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ABSTRACT

Panax wangianus (Syn. Panax pseudoginseng) S. C. Sun (Araliaceae) is a critically endangered, 

medicinal plant of north-east India. Present investigation was undertaken to obtain information on 

the phenology, pollination and breeding behavior of Panax wangianus S. C. Sun growing in 

Nongkrem sacred forest. This will be useful in developing recommendations for the conservation of 

this intensively collected medicinal herb. Number of pollen grains/ flower, pollen: ovule ratio, pollen 

germination, pollen tube growth, stigma receptivity, pollinators, breeding system and fruit/seed 

dispersal mechanism in P. wangianus have been investigated. Flowers are small, hermaphrodite, 

odor-less with one to five styles. The total number of pollen grains in one flower of P. wangianus 

ranges from 2000 to 2500, out of which 43 percent pollen grains are viable and 57 percent are non-

viable. The large cluster of pollen grains with viscin threads in P. wangianus is the first report in the 

family Araliaceae. Pollen grains are tricellular, tricolpate with reticulate sculpturing.  P. wangianus 

exhibited reverse herkogamy which enhances the chances of cross-pollination by the bees and flies 

belonging to family Halictidae and Syrphidae respectively. 
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INTRODUCTION regions especially in the Law Lyngdoh, Smit sacred 

grove in Nongkrem (east khasi hills district), Law 

The Araliaceae family consists of approximately 50 Lyngdoh (Mawphlang) and Shillong peak in Shillong, 

genera and 1,500 species which include a number of Meghalaya.  

important medicinal and ornamental plants (Pandey et A considerable amount of work has been carried out 

al. 2007).  The genus Panax L. (Araliaceae) consists of particularly on the morphology, pollen ultrastructure, 
19 species worldwide, out of which two species grow in ecological relationships and reproductive biology of P. 
eastern North America and the other species in eastern ginseng, P. quinquefolius and P. trifolius (Carpenter & 
central Asia (Pandey & Ali 2012). P. wangianus (syn. P. Cottam 1982, Koren et al. 1998, Lewis & Zenger 1983, 
pseudoginseng Wall.) is a perennial, critically Mooney & McGraw 2007, Philbrick 1983, Schlessman 
endangered (Pushpangadan & Nair 2005) herb native to 1985, 1987, 1990, Small & Catling 1999, Wen & 
sub-tropical wet forests of North-East Himalayan Nowicke 1999).  Dwarf ginseng (P. trifolius) is the only 
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known gender chooser in the genus Panax (Schlessman RESULTS & DISCUSSION

1984, Hara 1970). Both gender phases have viable 
Panax wangianus grows in a colony of a few plants pollen capable of effective fertilization (Philbrick 1983, 

under shady forest floor with rich leaf litter in Nongkrem Schlessman 1987, 1990).  A perusal of literature shows 
sacred grove The soil of the Nongkrem sacred grove is that the reproductive biology of P. wangianus has not 
loamy, reddish brown in color, lateritic in origin and received proper attention. Therefore, the present study 
acidic (pH 4.5 - 4.62). The soil type is oxisols where aims to investigate the phenology, pollination 
moisture content is 30-40% even during the dry season. mechanism and breeding behavior of P. wangianus, an 
The height of aerial shoot ranges from 30 cm to 112 cm important endangered medicinal plant growing in 
depending upon the age of the plant (Venugopal and Meghalaya.
Ahuja 2011). The umbel inflorescence of P. wangianus 

MATERIAL & METHODS consists of 13–75 flower buds which appear from late 

April to May. Anthesis occurred in the month of June. 
The samples of P. wangianus were collected from The timing of anthesis was between 0730-1600 h. 

Law Lyngdoh, Smit Sacred Grove in Nongkrem (East Flowers are small, bisexual, odorless, protandrous with 
Khasi Hills) 25o 31' N and 91o 52' E at an altitude of five (or rarely four) calyx teeth, five petals, five stamens 
1,833 m AMSL in Shillong, Meghalaya (Venugopal & and an inferior ovary with 1-5 styles.  The color of flower 
Ahuja 2011). For estimating the average number of of P. wangianus also varies depending upon the intensity 
pollen grains produced/flower, mature but undehisced of sunlight. Plants growing in bright sunlight had pinkish 
anthers from 25 flowers were squashed in two or three flowers (Fig. 1B); while those growing in shade had 
drops of 25% glycerol (v/v) + 1 drop of 1% acetocarmine greenish flowers (Fig. 1A). Larger plants (five-pronged 
(Tandon et al. 2003). and six-pronged) have two to three axillary 

To study the pollen germination in vitro, pollen inflorescences in addition to the terminal inflorescence.  
grains collected from the fresh flowers were incubated in The numbers of axillary inflorescences are five to eight. 
modified Brewbaker & Kwack's medium (Dashek The terminal inflorescence matures first followed by 
2000). Stigma receptivity was measured by the method axillary inflorescence.
suggested by Dafni (1998). Within inflorescences,  f lowers matured 

Insect visitors on the umbels were observed during centripetally over a period of one to three weeks.  As 
the day from 0600-1800 h. over a one-week period in buds opened, the petals reflexed filaments of the stamens 
four flowering seasons (2007–2010). Pollination ceased elongation and the anthers dehisced.  At about the 
efficiency of different pollinators was checked by same time, the styles reached maximum length and their 

oobserving the pollen loads on different body parts under stigmatic tips recurved at 180 .  After the stigma 
a microscope, according to the procedure given by matured, the stamens and later the petals abscised.  The 
Kearns and Inouye (1993). The customary method for entire sequence was completed in two or three days.
scanning electron microscope (SEM) was used (Cruden Gynoecium consisted of 1-5 carpels which can be 
& Jensen 1979). readily observed by counting the number of fruit lobes 

Pollinators were identified only up to the family (Fig. 1J).  Each carpel has single pendulous, anatropous 
level. Breeding experiments such as autogamy, and unitegmic ovule. The stigma was dry with 
geitonogamy, xenogamy and agamospermy were tested unicellular papillate outgrowths (Fig. 1H).  The length 
using controlled pollination studies.  In order to observe of stigma is 2 ± 0.8 mm. The number of stigmatic lobes 
the rate of natural fruit-set, one hundred flowers in ranged from one to five, and always corresponded to the 
different inflorescence on different plants were tagged in number of carpels in each gynoecium e.g. flowers with 
situ and were followed until fruit development (Mooney penta- and tetra-stigmatic conditions had five and four 
& McGraw 2007).  carpels, respectively. The flowers had nectariferous 
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Fig. 1. A- An inflorescence with young and mature flowers. B- Plants with pink colour inflorescence. C- Pollen 
germination. Inset: Callose plugs in the pollen tube (under UV light). D-SEM photograph of pollen  held together by 
viscin threads (VT). Note the deposition of Pollenkitt (PK) on young pollen grains. E-Longitudinal section of a 
bicelled pollen grain. Columella  elongated and endexine is thick with costa endocolpi (arrow). F- A fly pollinating 
umbel. (Bar = 3.6 cm). G- SEM photograph of bee with clumped and individual pollen (arrows). H- SEM photograph 
of stigma with unicellular papillae. I- L.S. of ovary showing nectar secreting zone (NSZ) in the epigynous disc.  J- 
Young green fruits. K- Plants with mature fruits. L- Mature fruits, (Bars 1A: 3 cm, 1B: 2 cm, 1C: 100 µm, inset: 50 µm 
1D: 10µm, 1I: 4 cm, 1J: 1 cm, 1K: 11.40 cm; inset: 5.5 cm and 1L: 10 cm).
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Carpenter SG & Cottam G 1982 Growth and 1985). But in P. wangianus the percentage of fruit set 
reproduction of  American ginseng (Panax through autogamy, geitonogamy and xenogamy was 
quinquefolius) in Wisconsin, U.S.A. Can. J. Bot. 60 49%, 36% and 40% respectively. 
2692-2696.The fruits are berries.  Young fruits were green in 

color, which appeared during July-August. As fruits 
Catling PM & Spicer KW 1995 Pollen vectors in an matured in the month of September to October, they 
American ginseng (Panax quinquefolius) crop. Econ. became bright red on the bottom and black on the top (Fig. 
Bot. 49 99-102.1K) as similar in P. japonicus, P. vietnamensis, P. 

stipuleanatus and P. assamicus whereas, in other species 
Chen Z, Huang T, Sun Y, Cui X, Zhou S & Wei M 2010 of Panax, mature fruits are red in color except yellow 
Characteristics of frutification and seed ripening of color fruits in P. trifolius (Wen 2001, Basnet & Dey 2008, 
Panax stipuleanatus.  J. Chinese Materia Medica 35(6) Shu 2007, Chen et al. 2010).  The color of pedicels also 
673-675.changed from green to crimson red.  The average number 

of fruits produced by P. wangianus was 1–30 per 
Cruden RW & Jensen KG 1979 Viscin threads, inflorescence. P. wangianus typically has low fruit-to 
pollination efficiency and low pollen-ovule ratios.  Am. flower ratio, so few fruits matured per plant (Venugopal & 
J. Bot. 66(8) 875-879.

Ahuja 2011).  These fruits can have 1–4 seeds or less 

frequently 5 seeds. The percentage of one-seeded fruits 
Cruden RW 2000 Pollen grains: why so many? Plant was 26%; two-seeded fruits 31%, three-seeded fruits 
Syst Evol 222 143-165.

22%, four-seeded fruits 12% and five-seeded fruits were 

9%. But the ability to produce flowers that mature into 
Duke JA 1980a Pollinators of Panax? Castanea 45 141.fruits increased with the age of the plant (Venugopal & 

Ahuja 2011). 
Duke JA 1980b Preliminary studies on a Maryland 

Fruits of P. wangianus were either eaten by birds 
ginseng population. In: Proceedings of the 3rd 

(Fig. 1L) or abscise staying near the parent plant because 
international Ginseng symposium, Korea Ginseng 

after senescence, aerial stems bent naturally (i.e. gravity 
research institute, Seoul. Pp. 1-253.

seed dispersal) in the month of October or November.  

Seedlings were found to be clustered within a meter or 
Dafni A 1998 Pollination ecology: a practical approach. 

less of the parent plant and fruits dispersed less than 50 
Oxford University Press, Oxford, Pp. 1-250.

cm or < 1 m from the parent plant.   
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epigynous disc and, usually, confluent with stylar base Transmission electron microscopy study shows that 

(Fig. 1I).  Anther dehiscence started one hour after pollen grains of P. wangianus are tricolpate with 
anthesis that is 0830h. The receptivity of stigma started reticulate sculpturing.  The exine of pollen grain is with 
from 1130h of the day (after 3h of anther dehiscence). short columellae and thick foot layers (Fig. 1E).  
This indicates slightly protandrous type of dichogamy in Longitudinal section of pollen grain shows long polar 
P. wangianus. The nectar secretion begins an hour before columellae and the endexine was thick above and below 
anthesis and continues even after anthesis for 4h. The the endoaperture, forming costa endocolpi (Fig. 1F). In 
fully open flower holds 2.5-3µl ± 0.52 of nectar. P. wangianus the pollen: ovule ratio 1895: 3. While 

In vitro pollen germination study revealed that species with aggregated pollen or viscin threads tend to 
pollen germination commenced 12 hours and maximum have much low pollen: ovule ratios (166:1) indicating 
germination was recorded about 17 hours after that individual grains of species with aggregated pollen 
incubation. In modified Brewbaker and Kwack's (1963) have a comparatively high chance of contributing to the 
medium there was 43% germination with 113.2± 3.27 next generation of sporophytes (Cruden 2000, Erbar & 
µm long tubes.  Callose plugs were observed in the 

Langlotz 2005, Harder & Johnson 2008). 
pollen tubes and tips of the pollen tubes were slightly 

P. wangianus exhibits reverse herkogamy which 
swollen (Fig. 1C). 

enhances the chances of cross-pollination by the insects 
In P. wangianus, long viscin threads (range 150-600 

belonging to the order Diptera.  Small gap between the 
µm) hold numbers of pollen grains together in relatively 

stigma and anther provides passage of insects (mainly 
large clumps (Fig. 1D).  The distribution of the threads is 

bees and flies belonging to family Halictidae and 
uneven, i.e., some grains have many and others have few 

Syrphidae respectively) for pollination in P. wangianus 
threads. Wen and Nowicke (1999) examined pollen 

as similar in P. quinquefolius and P. trifolius (Catling & 
grains of P. wangianus by light microscopy, scanning 

Spicer 1995, Duke 1980a, b, Lewis & Zenger 1983, and transmission electron microscopy but they have not 
Philbrick 1983, Schlessman 1990).noticed the presence of viscin threads. Pollen grains with 

Pollinators were active during day time (0730-adhering viscin threads occur in only two families e.g. 
1600h) and in fine weather they actively visited and Onagraceae and Ericaceae, (Skvarla et al. 1978, Cruden 
spend 35–50 seconds and 5-58 seconds respectively per & Jensen 1979, Hermann & Palser 2000, Harder & 
flower. However, during the rainy season insect activities Johnson 2008). The sticky nature of pollen grains of P. 
on a rainy day were less than on a sunny day. Both wangianus may due to the presence of pollenkitt which 
pollinators were pollen carriers and their frequent inter made them adhere strongly to each other and the body of 
plant movement facilitated cross-pollination. pollen vectors; therefore, the most likely agents of pollen 
Observations of different body parts indicate that bees of grain transfer were insects. Pollenkitt is found more or 
family Halictidae had higher amounts of pollen grains on less in all the angiosperms. Jebb (1998) reported that 

the scopal hairs of the legs, mouth parts and on the ventral pollen grains of Trevesia valida (Araliaceae) form 

regular ellipsoidal aggregation of 60 pollen grains which abdomen as compared to Syrphidae flies (Fig. 1G). 

are held together by pollenkitt. However, in P. P. wangianus is incapable of agamospermous 
wangianus both the types of adhesive clumped the reproduction as indicated by the zero fruit production of 
pollen grains into a mass like “massulae”. They play an plants. However, agamospermy is common among the 
important role in pollination as they help the pollen to Araliaceae e.g. Acanthopanax sessiliflorum, Aralia 
adhere on the body of the insect and transfer the large mandshurica, Eleutherococcus senticosus and P. ginseng 
number of pollen grains at a time e.g. pollinia in (Zhuravlev et al. 2008, Hohlov 1978, Petrov 1976). Self-
Asclepiadaceae and Orchidaceae (Cruden & Jensen pollinated flowers produce the same proportion of fruits 
1979). Similar observation has also been reported in as outcrossed (cross-fertilized) flowers in P. 
members of family Onagraceae (Hesse 1978). quinquefolium (Carpenter & Cottam 1982, Schlessman 
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1600h) and in fine weather they actively visited and Onagraceae and Ericaceae, (Skvarla et al. 1978, Cruden 
spend 35–50 seconds and 5-58 seconds respectively per & Jensen 1979, Hermann & Palser 2000, Harder & 
flower. However, during the rainy season insect activities Johnson 2008). The sticky nature of pollen grains of P. 
on a rainy day were less than on a sunny day. Both wangianus may due to the presence of pollenkitt which 
pollinators were pollen carriers and their frequent inter made them adhere strongly to each other and the body of 
plant movement facilitated cross-pollination. pollen vectors; therefore, the most likely agents of pollen 
Observations of different body parts indicate that bees of grain transfer were insects. Pollenkitt is found more or 
family Halictidae had higher amounts of pollen grains on less in all the angiosperms. Jebb (1998) reported that 

the scopal hairs of the legs, mouth parts and on the ventral pollen grains of Trevesia valida (Araliaceae) form 

regular ellipsoidal aggregation of 60 pollen grains which abdomen as compared to Syrphidae flies (Fig. 1G). 

are held together by pollenkitt. However, in P. P. wangianus is incapable of agamospermous 
wangianus both the types of adhesive clumped the reproduction as indicated by the zero fruit production of 
pollen grains into a mass like “massulae”. They play an plants. However, agamospermy is common among the 
important role in pollination as they help the pollen to Araliaceae e.g. Acanthopanax sessiliflorum, Aralia 
adhere on the body of the insect and transfer the large mandshurica, Eleutherococcus senticosus and P. ginseng 
number of pollen grains at a time e.g. pollinia in (Zhuravlev et al. 2008, Hohlov 1978, Petrov 1976). Self-
Asclepiadaceae and Orchidaceae (Cruden & Jensen pollinated flowers produce the same proportion of fruits 
1979). Similar observation has also been reported in as outcrossed (cross-fertilized) flowers in P. 
members of family Onagraceae (Hesse 1978). quinquefolium (Carpenter & Cottam 1982, Schlessman 

126 July, 6 (2)The International Journal of Plant Reproductive Biology 6(2) pp.122-128, 20142014 125Reproductive biology of Panax wangianus S. C. Sun (Araliaceae)



Petrov DF 1976 Genetically regulating apomixis as a Hermann PM & Palser BF 2000 Stamen development in 
method of fixing heterosis and its significance in the Ericaceae. I. Anther wall, microsporogenesis, 
breeding. In: SS Khokhlov (eds.) Apomixis and Breeding. inversion and appendages.  Am. J. Bot. 87 934-957.
Amerind Publishing Co. Pvt. Ltd.  New Delhi 18-28.  

Hesse M 1978 Entwicklungsgeschichte und Ultrastruktur 

von pollenkitt und Exine bei nahe verwandten Philbrick CT 1983 Contributions to the reproductive 

entomophilen und anemophilen Angiospermensippen: biology of Panax trifolium L. (Araliaceae). Rhodora 84 

97-114.Ranunculaceae, Hamamelidaceae, Platanaceae und 

Fagaceae.  Plant Systematics and Evolution 130 13-42.

Pushpangadan P & Nair KN 2005 Medicinal plant 
Hohlov SS 1978 The revelation of apomixis in the flora wealth of Meghalaya: its conservation, sustainable use 
of flowering plants of USSR. Saratov: Nauka 1-21. and IPR issues. In: Tondon P, Sharma M & Swarup R 

(eds.), Biodiversity status and prospects. Narosa 

Publishing House, New Delhi, Pp. 16-23.Jebb MHP 1998 A revision of the genus Trevesia 

(Araliaceae).  Glasra 3 85-113.

Schlessman MA 1984 Gender diphasy in dwarf ginseng. 
Kearns CA & Inouye DW 1993 Techniques for Am. J. Bot. 71 66.
pollination biologist. University Press of Colorado, 

Niwot, Colorado, USA 1-583. Schlessman MA 1985 Floral biology of American 

ginseng (Panax quinquefolium). Bulletin of the Torrey 
Koren OG, Krylach T Yu, Zaytseva Yu A & Zhuravlev Botanical Club 112 129-133.
Yu N 1998 Floral biology and embryology of Panax 

ginseng C. A. Meyer. In: Ginseng in Europe: 
Schlessman MA 1987 Gender modification in North 

Proceedings of the 1st European Ginseng congress, American ginsengs: dichotomous choice versus 
Marburg 221-231. adjustment. Bioscience 37 469-475.

Lewis WH & Zenger VE 1983 Breeding systems and 
Schlessman MA 1990 Phenotypic gender in sex 

fecundity in the American ginseng, Panax 
changing dwarf ginseng, Panax trifolium (Araliaceae). 

quinquefolium (Araliaceae).  Am. J. Bot. 70 466-468.
Am. J. Bot. 77 1125-1131.

Mooney EH & McGraw JB 2007 Effects of self-
Shu RS 2007 Flora of China 13 435-491.

pollination and outcrossing with cultivated plants in 

small natural populations of American ginseng, Panax 
Skvarla JJ, Raven PH, Chissoe WS & Sharp 1978 An quinquefolius (Araliaceae). Am. J. Bot. 94(10) 1677-
ultrastructural study of viscin threads in Onagraceae 1687.
pollen.  Pollen et Spores 20 5–143.

Pandey AK, Ali MA & Mao AA 2007 Genus Panax L. 
Small E & Catling PM 1999 Canadian Medicinal Crops. (Araliaceae) in India. Pleione 1(2) 46-54.
National Research Council of Canada 108-116.

Pandey AK & Ali MA 2012 Intraspecific variation in 

Panax assamicus Ban. Populations based on internal Tandon R, Shivanna KR & Mohan Ram HY 2003 
transcribed spacer (ITS) sequences of nrDNA. Indian J.  Reproductive biology of Butea monosperma 

Biotech. 11 30-38. (Fabaceae).  Ann. Bot. 92 (5) 715-723.

Venugopal N & Ahuja P 2011 Relationship between Wen J & Nowicke JW 1999 Pollen ultrastructure of 

age, size, fecundity and climatic  factors in Panax Panax (the ginseng genus, Araliaceae), an eastern Asian 

wangianus an endangered medicinal plant in the sacred and eastern North American disjunct genus.  Am. J. Bot. 

grove forest of North-East India. J. Forestry Res. 22 (3) 86 1624-1636.

427-435. 

Zhuravlev YN, Koren OG, Reunova GD, Muzarok TI, 

Wen J 2001 Species diversity, nomenclature, phylogeny, Gorpenchenko TY, Kats IL & Khrolenko YA 2008   

biogeography, and classification of the Ginseng genus Panax  ginseng  natural populations: their past,  current  

(Panax L., Araliaceae) in: Punja ZK., ed. Utilization of state  and  perspectives.  Acta Pharmacologica  Sinica 

biotechnological, genetic and cultural approaches for 29 1127-1136.

North American and Asian ginseng improvement. Proc 

Int Ginseng Workshop, Simon Fraser University Press, 

Vancouver, Pp. 67-88.

128 July, 6 (2)The International Journal of Plant Reproductive Biology 6(2) pp.122-128, 20142014 127Reproductive biology of Panax wangianus S. C. Sun (Araliaceae)



Petrov DF 1976 Genetically regulating apomixis as a Hermann PM & Palser BF 2000 Stamen development in 
method of fixing heterosis and its significance in the Ericaceae. I. Anther wall, microsporogenesis, 
breeding. In: SS Khokhlov (eds.) Apomixis and Breeding. inversion and appendages.  Am. J. Bot. 87 934-957.
Amerind Publishing Co. Pvt. Ltd.  New Delhi 18-28.  

Hesse M 1978 Entwicklungsgeschichte und Ultrastruktur 

von pollenkitt und Exine bei nahe verwandten Philbrick CT 1983 Contributions to the reproductive 

entomophilen und anemophilen Angiospermensippen: biology of Panax trifolium L. (Araliaceae). Rhodora 84 

97-114.Ranunculaceae, Hamamelidaceae, Platanaceae und 

Fagaceae.  Plant Systematics and Evolution 130 13-42.

Pushpangadan P & Nair KN 2005 Medicinal plant 
Hohlov SS 1978 The revelation of apomixis in the flora wealth of Meghalaya: its conservation, sustainable use 
of flowering plants of USSR. Saratov: Nauka 1-21. and IPR issues. In: Tondon P, Sharma M & Swarup R 

(eds.), Biodiversity status and prospects. Narosa 

Publishing House, New Delhi, Pp. 16-23.Jebb MHP 1998 A revision of the genus Trevesia 

(Araliaceae).  Glasra 3 85-113.

Schlessman MA 1984 Gender diphasy in dwarf ginseng. 
Kearns CA & Inouye DW 1993 Techniques for Am. J. Bot. 71 66.
pollination biologist. University Press of Colorado, 

Niwot, Colorado, USA 1-583. Schlessman MA 1985 Floral biology of American 

ginseng (Panax quinquefolium). Bulletin of the Torrey 
Koren OG, Krylach T Yu, Zaytseva Yu A & Zhuravlev Botanical Club 112 129-133.
Yu N 1998 Floral biology and embryology of Panax 

ginseng C. A. Meyer. In: Ginseng in Europe: 
Schlessman MA 1987 Gender modification in North 

Proceedings of the 1st European Ginseng congress, American ginsengs: dichotomous choice versus 
Marburg 221-231. adjustment. Bioscience 37 469-475.

Lewis WH & Zenger VE 1983 Breeding systems and 
Schlessman MA 1990 Phenotypic gender in sex 

fecundity in the American ginseng, Panax 
changing dwarf ginseng, Panax trifolium (Araliaceae). 

quinquefolium (Araliaceae).  Am. J. Bot. 70 466-468.
Am. J. Bot. 77 1125-1131.

Mooney EH & McGraw JB 2007 Effects of self-
Shu RS 2007 Flora of China 13 435-491.

pollination and outcrossing with cultivated plants in 

small natural populations of American ginseng, Panax 
Skvarla JJ, Raven PH, Chissoe WS & Sharp 1978 An quinquefolius (Araliaceae). Am. J. Bot. 94(10) 1677-
ultrastructural study of viscin threads in Onagraceae 1687.
pollen.  Pollen et Spores 20 5–143.

Pandey AK, Ali MA & Mao AA 2007 Genus Panax L. 
Small E & Catling PM 1999 Canadian Medicinal Crops. (Araliaceae) in India. Pleione 1(2) 46-54.
National Research Council of Canada 108-116.

Pandey AK & Ali MA 2012 Intraspecific variation in 

Panax assamicus Ban. Populations based on internal Tandon R, Shivanna KR & Mohan Ram HY 2003 
transcribed spacer (ITS) sequences of nrDNA. Indian J.  Reproductive biology of Butea monosperma 

Biotech. 11 30-38. (Fabaceae).  Ann. Bot. 92 (5) 715-723.

Venugopal N & Ahuja P 2011 Relationship between Wen J & Nowicke JW 1999 Pollen ultrastructure of 

age, size, fecundity and climatic  factors in Panax Panax (the ginseng genus, Araliaceae), an eastern Asian 

wangianus an endangered medicinal plant in the sacred and eastern North American disjunct genus.  Am. J. Bot. 

grove forest of North-East India. J. Forestry Res. 22 (3) 86 1624-1636.

427-435. 

Zhuravlev YN, Koren OG, Reunova GD, Muzarok TI, 

Wen J 2001 Species diversity, nomenclature, phylogeny, Gorpenchenko TY, Kats IL & Khrolenko YA 2008   

biogeography, and classification of the Ginseng genus Panax  ginseng  natural populations: their past,  current  

(Panax L., Araliaceae) in: Punja ZK., ed. Utilization of state  and  perspectives.  Acta Pharmacologica  Sinica 

biotechnological, genetic and cultural approaches for 29 1127-1136.

North American and Asian ginseng improvement. Proc 

Int Ginseng Workshop, Simon Fraser University Press, 

Vancouver, Pp. 67-88.

128 July, 6 (2)The International Journal of Plant Reproductive Biology 6(2) pp.122-128, 20142014 127Reproductive biology of Panax wangianus S. C. Sun (Araliaceae)


	Page 1
	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7

