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Abstract 

Thottea ponmudiana  is an endemic species restricted to the Ponmudi hills, a 
part of Agasthyamala Biosphere Reserve, Western Ghats, India. The gyno-

stemium morphology is quite interesting in T. ponmudiana  as this is a par-
tial fusion product of the male and female reproductive parts. The present 
study deals primarily with the micromorphological analysis of gynostemium 

with particular emphasis on its appendages and lobes and the floral biology 
of T. ponmudiana. The morphological variations in the gynostemium are 
discussed from an evolutionary point of view.   

Keywords  

floral biology; gynostemium; morphology; Thottea ponmudiana   

Introduction 

Thottea is a medicinal undershrub belonging to the birthwort family Aris-

tolochiaceae. The genus is reported to have 45 species in Asia (1). In India, it 
is represented by 14 species, out of which ten are endemic to Peninsular 
India (2). The plants have petiolate leaves and the inflorescence pattern is a 

raceme, racemose corymb or cyme. The flowers are radially symmetrical 
with 3 valvately aestivated perianth lobes. There are 6–42 stamens with 
large degree of variations in their pattern and arrangement. The ovary is 

tetralocular and the fruits are capsules with pendulous seeds (1, 3, 4).  

The flower of Thottea is particular owing to the presence of a 

synorganized structure called the gynostemium. Gynostemium is reported 

as a characteristic feature of families like Aristolochiaceae, Orchidaceae, 

Hypoxidaceae, Corsiaceae and Stylidiaceae (5-8). Synorganization is the 

congenital or post-genital fusion of organs and may pave the way for floral 

evolution in angiosperms (9). However, in Thottea, the gynostemium shows 

only a partial fusion between the reproductive organs and there are differ-

ent views on the morphological characterization of the structure with con-

fusion about the 'stylar lobes'. Some morphologists treat them as the struc-

tures for pollen capture (10), some consider them as the actual stylar lobes 

(4) and some others are of the view that they are the stigmatic lobes (2, 11, 

12). Even though there are different perspectives regarding the morphology 

of the gynostemium and its associated structures, they are vastly used in 

the taxonomic literature to identify Thottea spp. It is unnatural to use these 

as taxonomic markers even without identifying the true reproductive poten-

tial of the gynostemium and its associated structures. The present study 
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was designed to explore the morphological and functional 

parameters of gynostemium concerning the reproductive 

mechanism in the genus by focusing on an endemic spe-

cies of Thottea- T. ponmudiana. The gynostemium with its 

associated structures is very prominent in T. ponmudiana, 

an endemic species located at the Ponmudi hills of the 

Western Ghats. The flower of T. ponmudiana is trimerous 

with yellow perianth lobes and a dark purple eye-shaped 

mark on the adaxial surface of each lobe (4). This plant is 

an ingredient in some traditional medicinal preparations 

and has antimicrobial properties (13).   

Materials and Methods 

Periodic field visits were conducted to the Ponmudi hills of 

the Western Ghats and the flowers of Thottea ponmudiana 

Sivar. (Fig. 1A) were collected from the plant populations. 

The voucher specimen was deposited in the Herbarium of 

JNTBGRI, Palode, Thiruvananthapuram (Voucher no. TBGT 

95928, GPS coordinates: 8.74ºN & 77.12ºE). 

Floral phenology        

The flowering period of T. ponmudiana was determined by 

frequent field visits. Since the number of plants was not 

Fig. 1. Habit and variations in the morphology of stamens in T. ponmudiana (A) Habit; (B) Gynostemium; (C) Stamen bundle; (D) Presence of a filament (f) 
along with the stamens in the stamen bundle; (E) Stamen bundle showing stamen with a single anther lobe (a) Stamen without anther lobe (b) and stamen re-
duced to an appendage (c); (F) Stamen with reddish brown filamentous hairs (h) on adaxial surface. 
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very large, all the plants within each population were la-

belled for observation. Frequent field observations were 

carried out monthly for three consecutive years to identify 

the peak flowering period. For floral phenological studies, 

a sufficient number (30) of flower buds that would open 

the next day were selected from different plants and then 

tagged. Temporal floral phenological details from initia-

tion of anthesis to completion were recorded every day. 

This procedure was repeated several times a year, with 

each observation session conducted on seven successive 

days. The flowers were observed continuously from 5:00 

am to 7:00 pm and each flower was observed at a time 

interval of 30 min. The longevity of the flowers was deter-

mined to be the time up to which they remained fresh, 

with their parts remaining turgid and functional. The func-

tionality of the flowers was considered to be lost when the 

floral parts became flaccid and the stylar lobes and sta-

mens became dry and senesced (14). The floral phenologi-

cal parameters recorded include the temporal details of 

anthesis, spreading and wetting of stylar lobes, closing of 

stylar lobes, anther dehiscence, closing of tepals and flow-

er shedding. 

Floral Biology        

Morphology of gynostemium      

Gynostemium morphology was analyzed with the help of a 

stereo zoom microscope (LEICA EZ4 HD, Switzerland) and 

Scanning Electron Microscopy (ZEISS EVO 18 Research 

microscope, Germany). For SEM studies, the gynostemia of 

the flowers was fixed in FAA. The samples were dehydrated 

through an ethanol series with increasing concentration 

(50-100 %). Finally, the samples were air-dried, mounted 

on metallic stubs and coated with a gold film in a sputter 

chamber.  

Pollen viability and fertility  

To assess the pollen viability, the FDA (Fluorescein Diace-

tate) test (also called the FCR test) was conducted (15). 
Brewbaker and Kwack's medium supplemented with vary-

ing sucrose concentrations (0.03–50 %) were used for  in 
vitro pollen germination. The pollen grains collected at 
different time intervals on the day of anther dehiscence 

were incubated in the medium taken in a humidity cham-
ber and observed after 4 h to determine the percentage of 
pollen germination (14, 16). The percentage of pollen fer-

tility was determined using the Acetocarmine staining 
method (14). All the preparations were analyzed and docu-
mented using a trinocular fluorescent research micro-

scope (ZEISS Axio Observer.A1, Germany, for the FDA test 
and Nikon Eclipse Ci epifluorescence microscope, Japan, 
for in vitro pollen germination and pollen fertility studies). 

Stigma receptivity   

To check the stigma receptivity, a hydrogen peroxidase 

test was conducted at different time intervals by dipping 
the pistils in 4 % aqueous solution of hydrogen peroxide 
(17). Cytochemical localization of stigma-surface esterases 

was performed to locate the stigmatic area (receptive ar-
ea) on the gynostemium, which appeared red after the test 

(18). Artificial pollination was used as an in vivo pollen ger-
mination technique to check stigma receptivity. For xenog-

amy and geitonogamy, the flower buds were emasculated 
one day before anthesis, bagged and labelled. Artificial 
pollination was carried out the next morning (on the day of 

anthesis) and the pollinated flowers were then bagged 
again and tagged (19). Autogamy was also conducted arti-
ficially by bagging single flowers without emasculating 

them. The flowers were collected 24 h after pollination. 
The gynostemia of the collected flowers was fixed in Car-
noy's fluid for one day and then stored in ethanol (70 %). 

The pistils were softened using 4 N NaOH. After rinsing, the 
pistils were mounted in a 1:1 mixture of Aniline blue and  
10 % glycerine (20). The preparations were observed under 

a trinocular fluorescent research microscope (ZEISS Axio 
Observer.A1, Germany).   

Results 

Floral phenology        

T. ponmudiana shows year-round flowering. However, the 

intensity of flowering was the highest during August to 
October. Flowers opened between 6:00 am and 7:30 am. 

The time of anthesis was extended up to 9:00 am at more 
shady areas. Spreading of the stylar lobes was observed 
between 7:00 am and 9:00 am, exhibiting the receptive 

stage. Spreading of the stylar lobes was at its peak be-
tween 8:00 am and 1:00 pm. In most flowers, the stylar 
lobes became wet along with anthesis. The stylar lobes 

remained adequately wet up to 3:00 pm. After 3:00 pm, 
they started to wilt and close partially. The stylar lobes 
started to close entirely on the second day of anthesis, 

between 12:00 pm and 5:00 pm. The stamens began to 
expand along with flower opening. They showed extrorse 
dehiscence between 7:30 am and 8:30 am on the second 

day of anthesis. This indicated the protogynous nature of 
the flowers. Closing of tepals started from the 3rd day of 
anthesis. Floral longevity was calculated as three days on 

average. However, the floral organs stay attached to the 
capsules until they mature. Unfertilized flowers shed with-
in one week from the 3rd day of anthesis. 

Floral Biology        

Morphology of gynostemium      

T. ponmudiana has a pale yellow-coloured gynostemium. It 

is formed by the incomplete fusion of the basal, proximal 
part of style and filaments (Fig. 1B). The androecium con-
sists of 3 groups of 3 extrorse stamens (3+3+3). But, flowers 

with 2+2+3, 2+3+3, 3+3+4 and 3+4+4 stamen arrangements 
were also observed. A large number of multicellular unci-
nate hairs were observed on the filaments. Generally, 

physical fusion is absent between the adjacent stamens 
within a group so that the stamens within a group remain 
unbound  from their top to base (Fig. 1C).  

Some exciting variations were noticed in the sta-

men architecture of certain flowers. In some flowers, fila-
ment alone was present along with the stamens in the 
bundle (Fig. 1D). The presence of rudimentary stamen 

(without anther lobes), stamen with a single anther lobe 
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and stamen reduced to an appendage with a pointed 
apex, which reaches half the length of normal stamen 

were also observed in some flowers (Fig. 1E). In still other 
flowers, a few numbers of reddish-brown filamentous 
hairs were observed on the adaxial surface of the stamens 

(Fig. 1F). 

Some solitary appendages are seen on the outer 

side of the stamen bundles, alternating with the tepals 
and stamen bundles (Fig. 2A).  One, two or three such soli-

tary appendages can be observed in a flower. These ap-

pendages are dome-like and entirely covered by uncinate 
hairs. During the receptive stage, these appendages do not 

release any exudates, whereas the stylar lobes release 
some exudates during the receptive stage. Interestingly, in 
some flowers, instead of this solitary appendage, a normal 

stamen was found to be developed in its position (Fig. 2B). 
The percentage of the fertility of such stamens was ob-
served to be 95.5 ± 0.41 % as per Acetocarmine staining 

technique, and their pollen viability was observed to be 
94.76 ± 0.25 %. 

Fig. 2. Gynostemium morphology and its variations in T. ponmudiana (A) Part of a flower showing appendage alternating with the stamen bundles and 
tepals (ap1) and whorl of appendages just below the stylar lobes (ap2); (B) Development of a stamen (st) in the position of appendage alternating with the stamen 
bundles; ap: appendage; (C) Gynostemium with open stylar lobes (receptive stage); (D) Gynostemium with closed stylar lobes (non-receptive stage); (E) Bifurcate 

stylar lobe; (F) Stylar lobes with elongated reddish brown hairs (h) on their terminal regions. 
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 Six to 10 stylar lobes are present just above the 
stylar column. They are arranged as a ring (Fig. 1B). During 

the receptive stage of the flower, these stylar lobes remain 
fleshy, wet and spreading (Fig. 2C). During the non-
receptive stage, they become dry and closed (Fig. 2D). The 

stylar lobes have tapering ends. In some flowers, bifurcate 
stylar lobes were also noticed (Fig. 2E). Large number of 
uncinate hairs cover the stylar lobes either entirely or 

mainly towards the terminal region, starting halfway from 
the base of the stylar lobe. The development of a few red-

dish-brown elongated hairs on the terminal parts of the 
stylar lobes was observed in some flowers (Fig. 2F). Such 

hairs were also observed on the stamen bundles. These 
hairs were filamentous, uniseriate, multicellular and con-
sisting of elongated cells (Fig. 3A). Hairs similar to these 

are present on the adaxial side of the tepals also (Fig. 3B). 
Just below the stylar lobes, a whorl of pointed appendag-
es is present (6 to 14 in number). These appendages are 

also covered with a lot of uncinate hairs. These appendag-
es do not produce any visually identifiable exudates, even 

Fig. 3. Morphological variations in the gynostemium of  T. ponmudiana (A) Light microscopic view of the filamentous hairs on the apex of the stylar lobes; 
(B) Light microscopic view of the filamentous hairs on the adaxial surface of the tepal; ( C) Development of a filament (f) from the whorl of appendages 
below the stylar lobes; (D) Development of rudimentary stamen (rst) from the whorl of appendages below the stylar lobe; (E) Presence of a complete stamen (st) 

developed from the whorl of appendages below the stylar lobes; (F) Presence of stamen (st) and filament (f) developed from the whorl of appendages within the 
same flower. 
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during the receptive stage of the flower. 

There were some odd specimens in which filaments 
of stamens (i.e., without anther) had developed by the 

elongation of some appendages of the whorl below the 
stylar lobes (Fig. 3C). In some other flowers, rudimentary 
stamens were produced from this whorl of appendages 
and they contained poorly developed pollen grains  (Fig. 
3D). In still others, complete stamens were also seen de-
veloped from some of these appendages (Fig. 3E). The per-

centage of pollen fertility in such stamens was 94.85 ± 

0.51 % (Acetocarmine staining method). Their pollen via-
bility was 94.03 ± 0.18 % (FDA staining technique). Such 

stamens dehisced and released their pollen grains along 
with the anthers of the stamen bundles. Very rarely, the 
above kind of development of filament and stamen was 

observed within the same flower (Fig. 3F). 

The SEM analysis of the gynostemium shows that 

the stylar lobes have a waxy-coated, irregular surface with 
ridges and furrows. However, prominent stigmatic struc-

tures such as stigmatic papillae or stigmatic protuberanc-

Fig. 4. Morphology of gynostemium and reproductive biological studies in T. ponmudiana (A) SEM of stylar lobes; (B) Viable pollen grains showing fluo-
rescence by FDA staining; (C) in vitro pollen germination; (D) Fertile pollen grains after acetocarmine staining; (E) Release of oxygen bubbles from receptive area 
(Peroxidase activity test); (F) Reddish appearance of receptive area on stylar lobe (cytochemical localization of stigma specific esterases).
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es are absent on the stylar lobes. The stylar lobes have 
many uncinate hairs on their surface (Fig. 4A). 

Pollen viability and Pollen fertility  

Pollen viability, germination and fertility studies were 
carried out on the second day of anthesis because the 
flowers were protogynous and anther dehiscence occurred 
on the second day of anthesis. The highest rate of pollen 
viability was observed in the pollen grains collected be-

tween 9:00 am and 11:00 am on the second day of anthe-
sis. It was 96.86 ± 0.28 % (Fig. 4B and Fig. 5A). The highest 
percentage of pollen germination was observed in the pol-
len grains collected between 9:00 am and 11:00 am on the 
second day of anthesis. It was 43.67 ± 0.79 % (Fig. 4C and 
Fig. 5A). The pollen grains showed maximum response 
when using Brewbaker and Kwack's medium for pollen 
germination supplemented with 7 % sucrose. Pollen fertili-
ty was the highest for the pollen grains collected between 

Fig. 5. Reproductive biological studies in T. ponmudiana (A) Pollen viability, in vitro pollen germination and pollen fertility studies; (B) Germinating pol-
len grains on the surface of the stylar lobe (Aniline blue fluorescence microscopic method).
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9:00 am and 11:00 am on the second day of anthesis. The 
highest percentage of pollen fertility was 97.14 ± 0.38 % 
(Fig. 4D and Fig. 5A). 

Stigma receptivity   

Stigma receptivity was found to be maximum between 
9:00 am and 12:00 pm on the day of anthesis (Fig. 4E). After 
2:30 pm, a sharp decrease in stigma receptivity was ob-
served. However, a persisting lower rate of stigma recep-
tivity was noticed on the second day of anthesis, result-
ing in fewer oxygen bubble emissions. Cytochemical locali-
zation of stigma-surface esterases depicted the area of 
stigma receptivity. The whole stylar lobe appeared red 
after the test, irrespective of the occupancy of the uncinate 
hairs. Hence, the entire stylar lobe is receptive (Fig. 4F). 
The appendages showed no positive response to the test. 
Aniline blue fluorescence microscopic method indicated 
that pollen grains were germinated on the entire stylar 
lobes irrespective of the presence or absence of uncinate 
hairs on them (Fig. 5B). Pollen grains germinated success-
fully on both self-pollinated and cross-pollinated stigmas. 
However, pollen germination was absent on the append-
ages of the gynostemium.  

Discussion 

Flowers are the organs meant for sexual reproduction in 
angiosperms (14). The uniqueness of angiosperms that 
distinguish them from the rest of the land plant forms is 
the presence of flowers (21). The most interesting charac-
ter in the flowers of Thottea is the gynostemium, which is 
unique. Studies on the floral morphological features in 8 
species of Thottea (T. idukkiana, T. duchartrei, T. siliquosa, 
T. ponmudiana, T. sivarajanii, T. dinghoui, T. abrahamii and 
T. barberi) led to the conclusion that out of the 8 species, 5 
species (T. idukkiana, T. duchartrei, T. siliquosa, T. 
ponmudiana and T. sivarajanii) have a distinct gynostemi-
um (4). In the present study, it was observed that an im-
perfect and proximal fusion between the stamen bundles 
and the stylar column formed the gynostemium. Flexibili-
ties in the number and arrangement of stamens were no-
ticed in T. ponmudiana and similar cases were reported 
earlier in T. idukkiana, T. duchartrei and T. sivarajanii (3, 4, 
22). 

The present study revealed some interesting mor-
phological variations relating to the stamen architecture 
in T. ponmudiana. The presence of incompletely devel-
oped stamen, stamen with a single anther lobe, filament 
alone and an appendage formed due to stamen reduction 
in the stamen bundles, was very unusual. All these struc-
tures denote floral evolution in T. ponmudiana, which in-
volves the formation of staminode from a wholly devel-
oped stamen. In plants, vestigial staminodes can exist as a 
sterile stamen whorl with tiny anthers (rarely fertile) on 
the apices of the stamens. These filaments lack anthers, 
small remnants or tiny organs visible only during floral 
development (23). A noticeable percentage of stamen di-
versity exists in the genus Thottea. For example, single 
whorl of stamens is present in T. sumatrana, 2 in T. ta-
panuliensis, 3 in T. triserialis, 4 in T. parviflora etc. (24-26). 
Such discrepancies indicate that the staminode whorls in 

T. pon-mudiana may be formed by reducing the number of 
stamen whorls. According to phylogenetic studies, stamen 
reduction by evolution is the reason for the origin of stami-
nodes. Plants of at least a single species of 32.5 % Angio-
sperm families have staminodes in their flowers (27). Angi-
osperms are found to adopt an economic principle in cre-
ating reproductive parts and androecium evolution by 
stamen reduction can be regarded as its general example 
(28). 

Functional stamen with high pollen fertility and 
pollen viability percentages developed in the position of 
the solitary appendages alternating with stamens and te-
pals in T. ponmudiana indicates that these solitary ap-
pendages are staminodes. Striking variations, such as the 
development of a filament, rudimentary stamen and func-
tional stamen, arising from the whorl of appendages just 
below the stylar lobes, indicate the identity of these ap-
pendages in the whorl as staminodes. In clades containing 
actinomorphic flowers, when staminodes replace sta-
mens, the stamen whorls become entirely and irreversibly 
replaced (27). But, in the present study, the results con-
trast with the above report, so stamen to staminode evolu-
tion seems reversible. The morphological modifications of 
stamens to appendages and vice versa help conclude that 
both progressive and retrogressive evolution coincide in 
the flowers of T. ponmudiana. Observations similar to the 
above situation, i.e., both the appearance and disappear-
ance of stamens were reported in the genus Mentzelia  
also(29).  

The stylar lobes of the gynostemium in T. ponmu-
diana exhibit disparities in their number. A previous study 
reported no interdependence between the number of sty-
lar lobes and the number of carpels, except that the num-
ber of stylar lobes is never lesser than that of the number 
of carpels (4). The reddish-brown filamentous hairs on the 
stylar lobes and stamen bundles of T. ponmudiana are 
similar to those on its perianth. The presence of such fila-
mentous hairs on the perianth was reported earlier while 
studying the trichomes of Indian Thottea (30). The pres-
ence of such hairs on the stylar lobes and stamen bundles 
in the present study may be a natural occurrence or the 
filamentous hairs on the perianth might be incorporated 
into the tissue of stamens and stylar lobes at the bud stage 
or during some other stages of flower development and 
grown along with them. The SEM studies could not pin-
point any specific stigmatic structures or protuberances 
on the stylar lobes other than the presence of ridges, 
grooves and waxy coating on their surface. 

The reproductive events in flowering plants follow a 
seasonal order and the term plant phenology involves ob-
serving and analyzing the timely events occurring in the 
life span of a plant (14, 31). The term floral phenology is 
more specific as it involves the study of temporal changes 
of a flower from its anthesis until it loses its functionality 
(14). In Thottea ponmudiana, the flowers remain fresh for 
three days from the day of anthesis and exhibit protogyny. 
Protogyny is known as a mechanism to prevent autogamy 
(32), and it is a kind of dichogamy. Dichogamy has some 
influence on the floral biological aspects, including the 
interference between the male and female reproductive 
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organs of the same plant (33). In T. ponmudiana, incom-
plete protogyny was observed in most flowers as the stig-
mas were receptive even at the time of anther dehiscence. 
Incomplete protogyny allows the flowers to bring about 
delayed self-pollination, which is a privileged system in 
some species and helps tackle pollination failure that 
sometimes occurs (34, 35). 

Fertility, viability and germinability of pollen grains 
and stigma receptivity are the key factors regulating ade-
quate pollination, fertilization and seed formation (36-40). 
The pollen grains of T. ponmudiana express high pollen 
viability and fertility and medium pollen germination 
rates. However, poor pollen viability and germination 
rates were reported in T. barberi (41). T. abrahamii, T. 
dinghoui, T. duchartrei, T. idukkiana, T. ponmudiana, T. 
siliquosa    T . sivarajanii and T. barberi were reported to 
exhibit higher pollen viability rates in a study conducted 
earlier (42). In the present study, stigma-surface esterases 
were localized on the entire stylar lobe of the gynostemi-
um and pollen germination was also observed on the 
whole stylar lobe, indicating that the entire stylar lobe of 
T. ponmudiana is receptive. Even though the flower exhibits 
protogyny, longer stigma receptivity period overlaps with 
the initial stage of anther dehiscence and allows pollen 
germination on stigmas pollinated by both autogamy and 
geitonogamy. In Aristolochia, stigma receptivity is lost at 
or before anther dehiscence, promoting cross-pollination 
(43-45). However, pollination studies in Aristolochia tagala 
have  proved that the plant allows geitonogamous pollina-
tion also (46).  

Conclusion 

The gynostemium of T. ponmudiana is formed by the par-
tial fusion of androecium and gynoecium. There is a lot of 
disparity in the number and arrangement of stamens, and 
the number of stylar lobes. Analysis of variations in the 
morphological architecture of stamens and floral biologi-
cal studies indicate that the appendages present just be-
low the stylar lobes and those alternating with the tepals 
are staminodes formed by the evolutionary reduction of 
stamens. The plant shows the tendency of both stamen 
reduction and reversion of stamen reduction, which are 
eye-catching occurrences for the researchers of plant evo-
lution. Studies on the morphology and reproductive biolo-
gy of the gynostemium of T. ponmudiana helped to unfold 
the fact that the whole surface of each stylar lobe is recep-
tive. Hence, the entire stylar lobe forms the stigmatic tis-
sue irrespective of the distribution of uncinate hairs on its 
surface. Therefore, it is evident that all the stylar lobes on 
the gynostemium together form the entire stigmatic tissue 
of the flower.  
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