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ABSTRACT

Garcinia gummi-gutta, commonly called as Malabar tamarind or Kudampuli, is endemic to Western Ghats in India. The plant is a 
good source of medicinally important phytochemicals. Restricted distribution, habitat destruction and over harvesting for 
medicinal uses leads to declining of G. gummi-gutta population. Reproductive biology studies such as flowering phenology, 
flower morphology, pollen viability, stigma receptivity and pollination mechanism were carried out to suggest conservation 
measures. Garcinia gummi-gutta is dioecious, and the flowering season for both, male and female plants, occurred in March-
April months. Anthesis of both male and female flowers and stigma receptivity were observed at evening hours. Small sized 
pollen grains were spherical in shape and bi, tetra or penta porate. About 4230 ± 602.7 pollen grains were produced per flower. On 
the day of anthesis high percentage of pollen grains were fertile. Stigma is wet type and broad umbrella-shaped. Wind pollination 
mechanism is confirmed.  Artificial pollination resulted high percentage of fruit set i.e. 96% than natural pollination. After 4 or 5 
days unfertilized flowers were falls down. If fertilization occurred, dried petals remained for long time with the fruit. Fruits and 
seeds mature after four months from the day of flowering.
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Pollination is an important event in sexual reproduction MATERIALS AND METHODS
and seed formation. There are two important pollination 

The present work was carried out on G. gummi-gutta 
systems, insect pollination and wind pollination in terrestrial 

grown in Calicut University Botanical Garden (CUBG), 
vascular plants. Wind pollination is primitive and insect 

Ariyalloor, Malappuram district, Chettipady Malappuram 
pollination evolved from it (Tamura and Kudo 2000, Xiao et 

district and Vaidyarangadi, Ramanattukara, Kozhikode district, 
al. 2009). 

Kerala, India. Phenology was registered throughout the year in 
Garcinia gummi-gutta belongs to the family Clusiaceae 

order to identify the flowering period. Flower morphology was 
with distribution in Asia, Australia, tropical and South Africa 

described in the field and also in the laboratory with the help of 
and Polynesia. Thirty one species of Garcinia are found in 

a stereomicroscope. Anthesis and anther dehiscence was 
India (Joseph et al. 2007). Garcinia gummi-gutta is a 

observed in the field using hand lens. Pollen production was 
medicinally important species and is endemic to Western 

calculated by the method described by Cruden (1977). Pollen 
Ghats. The edible fruits are valued for their dried rind which is 

grains were tested for the presence of starch, lipid and protein 
used in Kerala as an important spice for flavouring fish curries. 

using I KI, Sudan Black and Coomassie Brilliant Blue R, 2It is an essential souring ingredient in South Indian curries. In 
respectively. The number of pollen grains/ flower was 

Indian Ayurvedic medicine, sour flavours are said to activate 
calculated as suggested by Shivanna and Rangaswamy (1992). 

digestion. 
Pollen-Ovule ratio was calculated as suggested by Cruden 

The leaf extract of G. gummi-gutta shows anti-
(1977). Pollen fertility was assessed by acetocarmine-glycerine 

inflammatory, anti-bacterial, anti-fungal and anti-cancer 
staining technique. Pollen viability was assessed by using TTC 

properties (Dhanya and Benny 2013). The fruit extracts are 
(2, 3, 5-Triphenyl Tetrazolium Chloride). In vitro pollen 

used in different treatment such as astringent, demulcent, 
germination and pollen tube elongation were determined by the 

anti-rheumatism, bowel complaints and purgative 
method proposed by Shivanna and Rangaswamy (1992). 

(Florence et al. 2014). Restricted distribution, habitat 
Stigma surface proteins were visualised using Coomassie 

destruction and over harvesting for medicinal uses leads to 
Brilliant Blue R, the method followed by Heslop-Harrison et al. 

declining population of G. gummi-gutta. Proper knowledge 
1974, Sunnichan et al. 2004. The presence of starch and lipid in 

on reproductive biology is essential for the conservation of 
stigma surface were tested using I KI and Sudan Black 2this medicinal plant and also to increase the productivity. 
respectively. Stigma receptivity was determined by using α-

Conservation is lightened by only in-depth study and 
Naphthyl acetate solution. The details about floral visitors were 

understanding of plant and its environment, including 
recorded by direct observation, throughout the day. Different 

reproductive biology.
breeding systems such as natural pollination, apomixis and 

Garcinia gummi-gutta is dioecious, producing male and 
xenogamy were tested in field. The percentage of seed 

female flowers on separate plants, flowering during March-
germination was calculated by sowing seeds in soil.

April months.
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 RESULTS AND DISCUSSION Table 1– Floral characters of Garcinia gummi-gutta (L.) Rob.

Sl. Floral Character ObservationGarcinia gummi-gutta is dioecious plant producing male 
and female flowers on separate plants (Figs. 1A, B). George et No. Female flower Male flower
al. (1992) reported the androdioecious character of this plant, 1. Flowering period March–April March–April
that is coexistence of male and bisexual plants, but we could 2. Flower type Actinomorphic Actinomorphic
not find any bisexual individual. Joseph et al. (2014) supports 3. Flower colour Pale yellow Pale yellow with red 

at basethe dioecious character of G. gummi-gutta.  Flowering season 
4. Odour Present Presentof plants was March–April months. The ratio of male and 
5. Anthesis time 4.30 pm– 4.30 pm–

female plant in the studied localities was 1:1. Male flowers are 6.30 pm 6.30 pm
produced at terminal or axillary inflorescences as clusters of 6. Anther dehiscence - Before anthesis

time2–20 flowers; where as female flowers were produced at 
7. Anther dehiscence - Through longitudinal slit

terminal or axillary branches as solitary or cluster of 2–6 mode
flowers. Both male and female flower opens at evening hours 8. No. of anther per - 19.9 ± 0.7

flowerand last until 4.30–6.30 pm. 
9 Mean no. of ovules 5.4 ± 0.31 -Male flowers c. 1.7–2.3 cm long, yellow with red at base per flower

with, sessile, actinomorphic,   4 or 5 sepals,  two seriate. Petals 10. Pollen - Ovule ratio 783:1 -
4, pale yellow, c. 1 Χ 0.5 cm, unequal (Fig. 1C). Stamens (15- 11. Stigma type Wet  -

12. Stigma receptivity At 7.00 pm -25) are straight, grey coloured, attached to a pistillode with a 
maximum at

non functional stigma. . 
13. Pollen size - 24.6 ± 0.27µm

Female flowers are actinomorphic, sessile  c. 2 Χ c. 2 cm,. 14. Pollen shape - Spherical 
sepals 4 or 5, pale green or pale yellow. Petals 4 or 5, pale 15. Pollen type - Bi,tetra or pentaporate
yellow, 1–1.5 Χ 1–1.5 cm (Fig. 1C). Staminodes (6–20) are 16. Pollen viability (%) - 23.6 ± 6.4
found at the grooves of ovary, stigma broad and wet, ovary 17. Pollen fertility (%) - 94.1 ± 0.66

18. Flower-fruit ratio 5:1 -globose, 8-locular, single ovule in each locule and  
19. Ovule-seed ratio 1:1 -placentation axile.
20. Fruit type Berry -Staminate flowers produce small sized pollen grains and 
21. Flower longeivity 18 hours 18 hours

dehisce through a longitudinal slit of the anther (Fig. 1D). 
Pollen grains of G. gummi-gutta were 24.6 ± 0.27 µm in Pollination biology—The possibility of wind pollination 

was checked by hanging of vaseline coated glass slides on the diameter. An average of 4230±603 pollen grains was produced 
branches of female plant. These slides were analyzed through per flower. Pollen grains are spherical in shape and porate, 
microscope. Presence of pollen grains revealed the chance of exine surface is reticulate (Figs. 1J, K, L). Alexander et al. 
wind pollination (Fig. 1Q). These pollen grains analyzed by (2011) and George et al. (1992) also support these 
comparing pollen grains artificially deposited on vaseline morphological characters of pollen grains.  Bi, tetra and penta 
coated micro slide. Any other pollinators or flower visitors porate pollen grains were observed (Figs. 1G, H, I). The 
were not observed during continues plant observation, even in pollen-ovule ratio was 783:1. Both protein and lipid were 
late night hours. According to Whitehead (1969), wind present in the pollen grains. Presence of starch was not 
pollinating plants possess large number of small sized pollen 

identified (Figs. M, N, O). Pollen viability was high at evening 
grains (between 20–40 µm in diameter), Both stigma and 

hours and 23.6±6.4 % pollen grains were viable at 7.00 pm, 
anthers were exposed, Large receptive surface of stigma and 

after 13 hours most of the pollen grains lost its viability ((Figs. 
pollen grains were dispersed at the right time in the year that is 

1E, 2).The fertility of pollen grains was of 94.1±0.66 % on the dry season. Garcinia gummi-gutta possesses all the characters 
day of anthesis at 5.00 pm, and then fertility slightly decreases mentioned above. Orwa et al. (2009) also suggests wind 
(Figs. 1F, 2). In vitro pollen germination (Fig. 1P) was pollination in G. gummi-gutta. 
observed in different concentrations of Sucrose, Boric acid, There was no apomixis, as none of the emasculated and 
KNO , MgSO and CaNO solutions. But the percentage of 3 4  3 bagged flowers set fruit. Only 20% of open pollinated flowers 
pollen germination was very low. No pollen germination was set fruit. Artificially hand pollinated flowers shows high 
found in Brewbaker & Kwack’s medium. percentage of fruit set that was 96%. Unfertilized flowers fall 

Pistillate flowers possess an umbrella-shaped stigma with after 4 or 5 days. If fertilization occurred, dried petals 
sticky surface. Maximum stigma receptivity was found at 7.00 remained for long time with the fruit. Fruits and seeds mature 
pm. Biochemical analysis of stigma revealed the presence of after four months from the day of flowering (Fig. 1U). Seeds 
protein, starch and lipid (Table 1; Figs. 1R, S,T). are arillated (Fig. 1V). According to Jansen (1992), G. gummi-
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Fig. 1- Garcinia gummi-gutta.  A. Female plant; B. Male plant; C. Male and female flowers; D. Anthers with pollen grains; E. Pollen viability (V – Viable, 
NV- Non viable); F. Pollen fertility (F- Fertile, NF- Non fertile); G-I. Pollen grains; G. Biporate; H.Tetraporate; I. Pentaporate; J-L SEM analysis; J. 
Single pollen grain; K. Pore; L. Surface; M-O Biochemical Analysis of pollen grains; M. Test for protein; N. Test for Starch; O. Test for lipid; P. Pollen 
germination in Boric acid solution; Q. Pollen grains trapped by wind; R-T; Biochemical analysis of stigma; R. Test for protein; S. Test for starch; T. Test 
for lipid; U. Mature fruit; V. Fresh seed; W. Seedlings. 
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George ST, Baby Latha AK, Lyla Mathew K, and Geetha CK. gutta germinated through seed, which is represented by 
1992. Pattern of flowering and flower development in hypocotyls enclosing a linear embryo devoid of cotyledons. 
Kodampuli (Garcinia cambogia Desr). Indian Cocoa, The seeds show dormancy, fresh seeds are collected and 
Arecanut & Spices  J. 16 68-70.sowed in soil to estimate the dormancy. After 7 months of 

dormancy the mechanically scarified seeds get started Jansen PCM 1992. Garcinia L. Edible fruits and nuts 
germination, almost 70% seeds germinated after this period of In: Verheij EWM and Coronel RE (eds.) Plant Resources 
dormancy (Fig. 1W). Anilkumar et al. (2002) also reported the of Southeast Asia. Prosea Foundation, Bogor, Indonesia 
same result. Mathew and George (1995) reported that G. Pp. 176.
gummi-gutta seeds germination takes more than one year, 

Joseph A, Satheeshan KN and Jomy TG 2007. Seed when it sowed soon after harvesting. Joseph et al. (2014) 
germination studies in Garcinia spp. J. Spices Aromatic developed a highly reliable SCAR marker- CAM 566 for 
Crops 16(2) 118-121.identification of sex in seedling and juvenile stage before 

flowering, as it took 10-12 years to initiate their first Joseph KS, Murthy HN and Ravishankar KV 2014. 
flowering. Development of SCAR marker for sex identification in 

In this study we found that Garcinia gummi-gutta is a dioecious Garcinia gummi-gutta. Trees 28 1645-1651.
wind pollinated plant. The highest percentage of fruit set 

Mathew KL and George ST 1995. Dormancy and storage of observed in hand cross pollination than natural pollination. No 
seeds in Garcinia cambogia Desr. (Kodampuli) J. Trop. pollinators were observed. The seeds of G. gummi-gutta 
Agric. 33 77-79.showed seed dormancy of one year. 
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Fig. 2 - Pollen viability and fertility of G. gummi-gutta tested at regular time intervals.
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