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Gynostemium is a putative floral structure formed by the fusion of the male and female reproductive
parts (stamens and carpels) through a process during its development called synorganization. Most of
the Indian species of Thottea Rottb. have a prominent gynostemium in their floral architecture, with
varying degrees of adnation and complexity. Even though the gynostemium is a significant taxonomic
marker for the inter-specific systematics in Thottea, the scepticism and arguments on deciphering its
morphology and functional parameters, including the existence of staminodes, makes it imperative to
be examined in detail. The present study is the first attempt in this line which aims to explore the
morphological characters of gynostemium and reproductive biology of Thottea duchartrei Sivar.,
A.Babu and Balach., an endemic species in the Western Ghats. Stereo zoom microscopy, SEM and
reproductive biological studies were conducted providing special emphasis to the gynostemium.
Detailed analysis revealed the structural and functional diversity of gynostemium with regard to its
components. The study also helped to recognize the columnar outgrowths on the gynostemium as
staminodes. In total, the present study helps to solve the confusions regarding the functional identity
of the gynostemium T. duchartrei with regard to its morphology.

Introduction

Gynostemium is a distinct reproductive structure
among angiosperms, which is formed by the fusion of
male and female reproductive parts of a flower
through a developmental process called
synorganization. Synorganization of floral organs can
lead to the generation of convergences in immensely
distant related clades (1). Ontogenetic studies have
pointed out that gynostemium is formed by the
congenital fusion of stamens and stigmas (2, 3). It is
found in plant families such as Aristolochiaceae (2),
Orchidaceae (4) and Stylidiaceae (5).

Thottea Rotth. is a medicinal under-shrub
belonging to the family Aristolochiaceae, represented
by about 45 species throughout the world, distributed
across Asia (6). In India, the genus is represented by 14
species, of which ten (T. duchartrei, T. idukkiana, T.
ponmudiana, T. sivarajanii, T. adichilthottiana, T.
dalzellii, T. abrahamii, T. barberi, T. dinghoui and T.
sasidharaniana) are endemic to the Peninsular India,
three (T. celebica, T. paucifida and T. tomentosa) are

endemic to the Andaman and Nicobar islands and one
(T. siliquosa) is distributed in the peninsular India and
Sri Lanka (7-11). A large number of taxonomically
significant studies were conducted on different
species of Thottea in India. Extensive studies were
carried out on the morphology of trichomes,
inflorescence morphology, floral morphology, pollen
morphology, chromosome number etc. of different
Indian Thottea species (7, 11-14).

Morphological studies helps in defining and
classifying different taxa and their relations (15).
Studies on micro morphological characters (micro
morphology of stem, leaves, flowers, nectaries, pollen
grains, seeds etc.) of plants are taxonomically
significant as they are helpful in species identification
and comparison between different taxa (16-20). The
morphological features of perianth and gynostemium
have been wused extensively for taxonomic
characterisation within the family Aristolochiaceae (3,
7,12, 13). The extent of floral morphological variations
is apparently significant within Thottea and the
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variations and flexibilities in terms of the
gynostemium seem to be most significant and
taxonomically interesting (7). Hence, extensive studies
have to be conducted on gynostemium morphology of
different species of Thottea at micro-level.

In Thottea, the development of gynostemium is
partial in nature and is formed by the fusion of the
upper portion of gynoecium and the stamens, in
which the gynoecium is divided into a number of
lobes on its upper portion (7). With regard to the
general floral architecture, the gynostemium in
Thottea has a central cylindrical axis, which actually
serves as the floral axis, from the base of which three
bundles of stamens with three stamens in each of the
bundles arise. The terminal portion of the
gynostemium is divided into a number of stylar lobes,
whose actual functional status in terms of the stigma
is yet to be identified. Botanists have different
perceptions on the morphology of stylar lobes in
Thottea - some consider these structures as stylar
lobes (7); some others treat them as stigmatic lobes (7,
21) and still others consider them as structures for
capturing pollen grains but not actually belonging to
the gynoecium (22). In the present study, the micro
morphological and reproductive biological characters
of gynostemium in T. duchartrei were explored in
detail with an objective to assess its functional
parameters in relation to its morphology.

Materials and Methods
Field studies

Field studies were confined to two accessions of Thottea
duchartrei Sivar., A.Babu and Balach. (Fig. 1A, Accession
no. 1, Voucher no. TBGT 95927, GPS coordinates: 9.25°N
& 76.88°E; Pathanamthitta district, Kerala; Accession no.
2, Voucher no. TBGT 95929, GPS coordinates: 9.36°N &
76.41°E, Kottayam district, Kerala).

Micro morphological studies

The floral details were analyzed morphologically by
stereo zoom microscopy (LEICA EZ4 HD, Switzerland)
and SEM. The floral parts for SEM studies were taken
from mature opened flowers during mid day. Mature
flowers were collected and fixed in FAA. Samples
were dehydrated through successive aqueous ethanol
solutions of increasing concentration (50-100%).
Finally, the samples were air dried, mounted on
metallic stubs and coated with a gold film in a sputter
chamber. Samples were observed with a scanning
electron microscope (ZEISS EVO 18 Research
microscope, Germany).

Pollen viability, in vitro pollen germination and
pollen fertility studies

Pollen viability was analyzed based on Fluorescein
Diacetate (FDA) test (23). The observations were made
using a trinocular fluorescent research microscope
(Nikon Eclipse Ci epifluorescence microscope, Japan).
In vitro pollen germination test was conducted using
Brewbaker and Kwack’s medium (24) supplemented
with varying concentrations of sucrose (0.03-50%).
Pollen fertility was checked at different time intervals
by acetocarmine staining method (25).

Studies on stigma receptivity

The stigma receptivity was checked by peroxidase
activity test (26). The receptive area on the
gynostemium was identified by the cytochemical
localization of stigma-surface esterases (27). Stigma
receptivity was checked by in vivo pollen germination
technique also (28). The pollinated pistils were fixed in
Carnoy’s fluid for 24 hrs and stored in 70% ethanol.
Later, the pistils were softened with 4N NaOH, rinsed
and mounted in 1:1 mixture of Aniline blue and 10%
glycerine (29). The preparations were analyzed using
trinocular fluorescent research microscope (ZEISS
Axio Observer.A1, Germany).

Results
Morphology of gynostemium

The gynostemium of Thottea duchartrei is only partial
in terms of the fusion of its reproductive parts (Fig.
1B). It was seen as a partial fusion product of basal
portion of the style and filaments of the stamens.
There were three bundles of stamens and each bundle

Fig. 1. Habit and morphology of gynostemium in T. duchartrei. (A)
Habit with flowers; (B) Gynostemium (stylar lobes closed-non
receptive stage); sl: stylar lobe, st: stamen, ap: appendage.

consisted of three extrorse stamens (3+3+3). But,
flowers with 2+2+3, 3+3+4, 3+3+5, 3+4+4 were also
seen. Rarely, 4+4 stamen pattern was seen in flowers
with bilobed perianth (Fig. 2A). Very rarely, 5 bundles
of stamens were seen in flowers with five perianth
lobes (Fig. 2B). The filaments of stamens were darker
when compared to the remaining parts of
gynostemium, and were densely covered with
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Fig. 2. Gynostemium morphology of T. duchartrei. (A) Gynostemium
with 4+4 stamen pattern; (B) Gynostemium with five stamen
bundles (4+3+3+3+3); (C) Reddish brown gynostemium (stylar lobes
open - receptive stage); (D) Pale yellow gynostemium (receptive
stage); (E) Stylar lobes with reddish brown distal regions and pale
yellow basal regions; (F) Gynostemium with an additional inner
ring of three stylar lobes.

multicellular uncinate hairs. Alternating with the
bundles of stamens, solitary pointed appendages were
seen in most of the flowers, which were similar in
colour to the filaments. These appendages were also
seen pubescent with a large number of uncinate hairs.
The gynostemium at its top radiates into a number of
stylar lobes. Just below these stylar lobes, but above
the whorl of stamens, there was an additional whorl
of appendages (6 to 13 appendages in number). These

appendages were also found pubescent with
numerous uncinate hairs and were found
morphologically similar in appearance to the

filaments of the stamens. Repeated observation
throughout the blooming period did not show any
visually identifiable exudates or wetness on these
appendages even at the receptive stages of the stigma.

Field observations and the subsequent
microscopic analyses on the flowers of the two
accessions confirmed three types of gynostemium on
the basis of colour of the stylar lobes. The first type of
gynostemium was the one where the entire stylar
lobes were red or reddish brown (Fig. 2C); the second
type with pale yellow stylar lobes (Fig. 2D) and the
third type with stylar lobes having both red or reddish
brown and pale yellow colours, in which the red or
reddish brown colour was towards the distal region
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and the pale yellow colour confined to the base of the
stylar lobes (Fig. 2E). In the first and third type, the
intensity of the red colour on stylar lobes varied from
flower to flower. However, the colour of stylar lobes
remained the same within the same flower from bud
stage to drooping stage and did not show any
variation with respect to the time or with change in
receptivity. The gynostemium on its apex was divided
into a number of stylar lobes ranging from 5 to 14 and
were arranged in a circular manner. Rarely, a few (1-
3) of the stylar lobes were found arising at a position
inner to the regular ring of stylar lobes, sometimes
forming an additional ring (Fig. 2F). The stylar lobes
were fleshy, wet with sticky exudates and radiating or
spreading during the receptive stage (Figs. 2C & 2D)
and remained dry and closed during the non-receptive
stage (Figs. 1B & 2A). Some of the stylar lobes were
bifurcated at their terminal regions. Rarely, trifurcate
stylar lobes were also observed (Fig. 3A). Majority of
the stylar lobes were with tapering ends. On
stereomicroscopic analyses, aggregates of red spots
were evident forming broad red patches on the stylar
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Fig. 3. Micro morphology of gynostemium in T. duchartrei. (A)
Trifurcate stylar lobe; (B) Stylar lobes showing tapering ends and
aggregations of smaller red spots; (C) Pale yellow stylar lobes with
red patches; (D) Stylar lobes with filamentous hairs on their apex;
(E) Light microscopic view of filamentous hair on gynostemium; (F)
Filamentous hair on gynostemium with oval shaped terminal cell.

lobes (Fig. 3B). The number and arrangement of these
patches were different from flower to flower which
make them differentiated into the three types as
described earlier. Thus, gynostemium with pale
yellow coloured stylar lobes had the least number of
red patches which were visible only when examined
under stereomicroscope (Fig. 3C). Another interesting
aspect was the rare occurrence of elongated, reddish
brown (very rarely pale yellow) filamentous hairs
with varying lengths arising from the terminal portion
of stylar lobes (Fig. 3D). These hairs were uniseriate,
multicellular and with elongated cells (Fig. 3E). Most
of them had pointed terminal cells; some of them were
with ovoid terminal cells (Fig. 3F) and still others with
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swollen sub terminal and narrower pointed terminal
cells (Fig. 4A). They were morphologically similar to
the hairs on the adaxial side of the tepals (Fig. 4B).

Reddish brown spots were present on the stylar
column just below the base of stylar lobes, where a
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Fig. 4. Micro morphological features and variations of gynostemium
in T. duchartrei. (A) Filamentous hair on gynostemium with swollen
sub terminal and narrower pointed terminal cell; (B) Filamentous
hairs on perianth; (C) Red spots (a) and red stripes (b) on
gynostemium; (D) SEM of stylar lobe (E) Gynostemium with
elongated appendage (ap) between stamen bundles; (F)
Gynostemium with a rudimentary stamen (rst) in the position of
appendage.

whorl of appendages was present. These appendages
placed below the stylar lobes and between the bundles
of stamens did not produce any visually identifiable
exudates or wetness even at the time of stigma
receptivity, when the stylar lobes were found wet.
Below these appendages were seen some reddish
stripes in yellow background (Fig. 4C). Uncinate hairs
were predominantly distributed over the stylar lobes.
In most of the flowers, these hairs were confined
towards the terminal portion half way mark from the
base of the stylar lobes. Rarely, stylar lobes with
uncinate hairs all over them were also observed. The
cylindrical axis of the gynostemium was also covered
with uncinate hairs.

The scanning electron microscopic analysis
unveiled some pieces of valuable information
regarding the micro morphology of the stylar lobes. In
T. duchartrei, the surface of the stylar lobe was seen
irregular and rough, without any prominent stigmatic
structure, protuberances or papillae anywhere. The
surface of the stylar lobe was extremely folded in
appearance, which resulted in depressions and
furrows. The surface was also covered by a waxy
substance and uncinate hairs (Fig. 4D).

Variations

Flowers of accession 2 showed variations in the
morphology of the appendages alternating with the
bundles of stamens. i.e., in some flowers, these
appendages were longer than that of the normal ones,
reaching up to the entire length of the stamen units
and forming a filament, but without any anther lobes
on their terminal regions (Fig. 4E). They also had a
furrow on their dorsal surface, same as that present
on the dorsal surface of filaments in the functional
stamens. In some other flowers, these elongated
appendages on their terminal region developed an
amorphous yellowish structure on their tips forming a
rudimentary stamen (Fig. 4F). Anthers of this
rudimentary stamen contained only poorly developed
sterile pollen grains. Still in some other flowers, one
(Fig. 5A), two (Fig. 5B) or all the three (Fig. 5C) of these
appendages had developed into complete stamens.
The anthers of these stamens dehisced along with the
stamens in the bundles. When tested with 1%
acetocarmine, the pollen grains from these anthers
showed a fertility rate of 93.5 + 1.05% and by FDA
staining technique the pollen viability was 91.2 =+
1.32%.

Another interesting observation was the presence
of one or two stamens, developed from the whorl of
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Fig. 5. Variations in gynostemium morphology of T. duchartrei. (A)
Gynostemium with a single stamen in the position of appendage
between two stamen bundles; (B) Gynostemium with two individual
stamens, each in the position of appendage between the stamen
bundles; (C) Presence of three individual stamens, each in the
position of appendage between the stamen bundles; (D)
Gynostemium with morphological variations: a & b: stamens
developed from the whorl of appendages below the stylar lobes st:
normal stamen bundle c: appendage below the stylar lobes d:
appendage between the stamen bundles; (E) Reddish elongated
structure (r) arising among the stylar lobes; (F) Gynostemium with
two finger-like structures.



appendages just below the stylar lobes (Fig. 5D). 87.5 +
0.65% of the pollen grains collected from these
stamens were found fertile when stained with 1%
acetocarmine and 86 + 0.67% were viable when tested
with FDA. The dehiscence of these anthers was also
observed in parallel to that of the other functional
stamens in the bundles.

Very rarely, a linear reddish appendage was seen
arising along with the stylar lobes in some flowers
(Fig. 5E). This structure had the same length as that of
stylar lobes, but was comparatively lean with respect
to the stylar lobes. This structure was wet as that of
the receptive stylar lobes. These structures responded
positively to the peroxidase assay for stigma
receptivity. Another interesting feature noticed in the
flowers of accession 2 was the presence of two small
finger-like structures, each arising laterally from
positions alternate to the stylar lobes (Fig. 5F). These
finger-like structures had the same external
morphology as that of the stylar lobes; i.e., pale yellow
colour towards the base and with very small red spots
on their terminal region, making that part reddish in
appearance, but darker than that of the terminal
regions of stylar lobes. The terminal regions of these
structures were broader than that of the base and
covered with uncinate hairs. These structures were
wet with sticky exudates like that of the receptive
stylar lobes. They also responded positively to the
peroxidase assay for stigma receptivity.

Reproductive Biological Studies
Fluorescein Diacetate (FDA) test for pollen viability

The viability of fresh pollen grains was tested at
different time intervals on the day of anther
dehiscence and it was observed that highest pollen
viability was in the pollen grains collected between
10:00 am and 12:00 pm and it was at a rate of 94.87 +
0.78% (Fig. 6A, Fig. 7). The anthers were dehisced on
the second day of anthesis and thus protogynous
nature of the flowers confirmed.

In vitro pollen germination test

Pollen grains were incubated in various
concentrations of Brewbaker and Kwack’s medium
(0.03% - 50%). Maximum percentage of pollen
germination (66.07 + 1.22%) was observed in pollen
grains collected between 10:00 am and 12:00 pm.
Pollen germination percentage reached its peak in T.
duchartrei when incubated in Brewbaker and Kwack’s
medium supplemented with 7% Sucrose (Fig. 6B, Fig.
7). Other concentrations of Brewbaker and Kwack’s
medium resulted in low germination percentage.

Acetocarmine staining method for pollen fertility

The highest percentage of fertility was recorded in the
pollen grains collected in between 10:00 am and 12:00
pm and it was 95.55 + 0.94% (Fig. 6C, Fig. 7).

Peroxidase activity test for stigma receptivity

Peroxidase activity test for stigma receptivity was
conducted every hour starting from 6:00 am till 6:00 pm
and the maximum receptivity was recorded between
11:00 am and 3:00 pm (Fig. 6D). The stigma was found
receptive even before anthesis, and a sharp decrease in
stigma receptivity was noticed after 3:00 pm.
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Fig. 6. Reproductive biological studies on T. duchartrei. (A) FDA
staining-viable pollen grains showing fluorescence; (B) in vitro
pollen germination; (C) Acetocarmine staining-viable pollen grains;
(D) Peroxidase activity test-release of Oxygen bubbles from
receptive area; (E) Cytochemical localization of stigma specific
esterases indicating the receptive area in red colour; (F) Aniline
blue fluorescence - germinating pollen grains on the surface of
stylar lobe.

Cytochemical
esterases

localization of stigma-surface

The stigma specific esterases were localized on the
entire stylar lobes, which imparted red colour to the
receptive area during the test (Fig. 6E). Also, this red
colouration was visible irrespective of the location
of red patches and uncinate hairs on the stylar
lobes. The filamentous hairs on the tips of stylar
lobes also responded positively to the test. However,
positive indication of receptivity was not seen on
the appendages on the gynostemium.

Aniline blue fluorescence microscopic method for
stigma receptivity

The fluorescent microscopic analyses of artificially
pollinated gynostemium made it clear that the
pollen grains germinated on the surface of stylar
lobe, regardless of the presence or distribution of
red patches and uncinate hairs (Fig. 6F). Pollen
germination was not observed on the appendages
and on the filamentous hairs, even though they
were also pollinated with sufficient amount of
viable pollen grains.
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Fig. 7. Pollen viability, in vitro pollen germination and pollen fertility studies in T. duchartrei.

Discussion

Flower is the visual cue and reproductive part of
angiosperms that offer a large number of key
characters good for solving many of the taxonomic
problems. The presence of a large number of floral
forms which existed earlier during angiosperm
evolution as per the fossil record shows that the floral
genetic architecture provided opportunity for early,
immediate and large-scale diversification in floral
morphology (30). In Thottea, the levels of inter and
intra-specific floral variations are very high and very
sensitive from systematic point of view (7). The
flowers of the genus Thottea are actinomorphic,
perianth mostly broadly campanulate, urceolate, bowl
or cup-shaped and trilobed with 6-36 stamens
(sometimes up to 46), in 1, 2, rarely 3 or 4 series placed
around the style column. The filaments are partly
united to the style column forming a gynostemium
(31). Reddish purple and yellowish perianth were
reported earlier in T. duchartrei and T. idukkiana (7).
The latter species was confirmed to be
indistinguishable from T. duchartrei by the same
authors on the basis of the detailed morphometric
analyses.

There were many variations in the number of
stamens as well as number and arrangement of
stamen bundles in the genus Thottea. Striking
fluctuations in the number of stamen and stigmatic
lobes were observed earlier in T. duchartrei (32). It
was also reported the occurrence of fluctuating
androecial patterns in T. duchartrei, T. idukkiana, T.
ponmudiana, T. siliquosa and T. sivarajanii (7). Both
these studies reported the presence of three or more
stamen bundles in T. duchartrei. But in the present
study, presence of two bundles with 4+4 stamen
pattern was also observed in flowers with bilobed
perianth.

The appendages alternating with the stamen
bundles and those below the stylar lobes show

morphological similarity to the filaments of functional
stamens in bundles, in their colour and also in the
presence of uncinate hairs. They do not show any
visually identifiable receptivity related signals,
whereas the functional stylar lobes show wetness
during their receptive stage. So, these structures show
more affinities to the stamens than the stylar lobes.

Bifurcate stylar lobes are a rare occurrence in the
genus Thottea (7, 9, 11) and these bifurcations in later
stages of development may make the numbers
fluctuating. In the present study, trifurcate stylar lobes
were also noticed. Small red spots are arranged on the
stylar lobes in various ways making them entirely or
partially red or reddish brown or pale yellow in
colour. Such red spots on stylar lobes were also
reported and opined as the receptive area (33). Larger
red spots and red stripes are present on the stylar
column. Numerous uncinate hairs are distributed on
the cylindrical part of gynostemium and on the stylar
lobes entirely or towards their terminal regions and
the stylar lobes become wet during the receptive
stage. All these findings made us to conclude that the
entire stylar lobes can be the functional stigmatic
tissue in the gynostemium and the uncinate hairs
specialised for pollen capture.

According to one report, staminodes are formed
as a result of evolutionary reduction of stamens and
they may or may not get to grips with new functions
(34). Based on a study on asterids, they concluded that
the entire and partial staminode whorls are generally
rudimentary, transitional and without any identifiable
function. Also, when the entire stamen whorl is lost,
there is lesser opportunity for these non functional
staminodes for their modification. In lineages with
actinomorphic flowers, entire stamen whorl is
replaced usually by staminodes. In the present study,
striking developmental variations such as the filament
alone, rudimentary stamen and normal functional
stamen were found arising from the position of whorl
of appendages in some flowers of accession 2. These



developmental fluctuations indicate a transition series
of reversion of stamen reduction and hence it can be
confirmed that all these appendages are staminodes,
formed by the reduction of an entire stamen whorl.
There are many noticeable discrepancies in the
number of stamen whorls in some species of Thottea
such as T. rhizantha (stamens in 2 series), T. paucifida
(2 series), T. celebica (2 series), T. anthonysamyi (2
series), T. longipedunculata (2 series), T. abrahamii (2
series), T. triserialis (3 series), T. parviflora (four
series) etc. (31, 35, 36). The occurrence of such a wide
range of variation and the development of stamens
from the whorl of appendages just below the stylar
lobes also support the view that these appendages are
formed as a result of reduction of an entire whorl of
stamens just below the stylar lobes in T. duchartrei.
Thus, the appendages beneath the stylar lobes can be
considered as true staminodes (homologous to
stamens) in concomitance with the earlier findings
(21). It is contradictory to the report stating that there
are two rows of stigmatic lobes in T. idukkiana, of
which the lower one is sterile (37).

The complete sterilization of a whorl of stamens
leads to the transformation of diplostemonous
androecium into (ob) haplostemonous type and such a
tendency of formation of complete staminodial whorls
occurs also in primitive taxa having polycyclic
androecium (38). The development of filaments,
rudimentary stamens and one, two or three fertile
stamens, each arising from the position of appendages
alternate to the perianth in the present investigation
indicates that these appendages are also formed as a
result of reduction of stamens, which had existed
earlier in this species. It indicates a kind of reverse
evolution or backward evolution of staminodes to
fertile stamens. Reversible staminodal evolution was
reported in Mentzelia section Bartonia of family
Losaceae (39). In a number of species of the family
Xyridaceae, the entire stamen whorl is either absent
or modified to staminodes (40). However, when
considering the staminodes in a general account, in
some plants, the staminodes acquire various functions
such as nutrition, prevention of self pollination,
pollinator attraction etc. (38). In the genus Aquilegia,
they are meant to protect the carpel from pathogen or
herbivore attack in the early stages of development
(41) and in Phanera yunnanensis (Caesalpinioideae),
the staminodes control the pollen deposition and
removal rates (42). However, such functions of
staminodes were not determined in the present study.
Thottea has another evolutionary significance with
regard to the evolution of growth form and woodiness
character in Piperales, since it forms a connecting link
between the herbaceous and woody forms of
Asaroideae and Aristolochioideae (43).

The reddish, elongated and narrow structure seen
along with the stylar lobes are morphologically similar
to the stylar lobes even though there is some variation
in colour and diameter. The small finger-like
structures arising laterally alternate to the stylar lobes
are also miniature forms of stylar lobes. Also, both of
these structures responded positively to the
peroxidase activity test for stigma receptivity. High
levels of peroxidase activity are exhibited by mature
stigmas during their peak receptivity period (44).
Thus, it is obvious that the stylar lobes of Thottea
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duchartrei show some architectural variations in their
morphology.

There are reports on the types of trichomes on
leaves and floral parts of different Thottea species and
reported five kinds of hairs such as uncinate hairs,
filiform long terminal celled hairs, swollen terminal
celled hairs, pyramidal shaped hairs and multicellular
cylindrical falcate hairs (45). The comparative
microscopic analysis of both the elongated hairs on
the gynostemium and the hairs on the adaxial surface
of the perianth conveyed that these are the same kind
of hairs and that they show morphological similarity
with the multicellular cylindrical falcate hairs in
Thottea (45).

Stigma is the receptive part of the pistil, which
helps in pollen binding and pollen tube growth. They
are generally grouped into wet stigmas having surface
cells which lyse to discharge a viscous fluid on the
stigmatic surface and dry stigmas which are with
unscathed surface cells which form papillae (46). The
scanning electron micrographs of the stylar lobes of T.
duchartrei did not reveal any evident stigmatic
structures or papillae, other than ridges, waxy coating
and uncinate hairs. Thus, a specific stigmatic structure
could not be determined as per the morphological
analysis of the gynostemium.

Pollen viability and stigma receptivity are two
main factors which are crucial in determining the
efficiency of reproductive organs to carry out
successful pollination which then leads to fertilization
and zygote formation (47). The duration and peak
period of stigma receptivity as evidenced by
peroxidase test, esterase test and in vivo pollen
germination is crucial in determining the
reproductive success of a plant species (48). Thottea
duchartrei shows a high level of pollen viability and in
vitro pollen germination when compared to that of T.
barberi which was observed to be 18% and 8%
respectively when tested in an earlier study (49).
Pollen viability was reported significantly high in
eight species of Thottea (14). The present study reveals
very high pollen fertility in T. duchartret.

The stylar lobes are receptive even before
anthesis and the plant shows protogyny. Cytochemical
localization of stigma surface esterases and aniline
blue fluorescence microscopic method for in vivo
pollen germination clearly depicted the exact
receptive area on the gynostemium. Even though an
earlier study could not recognize any specific
stigmatic protuberance on the stylar lobes and
considered it as a structure only for capturing pollen
grains and as not a part of gynoecium (22), the present
study shows that the stigmatic tissues are present on
the entire stylar lobes and the entire stylar lobe is
receptive and supports pollen germination
irrespective of the distribution of red spots and
uncinate hairs on it (22). Hence, the stylar lobes can be
considered as stigmatic lobes. The appendages just
below the stylar lobes and those between the stamen
bundles did not show any kind of receptivity and
pollen germination. Thus, reproductive biological
studies are pointing out the staminodial nature of the
appendages. Even though the unique filamentous
hairs on the tip of stylar lobes manifested esterase
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activity, pollen tube growth through these hairs was
not observed. But, in a study, conducted in Trithuria
(Hydatellaceae), pollen tube growth was observed
within the cell walls of unbranched multicellular hairs
on stigma (50). However, the filamentous hairs on the
gynostemium of T. duchartrei are not involved in any
kind of reproductive function.

Conclusion

Morphological study on the flowers of T. duchartrei
Sivar., A.Babu and Balach. revealed the prevalence of
complex structural variations in the gynostemium
and associated structures. The gynostemium has
variations in colour, form and number of stylar lobes
and the number and arrangements of stamens. Micro
morphological analysis of the appendages has
evidently portrayed the different evolutionary stages
of their formation by stamen reduction. Studies on
reproductive biology supplemented the finding that
these appendages do not form any part of gynoecium
since they do not possess any stigmatic tissue. The
stigmatic tissues were localized on the entire stylar
lobes and hence they can be considered as the true
stigmatic tissue. In this context, it was able to
uncover the morphological and functional
parameters of gynostemium in T. duchartrei. Further
studies shall be conducted in order to explore the
morphological characters and functional parameters
of this structure in other species of Thottea.
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