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Figure 7: Ovule development of Oldenlandia salzmannii (LM). A: Early development of flower. B: The edges of the carpels are
closed forming the ovarian cavity. C: Detail of the placenta tri-zonate structured. D: Young ovule, tri-zonate structure. E-F: Detail of
the hemispherical ovule primordium during the hemitropous curvature. G: Detail of the ovule with archesporial cells (*). H: Detail
of the hemitropus ovule, more developed, with nucellar epidermis (arrow) and archesporial cells (*). I: Portion of the locule, showing
two mature ovules. J: Detail of a mature ovule. Abbreviations: (c) carpel, (ca) calyx, (co) corolla, (I) dermal layer, (II) subdermal layer,
(III) central layer, (m) micropyle (pl) placenta, (s) stamen, (t) integument. Scale bar: 20 pm.
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In LS flowers at the moment of anthesis, we observed that
the stigma may present two different positions in respect
to the style: upright stigmas (Fig. 11F) and bent stigmas
(Fig. 11G). The latter type of stigma remains in its position
with the passing hours without changing. Both types of
stigmas were receptive.

Floral longevity was similar in both morphs, being on
average 3.4 days (83 hours) for SS flowers and 4.3 days
(105 hours) for LS flowers. We observed in both morphs
that the corolla and style drop together in most cases after
floral withering.

Discussion

Aswe mentioned earlier, some aspects of the reproductive
biology of Oldenlandia salzmannii have already been studied
by Riveros et al. (1995). While their study provided
important data, such as the capacity of self-compatibility,
it did not include the morphological characterization of
both morphs. Therefore the realization of the present study
has allowed us to provide essential information about the
morpho-anatomy and some aspects of the reproduction.
With these data, we make a contribution to the knowledge
about this species that belongs to a conflictive group, and
which will help to clarify this issue.

Corolla

In Oldenlandia salzmannii there is a difference in the
shape of the corolla between morphs. The LS flowers tend
to have an urceolate shape, unlike the SS flowers which have
a tubular shape. Cabral (2009) also observed this type of
dimorphism in floral morphs of Galianthe centranthoides, a

Figure 8. Diagrammatic representation of a mature ovule of
Oldenlandia salzmannii, showing its hemitropous position.
Abbreviations: (es) embryo sac, (m) micropyle. Scale bar: 20 pm.

species belonging to the Spermacoceae tribe. According to
Ganders (1979) heterostylous species frequently present
a slight difference in the shape of the corolla tube between
morphs. This is due to a slight bulge low down in the
tube where the anthers are attached in the LS flowers;
consequently, these flowers have an enlarged shape. In the
species studied, the difference between morphs is due to
this reason revealed by Ganders, in addition to differences
present in the length of the corolla tube.

Moreover, in O. salzmannii there is a difference in the
corolla length between morphs, the corolla of the SS flowers
being larger than the LS flowers, which is due to differences

Table 3. Comparison of floral traits between SS flowers and LS flowers of O. salzmannii. Mean (X), Standard deviation (SD), F value

and significance value (P=0,001) of ANOVA.

Floral trait

Stamens height 4.28 0.46
Anther length 1.09 0.11
Style-stigma height 2.13 0.27
Stigma length 1.06 0.14
Corolla length 5.89 0.58
Corolla tube length 2.64 0.34
Corolla lobule length 3.27 0.32
Reciprocal herkogamy 2.17 0.53

| SSfowes | ISfowes | ANoVA
[ S T S A T I I

1.97 0.16 444.5 <0.001
0.82 0.07 76.21 <0.001
4.14 0.34 407.4 <0.001
1.04 0.19 0.1238 >0.001
4.96 0.58 25:28) <0.001
1.78 0.18 98.88 <0.001
3.28 0.38 0.0032 <0.001
217 0.27 0.0011 >0.001

Table 4. Pollen grains per anther, per flower and ovules per flower in O. salzmannii. X: mean; SD: standard deviation.

_ Pollen grains per anther Pollen grains per flower Ovules per flower

Floral morph

SS flower
LS flower

1724.8
1738

219.99
165.43

6899
6952

879.98 49 15.1

661.75 53.4 23.8
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Figure 9: Floral vascularization of Oldenlandia salzmannii. A-1: SS flower, transverse sections of the flowers at the levels indicating in
J. K-S: LS flower, transverse sections of the flowers at the levels indicating in T. J, K: Longitudinal section of the flower. Abbreviations:
cd: carpelar dorsal bundle, cv: carpelar ventral bundle, ov: ovule, p: petal bundle, pl: placenta, s: sepal bundle, ss: sepal-stamino complex,
ssc: sepal-stamino-carpelar complex, st: staminal bundle. Scale bar: A-I, K-S: 200 pm. J, T: 1 mm.
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Figure 10: Relationship between style-stigma and anther length in each morph of Oldenlandia salzmannii.

Figura 11: Floral phenology and stigmatic receptivity in Oldenlandia salzmannii. A-H: Floral phenology. A-D: SS flowers. E-H:
LS flowers. A: Floral bud. B-C: Anthetical flower. B: Lateral view. C: View from above showing the stigmatic lobes already separated.
D: Flower 72 hours after anthesis. E: Floral bud. F: Flower with right stigma. G: Flower with bent stigma. H: Flower 96 hours after
anthesis. I-L: Stigmatic receptivity. I-J: SS flowers. K-L: LS flowers. I, K: one hour after anthesis. J: 72 hours approx. after anthesis.
K: 96 hours approx. after anthesis.
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in the length of the corolla tube. This type of dimorphism
is one of the most common among distylous species, and
in most cases the SS flowers have larger corollas; this also
occurs in other species of Rubiaceae, such as Bouvardia
ternifolia (Faivre & McDade 2001), Palicourea padifolia
(Hernandez & Ornelas 2003), Palicourea petiolaris (Sobrevila
etal. 1983) and Psychotria carthagenensis (Koch et al. 2010),
etc. Ganders (1979) states that there is no evidence for
the dimorphism in corolla size, but it might possibly be
related to the asymmetric pollen flow. If the larger corollas
preferably attract the pollinators, this dimorphism would
increment the frequency of the visits of pollinators towards
SS flowers, which could compensate for the lower capture
of pollen from SS flowers.

A difference is observed in the internal indument of the
corolla between LS and SS flowers of Oldenlandia salzmannii.
According to Ganders (1979), this dimorphism is rare among
heterostylous species, however, it has been recorded in
several distylous species of the Spermacoceae tribe, mainly
in species of Galianthe (Cabral 2009).

Anther and Pollen

The two floral morphs of Oldenlandia salzmannii present
a difference in the anther size, the SS flowers having longer
anthers. This dimorphism was reported for the first time
by Darwin (1877). The difference was recorded in others
species of Rubiaceae, such as Psychotria carthagenensis (Koch
etal. 2010), Psychotria nuda (Castro & Araujo 2004) and P
poeppigiana (Coelho & Barbosa 2004).

We also recorded a difference in the pollen size between
morphs of O. salzmannii, where the pollen grains of SS
flowers are larger. This dimorphism has already been
recorded in a floral biology study by Riveros et al. (1995)
in which the size of the pollen grains was presented but
without specifying the average measurements of the polar
and equatorial axes. Although the results of the present
study coincide with those observed by Riveros et al. (1995),
there is a difference in the numerical values obtained. On
the other hand, Riveros et al. (1995) indicate that LS flowers
have a greater number of pollen grains per anther than the
SS flowers. Those results do not coincide with our results
because there were no differences in the production of
pollen per anther between the morphs. As the amount of
pollen grains per anther in both morphs is similar, and as
the pollen grains of SS flowers are larger, it is logical that
there is a slight difference in the anther size.

The dimorphism in anther size has been related to the
size of pollen grains. The differences in pollen size between
morphs and the number of pollen grains per anther are
the principal polymorphism characteristics correlated
with heterostyly (Ganders 1979; Dessein et al. 2005), as
there is a correlation between pollen size and number of
pollen grains which results in many small grains or in a few
large grains. Pollen dimorphism in respect to the size is so
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frequent in distylous taxa that Darwin (1877) considered it
abasic characteristic of heterostyly. According to Dulberger
(1974), pollen heteromorphism has been reported in 50 of
55 heterostylous genera examined. As a general rule the
pollen of SS flowers is slightly larger than the LS flower
pollen (Darwin 1877; Sobrevila et al. 1983; Pire & Cabral
1992; Coelho & Barbosa 2004). Nonetheless, in some species
of Rubiaceae, such as Pentas schimperiana (Dessein 2003),
Pseudosabicea arborea (Huysmans et al. 1998) and Hindsia
longiflora (Maio 1996), the pollen grains of the LS flowers
are larger than the pollen grains of the SS flowers.

Stigma

From the morph-anatomical analysis under light
microscope and SEM, our results reveal no differences
between morphs with respect to the shape and length of the
stigma, nor in the shape and size of the stigmatic papillae.
However, these results are not coincident with those of
Riveros et al. (1995) who stated that Oldenlandia salzmannii
presented a difference in the shape of stigmas, as can be seen
in the illustration of the floral morphs provided. According
to Dulberger (1974) stigma surface heteromorphism has
been reported in 39 of 53 genera examined from different
families. Dulberger (1992) suggested that stigma shape
is also variable between morphs, since SS flowers have
elongated stigmas that increase the pollen capture which
could lead to greater reproductive success. Despite the fact
that this dimorphism is unrecorded in O. salzmannii, some
Rubiaceae species, such as Palicourea fendleri (Sobrevila et
al. 1983), Psychotria carthagenensis (Koch et al. 2010) and
P poeppigiana (Coelho & Barbosa 2004), have SS flowers
with stigma lobes that are longer than the stigma lobes of
the LS flowers.

Reciprocity

From the floral morphometry study realized on
Oldenlandia salzmannii, it is observed that the difference
between style-stigma and stamen height within flowers did
not differ between the floral morphs, and given the index of
reciprocity obtained we can state that this species has a high
degree of herkogamy reciprocity. The reciprocal position of
stamen and style-stigma heights is one of the characteristics
that defines heterostyly (Ganders 1979; Richards & Barret
1992). Therefore, the absolute value of the difference in the
stamen and style-stigma heights between SS flowers and LS
flowers should be equal between floral morphs. Herkogamy
reciprocity is an essential component in models explaining
the evolution and maintenance of heterostyly based on
enhanced outcrossing (Faivre & McDade 2001). Already in
1877, Darwin proposed that the reciprocal position of the
sexual organs in flowers of heterostylous plants would be
an adaptation which facilitates pollen exchange between
plants of different morphs due to the segregation of pollen
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in different parts of the pollinator body which is supported
by recent studies (Massinga et al. 2005; Keller et al. 2014). As
we mentioned earlier, O. salzmannii presents a high degree
of herkogamy reciprocity, but many other distylous species
of Rubiaceae present a considerable variation in the distance
between style-stigma and stamen heights between morphs,
so the herkogamy reciprocity is not perfect. This occurs for
example in: Palicourea padifolia (Herndndez & Ornelas 2003);
P officinalis (Consolaro et al. 2009), Psychotria chiapensis
(Faivre & McDade 2001) and P. poeppigiana (Coelho &
Barbosa 2004), etc.

Despite the results obtained it would be interesting
to perform a morphometry study involving a few more
populations in future studies to see if the results are
the same; this is because heterostyly may vary between
populations (Faivre & McDade 2001).

Follen-ovule ratio

Following the classification of Cruden (1977), the P/O
ratio for both morphs indicates that Oldenlandia salzmannii
shows facultative xenogamy. This is evident in the study of
Riveros et al. (1995), as legitimate pollination produced the
highest percentage of fruits per pollination. In the same
study, (Riveros et al. 1995), they confirmed that the species
is self-compatible and they recorded fruit production after
manual self-pollination, although in a smaller percentage.

Phenology

The longevity of flowers in Oldenlandia salzmannii (4.3
daysin LS flowers and 3.4 days in SS flowers) is greater than
the average longevity (1.37 days) recorded for other species
of Rubiaceae (Stratton 1989); according to Dulberger (1992)
heterostylous flowers have a short longevity, lasting just one
to two days. Riveros et al. (1995) recorded a floral duration
of 3.1 days for LS flowers and 2.5 days for SS flowers for
this species. Even though the values differ slightly from
those recorded in the present study, it is confirmed that
the LS flowers have a longer duration in comparison to
the SS flower.

The period of stigmatic receptivity in this species is
very long compared with other species and genera of the
family, such as Paederia sp. (Puff 1991), because the stigma
is receptive from the pre-anthesis stage and it remains
receptive throughout the whole life of the flower. Several
studies on floral biology (Coelho & Barbosa 2004; Santos
et al. 2008) realized on heterostylous species of Rubiaceae
indicate that the stigmatic receptivity starts after anthesis
so O. salzmannii is different as it has been verified that the
stigma is already receptive in floral buds before anthesis.

Riveros et al. (1995) cite two species of Hymenoptera,
one species of Apidae, Apis mellifera the most common
visitor, one species of Halicitade and two species of Diptera
(Syrphidae) as pollinators of Oldenlandia salzmannii. Even

though pollination and observation of pollinators in O.
salzmannii were not included in the aim of this study, no
visits of pollinators were recorded during the observations
of flowers.

Self-compatibility

Asmentioned earlier, Riveros et al. (1995) demonstrated
in manual experimentation that Oldenlandia salzmannii
is self-compatible which means that it can self-pollinate
and develop viable seeds. However, observations of the
growth of the pollen tube using fluorescence microscopy
should be performed in the future to extend the knowledge
of the reproductive system of this species. Most of the
heterostylous taxa are self-incompatible, but there are
a few rare cases where heterostylous species are self-
compatible but remain morphologically distylous, for
example: Amsinckia sp. (Ray & Chisaki 1957; Ganders 1975),
some species of Hedyotis sp. (Ganders 1979), etc. One of
the causes of the breakdown of the self-incompatibility
system in heterostylous species is that they are found in
habitats where pollinators are absent or where their visits
are unreliable (Ganders 1979).

Hildebrand (1886) used the term “heterostyly” for the
first time in a morphological sense, without any implication
as to the fertility or compatibility relationships of the
plants. However, Darwin (1877) restricted the term to
those species with two or more forms, that were supposed
to be self-incompatible and cross-incompatible within a
form, but in which pollinations between the forms were
fertile (legitimate pollination). Ganders (1979) used the
term “heterostyly” in a morphological sense because he
believed that there are several cases of self-compatible
distylous species. In conclusion, considering the previously
stated evidence, this study shows that O. salzmannii is a
distylous species in the morphological sense despite it
being self-compatible.

Anatomy

No major differences between floral morphs were found
in the anatomy. While vascularization of the morphs has
not revealed any significant differences between the SS
flowers and LS flowers, in this analysis the intimate fusion
of different floral parts in the ovary was observed showing
the fully receptacular inferior ovary. The general pattern
of vascularization of O. salzmannii is very similar to that
presented in some species of the Spermacoceae s. str. tribe,
which were previously studied by Galati (1991).

Ovule development

The present study also examined the type and position
of the ovule in O. salzmannii and ovule development was
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analyzed to provide additional information for the analysis
of the evolution of embryological characters, not only for the
genus but also for the family. Variations in the development
and morphology of the ovule in Rubiaceae were observed by
Fagerlind (1937), who differentiated different ovular types
based on the number of cells of the nucellar epidermis and
characteristics of archesporial cells. He proposed a diagram
based on the evolution of the ovules within the Rubiaceae
family; which was subsequently extended by Galati (1991),
Mariath & Coccuci (1997), and Toni & Mariath (2008).
Fagerlind (1937) distinguishes three types of nucellus
for Rubiaceae: “typical”, “reduced” and “naked”. Genera
such as Cephalanthus, Hoffmannia and Chiococca (Fagerlind
1937), present a typical nucellus. An example of naked
nucellus is found in ovules of Houstonia, a close genus of
Oldenlandia. Species, such as Galium palustre (Fagerlind
1937), Relbunium hypocarpium (Mariath & Cocucci 1997)
and Borreria verticillata (Toni & Mariath 2004), present a
reduced nucellus. Oldenlandia salzmannii belongs to the
latter group, as the nucellus is made up only of 1-2 epidermal
cells. In other African species of the genus, O. capensis and
O. senegualensis, the presence of two cells in the nucellar
epidermis has also been corroborated (Fagerlind 1937). As
was highlighted above and from the analysis realized in this
study, O. salzmannii has a reduced nucellus and presents 2-3
archesporial cells, thus this species belongs to the type of
ovule described as “Oldenlandia”.

Furthermore, we observed that the ovule of Oldenlandia
salzmannii acquires a hemitropous position during the
whole development and maturity, which represents the
first record for the Spermacoceae tribe and probably for the
family in which most of its representatives were described
with anatropous ovules (Robbrecht 1998). In the Hedyotis-
Oldenlandia complex, there are very few embryological
studies. Shivaramaiah & Rajan (1972) studied the
embryology of one species in the complex, O. umbellate, and
defined the ovule as hemianatropous. In the Spermacoceae
tribe, Galati (1991) analyzed the largest number of species
(17 taxa), and affirmed the anatropous position of ovules
from early stages of development. Subsequent studies in
the tribe have recorded variations of that character: for
example in Borreria palustris (Cabafa Fader 2013) and
Borreria verticillata (Toni & Mariath 2004), because the
ovules present hemitropous positioning in the early stages
acquiring the final anatropous position at the mature stage.
On the other hand, Vijaya & Lakshmanan (1979) described
ovules of the type amphitropous for Borreria stricta.

In conclusion, Oldenlandia salzmannii is a typically
heterostylous species from the morphological point of view.
The anatomical descriptions, the vascularization and ovule
development analysis constitute an original contribution as
this species had never been studied previously from those
points of views, especially the anatomical descriptions, since
there are very few or no studies in the genus Oldenlandia
and particularly in the Spermacoceae tribe.
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