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INTRODUCTION characterized and distinguished from relatives such as 

Zingiber (true ginger) by its spiralling stems and often 

called spiral gingers. It is widespread through tropical Pollination, a basic force for gene recombination 
and subtropical regions of Asia, Africa, and the Americas in flowering plants plays a key role in plant breeding 
(Specht & Stevenson 2006). There are 106 species of programmes. In angiosperms the pollination mechanism 
Costus and some important ones are: C. barbatus, is typically developed in three phases; release of pollen 
Costus spectabilis (floral emblem of Nigeria), Costus from anthers, transfer of pollen from anther to stigma 
speciosus (crape ginger) and numerous other species and finally successful placement of the pollen on the 
have been called Costus over the years, but are receptive stigma surface, followed by germination of 
now regarded as members of other genera e.g.     

pollen grains which begins the next phase of 
Alpinia, Amomum, Caulokaempferia, Chamaecostus, 

fertilization. Each of three phases shows great diversity 
Dimerocostus, Hellenia, Paracostus, Renealmia and 

(Faegri & Van der Pijl 1980, Bhattacharya & Mandal 
Tapeinochilos. The Crape Ginger (Costus speciosus) is 

2004). 
also a source of diosgenin, a compound used for the 

Costaceae is one of the most easily recognizable commercial production of various steroids, such as 

groups within the Zingiberales. Costus is a group of progesterone. In Trinidad and Tobago, a mix of Costus 

perennial herbaceous plants of the family Costaceae scaber juice and crushed Renealmia alpinia berries is 

described by Linnaeus (1753) as a genus.  Costus is often used to treat dogs bitten by snakes (Aweke 2007). 
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ABSTRACT

Keywords:  

Costus woodsonii is a perennial herb, belongs to the family Costaceae under the order Zingiberales. Inflorescence 

terminal, flowers emerge one at a time from bright red coloured bracts of inflorescence, flowers throughout the year. 

Anthesis occurs between 05:00–06:00 and the average life span of individual flower is 1 day. Anther dehiscence 

occurs between 03:00 and 03:30 through longitudinal slit. Flowers offer both nectar and pollen to visitors. Nectar 

secreted both in bract and flower. Pollen grains are polyporate and remains as viable still after 13 hours after anther 

dehiscence. Percentage of pollen viability is high at 07:00. High percentages of pollen grains are fertile (89.7 ± 0.8%) 

on the day of anthesis. In vitro pollen germination is found maximum in 1% of sucrose solution. Stigma becomes more 

receptive at 06:00 and stigma loss its receptivity after 15:00. Nectarinia asiatica, N. zeylonica are the main pollinators. 

Autogamy, geitonogamy and xenogamy were carried out, to check whether the species is self compatible or not. Fruit 

set on self pollinated flowers, revealed that C. woodsonii is self compatible.

Pollination biology, Costus woodsonii, Nectarinia asiatica, Nectarinia zeylonica.



Costus woodsonii Maas (Costaceae) is a herb, also stigma touch by insects, frequency of visit were 

commonly known as red button ginger. The bright recorded. Different breeding system such as open 

coloured inflorescence attracts birds and insects. Plants pollination, apomixis, autogamy, geitonogamy and 

are generally 12 m tall, thick, broad leaves are spirally xenogamy were tested in field. The percentage of seed 

arranged around the stem. Each stem produces a single germination is calculated by sowing seeds in soil.

inflorescence at its apex. Generally, one day one flower 
 RESULTS & DISCUSSIONis produced per inflorescence (rarely, two are produced). 

The present work is the first comprehensive study on the 
Plant—C. woodsonii is a perennial herb with simple 

pollination biology of C. woodsonii Maas. Floral 
leaves spiral ly arranged around the stem. 

phenology, pollination biology and breeding system 
Inflorescence is terminal, egg-shaped and cylindrical 

were studied in C. woodsonii grown under ex situ 
(Fig. 3A).

condition.

Phenology—C. woodsonii was found flowering 
MATERIALS & METHODS throughout the year at Botanical Garden, University of 

Calicut, Kerala. It produced single flower/inforescence 
The present study was carried out on C. woodsonii 

per day and rarely two, which is common in Costus  sp. 
plants grown in Calicut University Botanical Garden 

(Maas 1977, Kay & Schemske 2003). Flowers are less 
(CUBG), Kerala, India. Flowering phenology was 

closed; anthesis occurs between 05:00-06:00. Life span 
observed during March-September. Flower morphology 

of an individual flower is one day. Anthers dehisce 
was recorded in the field as well as in the laboratory with 

between 03:00-03:30  (Table 1).
the help of a stereomicroscope (Leica Germany). 

Floral biology—Flowers are tubular, orange to orange-Anthesis and anther dehiscence was observed in the field 
red in colour. Flowers emerge one at a time from shiny using hand lens. The nectar volume was determind using 
red, tightly overlapping floral bracts. The flowers almost micropipettes (10µl) and also measured the  
remained closed. There is a single anther/flower, stigma concentration of nectar using calibrated hand 
crescent-shaped with ciliated margins. Nectar secreted refractometer (Bausch & Lomb). Number of 
by both bract and flower. In the flowers, nectar secretion pollen/anther/flower and pollen-ovule ratio was 
was highest in the morning hours and at 06:00 it was determined by the method after Cruden (1977). Presence 
36±1.6µl. The concentration of sugars was maximum of starch, lipids and proteins in the pollen grains was 
(32±2.3%) at 14:00 (Fig. 1). tested by I KI, Sudan black and Coomassie brilliant blue 2

R respectively. Pollen viability was assessed by the The flowers of the ginger group are highly modified 
method after Hauser & Morrison (1964) using TTC (2, 3, as compared to those of the banana group, with number 
5-triphenyl tetrazolium chloride) solution. In vitro of fertile stamen is reduced to one (Zingiberaceae & 
pollen germination and pollen tube elongation was Costaceae) or one half (Marantaceae & Cannaceae). In 
observed in different solutions such as sucrose, Costaceae and basal Zingiberaceae, the petals are 
Brewbaker & Kweck’s (1963) medium, CaCO , KNO , 3 3 reduced and the existing five sterile stamens 
boric acid and MgSO . Presence of proteins on the 4 (androecium) developed petaloid structures, fusing in 
surface of stigma was tested by coomassie brilliant blue various ways to form a prominent “labellum” that 
R method after Heslsop-Harrison et al. (1974). Stigma dominates the floral display (Kirchoff 1988 a, b, Specht 
receptivity was tested by  the method after Mattsson et et al. 2001). According to them, the flowers of the 
al. (1974) using a solution of α-naphthyl acetate, 0.15 M Costaceae are generally large and showy with a large 
phosphate buffer, 10% sucrose and fast blue B. Esterase delicate labellum formed by the fusion of five sterile 
activity  appeared pinkish/reddish. staminodes which dominates the floral ensemble 

(Kirchoff 1988b). The labellum and the overall floral The number of floral visitors, visiting time, foraging 
structure attract insects and birds which are rewarded nature, foraging hour, time spent in each flower was 
with nectar produced by septal glands at the top of the recorded by direct observation, from 05:30 to 18:30 and 
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Table 1— “Floral characters of Costus woodsonii”

Sl. No. Floral Character Observation

1. Flowering period Year round

2. Flower type Zygomorphic, bisexual

3. Flower colour Red-orange

4. Odour Absent

5. Nectar amount 36 ± 1.6µl

6. Nectar concentration 32 ± 2.3%

7. Anthesis time 05:00 – 06:00 

8. Anther dehiscence time 03:00 – 03:30

9. Anther dehiscence mode Through longitudinal slit

10. No. of anther per flower 1

11. Mean no. of pollen grains/ flower 18905 ± 2013

12. Mean no. of ovules per flower 25.4 ± 0.5

13. Pollen-Ovule ratio 744:1

14. Pollen size 130 ± 3µm

15. Pollen shape Spherical

16. Pollen type Polyporate

17. Pollen fertility (%) 89.6 ± 1.1

18. Pollen viability (%) 68.1 ± 3.7

19. Stigma type Dry

20. Flower closing time After 17:00

21. Stigma receptivity (maximum) 06:00

22. Fruit type Capsule

Fig. 1— Nectar volume and concentration of C. woodsonii tested at regular time intervals.

nectar volume (µl)

nectar concentration (%)
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gynoecium (Schemske 1984). The pollinators are also observed that nectar secretion patterns in C. 

humming birds and bees of the genera Euglossa, guanaiensis and C. pulverulentus was more or less 

Exaerete, Eulaena, Euplusia and Chrysantheda in the similar and there was a decline in nectar volume in the 

Neotropics and Xylocopa (Indonesia), Lithurgus mid-morning but there was an increase just prior to 

(Indonesia) and Anthophora (India) in the Paleotropics noon.

(Maas 1972).
The ovary is inferior, trilocular with 8−10 ovules on 

Pollen grains are polyporate, with average diameter axile placenta in each locule. Stigma receptivity by 
of 130.15±3.1µm and the total pollen production/flower α-Naphthyl acetate test indicated maximum receptivity 
is 18905±2013. The pollen-ovule ratio is 744:1.  Starch, at 06:00 h. The receptivity gradually decreased and lost 
lipids and proteins were present in the pollen grains. At the receptivity after 15:00. 
12:00 there were 89.7±0.8% fertile pollen grains and it 

Pollination biology–Wind pollination was not observed 
does not show much more variation as time goes. Pollen 

in C. woodsonii. High amount of nectar constitute the viability was high in the morning hours but gradually 
primary floral reward for the visitors.  Flowers and decreased in the evening. At 07:00, 68.1±3.7% pollen 
inflorescence are bright red in colour which attracts large grains were viable (Figs. 2 & 3B). Sytsma & Pippen 
number of visitors. Nectarinia asiatica, N. zeylonica, (1985) recorded 85% and 97% pollen viability in C. 
Trigona iridipennis, Paratrichina longicornis, guanaiensis and Costus pulverulentus respectively. In 
Anoplolepis gracilipis, Componotus parius, vitro pollen germination in 1% sucrose solution showed 
Crematogaster sp., Ariadne merione, Phoebis sennae, maximum germination and longest pollen tubes 
Moduza procris, flies and spiders are visitors of C. (538.3µm) developed in 4 hours (Fig. 3C). Addition of 

salts of B, Ca, K, Mg failed to effect in vitro pollen woodsonii (Table 2). Among them, N. asiatica 

germination. (Fig. 3D), N. zeylonica (Fig. 3E), Trigona iridipennis 

(Fig. 3F), Crematogaster sp. (Fig. 3G), and Paratrichina Nectar secretion was highest in the morning and 
longicornis (Fig. 3H), are the main pollinators and the their quantity and concentration decreased gradually 
others are nectar robbers. Phoebis sennae (Fig. 3I), and was lowest in the evening. Sytsma & Pippen (1985) 

Fig. 2 — Pollen viability and fertility  of C. woodsonii tested at regular time intervals.

Pollen viability (%)

Pollen fertility (%)
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Table 2—  Floral visitors of C. woodsonii 

Sl. Name of Visiting Foraging Foraging Time spent Stigma Frequency
No. taxa with time nature hours  on each touch  of visit

 family  flower

1 Nectarinia Day Nectar 0600 – 1730 5– 8 Very High

zeylonica Seconds good

(Male)

Nectarinidae 

2. Nectarinia Day Nectar 0545 – 1730 3 – 5 Very High

zeylonica Seconds good

(Female) 

Nectarinidae

3. Nectarinia Day Nectar 0630 – 1630 3 – 5 Very High

asiatica Seconds good

(Male) 

Nectarinidae

4. Trigona Day Nectar 0700 – 1800 5 – 10 Good High

iridipennis Seconds

Apidae

5. Crematogaster Day Nectar 0730 – 1800 1 – 3  Good High 

 sp. Minutes

Formicidae

6. Paratrichina Day Nectar 0730 – 1800 1 – 3 Good High

longicornis Minutes

Formicidae

7. Anoplolepis Day Nectar 0800 – 1800 1 – 3 Poor Intermediate

gracilipis Minutes

Formicidae

8. Ariadne Day Nectar 0700 – 1800 3 – 5 Poor High

merione Seconds

Hespapriidae

9. Phoebis Day Nectar 1100 – 1500 3 – 5 Poor Low

sennae Seconds

Hespapriidae 

10. Moduza Day Nectar 1030 – 1530 3 – 5 Poor Low

procris Seconds

Hespapriidae

11. Fly Day Nectar 0930 – 1700 1 – 3 Poor Low

Minutes

12. Spider Day Insects 0800 – 1700 – Poor Low
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Fig. 3 — Costus woodsonii. A. Habit; B. Pollen viability – TTC test (V - Viable, NV - non-viable pollen grains); 
C. Germinating pollen with long tubes; D - H. Pollinators; D. Nectarinia asiatica; E. Nectarinia zeylonica; F. Trigona 
iridipennis; G. Crematogaster sp.; H. Paratrichina longicornis; I. Floral visitor Phoebis sennae; J. Vegetative 
propagation by bulbil formation; K. Seed germination.
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