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INTRODUCTION Europe, Russia, and Asia, and from Greenland to 

Queensland, Australia and the Solomon Islands (Brown 
Rhododendron (from Ancient Greek rhódon “rose” et al. 2006). The centers of diversification are in the 

and déndron “tree”) is a genus of 1,024 species of woody Himalayas and Malaysia) with the greatest species 
plants in the heath family (Ericaceae), either evergreen diversity in the Sino-Himalayan region, Southwest 
or deciduous, and found mainly in Asia, although it is China and northern Burma, from Uttarakhand, Nepal 
also widespread throughout the Southern Highlands of and Sikkim to north-western Yunnan and western 
the Appalachian Mountains of North America. It is the Sichuan and south-eastern Tibet, and with other 
national flower of Nepal. Most species have showy significant areas of diversity in the mountains of Korea, 
flowers and in addition to its beautiful flowers, they have Japan and Taiwan (Gao et al. 2002). 
ecological significance and economic importance (Paul 

Sekar & Srivastav (2010) from Indian Himalayan et al. 2005). Species of the genus Rhododendron are 
Region (IHR) have recorded a total of 87 species, 12 widely distributed between 80°N and 20°S and are 
subspecies and 8 varieties of rhododendrons. The 

considered Alpine native plants from North America to 
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ABSTRACT

Rhododendrons are classified as rare, endangered and threatened (RET) genus. It may be wiped out in near future 

from the biota, if proper management and conservation initiatives are not taken up. Studies on the reproductive 

biology of rhododendrons are essential for their ex situ/ in situ and in vitro conservation. Present study deals with 

flowering phenology, pollination biology, breeding system including pollen-ovule ratio, fruit and seed-set and 

viability of seeds in some marked plants of Rhododendron elliottii growing in its natural habitat at  Khonoma Dzukou, 

Kohima district of Nagaland state (North- East India). The flowers are deep red coloured with darker flecks and 

protandrous and each flower lasting for 12.5±2 days. Anthers dehisce 24±2 h before the opening of floral buds and the 

pollen grains released are 82.65±5.5 percent viable. Stigma becomes receptive 3.8±1 days after anther dehiscence. 

The flowers are foraged by birds commonly known as ‘beautiful sibia’ (Heterophasia pulchella) and carpenter bees 

(Xylocopa spp.). These visitors pollinate the flowers while collecting nectar as is evident by the presence of pollen 

tetrads on the beak, forehead and neck of Heterophasia pulchella and by the presence of pollen attached on the dorsal 

and ventral surface of the thorax and abdomen of carpenter bees (Xylocopa sp.), indicating sterno-nototribic 

pollination. Rhododenron elliotti is self-compatible as the plants show high percentage of fruit- set in open pollinated 

flowers and exhibit facultative geitonogamy. 

Anthecology, sterno-nototribic, Heterophasia pulchella, Xylocopa spp., autogamous.Keywords: 



maximum concentration of 86% was observed in inflorescences/individual) was registered from 20 
Arunachal Pradesh (75 species). These species exhibit marked plants following the procedure after Dafni 
significant diversity in habit and broad range of (1992). Time of opening of flowers, anther dehiscence, 
distribution from the altitude of 800-6000 m. and the and stigma receptivity was studied. Time of opening of 
best range is observed in 3001-3500 m altitudes. Their new flowers i.e. when the petals refluxed to expose the 
analysis revealed 20 taxa are endemic, 30 are rare, 24 are androecium and gynoecium was recorded in the marked 
threatened/endangered, 3 are vulnerable and 47 taxa floral buds. Stigma receptivity was determined by hand-
have to be assessed. The major threats to rhododendrons 

pollinating 100 stigmas at different recognizable stages 
are deforestation and unsustainable extraction for 

in 20 marked plants and fruit formation was observed 
firewood and incense by local people. Rhododendron 

periodically in tagged floral buds on marked plants. 
elliottii Watt ex Brandis is a rare, endangered and 
threatened species which is endemic to Nagaland and In order to count the number of pollen/ anther/ 
Manipur (Paul et al. 2005, Mao 2010, Sekar & flower, mature anthers (10/plant) were crushed in 
Srivastava 2010, Mao et al. 2011, Mao & Gogoi 2012). lactophenol-glycerine with aniline blue. A known 
In Nagaland R. elliottii is reported from Mount Japfu dilution was placed on the grid and 10 replicate counts 
(Mao & Gogoi 2012) and Dzukou valley (Mao et al. were made using a hemocytometer (Barret 1985). Pollen 
2011, Mao & Gogoi 2012).  For successful cultivation viability of all the marked plants was checked by 0.2% 
and conservation of rhododendrons a detailed TTC solution (2, 3, 5-triphenyltetrazolium chloride) 
knowledge of their reproductive biology is essential after the method of Hauser & Morrison (1964). 
(Moza & Bhatnagar 2007). Reproductive biology of 

Number of ovules/flower (20 flowers/marked plant) rhododendrons have been studied by Ng & Corlett 
was recorded by the method after Stelly et al. (1984). (2000), Mejias et al. (2002), Ono et al. (2008), 
Floral buds from marked plants were fixed in formalin, Escaravage et al. (2011), Wiiliams et al. (2011), Ling 

(2011). In order to conserve this important, rare, alcohol, acetic acid (FAA), hydrated and stained in 
endangered and threatened species in Indian Himalyan Mayer’s hemalum Dehydrated, infiltrated with xylene 
Region sub-continent, the studies on its reproductive and cleared with methyl salicylate. The number of ovules 
biology are important.  In the present communication an from the cleared ovaries (100) were counted using 
attempt has been made to highlight flowering stereomicroscope. Pollen-ovule ratio was determined by 
phenology, floral and pollination biology, breeding the method after (Cruden 1977). Viability of seeds was 
system and fruit and seed-set, in Rhododenrron elliottii tested by triphenyl tetrazolium chloride (TTC) test as 
to provide valuable information for its conservation. described by Kearns & Inouye (1993).

MATERIAL & METHODS Breeding system was verified on the marked 

branches (n=10)/marked tree (n=20) growing in different 
The present investigation was carried out during 

places. The floral buds were tagged and some of them 2012- 2013 on 20 marked plants of Rhododendron 
(n=50) were left for open pollination, 100 buds were elliottii growing in the natural populations at Khonoma 
emasculated and bagged and of which 50 buds were  Dzukou, situated 25°36’ N, 93°59’ S and at an altitude of 
pollinated with the pollen of the flowers of the same plant, 2500-2700 m. Daily field trips were conducted during 
while 50 were pollinated by the pollen from the flowers of the entire flowering period (May & June) to study the 
different individuals. Pollen grains were dusted on the floral biology and flowering phenology, pollination 
stigma at the time when they become receptive.biology and breeding system. Flower longevity was 

determined by marking 50 buds on 50 branches/marked RESULTS & DISCUSSION
plant by the method after Gill et al. (1998). The flowers 
were observed daily until the corolla withered.  Plant species—Rhododendron elliottii plants are 

upright, often straggly, small trees growing up to a height Flowering phenology in the beginning, peak and end 
of 5 m. The deep red coloured flowers are present in as well as the relative flowering intensity (average 
trusses of 10-20 flowers per truss (Fig.1 A).number of flowers/inflorescence x average number of 

160 July, 7 (2)The International Journal of Plant Reproductive Biology 7(2) pp.159-164, 2015



Fig. 1– Rhododendron elliottii. A & B. Birds (Heterophasia pulchella-arrows) on flowers; C. Xylocopa spp. (arrow) 

foraging for nectar; D. Nectar accumulated in five cavities (arrow); E. Pollen tetrads; F. Dehisced fruits.
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Floral morphology and flowering phenology– dorsal surfaces of thorax, abdomen, fore limbs and hind 

Flowering is initiated in the second week of May and limbs. Xylocopa sp visit for nectar between 09:00-12:00 
young floral buds take 7-10 days to bloom. Maximum and forage 4-8 flowers/inflorescence/plant.. However, 
flowering is observed in the last week of May and during misty, cool, windy and rainy weather these 
terminates by the end of June. The flowers are tubular- visitors do not forage the flowers.
campanulate, deep red in colour with darker flecks. There 

Fruit and seed-set—There are 12±3 flowers/ 
are 15±5 flowers/floral truss (n=50) (Figs.1 A-C). The 

inflorescence and 11±2 fruits/inflorescence and the fruit 
corolla is 5-lobed and the nectar accumulates inside nectar 

set percentage is 66.6%. Fruit is a capsule, oblong blunt, 
pouches present at their base (Fig. 1 D). There are 10 

grooved, rufous-tomentose and 6-chambered and 
stamens of unequal size, anther lobes are brown and dorsi-

dehisce by longitudinal slits and the seeds are dispersed 
fixed, the filaments are glabrous. The flowers are 

by wind (Fig. 2 F). There are reddish-brown 850.19 
protandrous as the anthers dehisce by apical pores 24±2 h  

seeds per fruit and they are small (1.5±0.5 mm) and 
before opening of floral buds. Escaravage et al. (1997) in 

ovule-seed ratio/ flower was 1.63.1. In vitro seed 
R. ferrugineum observed staminal dimorphism, with two 

germination was 80% but their survival was only 2 %. small anthers at the same height as the style, while the 

other anthers were significantly taller. The ovary is Breeding system-Fruit set percentage in the natural 
densely rufous, stellate-tomentose, with brownish population is 66.6%. In the bagged and un-emasculated 
indumentums with six locules.  The style is hairy and flowers there was 36.23 % fruit-set, while there was no 
glandular with stalked glands, the hairs are more formation of fruits in the bagged emasculated flowers 
numerous towards the base. The stigmatic groove secretes eliminating apomixes. On the other hand, in bagged 
sticky exudates. Stigma become receptive 3.8±1 days emasculated flowers on pollination with the pollen from 
after anther dehiscence. different flowers of the same plant there was 48.3% fruit 

set (geitonogamy) and in bagged and emasculated Pollen biology— The pollen grains are present in tetrads 
flowers on pollenation with the pollen from different and their viability was 78.6% (Fig. 2 E). They are 
plants, the fruit formation was only 13.24% (xenogamy). expelled from the anthers by vibrations caused by 
Thus, hand pollination experiments indicate that movements of flower visitors. The anthers dehisce 
Rhododendron elliottii is self compatible and exhibit before the flower opens. Each pollen grain is 
facultative geitonogamy. Ovule-pollen ratio also tricolporate, with three germination pores located within 
supports the breeding system (Cruden 1977). furrows in the outer exine layer (William et al. 2011). 

Escaravage et al. (2011) observed breeding system Pollen-ovule ratio—The average pollen production 
in an alpine species, R. ferrugineum in the French was 49,435±2331/flower and there were 1386.00±140 
northern Alps. Their results demonstrate that it is self-ovules/flower. Pollen-ovule ratio was 35.67-1.
compatible and facultatively xenogamous. Ono et al. 

Pollination biology— The deep red flowers of R. 
(2008) studied reproductive characteristics and 

elliottii attract the bird Heterophasia pulchella 
pollination system of Rhododendron semibarbatum at 

commonly known as beautiful sibia. They forage for 
two sites in Honshu, Japan. This species is protandrous, 

nectar for 2-3 minutes during 09:00 -02:00, 6±3 
partially self-incompatible at post-zygotic stages, and 

flowers/inflorescence/plant. They were observed 
require out-crossing via pollinators visitation for 

collecting nectar from the flower by inserting their head 
effective seed production. They found that the effective 

in the corolla tube (Figs.1 A, B). Pollen tetrads are seen 
pollinators were two bumblebee species of male of 

attached on the beak and dorsal as well as ventral surface 
Bombus adens at Miyama and workers of Bombus 

of neck of the birds and each bird forage on the 
honshuensis at Agematsu.

inflorescence for 2-3 minutes.  Xylocopa sp. was also 
Ling (2011) studied the floral syndromes, breeding observed to forage each flower for 1-3 minutes. (Fig.1C) 

system, pollination biology and seed germination and pollen tetrads were found attached on the ventral and 
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characteristics of big horn azalea (Rhododendron of Eichhornia paniculata  (Spreng.) Solms. 

excellens Hemsl. et. Wils.). It flowers during in early (Pontederiaceae). Biological J. Linnean Society 25(1) 

May to early June, the flowers open early are green and 41-60.

gradually turn white. Pollen viability was up to 84.43%, 
Brown GK, Craven LA, Udovicic Frank & Ladiges PY while the stigma remain receptive over flowering period 
2006. Phylogenetic relationships of Rhododendron was of longer duration. Corolla is internally refluxed and 
section Vireya (Ericaceae) inferred from the ITS nrDNA plays a role in promoting cross-pollination in avoiding 
region. Australian Syst. Bot. 19 329–342. the male and female interference. Honey bees (Apis 

cerana) are the specialized and are very active in sunny 
Cruden RW 1977 Pollen-ovule ratios: a conservative 

days and become inactive in cloudy or rainy days. The 
indicator of breeding systems in flowering plants, 

breeding system of R. excellens is partially self-
Evolution 31 32-46.

compatible, out-crossing dominant. 

Dafni A 1992 Pollination ecology: a practical approach. 
CONCLUSION

New York. Oxford University Press, New York, Pp. 250.

The main pollinators of Rhododendron elliottii are 
Escaravage N, Pornon A, Doche B & Till-Bettraud I 

Heterophasia pulchella and Xylopcopa sp. which forage 
2011. Breeding system in an alpine species: 

for nectar and carry pollen on their body parts. The plants 
Rhododendron ferrugineum L. (Ericaceae) in the French 

show high percentage of fruit-set in open pollinated 
northern Alps. Can. J. Bot. 75 736-743. 

plants. Pollination experiments indicated that it is self-

compatible and facultative geitonogamous. The pollen- Gao Lian-Ming, De-Zhu LI, Zhang Chang-Qin, Yang 
ovule ratio also supports this view. Jun-Bo 2002. Infrageneric and sectional relationships in 

the genus Rhododendron (Ericaceae) inferred from ITS 
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