
The International Journal of Plant Reproductive Biology 9(2) Jul., 2017, pp.115-124

DOI 10.14787/ijprb.2017 9.2.115-124

Floral  contrivances, pollination and breeding system of Clerodendrum inerme (L.) 
Gaertn.  (Lamiaceae)

Rohitash

Department of Botany, B.S.A. College, Mathura-281401, India

e-mail: rohit07sls@gmail.com; rohit_sls@yahoo.com

Received: 01.01. 2017; Revised: 12. 04.2017; Accepted and published online: 01.05.2017

ABSTRACT

Floral biology, floral contrivances, pollination ecology in Clerodendrum inerme (L.) Gaertn was studied. It is an erect to scandent 
or trailing evergreen shrub. Flowering commenced in the month of June and continued till October with optimum flowering in 
August, moderate in September and minimum in October. Flowers were bisexual, arranged in axillary cymes.  Corolla 5, tubular 
and gamopetalous. Stamens 4 epipetalous, exserted and curved above. Pistil bicarpellary and syncarpous with inferior ovary, long 
style and bifid and wet stigma with unicellular smooth papille. Flowers open after 18:00 h and being protandrous the anthers 
dehisced soon after opening of flowers. Stigma became receptive on next day in the morning between 03:00–06:00 h and 
receptivity lasted till the afternoon on third day. Simoultaneously with the receptivity of stigma, a large quantity of nectar was 
secreted from peltate scales and unicellular trichomes present on the inner surface of calyx, corolla and ovarian surface attracting 
bees and butterflies for nectar or pollen or both. There were 3±1 ovules/ovary, anatropous with marginal placentation. Fruit a pear 
shaped drupe started developing in the month of July and lasted up to December. Flowers are protandrous and open in the evening 
followed by anthers dehiscence. On day 2, large quantity of nectar was secreted from peltate scales and unicellular trichomes 
present on the inner surface of calyx, corolla and ovarian surface attracting bees and butterflies for nectar and pollen. The flowers 
exhibited some morphological contrivances that help to avoid self-pollination. The flowers were highly protandrous as the 
anthers dehisce soon after the opening of flowers, and the stamens and stigma on a long style were in close proximity. while the 
bifid stigma either remains closed or bend away from stamens. In some other flowers, the stamens and style maintained some 
distance between each other. In the third type of flowers, the stamens were fully extended while the stigma on curved style was 
away from the anther lobes and in the fourth type of flowers, the stamens were curled inward while, the style was elongated. Pollen 
grains were tricolporate and tricolpate, sub-porolate, circular, echinate, and arranged as monods. Non-glandular unicellular 
trichomes and peltate scales were present on inner surface of calyx and corolla as well as on ovarian surface. Nectar secretion 
started along with the opening of flower (155±25.7 µL/flower) and gradually increased and was highest (214.72±35.12 
µL/flower) between 08:00-11:00 h on next day. However, on day 3, during 11:00-16:00 h the quantity of nectar declined and was 
lowest (25±2.5 µL/flower).  The nectar is dominated by glucose and fructose. Flowers were self-compatible, dichogamous and 
herkogamous. Bees (Apis cerana, A. dorsata, bumble bees (Bumbus lapidarius) and butterflies (Danaus genutia, Neptis hylas 
papaja and Eurema hecabe) foraged for both nectar and pollen, while hawk-moth (Macroglossum sp.) was a nectar thief. There 
was 25% fruit set in open pollinated flowers, 25% in geitonogamy and 75% in xenogamy. The pollen-ovule ratio of 720: 1 
indicated facultative xenogamy.

Keywords: Floral contrivances, self-compatible, protandrous, dichogamous, herogamous, sugar dominated nectar, hawk moth,
                    bees and butterflies.    

Sexual reproduction in angiosperm has three sequential successful fruit and seed formation besides pollen-pistil 
stages: Pollination, fertilization and seed maturation (Lyons et interaction, plant pollinator interaction is also pre-requisite. 
al. 1989). In angiosperms, the pollen grains are being Pollination results from a complex series of interactions 
transferred from anther to stigma. The receptivity of the between the plant and vector agents, conditioned by the 
stigma is a critical factor for the successful completion of post environment. Studies on the biology of reproduction in 
pollination events (Shivanna 2003). For investigation on the endangered and threatened (RET) species are rare and useful 
reproductive biology, detailed studies on pollen-pistil for understanding the cause of their threatened status 
interaction are essential. It covers all the sequential events that (Lavergne et al. 2004). Information obtained from such 
take place in the pistil from pollination until pollen tubes entry studies is helpful in situ and ex situ management strategies for 
into the embryo sac. Pollen-pistil interaction, therefore, is of their conservation and are integral feature of all conservation 
cardinal importance in the biology of sexual reproduction and projects (Moza and Bhatnagar 2007).
of seed formation. Therefore, structure of the stigma in The size, shape, color and scent of the flowers are the part 
relation to its function is very important for studying the of the syndrome of attractants inviting insect visitors to the 
mechanism of pollen-pistil interaction, which directly flowers. Nectar and pollen grains are the principle food 
influences the formation of fruits (Shivanna 2003). For components for these insects. The general syndrome of biotic 
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pollination is that the flowers produce a primary attractant MATERIALS AND METHODS
(pollen and nectar) and secondary attractant (odour, floral 

Present study was undertaken on twenty five plants of 
density, blossom color and architecture). Ambient conditions 

Clerodendrum inerme Synonym of Volkameria inermis L. 
have a more direct effect on floral biology then that on nectar 

growing five each at Dr. B. R. Ambedkar University, Khandari 
quantity and quality (Cruden et al. 1983) and pollination 

Campus; R.B.S. College; Paliwal Park, DEI (Deemed 
diversity and foraging behaviour (Smith 1970, Free 1970, 

University), Dayal Bagh and Moti Lal Nehru Park, Agra city 
Savidge 1976).

(stretching across 26° 44' N to 27° 25' N and 77° 26' E to 78° 
Clerodendrum is a genus of the family Lamiaceae of 

32' E). Phenological events on vegetative and reproductive 
subfamily Ajugoideae (Harley et al. 2004). Based on 

parameters on these marked plants were recorded throughout 
phylogenetic analysis  of morphological and molecular data it the year.
is one of several genera transferred from Verbenaceae to Floral Biology—Flowering period, blooming intensity 
Lamiaceae (Stevens et al. 1998, Stevens  2012). The family (number of open flowers/inflorescence, floral longevity and 
has a cosmopolitan distribution and enlarged Lamiaceae flowering cycle), floral dimensions of 20 flowers, anthesis, 
contains about 236 genera and has been stated to contain 6,900 anther dehiscence and stigma receptivity on twenty five 
(Heywood et al. 1978) to 7,200 species (Harley et al. 2004), flowers on five inflorescence on marked plant were observed 
but the World Checklist lists 7,534.  Clerodendrum was once a by various methods given by Kearns and Inuoye (1993). 
genus of over 400 species (Harley et al. 2004) but by 2010, it Pollen production—Pollen production/anther/flower 

 had been narrowed to about 150 (Yao-Wu et al. 2010). was recorded by the procedure after Cruden (1977). The 
Clerodendrum is one of the important and largest genus of the mature anther was crushed in lactophenol-glycerine with 
family Lamiaceae and it consists of nearly 400 species aniline blue. A known dilution was placed on the grid and 10 

replicate counts were made using a hemocytometer (Barret distributed throughout world. The genus is native to tropical 
1985). and warm temperate regions of the world, with most species 

Pollen Morphology—occurring in tropical Africa and southern Asia, but with a few 
i. For light microscopic (LM) studies, the pollen grains in temperate zone in eastern Australia and a few extending 

were acetolyzed following the technique after Nair north into the temperate zone in eastern Asia (Mabberley 
(1960). The morphology of pollen grains was studied 2008). Many Clerodendrum species are cultivated for their 
using immersion oil 100X objective in Olympus attractive and unusual flowers and are propagated by seeds 
Phase contrast microscope. The size of pollen grains and cuttings (Riffle 1998).   Sharma and Dhakre (1995) have 
was measured with an ocular micrometer under light reported only three species of the genus Clerodendrum (C. 
microscope by the method after McKone and Webb 

phlomidis, C. inerme and C. splendens) from Agra. However, 
(1988).

Phyla, Lantena, Vitex, Duranta, Verbena, Tectona and 
ii. For Scanning Electron Microscopic (SEM) studies, 

Clerodendrum are also found to grow in different parts of Agra 
the pollen grains from fresh dehisced anthers were 

district both in wild and cultivated form. 
fixed in 3% glutaraldehyde in 0.1M phosphate buffer 

Clerodendrum inerme (L.) Gaertn. Synonym of 
at pH 6.8 for 8-20 hours at room temperature. 

Volkameria inermis L. In English it is known a wild Jasmine, Samples were washed in the same buffer by three 
Embret, Indian privet, Sorcerers bush, Seaside Clerodendrum changes. Post fixation was done in 1% osmic acid in 

0or garden guanine. In Hindi it is called Sankuppi and the same buffer for four hours at 4 C. Passed through 
commonly known as Lanjai is a straggling shrub (Starr et al. the graded series of ethyl alcohol and isoamyl acetate 
2003). Plant is commonly grown as hedged. The leaves are (3-methyl butyl acetate). Samples were dried with 
used in chronic pyrexia. Alcoholic extract of the plant proved liquid CO  in a HCP-2 Hitachi critical point dryer and 2

to be hypotensive. The essential oil extracted from seeds coated with gold (20 mm coating) a sputter coating 
posses anti fungal properties (Asolkar et al. 1992, Rastogi and unit (Polaron equipment Ltd, Walford, England). 
Mehrotra 1991, 1993, Rastogi 1998). Reproductive biology of Observation and photographs were made in LEO-
some Clerodendrum species has earlier been studied EM-SEM at All India Institute of Medical Sciences 
(Rohitash and Jain 2010, Rojas-Sandoval and Acevedo- (AIIMS), New Delhi.

Pollen viability—Viability of pollen collected from fresh Rodriguez 2012, McMullen 2012, Gautam and Rohitash 
dehisced anthers was tested throughout flowering period by 2012, Raju and Kumar 2016 and Rohitash 2016). However, C. 
0.2% 2, 3, 5-tetrazolium chloride (TTC) test after Hauser and inerme has received little attention. In the present paper an 
Morrison (1964) and by fluorochromatic procedure (FCR) test attempt has been made to describe some aspects of floral 
after Heslop-Harrison and Heslop-Harrison 1970). Pollen biology, with special reference to floral contrivances in 
viability was also checked by in vitro pollen germination by relation to pollination ecology of C. inerme plants growing at 
hanging drop culture method after Brewbaker and Kwack’s different sites of Agra. 
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(1963). The pollen grains collected from the freshly dehisced separating sugars in nectar samples by three descending 
anthers were cultured by hanging drop technique. solvent systems as described by Grant and Beggs (1989). The 

nectar sugar concentration was measured using handheld d.  In vivo pollen germination—Pollen germination in 
sugar refractometer (Erma, Japan), following Dafni et al. vivo on stigmatic surface was observed by multiple staining 
(2005). technique after Alexander (1987). Pistils Pollinated pistils 

Pollination Biology—Under different environmental after 24 h were fixed in carnoy’s fluid for 12 h. These were 
conditions, pollination mechanism was studied. Observations on washed in ethanol and brought down to distilled water through 
type of pollinators their visitation rates were recorded. Pollinators descending series and finally kept in the staining mixture  
were fixed in 70% alcohol and identified. Pollination efficiency containing lactic acid, malachite green, acid fuchsin, aniline 
of different pollinators was checked by observing the pollen load blue, orange G and chloral hydrate for 12 h. The stained pistils 
under microscope (Kearns and Inuoye 1993). Butterflies were were kept in clearing and softening mixture containing lactic 
identified with the help of “The book of Indian Butter flies” acid, phenol, choral hydrate and orange G. These pistils were 
(Kehimkar 2008) and other insects were identified by Dr. Girish washed twice in lactic acid and mounted in 1:1 lactic acid and 
Maheshwari, Head, Department of Entomology, St. John’s 

glycerol. In vivo pollen germination was also carried out by 
College, Agra.

fluorescence microscopic method after (Martin 1959). Pistils 
Breeding behavior—Breeding system was tested by 

Pollinated pistils after 24 h were fixed in carnoy’s fluid for 12 
autogamy, geitonogamy and xenogamy through hand 

h, cleared in 4N NaOH and washed in distilled water. These 
pollination tests.

pistils were mounted in 1:1 mixture of 0.005% decolourized 
a. Natural/open Pollination : Five inflorescences on each 

aniline blue prepared in 0.05% M phosphate buffer at 11 pH marked plant were tagged and left with the buds ready for 
and glycerine. The tissue was spread by applying gentle anthesis for natural pollination, while all open flowers, 
pressure on the cover glass. The preparation was observed young buds and fruits were removed. Number of mature 
under Olympus fluorescence microscope using UV filter. fruits developed in the tagged inflorescence was 

Number of ovules/flower—Number of ovules/flower recorded.
was recorded by the method after Stelly et al. (1984). Floral b. Artificial/hand Pollination : Hand pollinations were 
buds fixed in formalin-acetic-alcohol (F.A.A.) were hydrated carried out at the time of maximum receptivity of the 
and stained in Mayer’s hem alum (using Sass’s modification stigma, using fresh pollen from the same flower (self-
of 20 g instead of 50 g of alum per liter), for 1-2 days. pollination-autogamy), pollen from the different flower 
Destained with 2.0% acetic acid for 1-2 days and rinsed with on same plant (geitnogamy), and pollen from the flowers 
tap water for 2-24 hours. Dehydrated, infiltrated with xylene of five plants of the same species (xenogamy).  

c. Fruit and seed-set : For estimation of fruit-set, few and cleared with methyl salicylate in the series 2:1, 1:2 
inflorescences were selected at random, tagged and (xylene: methyl salicylate) for 15+ minutes each. The number 
observed. Percentage of fruit-set was calculated by of ovules from the cleared ovaries were counted using 
following formula :stereomicroscope. 

   No of fruits per inflorescence         Stigma receptivity—To check the receptivity of the  Fruit - set %   = ×   100
stigma, cytochemical localization of non-specific esterases             No. of flowers per inflorescence
was conducted by hydrolysis of the substrate α-napthyl acetate Seed-set percentage was also calculated 
as per Mattson et al. (1974).

   No of seeds per fruit        Pollen-ovule ratio—Pollen-ovule ratio was calculated  Seed- set %   = ×   100
by the method after Cruden (1977).             No. of  ovules per pistil

Nectaries—Nectaries were located on different floral 
OBSERVATIONS AND DISCUSSIONparts using neutral red (Meeuse 1982) and also by observing 

fresh floral parts under scanning electron microscope (SEM).  Habit—It is an erect to scandent or trailing evergreen 
Nectar—Volume of nectar from individual fresh open shrub, up to 2.5-3.5 meters tall, commonly used as a hedge 

flowers at the time of flower opening (25 from each marked plant (Fig1a). Leaves are elliptic-ovate to obovate, opposite, 
plant) was measured using 20 µl microcapillary tubes at 2 h entire, petiolate, subcoraceous. Leaves elliptic-ovate to 
intervals every day. Nectar volume was computed with the obovate, opposite, entire, petiolate and subcoriaceous.
following equation after Cruden and Hermann (1983): Phenology—It is evergreen shrub and leaf fall and 

mm of nectar in the capillary tube  X volume of calibrated renewal takes place simultaneously but maximum leaf fall 
capillary tube  =  volume of nectar mm total length of tube occurred during the months of November, December and 

Sugar concentration in the nectar collected at different February. Leaf renewal was Maximum in the months of 
hours was evaluated by a light refractometer (Bausch & July–September, moderate in  the months of June, October 
Lomb). Paper chromatographic method was used for and November and minimum leaf renewal was recorded in the 
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months December, January, February, March, April and May. 3.20±0.05 cm long (n=100). Calyx 5 (0.57±0.31 cm), 
Flowering commenced in the month of June and continued till gamosepalous, valvate, green, copular, 5-toothed, persistent, 
October. Maximum flowering was recorded in the month of slightly broader than the base of corolla tube. The corolla  
August, moderate in September and minimum in the month of were long tubular, 5 (2.86 ± 0.70 cm), gamopetalous, (Fig. 1b) 
October, by the end it was completely over. Fruit a pear shaped glabrous, lobes ovate, obscurely crenulate and obtuse.  
drupe started developing in the month of July and lasted up to Stamens 4 rarely 5, epipetalous (2.95 ±0.14) filaments 
December. During the month of November, fruiting was reddish-purple, much exserted, curved above. Anthers (0.18 
highest but it declined in December. On the other hand, Raju ±0.08 cm) were  dorsifixed (Figs. 2, 4a). Pistil bicarpellary 
and Kumar (2016) observed prominent leaf shedding  during and syncarpous (4.52 ± 0.26 cm) with inferior ovary 
dry season and profuse leaf flushing during dry season and (0.37±0.07cm), long reddish purple style and bifid wet stigma 
flowering from August to October, profusely during with unicellular smooth papillae in receptive state covered 
September in C. inerme plants growing in Coringa mangrove with hyaline secretion (Figs. 2b). There were 3±1 
ecosystem, Andhra Pradesh located between 16°-30' to 17°- ovules/ovary, anatropous and placentation is marginal. All 
00' N latitudes and 82°-14' to 82°-23’E longitudes.        data collected from 125 flowers from 25 plants from five 

selected sites. 

Fig. 2. Floral contrivances. a. Open flower with four stamens in the 
middle and style is bending away. b. Open stigmatic lobes on the 
elongated style and stamnes bending down. c. Dehisced anthers on 
the scattered stamnes and short style. d. Flower showing four long 
stamens with dehisced anthers and closed stigma on short style. e. 
Flower showing stamnes  bending on either sides and style with closed 

Fig. 1. a. Clerodendrum inerme plants in full bloom, b. Inflorescence.
stigmatic lobes in the centre. (an: anther; sg: stigma; sy: style). 

Floral Morphology—There were 60±12 inflorescence/ Flowering phenology— Flowers started opening in the 
plant and in each inflorescence there were only 3 flowers evening between 18:00-20:00 h and being protandrous the 
(Fig1b) and only1-2 were open  per inflorescence. Each anthers dehisced soon after opening of flowers. Stigma 

ndflower lasted for 2-3 days. The total number of flowers per became receptive on 2  day in the morning at between 03:00 – 
plant is 216±144. Flowers were bisexual, zygomorphic, 06:00h and remained receptive till the afternoon on third day. 
bracteate and pedicellate (2.5±1.5 cm), white, tubular and Simultaneously along with stigma becoming receptive on day 
arranged in axillary trichotomous cymes. The flowers were 2, large quantity of nectar was secreted from peltate scales and 



unicellular trichomes present on the inner surface of calyx, stamens and style were in scattered position. In the third type 
corolla (Figs.3a, b, c) and ovarian surface attracting bees and of flowers, the stamens were fully extended while the stigma 
butterflies for nectar or pollen or both. Stomata were seen on on curved style was away from the anther lobes and in the 
the calyx and ovary (Fig.3d). Each flower lasts till the fourth type of flowers, the stamens were curled inward while, 
commencement of fruit formation on day 3. The fruit were the style was elongated (Figs. 2a,b,c,d). Flowers showing 
pear shaped drupe. The seeds dispersed by birds. Wheeler these morphological contrivances were found within the same 
et al. (1992) and Raju and Kumar (2016) reported dispersal of inflorescence. Herkogamy shown by the flowers was another 
seeds by various birds. interesting method to avoid self-pollination. Raju and Kumar 

(2016) observed only three forms of flowers in C. inerme in Floral contrivances—Flowers exhibited some 
respect to the position of sex organs. They have observed in the morphological contrivances that help to avoid self-pollination. 
first form, the stamens were elongated and a style which The flowers were highly protandrous as the anthers dehisce 
occurred in close proximity to each other. In the second type, soon after the opening of flowers after 18:00 h on day one. In 
the flowers exhibited scattered position of stamens and style. some flower, the stamens and stigma on a long style were in 
In the third type of flowers, the stamens were fully extended close proximity, but the bifid stigma either remained closed or 
while the style was curved away from them. bends away from stamens. In second type of flowers, the 
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Fig. 3.  Scanning electron microgaphs (SEM) showing magnified view of surface of floral parts. a.Peltate scale on the inner surface of the calyx 
(Bar=30µm). b.Unicellular trichomes and scattered peltate scales on the inner surface of the calyx (Bar=30µm). c. Magnified view of a peltate scale 
on the inner surface of corolla. (Bar=30 µm). d.Stomata and spear shaped scales on elongated stalks on the ovarian surface (Bar=10µm). (ps: 
peltate scale, ss: sphear shaped trichome, st: stomata, ut: unicellular trichome).



Pollen biology—Pollen grains were tricolporate and staining method (Figs. 5d, e) and by fluorescence method 40% 
tricolpate, sub-porolate, circular, echinate, and arranged as in vivo pollen germination was recorded (Fig. 5f). The pollen 
monods (Figs. 4b, c, d). They measured 67.5±7.1 μm in tubes measured 160±23µm in pistils stained with Alexander’s 
equatorial plane and in polar plan they were 75.4±6.9 μm.  A stain and 175±28µm long pollen tubes were recorded in the 
single flower produced    pollen 2880±215.  Parveen and pistils observed under fluorescence microscope.
Quiser (2007) examined the pollen morphology of 13 species 
representing 9 genera of the family Verbenaceae from 
Pakistan by light and scanning electron microscope. 
According to them, the pollen grains were usually radially 
symmetrical, isopolar. Mostly sub-prolate, prolatespheroidal 
often oblate-spheroidal to sub-oblate. Tricolporate, rarely 
tricolpate. 

Pollen viability— Viability of pollen as tested with 0.2% 
tetrazolium chloride (TTC) test was 64% (Fig.4 e) and by 
fluorochromatic reaction test (FCR) it was 90% (Fig.4f).

Fig. 5. a. In vitro pollen germination in B&K medium X 480. b. In vitro 
pollen germination in 10% sucrose solution X540 c. Pollen germinating 
in B&K medium with two pollen tubes X540. d & e. In vivo pollen 
germination on stigmatic surface stained by multiple staining method 
after Alexander X480. f. In vivo pollen germination tested by analine 
blue fluroscence (FCR) method X450. (pg: pollen grain, pt: pollen 
tube). 

Trichomes and nectar—Non-glandular unicellular 
trichomes and peltate scales were present on inner surface of 
calyx and corolla (Fig.3a, b, c) as well as on ovarian surface. 
Stomata were also seen on the surface of these parts (Fig.3d). 
Spear shaped trichomes on long stalk were also present on 
ovarian surface (Fig. 3d). Nectar secretion commenced soon 
after opening of the flower.  On day one nectar secretion 
begins soon after opening of the flowers between 18:00 h the Fig. 4. a. SEM photograph of a mature dorsified anther (an) and 

filament (ft) (Bar=10µm). b.SEM of mature pollen (Bar=3µm). c & d. quantity of nectar in insect visited flowers was 105.5±12.75 
Tricolpate pollen grains stained with 1% acetocarmine. X520. E. Pollen µL/flower. Gradually the quantity of nectar increased and 
viability tested by 1% TTC. X480. F. Pollen viability tested by FCR. 

between 18:30-20:30 h, the quantity of nectar in visited X450. (v: viable, nv: non-viable pollen grains).

flowers was 135±25.7 µL/flower. It increased further and it 
In vitro pollen germination—There was 50% in vitro 

was 176.35±23.5 µL/flower between 04:00-06:00 h on second 
pollen germination in  Brewbaker and Kwack’s (1963) 

day.  The secretion was maximum (214.72±35.12 µL/flower) medium there was 50% pollen germination and 695±48µm 
between 07:00-11:00 h on this day in spite of the removal of long pollen  tubes developed within 24 h (Fig. 5a,b). 
nectar by visitors, as the quantity of nectar was replenished. Formation of two tubes was also seen in B&K medium 
On third day, between 11:00-16:00 h, the quantity declined (Fig.5c). 
and was lowest (25.15±2.5 µL/flower) (Fig.7). Sucrose– In vivo pollen germination—There was 30% pollen 
glucose and fructose were identified in the nectar. However, germination on the stigmatic surface as tested by Alexander’s 
there was a temporal fluctuation in the volume and concentra-
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tion of total sugars. Little information is 
available on the nectar dynamics and 
pollinator of plants of the family 
Lamiaceae. The nectar dynamics and 
pollination study of three species of 
Lamiaceae were studied in their natural 
habitat by Kulloli et al. (2011). 
Morphology of glandular and non-
glandular trichomes in calyx, corolla and 
bracts are studied for the first time in 
Nepata (Lamiaceae) by Pădure (2006). 
Zhang et al. (2014) have studied annular 
floral nectary with oil-producing 
t r ichomes  in  Salv ia  far inacea  
(Lamiaceae). The annular nectary 
encircled the ovary. Modified stomata 
occurred only in the projection’s abaxial 
epidermis. Conversely, peltate trichomes 
with a basal cell, a stalk cell, and 4-7 head 
cells were interspersed among the ovary 
lobes and covered the projection’s 
adaxial surface.  

Pollination Ecology—Soon after 
opening of the flowers, hawk-moth 
(Macroglossum sp.) started foraging 
flowers for nectar and their activity was 
also repeated in the morning hours 
between 04:30-06:30 h. However, it was hopper (Melanoplus sp.) were also seen visiting flowers (Fig. 
seen to collect either pollen or nectar. This was followed by the 6d), but neither collect nectar nor pollen.   
foraging by bees (Apis cerana, A. dorsata (Fig.6c), bumble Primack et al. (1989) studied bird pollination in five 
bees (Bumbus lapidarius) (Fig.1a) and butterflies- Danaus Queensland costal plants including Clerodendrum inerme. 
genutia (Fig. 6b), Neptis hylas papaja and Eurema hecabe Keng (1990) reported that C. laevifolium is pollinated by bees 
between 0730-16:30 h. It was interesting to note that honey and butterflies. The flowers are protandrous and restrict self-
bees and bumble bees were more active as compared to fertilization. The high fruit set suggested that it is self-
butterflies. Apis cerana and A. dorsata foraged for the compatible. According to Reddy and Reddy (1995), papilinoid 
maximum numbers of times during the flowering period and butterflies (Papilio polytes, P. polymnestor and Atrophaneura 
collected both large quantity of pollen on their mouth parts hector and Atrophaneura hector) are the exclusive pollinators 
while searching for nectar with long proboscis which seems to of C. infortunatum and effect pterogotribic pollination by 
be more suited for pollinating long tubular flowers. They striking the anthers and stigma with their wings. There is wide 
forage several flowers on the same or different plants during array of floral foragers comprising honey bees, butterflies, 
the entire flowering period. Similarly, bumble bees foraged for flies, ants, birds and hawk moths reported in members of the 

family Lamiaceae (Kulloli et al. 2011).both pollen and nectar. All the three species of butterflies, the 
striped tiger-Danaus genutia, common sailer-Neptis hylas 
papaja and common grass yellow- Eurema hecabe foraged 
flowers in the morning hours of day 2 searching nectar. Only 
Danaus genutia, Neptis hylas papaja while collecting nectar 
with their long proboscis which seems to be more suited for 
pollinating long tubular flowers made contact with stamens 
and collected pollen on the lower surface of their abdomen 
which was effectively transferred on the receptive surface of 
stigma of different flowers on the same plant or on different 
plant. Eurema hecabe was seen only foraging flowers and 
made no contact with the reproductive structures. Grass 
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Fig. 6. Floral visitors. a.Bumble bee (Bombida sp.). b. Butter fly (Danaus sp.). c. Honey bee 

(Apis dorsata). d. Grass hopper (Melanoplus  sp.). 
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Fig.7– Quantity of nectar (µL/flower) 

secreted during different  phenological 

periods in insect visited flowers. Day 1: 

a-18:00 h & b- 18:30-20:-30. Day 2 :  c- 

04:00 – 06 : 00 & d-07:00-11:00. Day 3: 

e - 12 : 00 – 16 :00.  



 Mc Mullen (2011) in C. molle recorded that were visited through dichogamy and herkogamy. McMullen (2011) in C. 
by ants, spiders, hawk moths, and roaches whereas diurnal molle recorded that flowers set fruits via open pollination, 
visitors included carpenter bees and ants. Sakamoto et al. autonomous autogamy, facilitated autogamy, facilitated cross-
(2012) reported that C. trichotomum is protandrous and shows pollination, diurnal pollination, and nocturnal pollination, but 
two distinct sexual phases. The staminate phase begins when there was no significant difference in fruit set. Cross-
the flower opens and this is followed by the pistillate phase. pollinated flowers showed a significant increase in seed set 
According to Sakamoto et al. (2012) C. trichotomum is over all treatments except facilitated autogamy. Nocturnal and 
effectively pollinated by Papilio and Xylocopa species while diurnal fruit and seed set did not differ significantly. Four 
the hawk-moth, Macroglossum was not an effective pollinator floral forms were identified on the basis of position of sex 
but may contribute to self-pollination.  According to Meerabai organs during the course of present investigation. Raju and 
(2014) is also of the opinion that the flowers of C. Kumar (2016) in C. inerme, have also recorded three of these 
infortunatum are adopted for pollination exclusively by types of flowers. The first form was characterized by 
butterflies due to non-promiscuity of floral rewards to other elongated stamens and a style which occur in close proximity 
foragers. Shamin et al. (2010) reported that C. viscosum is to each other just after anthesis facilitating contact between the 
exclusively cross-pollinated by ants, butterflies and hawk- stamens and stigma. The second form was characterized by the 
moths. The fruit set is not by self-pollination as shown by scattered position of stamens and style. In the third form, the 
bagging the flowers. Rohitash and Jain (2010) observed that stamens are fully extended while the style was curved away 
pollination in C. splendens is brought about by Xylocopa, from them, either to the left or to the right; subsequently the 
Eumenes sp. and Camponotous campestris and plants stamens curl inward and the style elongates. Interestingly, the 
produced fruits and seeds only by geitonogamy and three flower forms were found within a cyme also. These 
xenogamy. forms of flowers are self-compatible and self-pollinating, 

According to Raju and Kumar (2016) Clerodendrum prevent autonomous selfing but facilitated autogamy. During 
inerme is bisexual, self-compatible and has a vector- present study there was 30% fruit set in open pollinated 
dependent mixed breeding system. It is dichogamous and flowers by geitonogamy and 83% fruit set by xenogamy. The 
herkogamous; the day 1 flowers are staminate while the day 2 fruit was a capsule which breaks open to disperse nut lets. 
and 3 flowers are pistillate. The plant blooms in the evening, Birds such as Acridotheres tristis, Corvus splendens, Corvus 
possesses a white long corolla with a hairy interior to exclude macrorhynchos and Turdoides caudatus disperse nut lets in 
other insects and strong fragrance which may be considered as the next early winter season.  
adaptations for pollination by the hawk-moth Macroglossum 
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