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�V�i�t�e�x� �n�e�g�u�n�d�o (Lamiaceae), a highly important medicinal plant is widely distributed across tropical and sub-tropical regions of, 
Asia Africa and Australia. In the present investigation, studies on pollination biology and breeding system were carried out. The 
flowers are gamosepalous, gamopetalous, hermaphrodite and zygomorphic.  Structurally the flower and functionally the 
reproductive apparatus show entomophilous characteristics. Major and regular insect pollinators belong to family Apidae, 
with �B�o�m�b�u�s� �t�r�i�f�a�s�c�i�a�t�u�s�,� �A�p�i�s� �c�e�r�a�n�a�,� �A�p�i�s� �d�o�r�s�a�t�a� �a�n�d� �A�n�d�r�e�n�a� �f�l�a�v�i�p�e�s� being the most significant ones. Availability of 
pollinator fauna leads to the variable pollen load at the beginning, peak and end of season to 49.3, 74.3 and 43.38 respectively. The 
pollen count determined per flower was 1452±312.17 and Pollen-Ovule ratio worked at 363:1. Flowers are self-compatible 
and promote xenogamy with narrow chance of spontaneous selfing in nature.

�V�i�t�e�x� �n�e�g�u�n�d�o�,� pollination, breeding system, self-compatible, xenogamy

�R�e�v�i�s�e�d 26.12.2020 

�V�i�t�e�x� �n�e�g�u�n�d�o L. is a large shrub or small tree of about 3-9 
meters in height having stem with quadrangular branches 

The studies on pollination biology and breeding 
(Ladda and Magdum 2012, Venkateswarlu 2012, Basri �e�t� �a�l�. 

system of �V�i�t�e�x� �n�e�g�u�n�d�o� were conducted at an altitude of 1179 
2014, Kumar �e�t� �a�l�. 2017). It is medicinally valuable and 

m.a.s.l. in Danni Dhar locality (33º 39' N latitude and 74º 34' E 
distributed over tropical and sub-tropical regions of Asia, 

longitudes) of Rajouri district (J&K). The region is located in 
Africa and Australia where it is commercially grown as a crop 

sub-tropical to temperate transition zone.
(Vishwanathan and Basavaraju, 2010). In India, it grows wild In order to study 
and is cultivated as well in J&K, Himachal Pradesh and phenological events, inflorescences were tagged prior to 
Uttarakhand in North to Karnataka and Tamil Nadu in South flowering to check events from anthesis to fruit formation in 
(Khare 2004, Thomas �e�t� �a�l�. 2012, Ladda and Magdum 2012, �i�n�-�s�i�t�u� conditions.
Venkateswarlu 2012). It has been found thriving alongside Anther dehiscence and stigma receptivity were 
marshy slopes, banks of streams, lakes, dry sandy places and periodically checked from fresh and fixed flowers of varying 
road sides (Ladda and Magdum 2012, Thomas �e�t� �a�l. 2012). It age after staining them with mixture of acid fuchsin, light 
bears bisexual purple flowers arranged in terminal panicle green and lactic acid (after Lewis 1979) and by Aniline blue 
inflorescences (Meena �e�t� �a�l�. 2010, Venkateswarlu 2012, Basri fluorescence method (Shivanna and Rangaswamy 1993). 
�e�t� �a�l�. 2014). Plants are reportedly self-compatible, display Pollen output per flower was calculated by first counting the 
mixed breeding system and entomophilous pollination number of pollen grains per anther and multiplying this figure 
(Kumar �e�t� �a�l�. 2017). The species has been explored for by the number of anthers per flower. The number of pollen 
reproductive biology in tropical regions of south India where it grains produced by a flower divided by the number of ovules 
grows at 75 m  m.a.s.l. In Jammu and Kashmir, it is growing in in its pistil yield pollen-ovule ratio. These observations were 
an altitudinal range of 326 m to 1500 m  m.a.s.l. In the study determined by subjecting freshly released pollen to FCR 
area the atmospheric temperature varies from 38ºC in summer reaction, TTC and acetocarmine staining test (Shivanna and 
to -2ºC in winter. Here the flowering season extends from Rangaswamy 1993). For testing stigma receptivity, stigmata 
March to November. During this period average temperature were manually pollinated and examined after different time 
varies from 8ºC to 24ºC. The present study, therefore, was intervals for pollen germination both directly as well as after 
planned to investigate pollination biology and breeding fixation in Carnoy’s fixative and then shifting them to 70% 
behavior of the species in this subtropical to temperate  ethyl alcohol. Pistils were then stained in Lewis’ stain for 
transition zone and draw a comparative account of the microscopic examination (Lewis 1979). Pollen pistil 
reproductive potential of this cosmopolitan taxon. interactions were studied right from the germination of pollen 
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on stigma and tracing the path of pollen tubes through stylar stamens with didynamous condition attached to middle part of 
tissues to the ovules. Aniline blue fluorescence method was corolla tube. Anthers are bithecous and dehisce through 
used for fluorescence microscopic examination (Shivanna longitudinal slit exposing white creamy pollen (Figs. 1C-E). 
and Rangaswamy 1993). Pistils were cleared by keeping them Gynoecium consists of single carpel with a long style, 
in 8N NaOH at 60º C for 2 h in hot air oven. The cleared pistils bifid stigma and a small, globose, superior ovary with four 
were washed and then stained in decolorized aniline blue locules having one ovule each and a disc shaped nectary 
(DAB) and observed under fluorescence microscope (Nikon present at ovary base. Stigma is wet and without papillae. 
eclipse 80i). Position of reproductive apparatus is such that carpel is 

: Mode of pollination enclosed by stamens. From base to top corolla tube is densely 
was ascertained through visual observation and bagging- haired (Fig. 1F).
experiments. Insects visiting the flowers were closely The flowers open during 0800 to 1100 h. As the flower 
observed visually for their foraging behavior. They were opens the style elongates and comes out of the corolla tube 
collected, identified and observed under stereo zoom simultaneously but sometimes comes out before anthesis (Fig. 
microscope for pollen load on their body parts. The plants 1G). At this time the stamens remain in their primitive position 
were checked for the nature of attractants and rewards offered (Figs. 1B, 1C). The flower takes 1-2 hours to open completely. 
by their flowers. Their influence on pollinator activity was The final position of anthers (Fig. 1D) is achieved after the 
determined by field studies and experimentation. To check significant movement of style. 
entomophilous mode of pollination, flowers were observed in The inflorescence is a terminal panicle bearing 65 to 220 

flowers and anthesis occurs in acropetal order. Flowering is terms of visitor insects foraging behavior and floral surfaces in 
asynchronous among branches. The anthesis period extends contact. During peak flowering season, each individual insect 
from 08:00 to 11:00 h. The beginning, peak, and ending season species was captured while their foraging activity on the 
shows different anthesis rates 2-6, 3-8, 1-4 flowers open on flower. The captured insects’ species were killed using 
each day respectively. The stigma shows variable pollen chloroform in killing jar and then washed by ethyl alcohol, 
load in different seasons (Fig. 2H, Table 1). The single counted by fluorescent microscopy using aniline blue on a 
inflorescence almost takes one month from initiation till the glass slide. The con-specific pollen was identified by their 
anthesis of last flower. Peak flowering was observed between shape and size.
June to August. Stigma becomes receptive 1 hour after Controlled pollination experiments were 
anthesis and ceases its receptivity almost after 30 hours. conducted as:
Anther dehiscence begins two hours after anthesis. Since (1) Under open pollination, 40 flowers were observed to 
stamens are didynamous, anthers show successive check percent fruit set.
dehiscence, upper pair �i�.�e�. of long stamens is the first to (2) To observe geitonogamy, 40 flowers were emasculated 
dehisce (Fig.1I). Pollen are white, ellipsoidal and sticky. and hand-pollinated with the pollen of a different 
Pollen count per anther (Figs. 1J, K) is 363±67.26 and that of flower on the same plant and then bagged. 
an individual flower is 1452±312.17. With average ovule 

(3) To test xenogamy, 40 flowers were emasculated and 
number 4 (Fig. 1L) the pollen-ovule ratio works at 363:1. The 

pollinated with the pollen of a different plant and bagged. 
stamens wither earlier than the pistil within 2 to 4 days of 

(4) To test autogamy, 25 flowers were manually pollinated anthesis. The pollen grains show viability of 98% at the 
with the pollen of the same flower by using a brush and time of anthesis which reduces to 20% after 12 h and 
bagged. completely lost after 36 h of anther dehiscence. Pollen 

(5) To test spontaneous autogamy, 20 flowers were bagged germination starts after 4 h of pollination. Open pollinated 
as such without hand pollination. pistils showed that pollen tubes traversed the stylar tissue 

and reach the ovules without any hindrance (Figs. 1M, N) (6) To test apomixis, 20 flowers were emasculated and then 
inflorescences were bagged. and it takes 18-20 hours to reach the ovary. Fruits of �V�i�t�e�x� 

�n�e�g�u�n�d�o are spherical green drupes, that, turn brownish 
black on ripening. Calyx is persistent enclosing basal portion 
of the fruit (Fig. O).

�V�i�t�e�x� �n�e�g�u�n�d�o is a large shrub or small evergreen tree. Flower :  Mode of pollination 
is gamosepalous, gamopetalous, bisexual and zygomorphic. in this species is entomophilous. Different insect species 
The calyx is green, campanulate marked by a tube-like predominantly bees were found visiting the inflorescence. 
structure at base and pointed lobes at apex. Corolla is bilabiate Besides the bees, lady bug beetles and some moths were also 
and consists of one bilobed upper lip and 4 lower lip (2 large found visiting. The sex apparatus positioned adjacent to upper 
and two small) (Figs. 1A, B). Androecium is represented by 4 lip gets exposed to the visiting insects. The unfolding of the 
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upper lip provides landing surface to the visiting insects. be the major pollinator of �V�i�t�e�x� �n�e�g�u�n�d�o� with highest pollen 
Some insect species are regular foragers for both nectar and load and �C�o�c�c�i�n�e�l�l�a� �s�e�p�t�e�m�p�u�n�c�t�a�t�a� with the lowest one. The 
pollen.  Most common foragers are �B�o�m�b�u�s� �t�r�i�f�a�s�c�i�a�t�u�s� (Fig. foraging behavior and pollen load on different body parts of 
2A)�,� �A�n�d�r�e�n�a� �f�l�a�v�i�p�e�s� (Fig. 2B)�,� �C�o�e�l�i�o�x�y�s� species� (Fig. 2C),� insects has been observed after body washing (Figs. 2J-M) 
�A�p�i�s� �c�e�r�a�n�a� (Figs. 2D, 2E), � �A�p�i�s� �d�o�r�s�a�t�a� (Fig. 2F),� �F�o�r�m�i�c�a� and listed in Table 2.

The results of controlled pollination �f�u�s�c�a� (Fig. 2G), �P�r�a�e�z�y�g�a�e�n�a� �c�a�s�c�h�m�i�r�e�n�s�i�s� (Fig. 2H), 
experiments specified that percent fruit and seed set in open �C�o�c�c�i�n�e�l�l�a� �s�e�p�t�e�m�p�u�n�c�t�a�t�a� (Fig. 2I). Bumble bees �(�B�o�m�b�u�s� 
pollination was 40% and 70% respectively. Geitonogamy and �t�r�i�f�a�s�c�i�a�t�u�s�) were found to be most frequent from 09:00 – 
Xenogamy yielded fruit set to 57% and 74% and seed set to 16:00 h. While most of the visits to the flowers by �A�p�i�s� 
67% and 82% respectively. The manual pollination �c�e�r�a�n�a and �A�p�i�s� �d�o�r�s�a�t�a were from 10:00- 15:00 h. �A�n�d�r�e�n�a� 
experiments revealed that fruit and seed set in assisted bagging �f�l�a�v�i�p�e�s� shows its presence between 11:00- 17:00 h. While
was 10% and 50% respectively. It was 44% and 62%  the other three insect species� �F�o�r�m�i�c�a� �f�u�s�c�a�,� �P�r�a�e�z�y�g�a�e�n�a� 
respectively in manual selfing. There was no fruit and seed set �c�a�s�c�h�m�i�r�e�n�s�i�s� and �C�o�c�c�i�n�e�l�l�a� �s�e�p�t�e�m�p�u�n�c�t�a�t�a� shows 
in emasculated and bagged flowers. Controlled pollination foraging activity between 08:00-16:00 h. �B�o�m�b�u�s� 
experiments (Table 3) indicate that the species is self as well as �t�r�i�f�a�s�c�i�a�t�u�s�,� �a�n�d� �F�o�r�m�i�c�a� �f�u�s�c�a� mainly appear at early and 
cross compatible and practices mixed mating with peak flowering season, while others were consistent foragers 
predominantly promoting outbreeding. throughout flowering period. �B�o�m�b�u�s� �t�r�i�f�a�s�c�i�a�t�u�s� appears to 

�T�a�b�l�e� �2�.� � �P�o�l�l�e�n� �l�o�a�d� �o�n� �d�i�f�f�e�r�e�n�t� �b�o�d�y� �p�a�r�t�s� �o�f� �i�n�s�e�c�t� �s�p�e�c�i�e�s�.

�I�n�s�e�c�t� �s�p�e�c�i�e�s �S�a�m�p�l�e� �S�i�z�e � � � � � � � � � �N�u�m�b�e�r� �o�f� �p�o�l�l�e�n� �g�r�a�i�n�s� �o�n� �b�o�d�y�F�o�r�a�g�i�n�g� �a�c�t�i�v�i�t�y

�M�e�a�n �R�a�n�g�e �S�.�D

�B�o�m�b�u�s� �t�r�i�f�a�s�c�i�a�t�u�s �1�0 �1�0�9�.�8 �6�6�-�3�8�0 �4�2�.�2�5 �P�o�l�l�e�n�+� �N�e�c�t�a�r

�A�n�d�r�e�n�a� �F�l�a�v�i�p�e�s �1�0 �6�6�.�1 �2�8�-�9�4 �1�2�.�9�1 �N�e�c�t�a�r� �o�n�l�y

�C�o�e�l�i�o�x�y�s� �s�p�e�c�i�e�s �1�0 �2�6�.�9 �1�2�-�5�8 �0�4�.�3�2 �P�o�l�l�e�n�+� �N�e�c�t�a�r

�A�p�i�s� �c�e�r�a�n�a �1�0 �7�4�.�3 �2�2�-�1�6�8 �1�3�.�7�2 �N�e�c�t�a�r� �o�n�l�y

�A�p�i�s� �d�o�r�s�a�t�a �1�0 �9�2�.�2 �2�9�-�1�8�0 �1�4�.�5�0 �N�e�c�t�a�r� �o�n�l�y

�F�o�r�m�i�c�a� �f�u�s�c�a �1�0 �2�8�.�1 �1�6�-�5�8 �0�5�.�7�9 �P�o�l�l�e�n� �o�n�l�y

�P�r�a�e�z�y�g�a�e�n�a� �c�a�s�c�h�m�i�r�e�n�s�i�s�1�0 �7�7�.�5 �1�2�-�4�8 �1�1�.�9�5 �P�o�l�l�e�n� �o�n�l�y

�C�o�c�c�i�n�e�l�l�a� �s�e�p�t�e�m�p�u�n�c�t�a�t�a�1�0 �1�8�.�6 �1�0�-�3�2 �0�3�.�2�7 �P�o�l�l�e�n� �o�n�l�y

�T�a�b�l�e� �3�.� �R�e�s�u�l�t�s� �o�f� �p�o�l�l�i�n�a�t�i�o�n� �t�r�e�a�t�m�e�n�t�s� �c�a�r�r�i�e�d� �o�u�t� �i�n� �V�i�t�e�x� �n�e�g�u�n�d�o�.

�K�i�n�d� �o�f� �t�r�e�a�t�m�e�n�t �N�o�.� �o�f� �f�l�o�w�e�r�s�N�o�.� �o�f� �f�r�u�i�t� �f�o�r�m�e�d�N�o�.� �o�f� �p�l�a�n�t�s� �t�o� �%� �F�r�u�i�t� �s�e�t �%� �S�e�e�d� �s�e�t
�w�h�i�c�h� �f�l�o�w�e�r� �b�e�l�o�n�g

�O�p�e�n� �p�o�l�l�i�n�a�t�i�o�n �4�0 �1�6 �1�0 �4�0 �7�0

�G�e�i�t�o�n�o�g�a�m�y �4�0 �2�3 �1�0 �5�7 �7�4

�X�e�n�o�g�a�m�y �4�0 �2�7 �1�0 �6�7 �8�2

�H�a�n�d� �P�o�l�l�i�n�a�t�i�o�n� �2�5 �1�1 �1�0 �4�4 �6�2

�S�p�o�n�t�a�n�e�o�u�s� �s�e�l�f�i�n�g� �2�0 �2 �1�0 �1�0 �5�0

�E�m�a�s�c�u�l�a�t�i�o�n� �a�n�d� �b�a�g�g�i�n�g�2�0 �0 �1�0 �0 �0

�T�a�b�l�e� �1�.� �D�e�t�a�i�l�s� �o�f� �p�o�l�l�e�n� �l�o�a�d� �o�n� �t�h�e� �s�t�i�g�m�a�t�a� �a�t� �d�i�f�f�e�r�e�n�t� �p�h�a�s�e�s� �o�f� �f�l�o�w�e�r�i�n�g� �s�e�a�s�o�n

�P�h�a�s�e� �o�f� �f�l�o�w�e�r�i�n�g �N�o�.� �o�f� �s�t�i�g�m�a�t�a� �s�c�a�n�n�e�d �N�o�.� �o�f� �s�t�i�g�m�a�t�a� �w�i�t�h� �p�o�l�l�e�n� �l�o�a�d �%� �o�f� �s�t�i�g�m�a�t�a� �c�a�r�r�y�i�n�g� �p�o�l�l�e�n� �l�o�a�d

�B�e�g�i�n�n�i�n�g� �(�A�p�r�i�l� �-�M�a�y�) �1�6�0 �7�9 �4�9�.�3

�P�e�a�k� �(�J�u�n�e� �-�A�u�g�u�s�t�) �2�4�0 �1�7�9 �7�4�.�5

�E�n�d�i�n�g� �(�S�e�p�t�-�N�o�v�e�m�b�e�r�) �1�3�0 �5�7 �4�3�.�3�8
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�F�i�g�.� �1�-� �V�i�t�e�x� �n�e�g�u�n�d�o� �A�-�A�n�t�h�e�s�i�s� �o�f� �f�l�o�w�e�r�,� �B�,� �C�-�P�i�s�t�i�l� �e�l�o�n�g�a�t�i�o�n� �a�w�a�y� �f�r�o�m� �a�n�t�h�e�r�s� �t�o� �a�v�o�i�d� �s�e�l�f�i�n�g�,� �D�,� �E�-�O�p�p�o�s�i�t�e� �f�a�c�e� �o�f� �a�n�t�h�e�r�s� �t�o� �a�v�o�i�d� �s�e�l�f�i�n�g�,� 
�F�-� �H�a�i�r�y� �p�a�r�t� �o�f� �c�o�r�o�l�l�a� �t�o� �d�i�s�s�e�m�i�n�a�t�e� �p�o�l�l�e�n� �a�n�d� �t�o� �p�r�o�v�i�d�e� �l�a�n�d�i�n�g� �s�p�a�c�e� �f�o�r� �f�o�r�a�g�i�n�g� �t�h�e� �i�n�s�e�c�t�s�,� �G�-�P�r�o�t�r�u�d�i�n�g� �o�f� �p�i�s�t�i�l� �b�e�f�o�r�e� �a�n�t�h�e�s�i�s� �t�o� �p�r�o�m�o�t�e� 
�c�r�o�s�s� �p�o�l�l�i�n�a�t�i�o�n�,� �H�-� �P�o�l�l�e�n� �l�o�a�d� �o�n� �s�t�i�g�m�a�,� �I�-� �D�i�d�y�n�a�m�o�u�s� �A�n�t�h�e�r�s� �a�n�d� �a�s�y�n�c�h�r�o�n�o�u�s� �a�n�t�h�e�r� �d�e�h�i�s�c�e�n�c�e�,� �J�,� �K�-� �P�o�l�l�e�n� �g�r�a�i�n�s� �i�n�s�i�d�e� �a�n�t�h�e�r�s�,� �L�-� 
�O�v�u�l�e�.� �M�-� �P�o�l�l�e�n� �g�e�r�m�i�n�a�t�i�o�n� �o�n� �s�t�i�g�m�a�,� �N�-� �P�o�l�l�e�n� �t�u�b�e�s� �i�n�s�i�d�e� �s�t�y�l�e�,� �O�-� �F�r�u�i�t�s�.

�F�i�g� �2�-� �P�o�l�l�i�n�a�t�o�r�s� �o�f� �V�i�t�e�x� �n�e�g�u�n�d�o�,� �A�-� �B�o�m�b�u�s� �t�r�i�f�a�s�c�i�a�t�u�s�,� �B�-�A�n�d�r�e�n�a� �f�l�a�v�i�p�e�s�,�C�-�C�o�e�l�i�o�x�y�s� �s�p�e�c�i�e�s�,� �D�&�E�-� �A�p�i�s� �c�e�r�a�n�a�,� �F�-� �A�p�i�s� �d�o�r�s�a�t�a�,� �G�-� 
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environmental factors (Abrahamczyk �e�t� �a�l., 2011, Asgher �e�t� �a�l. 
2020). During peak flowering season several species of insects 

Present study revealed that �V�i�t�e�x� �n�e�g�u�n�d�o grows in 
such as wasps and butterflies were also observed to visit the 

hillocks, bare rocked mountains, in and around human 
flowers. High proportion of pollen load found on the body of 

settlement areas in sub-tropical temperate transition zone. It is �B�o�m�b�u�s� �t�r�i�f�a�s�c�i�a�t�u�s, reveal their specificity to this particular 
an evergreen plant and flowering season extends from March 

species and its significant pollination behavior. The �B�o�m�b�u�s� 
to November. The increased flowering phase has direct 

species actively pollinates some endangered species of the 
implications on pollination, fruit and seed sets. Prolonged 

Indian Himalaya (Semwal �e�t� �a�l. 2019). Bumble bees are widely 
flowering period is advantageous for the plants growing in 

known natural pollinator of temperate areas having large body 
pollinator scarce areas (Kumar �e�t� �a�l. 2017, Kehrberger and 

size and consequently visit more flower per minute. They have 
Holzschuh 2019, Verma �e�t� �a�l�. 2019, Kumari �e�t� �a�l. 2020). �V�i�t�e�x� 

the potential to perform buzz pollination, prevention of 
�n�e�g�u�n�d�o exhibits mixed mating system and pollination is 

visitation to similar flowers through scent mark which they left 
insect dependent. Floral structure, placement of reproductive 

after visitation to a flower and discourage themselves from 
apparatus revealed that �V�i�t�e�x� �n�e�g�u�n�d�o exhibits herkogamy and 

revisiting till scent degenerates. This is in turn advantageous to 
protogyny (Figs. 2B, 2C). The availability of nature of pollen 

the pollinating species. (Wahengbam �e�t� �a�l. 2019). Other major 
as rewards offers contrivance to cross pollination. The 

pollinator of� �V�i�t�e�x� �n�e�g�u�n�d�o� found to be �A�p�i�s� �d�o�r�s�a�t�a�,� �A�p�i�s� 
availability of pollinators is variable in different flowering �c�e�r�a�n�a� and �A�n�d�r�e�n�a� �f�l�a�v�i�p�e�s. Based on the visitation 
phases that consequently lead to variable reproductive 

frequencies, honey bees were found to be the dominant 
success. Didynamous stamens and style moving out of the 

pollinators, �A�p�i�s� �c�e�r�a�n�a being more effective. These findings 
flower beyond the stamens point towards out breeding nature. 

are equally supported by the research of other workers 
Herkogamy and differential anther dehiscence in �V�i�t�e�x� 

(Anderson 2003, Ahenda 1999, Reddy and Reddi 1994, 
�n�e�g�u�n�d�o point towards its dependency on insect pollinators 

Bhattacharya and Mandal 1998, Jain �e�t� �a�l. 2013, Gaur �e�t� �a�l. 
and out breeding nature. Differential anther dehiscence leads 

2014, Kumari �e�t� �a�l. 2020). The visitation rate of these insects 
to extension of male function which is a strategy to lower the 

declines towards the ending season. Butterflies found to visit 
possibility of complete pollen removal during single visit of 

less frequently on the inflorescences. Some butterflies and lady 
individual pollinator. This results in availability of pollen to 

bird beetles were observed to feed on pollen grains in the peak 
more pollinators and later on to number of different stigmata. 

season. Suitable insect visitors of several species of Lamiaceae 
Male function depends upon the production of viable pollen 

with compatible size of insect proboscis have been reported 
and angiosperms have developed diversity of strategies to 

(Pogieter �e�t� �a�l. 2009, Kuriya �e�t� �a�l. 2015). 
maximize the period of male fitness which also has direct 

Due to such pollination and breeding behavior, the 
implications on pollination. Differential pollen production 

observations become useful to understand the plant-pollinator 
synchronizes with scarcity in pollinator visitation rates and 

interactions in different climatic conditions. This 
lurch with high pollinator visitation rates (Sarala �e�t� �a�l. 1999, 

consequently helps in development of conservation efforts for 
Castellanos �e�t� �a�l. 2006, Sharma and Verma 2016).

the pollinator fauna to assure reproduction of such valuable 
Controlled experiments also revealed that the plant species 

medicinal, ecological and socio-cultural plant. 
promotes outcrossing by preferring xenogamy among all 

 Authors are thankful to Head 
systems. Majority of the successful pollinations leading to fruit 

Department of Botany, Baba Ghulam Shah Badshah 
set and seed set was observed during peak flowering season. The 

University, Rajouri for providing necessary facilities. We 
seed set shows variability in all pollination experiments i.e. 

thank Dr. Sajad H. Parey, Department of Zoology, BGSB 
xenogamy, geitonogamy, autogamy, spontaneous autogamy and 

University Rajouri for insect identification. Prof. Veenu Kaul, 
apomixes as compared to the findings of other researchers 

Department of Botany, University of Jammu is acknowledged 
(Kumar �e�t� �a�l. 2017, Bhattacharya and Mandal 1998). No 

for critically reviewing the manuscript.
apomictic fruit formation was recorded. Fruit formation in 
spontaneous selfing (bagging) is purely incidental and occurs 
only where pistil remains dwarf or directed towards anthers. The 

Abrahamczyk S, Kluge J, Gareca Y, Reichle S and Kessler M 
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