongated to isodiametric, more or less vacuolated parechyma cells
(cell type #3, Fig. 2H). The embryo sac may be located deep in the
nucellar body (Gurania) or at the base of the nucellar beak
(Cyclanthera histrix). The nucellar cells around the embryo sac are
partially collapsed because of the embryo sac development and
growth. However, those surrounding nucellar cells may differenti-
ate as an “embryo sac jacket”, developing pectin-rich walls (cell



Table 2
Average size of ovule structures at anthesis in ten species of Cucurbitaceae (n =10 ovules per species; measures in micrometer, taken on longitudinal, sagittal, median
sections).

Species Nucellus length Body length Beak length (Beak/nucellus)�100 Body diameter Beak diameter Micropylar channel length

Trichosanthes anguina 426 268 158 37.1 222 39 13
Gurania makoyana 919 670 249 27.2 217 32 109
Luffa aegyptiaca 560 292 268 47.8 239 60 31
Sicyos warmingii 749 548 201 26.8 206 46 169
Cucurbitella asperata 1138 676 462 40.6 378 47 22
Wilbrandia ebracteata 661 441 220 33.3 336 42 24
Diplocyclos palmatus 663 353 310 46.8 231 56 39
Cayaponia bonariensis 654 414 240 36.7 270 60 0
Cucurbita maxima subsp.
andreana

966 601 365 37.5 352 49 0

Cyclanthera hystrix 882 510 372 42.1 336 47 43
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type #4, Cucurbitella asperata, Wilbrandia ebracteata) or a dense,
non-vacuolated cytoplasm (cell type #6, Trichosanthes anguina):
Table 3 and Fig. 2.

The nucellar beak may have at least five different structures:
1.
[(Fig._3)TD$FIG]

Fig.
Wilb
grow
A undifferentiated, homogeneous structure made of more or
less vacuolated, isodiametric to elongated parenchyma cells
(cell type #3; e.g. Trichosanthes anguina). We include in this
type the nucellar beak of Luffa aegyptiaca, with a few basal
cells close to the synergids which are differentiated as a
central transmitting track of elongated cells, with a denser
cytoplasm (Fig. 4A).
2.
 A secretory-like structure, where parenchyma cells of the
nucellar beak have denser cytoplasm and no vacuoles (cell
type #6), so that the nucellar beak has an aspect like secretory
tissues, with the basal, central transmitting track of elongated
cells connecting the embryo sac (Sicyos warmingii, Gurania
makoyana; Fig. 4B and C).
3.
 A pectic-tracked structure, where the nucellar beak has a
central track of narrowly oblong to elongated cells with
pectin-rich walls and denser cytoplasm (cell type #4). That
transmitting track is 2–4 cells in diameter, and runs from
the embryo sac jacket (close to the synergids) up to few
cells before the tip of the nucellar beak (Cucurbitella
asperata, Wilbrandia ebracteata). Cells of that transmitting
track are narrower, with more dense cytoplasm and thicker
walls near the embryo sac, becoming progressively less
differentiated towards the micropylar end of the nucellar
beak (Fig. 4D).
4.
 An amylaceous structure, with the basal, central transmitting
track of elongated cells connecting the embryo sac, but both
epidermal and parenchyma cells (and even cells of the
transmitting track) containing compound starch grains (cell
type #5) with a chalazal gradient, so that starch grains get
denser from the micropylar tip of the nucellar beak
downwards to the transmitting track cells (Cucurbita maxima
subsp. andreana, Cayaponia bonariensis, Diplocyclos palmatus).
In Diplocyclos palmatus the epidermis develops a nucellar cap
of 4–6 layers just at the tip of the nucellar beak, and those
epidermal cells have the histological aspect of secretory tissue,
with dense cytoplasm and no vacuoles (cell type #2; Fig. 4E
and F).
5.
 A mixed secretory-amylaceous structure that combines cells
with denser cytoplasm and no vacuoles (cell type #6) at the
distal half of the nucellar beak and amylaceous parenchyma
3. Histochemical tests and pollen tube growth in Cucurbitaceae. (A) Cucurbitella asperata
randia ebracteata, and (F) Cayaponia bonariensis. (A) Identification of pectins. (B) Identifi
th. (D) Detail of transmitting cells. (E) Tubular pollen tube growth. (F) Ampulliform polle
cells (cell type #5) at the basal half of the nucellar beak. The
transmitting track is strongly reduced and the embryo sac is
positioned almost at the base of the nucellar beak (Cyclanthera
hystrix; Fig. 4G).
Pollen tube growth

Three types were observed of pollen tube growth into the
nucellar beak: tubular, ampulliform, and mixed. In the tubular
type, the pollen tube grows along the center of the nucellar beak
forming a path in diameter of only 2–3 collapsing cells. The pollen
tube has a similar, uniform diameter from its entrance through the
micropyle and all theway down up to the embryo sac. Such tubular
growth of the pollen tube was observed in nucellar beaks with
undifferentiated, homogeneous structure (Trichosanthes anguina,
Luffa aegyptiaca), secretory-like structure (Sicyos warmingii), and
pectic-tracked structure (Cucurbitella asperata, Wilbrandia ebrac-
tata): Fig. 3E. In the ampulliform type, the pollen tube increases its
growth in diameter soon after its entrance into the nucellar beak,
so that the growth of the pollen tube brings about a collapse both of
the parenchyma and the epidermis of the nucellar beak. This
aggressive ampulliform growth is restricted to the amylaceous
portion of the nucellar beak, and ceases just at the transmitting
track where the pollen tube resumes a slender tubular growth that
finally contacts the embryo sac. The ampulliform growth of the
pollen tube was observed in nucellar beaks with amylaceous
structure (Cucurbita maxima subsp. andreana, Cayaponia bonar-
iensis, Diplocyclos palmatus): Fig. 3F. In the mixed type, the pollen
tube growth is tubular in the distal half of the nucellar beak, and
ampulliform in the basal half of the nucellar beak. This case was
observed only in Cyclanthera hystrix – Fig. 3C – where the nucellar
beak has a secretory-like parenchyma structure in its distal half,
and an amylaceous parenchyma in its basal half. The transmitting
track is absent, and the pollen tube contacts the embryo sac in its
ampulliform growing phase. The pollen tube of Gurania makoyana
was not observed.

Discussion

The ten species studied here fit the general Cucurbitaceous
ovule structure (Johri et al., 1992), and variations in ovule size,
nucellar body/beak proportion, micropyle structure, and nucellar
beak histology reveal a wide diversity in the specific ovule
structure of Cucurbitaceae taxa. Although the less differentiated
nucellus occurred in the smallest ovule with the shortest nucellar
, (B) Diplocyclos palmatus, (C) Cyclanthera hystrix, (D) Trichosanthes anguina, (E)
cation of starch and amylopectin. (C) Mixed ampulliform-tubular pollen tube
n tube growth. A and B: Bar = 100mm; C, E and F: Bar = 50mm; D: Bar = 10mm.
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Table 3
Histological comparison of the nucellar beak of ten species of Cucurbitaceae (including the nucellar tissue around the embryo sac). See also Figs. 2 and 3.

Species Embryo sac jacket Transmitting
track

Beak parenchyma Beak epidermis Nucellar cap

Diplocyclos
palmatus

Not differentiated Central, narrow
parenchyma cells

Amylaceous, vacuolated Amylaceous, vacuolated Present,
not amylaceous, not
vacuolated cells with dense
cytoplasm

Cayaponia
bonariensis

Not differentiated Central, narrow
parenchyma cells

Amylaceous, vacuolated Amylaceous, vacuolated Absent

Cucurbita
maxima
subsp.
andreana

Not differentiated Central, narrow
parenchyma cells

Amylaceous, vacuolated Amylaceous, vacuolated Absent

Cucurbitella
asperata

Parenchyma cells
with
pectin-rich walls

Central, narrow
parenchyma cells, with
pectin-rich walls

Not amylaceous, vacuolated, with a
central thread of cells with pectin-rich
walls

Not amylaceous, vacuolated Absent

Wilbrandia
ebracteata

Parenchyma cells
with
pectin-rich walls

Central, narrow
parenchyma cells, with
pectin-rich walls

Not amylaceous, vacuolated, with a
central thread of cells with pectin-rich
walls

Not amylaceous, vacuolated Absent

Gurania
makoyana

Not differentiated Central, narrow
parenchyma cells

Not amylaceous, not vacuolated cells
with dense cytoplasm

Not
amylaceous, not vacuolated
cells with dense cytoplasm

Absent

Trichosanthes
anguina

Not vacuolated cells
with dense
cytoplasm

Not differentiated Not amylaceous, vacuolated cells Nor amylaceous, vacuolated
cells

Absent

Luffa aegyptiaca Not differentiated Central, narrow
parenchyma cells

Not amylaceous, vacuolated (tip) Not amylaceous Absent

Cyclanthera
histrix

Not differentiated Not differentiated Amyilaceous (middle), other cells (tip)
not amylaceous, vacuolated

Amylaceous (middle),
at tip not amylaceous,
vacuolated

Absent

Sicyos
warmingii

Not differentiated Central, narrow
parenchyma cells

Not amylaceous, not vacuolated cells
with dense cytoplasm

Not amylaceous, not
vacuolated cells with dense
cytoplasm

Absent
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beak of the investigated species (Trichosanthes anguina), there is no
relation between ovule size, nucellar beak size, and nucellar beak
histology. Nucellar beak with a pectic track appears in large or
medium size ovules with long or short nucellar beaks (Cucurbitella
asperata and Wilbrandia ebracteata, respectively). The same occurs
with the amylaceous nucellar beak, when comparing Cayaponia
bonariensis, Cucurbita maxima ssp. andreana and Diplocyclos
palmatus. There could be a possible relationship between
micropyle structure and nucellar beak histology, since the
secretory-like nucellar beak appears with a relatively long
micropylar channel formed by the inner integument (Sicyos
warmingii, Gurania makoyana, and Cyclanthera hystrix in part).

Concerning specifically how much the histological variation of
thenucellarbeakcanbe related topollen tubegrowth, guidance, and
the fertilization process, the homogeneous, plain parenchymatic
nucellarbeakof Luffa aegyptiaca and Trichosanthes anguina suggests
that there is no need of a particular histological differentiation to
lead pollen tubes to the embryo sac. However, the pectic-tracked
nucellar beak of Cucurbitella asperata and Wilbrandia ebracteata
suggests a kind of pollen tube guidance, since cells of the central
track with pectin-rich walls are similar to respective cells of the
transmitting tissue in the style, and the pollen tube of those species
grows strictly along the pectic track of the nucellar beak. On the
other hand, our histological and histochemical analysis cannot
confirm that the secretory tissue-like nucellar beak of Sicyos
warmingii and Gurania macopyana effectively secretes something.
Nucellar parenchyma cells with dense cytoplasm could be also
interpreted as self-lytic cells (Brighigna et al., 2006). Although
programmed cell death in the nucellus is not unusual, and self-lytic
cells have been already observed in the chalazal end of the nucellus
in Cucurbitaceae ovules (Pozner, 1993), unpublished observations
of the nucellar beak of Cayaponia bonariensis with transmission
electronmicroscopy (R. Pozner) didnot reveal signsofprogrammed
cell death. For that reason we prefer a more conservative
interpretation of those nucellar parenchyma cells with dense
cytoplasm simply as cells like those found also in secretory tissues.
In addition, as these particular nucellar cells appear in nucellar
beaks together with long micropylar channels up to 100–150mm
(half theway down from themicropyle to the embryo sac), it might
be possible and would be interesting to be tested that they indeed
might produce a chemical signal involved in the micropylar
guidance of the pollen tube.

While the undifferentiated homogenous, pectic-tracked, and
secretorytissue-likenucellarbeaksdiscussedabovecanberelatedto
attraction and guidance of the pollen tube, the relationship between
amylaceous nucellar beaks and the ampulliformpollen tube growth
is most probably not accidental, because species of three different
tribes (Sicyoeae, Benincaseae and Cucurbiteae) studied here, with
ampulliform pollen tube growth, share the same amylaceous
nucellar beak structure. However, this relationship cannot be
explained yet. About the possible function of the ampulliform
growth of the pollen tube, some historical papers (Longo, 1903)
suggested that ampulliform pollen tubes of Cucurbita are haustoria
for the feeding of the young embryo. Pozner (1993) found that the
ampulliformpollen tube of Cayaponia bonariensis is depleted of any
cellular content by the timeof gamete release, so that thehaustorial



[(Fig._4)TD$FIG]

Fig. 4. Diagram of nucellar beak structures. (A) Undifferentiated (Trichosanthes anguina and Luffa aegyptiaca), (B and C) secretory tissue-like (Gurania makoyana and Sicyos
warmingii), (D) pectic (Wilbrandia ebracteata and Cucurbitella asperata), (E and F) amylaceous (Cucurbita maxima ssp. andreana, Cayaponia bonariensis and Diplocyclos
palmatus), and (G) Cyclanthera hystrix. Symbols: dotted lines – transmitting cells; brick texture – secretory tissue-like cells; gray – pectin-rich cells; dotted texture –

amylaceous cells. Only Dyplocyclos palmatus has a nucellar cap with secretory cell-like epidermal cells.
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function for the young embryo was discarded. Unpublished data of
the fertilizationtiming inCayaponiabonariensis (R.Pozner) revealed
that the pollen tube takes 8h to grow from the stigma to the
micropyle, and it then remains 8 more hours within the nucellar
beak in its ampulliform phase before gamete release occurs. These
data suggest that the ampulliform growth of the pollen tubewithin
thenucellarbeak isnotameremomentumof its lytic activity, but an
established phase of the fertilization process, although we cannot
say yet what process does occur there.

Finally, two evolutionary implications deserve attention: (1) the
evolution of the nucellar beak structure within Cucurbitaceae and,
(2) the evolutionary significance of the nucellar beak-pollen tube
relation. In a phylogenetic context (based on Schaefer and Renner,
2011) the ampulliform pollen tube growth appears in the most
derived tribes of the family: Sicyoeae, Cucurbiteae, Schizopepo-
neae, and Benincaseae (Table 1). Also tubular pollen tube growth
can be found in derived tribes of Cucurbitaceae, like Sicyoeae,
Benincaseae, and Coniandreae. It could be hypothesized that
ampulliform pollen tube growth and amylaceous nucellar beaks
appeared independently in most derived tribes of Cucurbitaceae.
However, there is no information available about the nucellar
structure in other cases with ampulliform pollen tube growth, like
in taxca of the Schizopeponeae (Singh, 1963), or about pollen tube
growth and nucellar beak structure in basal Cucurbitaceae.

Concerning the evolutionary significance of the nucellar beak-
pollen tube relation, Cucurbitaceae ovules, and particularly their
nucellar beaks, are diverse in size, proportion, and histology.
Pectic-tracked nucellar beaks can be related to pollen tube
guidance, secretory tissue-like nucellar beaks may be tested for
an attraction function for the growing pollen tube. Amylaceous
nucellar beaks are related to the ampulliform growth of the pollen
tube, and the understanding of this relation, whose function is still
to be discovered, opens the possibility of an interesting model of
pollen tube-ovule co-evolution in angiosperms beyond the
funicular guidance of the pollen tube (Johnson and Lord, 2006)
or a mere growing path, like in Cucurbitella and Wilbradia. While
co-evolution between pollen/pollen tube and ovule is well known
in gymnosperms, as a consequence of their direct interaction
during pollination and pollen germination, closed carpels of
angiosperms shifted pollen interaction and co-evolution to the
stigma (Leslie and Boycel, 2012, and literature therein). In this
context, Cucurbitaceae open a unique possibility of studying pollen
tube-ovule co-evolution in angiosperms, but two hypothesis are
still needed: one for the evolution of nucellar beak histology in
Cucurbitaceae, and another for the possible function of the
ampulliform pollen tube growth within the nucellar beak.

Appendix A

Sources of investigated taxa, sites of cultivation, and herbarium
voucher information.

Cayaponia bonariensis (Miller) Mart. Crov. ARGENTINA. Prov. de
Buenos Aires: Pdo. Morón, Botanical Garden, INTA Experimental
Station, R. Pozner 47 (BAB), 14-Jan-1987.

Cucurbita maxima Duchesne subsp. andreana (Naudin) Filov.
ARGENTINA. Prov. de Buenos Aires: Pdo. De Vicente López, Olivos,
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cultivated from Pdo. Chascomús, Estancia del Vasco Arrieta, 24-
Jan-1988, Pozner 74 (BAB).

Cucurbitella asperata (Hook. et Arn.)Walp. ARGENTINA. Prov. De
Corrientes: Depto. Capital, UNNE, Faculty of Agronomy, R. Pozner 50
(BAB), 25-Jan-1987.

Cyclanthera hystrix (Hook. Et Arn.) Arn. ARGENTINA. Prov. de
Buenos Aires: Pdo. San Isidro, R. Pozner s/n, Dec 1993.

Diplocyclos palmatus (L.) C. Jeffrey. ARGENTINA. Prov. de Buenos
Aires: Pdo. Vicente López, Olivos, cultivated from Univ. Bot. Havn.
Denmark, 29-Nov-1987, Pozner 59 (BAB).

Gurania makoyana (Lemaire) Cogn. ALEMANIA. Cultivated from
the Botanical Garden of Mainz University (Germany), Andrea
Cocucci s.n., summer 1994.

Luffa aegyptiaca Mill. ARGENTINA. Prov. de Buenos Aires: Pdo.
Vicente López, Olivos, cultivated fromHortus Botanicus Tartuensis,
8-Feb-1989, Pozner 99 (BAB).

Sicyos warmingii Cogniaux. ARGENTINA. Prov. de Tucumán:
Dpto. Yerba Buena, El Rulo, 10-Nov-1988, Pozner 90 (BAB).

Trichosanthes anguina L. ARGENTINA Prov. Buenos Aires: Pdo.
Vicente López Olivos, cultivated from Conservatoire et Jardins
Botaniques de Nancy, 8-FebI-1989, Pozner 98 (BAB).

Wilbradia ebracteata Cogn. ARGENTINA. Prov. Corrientes: Depto.
Goberbador Virasoro, Estancia Rincón del Ombú, 28-Jan-1987, R.
Pozner 51 (BAB). Prov. Buenos Aires: Pdo. Vicente López, cultivated,
08-Feb-1989, R. Pozner 96 (BAB).
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