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Natural populations of Valeriana wallichii, a threatened medicinal plant of Himalayan region, comprise individuals showing 
three types of sex expression: female, hermaphrodite and gynomonoecious. The paper compares, pollination efficiency of 
female and hermaphrodites flowers.  Apis dorsata and Apis cerana are the major pollinators of both kinds of flowers. The time 
of stigma receptivity of the two kinds of flowers varies; the stigma remains receptive for longer duration in female flowers. The 
pollen load on stigma of open pollinated hermaphrodite flowers is higher compared to stigmas of female flowers. Yet, female 
flowers outperform their hermaphrodite counterparts in reproductive output.
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Pollination biology provides insight into, the relationship (iii) Plants bearing female as well as hermaphrodite flowers - 
between plants and their pollinators, foraging strategies of Gynomonoecious plants (GM)

The paper highlights the relationship between flower pollinators, community structure, reproductive strategy and 
size, pollinator visitation and reproductive output.co-adaptation of plants and pollinators (Baker and Baker 

1983, Pyke 1991, Grant and Grant 1965, Parrish and Bazzaz 
MATERIAL AND METHODS

1982, Schaffer et al. 1983). Plants have co-evolved with their 
pollinators. Major ecological changes decouple this relation- In present study hermaphrodite (H) and female (F) plants 
ship. Population size and plant density impact visitation of were compared for floral morphology, floral biology, stigma 
pollinators to flowers. In general small populations are less receptivity, pollination, pollen load, reproductive output, and 
attractive to pollinators. The reproductive ouput of such reproductive efficiency. All studies were undertaken in situ as 
populations is low. Insect pollinated plants use strategies that well as ex situ.

Morphometric data concerning length and width of boost pollen transfer. One such strategy is floral display to 
corolla (both female and hermaphrodite), stigma size, size of attract more pollinators. Several studies have reported positive 
ovary and length of the stamen were collected from plants of relationship between floral display and pollinator visitation 
the two sex types. Stigma receptivity was checked by (Conner and Rush 1995).

Large numbers of studies have analyzed the effect of pollinating stigmas at different time intervals and observing 
floral color, scent and nectar availability on pollinators, using them for pollen germination. Pollinated pistils were fixed in 
both artificial and natural flowers. Most of these studies Carnoy’s fixative for 24 hours and stored in 70% ethyl alcohol 
suggest that increased flower number and corolla size increase These pistils were stained in Lewis’ stain (mixture of 2ml of 
insect visitation rates (Hempel and Speiser 1988). 1% aq. Acid fuchsin, 2ml of 1% aq. Light green and 40ml 

In Valeriana wallichii, an important endangered lactic acid and 46ml distilled water) and  Aniline blue and 
medicinal herb distributed all over Himalaya from Kashmir in studied  under microscope (Shivanna and Rangaswamy 
the North to Bhutan in the East (Rather et al. 2012, Khajuria et 1992).
al. 2011), flower size varies with the pattern of sex expression. Insect visitors to the two types of flowers were collected, 
The female flower is much smaller in size than the identified and checked for pollen load. Their frequency, 
hermaphrodite flowers irrespective of whether they co-exist average time of stay on the flower and foraging behavior   
on the same plant (Gynomonoecious plants) or are distributed were recorded. Pollen load on open pollinated stigmas of H 
on different individuals (female plants). Each population of V. and F flowers was estimated from plants growing in nature. 
wallichii comprises three types of individuals, which are listed Pollen load on stigma of the two kinds of flowers was    
below : studied by keeping the pollinated flowers in moisture 
(i) Plants bearing only pistillate flowers - female plants (F). chamber, collecting their stigmas and staining them, in 1% 
(ii) Plants bearing only hermaphrodite flowers- Acetocarmine. The slides were studied under microscope 

hermaphrodite plants (H). (Nikon 80i eclipse).



Reproductive output was estimated by calculating wherefrom leafy offshoots arise. Flowering extends from mid-
percent fruit set per plant by applying the following formula:           N   o  v  e  m   b  e  r   to mid-May.  Flowering is at peak in February and 

March. The 
Average no. of fruits set per plant

% Fruit set  = the axils of the youngest pair of basal 
    Average number of flowers on the plant                                

leaves. The average number of flowers per hermaphrodite 
Seed germination experiment was carried under lab and female plant is 383.8±2 38.5(130-1469 and) 385.4 ± 

conditions during the months of April and May 2017. Seeds 382.6(67- 2162).
collected from female and hermaphrodite plants were sown in 
pots containing the mixture of sand, garden soil and manure 
mixed in 1:1:1 ratio. 

RESULTS

Population structure—As said before all populations 
of Valeriana wallichii comprise three types of individuals 
(Fig. 1a- c) which are alike in all features except flower 
structure and size (table1). Difference in their structure 
not with standing all plants comprising a population 
produces flowers from Mid November to Mid May every 
year. The breakup of individuals of three sex types in s

6.4mm 
even populations growing at five different sites is given in 

± 1.3mm x 5.6 ± 0.9) 3.2mm ± 0.5 x 
table 2  

2mm ± 0.4)
Table 1–Floral morphometry of different sex types of V. wallichii

6.16mm ± 0.9mm) (4.5 - 8) and F flowers (3.4mm ± 

0.4mm) (2 - 5)

Table 2–Individuals of three sex types in seven populations growing 
at six different sites

S. Popu- Total H - type F - type GM - type 
No. lation indivi- plants plants plants

duals

A B A B A B

1. NC 104 62 59.6% 38 36.5% 4 3.8%
Bees, 

2. BK 115 56 48.6% 56 48.6% 3 2.6%
(Apis florea, Apis dorsata, Apis cerana and Andrena spp.), 

3. BD-1 442 223 50.4% 204 46.1% 15 3.3% houseflies (Musa domestica) (Figs. 1f-g), Blue bottle fly 
4. BD-2 263 132 50.1% 122 46.3% 9 3.4% (Calliphora vomitoria), ants, lady bird and beetles visit the 

inflorescences of both sex5. MG 160 110 68.7% 47 29.3% 3 1.8%

6. BF 633 355 56.0% 269 42.4% 9 1.4%

7. DKG 178 111 62.3% 63 35.3 4 2.2%

Grand total 1,895 1,049 55.3% 799 42.1% 47 2.4% . Compared to hermaphrodite 

flowers pollinator service to female flowers is lesser. Population codes: NC - Noorichamb; BK - Bakori; BD - Budhal; MG - 
Manyal Gali; BF - Bafliaz; DKG - Dera Ki Gali.  A = No. of individuals; B = Frequency of insect visits to hermaphrodite flowers is higher. 
Proportion of each type in the population However, more flowers are affected by a single insect visit in 

female plants as compared to hermaphrodite counterparts Morphological Characters—Valeriana wallichii grows as 
because the small female flowers are close and compact in the part of ground vegetation at moist and shady places including 
inflorescence (Table 3). slopes. The plant body consists of underground rhizome 

Inflorescence is a compound dichasial cyme 
that develops in 

Flowers are zygomorphic, epigynous, bisexual or 
pistillate. Bracts and bracteoles have purple apex and margins. 
Calyx has 10-13 infolded fleshy segments which are present at 
the top of the ovary. During fruit formation these get 
transformed into feathery pappus. Corolla is white, 
gamopetalous, pentamerous and tubular with five equal lobes 
arising quincuncially from the corolla tube. A sac like 
protrusion filled with nectar is present at base of the corolla; 
ovary is inferior with single ovule. 

Besides all parts present in the female flower the 

hermaphrodite flower also has three epipetalous stamens. The 

hermaphrodite flowers are white, prominently larger (

than the female flower (

. Stigma is trifid, papillate and dry. Pollen grains 

are spherical. The exine is   smooth. The style varies in length 

in H (Plants Average  
flower size ovary length  length of  (Figs. 1d-e).
(length  x width)  pistils Stigma receptivity—The time of stigma receptivity in female 

and hermaphrodite flowers varies. The stigma of female Hermaphrodite 0.45×0.46cm 0.12cm 0.55cm

flowers becomes receptive as soon as it comes out of the 
Female 0.25×0.24cm 0.19cm 0.35cm

corolla tube i.e. right at anthesis. It remains fully receptive for 

5 days after anthesis.  In hermaphrodite flowers, stigma comes 

out of the corolla tube two days after anthesis and anther 
rddehiscence and turns receptive on the 3  day of anthesis. 

Receptivity lasts for 3 days.  Peak receptivity is reached on the 
th5  day of anthesis in H flowers. 

Pollination and pollen load on stigma—Flowers of 

Valeriana wallichii are pollinated by insects. Different types 

of insects visit hermaphrodite as well as female flowers. 

 types  throughout the flowering 

season. Their visitation rate declines towards the end of 

flowering season. The visitation rate of insects to 

inflorescences varies with weather conditions. The insects 

visit mostly on sunny days

Average Average
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Table 3–Pollination efficiency of H and F flowers 

Insects Number of flowers that brush against Number of flowers that brush against 

insect body in hermaphrodite plants. insect body in  female plants

Musa domestica (Housefly) 3 5

Apis florea 3-4 6-7

Calliphora vomitoria (Blue bottle fly) 4 7-8

Apis mellifera 2-4 6

Andrena spp. 5 7

Apis dorsata 8 13

Bombus sp. 10 Did not visit

Butterfly 7-8 Did not visit

Apis cerana 2-3 Did not visit

Fig. 1- Valeriana wallichii showing different types of sex expression. (a-i). a. Hermaphrodite, b. Female, c. Gynomonoecious, d. Flower types, 
Bisexual flower (x4.5), e. Female flower (x7.1), f. Flower-pollinator interaction, Hermaphrodite, g. Female inflorescences, h. Pollen germination on 
hermaphrodite (x3.6), i. Female stigma (x5.4).

A B C

D E F

G H I

Pollen load on open pollinated stigmas of female and Table 4—Breakup of flowers in a population that are pollinated

hermaphrodite flowers has been estimated from March 3-, 27, 
Plants Number of Number of %age of flowers 

2017. Between these two dates 10 pistils of hermaphrodite and  flowers flowers carrying carrying pollen 
female flowers each were checked each day for pollen load. studied pollen on stigma on stigma
Pollen load per stigma ranged from 0-26 in female flowers 

Hermaphrodite 200 177 88.5%
and 0-29 in hermaphrodite counterparts (Figs. 1 h-i). 

Female 200 156 78%Hermaphrodite flowers are pollinated in larger number as 
compared to their female counterparts (Table 4).
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Reproductive output—

Plants Number of No. of Reproductive 
flowers studied  formed output

Hermaphrodite 3232 1234 38.18%

Female 3536 2239 63.32%

The fruit is small, ovate achene with a crown of feathery 
pappus. This pappus derived from the modified calyx 
segments vary from 10-13. Two parallel ridges run along the 
length of the fruit between which is present stiff hairs. As the 
fruit ripens the pappus gets detached and helps the seed to get 
disseminated by the wind.
Seed germination—Seeds germinate soon after falling at 
suitable substratum. They lose viability after 7-8 months. This 
is confirmed by seed germination experiments carried under lab 
conditions. Germination is initiated within 6-7 days of sowing 
the seeds. Germination is epigeal i.e., radical emerges first and 
elongation of hypocotyl leads to the elevation of cotyledonnary 
leaves. Germination of seeds set on female plants is. 78.5% 
compared to 66% in seeds set on hermaphrodite flowers 
following open pollination (Table 6)

Table 6–Germination of seeds set on female and hermaphrodite flowers

Seed source No. of seeds No. of seeds %age 
put for germinated germination

germination

Hermaphrodite 610 403 66%
flowers

Pistillate flowers 582 457 78.5%

Under natural conditions the fruit set All kinds of flowers, their sex not–withstanding are 
is 63.32% in female against 38.18% in hermaphrodite plants habitually cross pollinated. They practice entomophily. Present 
as is seen below in Table 5. observations also confirm it. Though variety of insects, bees, 

ants, flies, beetles visit the flowers but two bees namely Apis Table 5-Reproductive output of H and F flowers
florea an A. cerana appear to be the major pollinators of the 
species. The female flowers attract fewer pollinators compared 
to large hermaphrodite counterparts either on account of their 
visual appeal to the insects or for reasons of absence of stamen 
and the pollen that insects look for.
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