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ABSTRACT

Thottea barberi (Gamble) Ding Hou. (Aristolochiaceae) is an endangered species strictly endemic to 

tropical evergreen forests at higher altitudes in three regions   viz. Athirumala, Chemmunji Hills and 

Pongalappara of southern Western Ghats, Kerala. In natural conditions, plant propagates mainly 

through slow growing runners. This factor along with human activities adversely affects the 

population growth in the area and the species is becoming endangered. In order to conserve this plant 

species it is necessary to have a detailed knowledge of its reproductive biology. This species exhibits 

poor pollen viability, low in vivo pollen germination on stylar lobes and consequently poor fruit-set. 

Pollinated ovaries showed the presence of aborted ovules resulting in poor seed-set. The fruits are 

attacked by various insects.
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INTRODUCTION (Vajravelu  &  Daniel 1983, Nair &  Ahmedullah 1988,  

Gopalan & Henry 2000, Mohanan & Sivadasan (2000). 

The genus Thottea Rottb (sensu Ding Hou) an Indo- Conventionally roots of different species of Thottea are 

Malayan genus of family Aristolochiaceae is known to used as an antidote to snake poison and its root extract is 

have 35 species. In the Peninsular India it is represented administered internally as a remedy for stomach ache 

by ten species of which eight species have been reported (Anonymous, 1985). Recently, Raju & Ramesh (2012) 

from Western Ghats and seven species, namely, T. investigated in vitro antioxidant and cytotoxic activity in 

abrahamii, T. barberi, T. dinghoui, T. duchartrei, T. the roots of Thottea siliquosa. It possesses free radical 

idukkiana, T. ponmudiana and T. sivaranjanii are and hydroxyl radical scavenging activity as well as 

endemic to this region, while the remaining on T. antioxidant and anti cancer activity in vitro. 

siliquosa is having much broader distribution pattern Reproductive biology has important consequences for 

ranging the entire Peninsular India and Sri Lanka (Nayar the viability of rare plant populations through its effects 

et al. 2006). These species are traditionally distinguished on demography and population genetics; therefore, its 

on the basis of the leaf nervation and the stamina study is also crucial for conservation programs (Moza & 

patterns. Thottea barberi  Hou. is an endangered species Bhatnagar 2007). The present status of the plant 

strictly endemic to tropical evergreen forests at higher necessitates a detailed knowledge of its reproductive 

altitudes in three regions viz. Athirumala, Chemmunji biology as it can provide valuable information to suggest 

Hills and Pongalappara of southern Western Ghats appropriate conservation strategies.
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 MATERIALS  &  METHODS pollinated pistils were fixed in Carnoy's fluid for about 

24 hrs and stored in 70% ethanol. Fixed pistils were 

Plants of Thottea barberi growing at Chemmunji transferred to 5N NaOH for 12 hrs to make the tissue 

Hills, Kerala, were marked and observed daily for soft. After washing thoroughly in distilled water, these 

collecting the following data: pistils were stained with 0.005% of decolourised aniline 

Plant morphology and floral phenology—Plant blue and mounted on a drop of glycerin. These 

morphology, floral arrangements, floral phenology, preparations were observed to study pollen germination 

functions of floral parts and anther maturation were and tube growth using fluorescent microscope 

studied in detail. Pollinators and flower visitors were (Olympus Bx 51, Japan) under UV excitation and 

trapped and identified for the pollination study and photomicrographs were taken. 

pollen load of each visitor was estimated. Plant Pollen ovule ratio—Flower buds just before anthesis 

propagation aspects in natural condition were also were used to find out pollen-ovule ratio (n=10). The 

analysed. anthers were crushed, transferred to calibrated tubes and 

Morphological and anatomical studies of 0.5 ml staining solution was added. Pollen grains were 

reproductive parts—Morphological characters of counted using Spence bright line haemocytometer using 

stamens and pistils were observed with the help of a 5 replicates prepared from 10 anthers from 5 different 

stereo microscope. Anatomical features of pistil and flowers. The ovules/ovary were counted from 10 flowers 

anther were studied by staining thin hand sections with after staining with by cotton blue under a Phase contrast 

safranine. Sections were examined under an Image microscope.

analysing system (Olympus Bx 51 Japan). Pollen ovule ratio was calculated following Cruden's 

Photomicrographs of appropriate magnifications were (1977) method :

taken. Pollen morphology was analysed using the 

acetolysis method proposed by Erdtman (1952).
                         

Pollen viability—In vitro germination of the pollen 
Breeding systems—The breeding system was studied 

grains was carried out in Brewbaker & Kwack's medium 
through controlled pollinations. Flower buds   were 

(1963) supplemented with various concentrations of 
emasculated and bagged one day before anthesis. On the 

sucrose solutions ranging from 5-50% to the medium for 
day of anthesis, the bags were opened in the morning and 

pollen culture. Pollen grains from mature flower buds 
the flowers were pollinated with either self-pollen or 

were collected just before anther dehiscence and dusted 
pollen from another flower of the same plant or cross-on a drop of culture medium placed on clean slides and 
pollen from another plant and re-bagged. The bags were kept in a germination chamber at room temperature for 
removed after 3 days when the stigma was no longer three hours. Percentage of germination was calculated 
receptive, and the flowers were kept under observation from five slides each containing approximately 120-150 
for fruit development. To assess seed set under open pollen grains under light microscope.  Pollen viability 
pollination, 40 flowers were tagged randomly and kept was also tested by fluorochromatic reaction (FCR) test 
under observation for fruit development. following the method after Heslop-Harrison & Heslop-
Fruit-set, seed-set & seed germination—These Harrison (1970). The slides were observed under 
variables were indirectly estimated by counting the total fluorescence microscope (Olympus Bx 51, Japan) under 
number of flowers on a plant and the total number of UV excitation. The viable pollen grains which 
fruits formed.  Mature fruits were harvested before fluoresced intensely were counted and the percentage of 
dehiscence and the number of seeds was counted.  All viability was calculated from 120-150 pollen grains. 
quantitative values are represented as the mean ± In vivo germination—To determine the period of 
standard deviation. For the assessment of seed stigma receptivity, stigma at different developmental 
germination percentage, seeds were sawn in moisture stages were pollinated until 48 hours after anthesis and 
cotton lined petri dishes, potting mixture (1:1:1) and soil fixed in acetic acid–alcohol (1:3). To study growth and 
from natural habitat.     behaviour of pollen tube, the self pollinated and open 

RESULTS & DISCUSSION Perianth is brown in colour, hairy with three tepels. 

Stamens are free and nine in number (Fig.1C). Pollen 

Plant morphology & Flowering phenology— Thottea  grains occur as monads, they are monoaperturate 

barberi is a shrub of 1-1.5m height with alternate (monocolpate/ monosulcate), and aperture is oval 

lanceolate leaves with the basal pair of nerves hardly shaped (megaporate) (Table 1). The pollen grains are 

reaching midway (Fig. 1A). Flowering commences in medium sized, verrucate-foveolate (surface of the 

first week of January and continues till last week of verrucae convex shaped), spines are absent and 

March (Table 1).  The inflorescence is 3-6 flowered perforations are present on the excrescence surface, 

axillary cyme (Fig.1B). Flowers are hermaphrodite.   these perforations are circular and elliptical, boat-
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P/O ratio =
Pollen count per antherx No. of anthers per flower

No. of ovules per flower

Fig. 1 A. Thottea barberi plant, B. Inflorescence, C. Free stamens and stigma lobes, D. Pollen germination in B&K 
medium supplemented with 35% sucrose solution, E. Pollen grains stained with FDA solution, F. Pollen germination 
on the stigma lobes, G. Cross section of ovary after pollination showing aborted ovules (arrows), H. Pollen tubes 
penetrating in the stigmatic lobes, I. Pollen tubes in the ovary. (Bars: B, C : 10 µm; D, E, F, G: 100 µm; H & I: 500 µm).
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Anthesis—Flowers open between 1145-1215 h. During shaped-oblong or boat-shaped-elongated.  Ovary is 
anthesis, 6 lobed structure on the surface of the ovary is inferior, elongated and tetra-locular. Stylar column is 
open (stylar column is absent) exposing its receptive absent and ovary ended with six stigma lobes. Flowers 
surface for pollen, which indicates the beginning of open between 1145- 1215h. Anther dehisce prior to the 
receptivity. These  lobes were very delicate in texture opening of flowers and pollen grains collect inside the 
and is found to be receptive soon after anthesis and tepals. Flower visitors mostly belong to the family 
continued to remain receptive until 2-3 h after anthesis 

Muscidae. Green fruits develop in April and mature 
soon after they dried off and become non-receptive. In 

fruits shed in May (Table 1).
the case of artificially self- pollinated flowers, the 

Pollen viability—Only 8% pollen germination was 
number of pollen grains were deposited on the stigma 

recorded in Brewbaker & Kwack's (1963) medium lobes varied from 12-18 whereas larger  number of 
supplemented with 35% sucrose solution (Fig.1D). pollen grains adhered on the surface of the open 
However, there was no pollen germination in the media pollinated stigma  lobes (Fig. 1 F) (Table 1). Poor pollen 
supplemented with other concentrations of sucrose. germination was observed on the stigmatic lobes. In 
Only 18% pollen viability was recorded by FCR test open pollinated flowers, pollen tubes were found to 
(Fig. 1E) (Table 1). reach the ovary for fertilization (Figs.1H, 1I). 

Pollen-ovule ratio—The pollen-ovule ratio is 60.75. vigor.  Pollen viability as tested by various methods was 
According to Cruden (1977) plants with values lying considerable low. Thus, pollen sterility may be attributed 
between 31.9 and 396.0 are facultative autogamous as one of the reasons for low seed set in this plant.
(Table 1). Breeding system plays crucial role in reproductive 
Breeding systems—The results of breeding success and in the level and distribution of genetic 
experiments showed that open pollinated flowers variability, it lies at the very heart of population health 
produced maximum number of fruits and seeds while and maintenance. Reproductive success or fertility is 
those artificially cross- pollinated got minimum number. assessed as the product of the fraction of flowers 
Self pollinated flowers withered and fall off after third producing fruits by the fraction of ovules producing 
day of pollination and do not set any seed in most cases seeds (Charlesworth 1989). Comparing with the flower 
but very rarely they persist to develop seeded fruit in number, the rate of fruit setting was very low. Plants and 
which more than 50% are aborted seeds.  fruits seem to be attacked by various insects. 
Fruit-set,  seed-set & seed germination— Developmental anatomy of ovary after pollination 
Reproductive success was assessed on the basis of fruit showed aborted ovules in adjacent locules. This resulted 
and seed-set in its natural habitat. Mean number of in less seed production.  In natural condition, plant 
flowers in a plant were 32.4±5.4 and only 9% of flowers 

propagation is mainly through runners and it showed 
produced fruits and most of these fruits are prematurely 

very low growth rate and less adaptability. All these 
damaged by various insects, predominantly 

factors adversely affect the efficient plant propagation 
Coleopterans. Fruits matured in 45-50 days and on 

and establishment of Thottea barberi population in 
maturity, thet fruit wall dehisced septicidaly and seeds 

larger area and become endangered.
were released from the 4 ridged siliqua. There were 
28.8±4.2 ovules in mature ovary but seed-set percentage 
was low as only half of the ovules developed into seeds 

LITERATURE CITEDand each siliqua contained only 14.6±4.62 seeds. 
Developmental anatomy of ovary after pollination 

Anonymous 1985 Wealth of India, Raw materials Vol.1. showed aborted ovules in adjacent locules (Fig.1G). 
Publication and information directorate, CSIR, New This resulted in less seed production.  The seeds took 21-
Delhi.27 days for germination. Seed germination pattern is 

epigeal. Seed viability was retained only up to three 
Barrett SCH 1998 The evolution of mating strategies in weeks. Seeds sawn after three weeks do not show any 
flowering plants. Trends in PlantScience 3 335–341sign of germination, this may be due to recalcitrant 

nature of the seed. Percentage of seed germination is 
Brewbaker  JL & Kwack B H  1963  The essential role of more in the case of seeds sawn in native soil (20%), in 
calcium ion in pollen germination and pollen tube moist cotton 6% seeds germinated but no seeds were 
growth.  Am. J. Bot. 54 859-865.germinated in potting mixture (Table 1).

The breeding system of a species or a population is 
Beardsell   DV, Knox  RB & Williams EG 1993a determined by a large number of pre- and post-
Breeding system and reproductive success of fertilization factors, either biotic or abiotic (Barrett 
Thryptomene calycina (Myrtaceae). Australian J. Bot. 1998). The biotic factors include pollination efficiency, 
41 333-353.       energy resource allocation for fruit and seed production, 

natural abortion rates, flower, fruit and seed predation, as 
Beardsell DV, O'Brien SP, Williams EG, Knox RB & well as germination capacity (Wiens 1984; Wiens et al. 
Calder DM 1993b Reproductive biology of australian 1987, Charlesworth 1989, Beardsell 1993a, b, Burd 
Myrtaceae. Australian J. Bot. 41 511-526.         1994, Dogteron et al. 2000, Cunningham 2000, Silva et 

al. 2002). Among pre-fertilization factors, nutrient and 
Burd M 1994 Bateman's principle and plant pollen availability are of paramount importance (Haig & 
reproduction: the role of pollen limitation in fruit and Westoby 1988, Parra-Tabla et al. 1998). The quality of 
seed set. Bot. Rev. 60  83-139.pollen is assessed on the basis of pollen viability and 
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Table 1- Reproductive parameters (Flowering, floral morphology, pollen biology, fruit and seeds-set). 

S. No. Parameters Observations

1. Flowering First week, January to last week of March. 32.4±5.4 

flowers/plant

2. Inflorescence 3-6 flowers in axillary cyme. Flowers open between 

1145-1215 h

3. Perianth Three brown tepels 

4. Stamens Nine free. Anthers dehisce between 1000-1100 h

5. Pollen In monads, monoaperturate, oval aperture

6. Pollen viability 8% In B & K medium 

No germination in other media.

18% in FDA 1%

7. Ovary Inferior, tetra-locular

8. Style Absent

9. Stigma Six lobes

10. In vivo pollen germination Poor  and only 12-18 pollen/stigma are deposited and 

only 6-8 germinate

11 Pollen-ovule ratio 60.75:1

12. Breeding system Facultative autogamy

13. Fruit-set 9%  Fruits are 4-riged siliqua and dehiscence is septicidal

14. Seed-set 14.6±4.62/fruit

15. Seed viability Three weeks

16. Seed germination Epigeal and germinate in 21-27 days.
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