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ABSTRACT

The woody climber Campsis grandiflora (Bignoniaceae) is native in Eastern Asia, while its sister 

species, C. radicans, is native in eastern North America. Campsis radicans is self-incompatible and 

pollinated by hummingbirds, while the pollination and compatibility system of the Asia species have 

not been studied. A study on the pollination biology of C. grandiflora was therefore; undertaken on 

25 plants in the gardens of Agra, Uttar Pradesh. It revealed that the species is highly protandrous and 

self-incompatible. The anthers dehisce just as the floral buds open and release viable pollen. The 

stigmatic lobes open in the afternoon at 1800 h by the time the pollen grains are no longer viable as 

assessed by 0.2% TTC solution, fluorochromatic reaction (FCR) test, and hanging drop culture 

methods. During diurnal observations, the flowers were visited by sunbirds (Nectarinia asiatica) and 

bees of Halictidae, Mellipona and Apis cerana indica that foraged for pollen and nectar in male-stage 

flowers. The birds perch at the base of the corolla to feed on nectar with their brush-tipped tubular 

tongues and touched the stigma and anthers with their foreheads. The bees visited the flowers mainly 

in the morning, and the halictids were too small to regularly contact stigmas. Hand pollination of 

receptive stigmas with large amount of pollen grains (geitonogamy and xenogamy) yielded fruits that 

contained, viable seeds, as did pollination with pollen from flowers of different individuals 

(xenogamy).
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self-incompatible and pollinated by humming birds  INTRODUCTION

(Bertin 1982 a).  Several studies on reproductive biology 

Campsis grandiflora K. Schum (Bignoniaceae) of C. radicans have been undertaken (Bertin 1982a,b,  

Synonyms include Tecoma grandiflora, Campsis Bertin & Peters 1992, Prakash 1994). The 

chinensis, Campsis adrepens, Bignonia grandiflora and morphological and molecular comparisons of both these 

Bignonia chinensis is a woody climber. It is native of vicariad species were made by Wen & Jansen (1995). 

China and is commonly known as the Chinese trumpet Their detailed morphological comparison suggests a 

creeper. C. radicans, the other species of the genus is high level of divergence. Cluster analyses based on 22 
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Flowering phenology — The beginning, peak and end morphological characters and 39 OTUs revealed two 
of flowering, as well as the relative flowering intensity distinct groups corresponding with the two species. 
(average number of flowers/inflorescence x average Analyses of variance (ANOVA) revealed that 12 of the 
number of inflorescences/individual) was registered 18 quantitative characters differed significantly (α ≤  
following the procedure after Dafni (1992). The 0.01) between the two species. The chloroplast DNA 
flowering magnitude was measured from the percentage (cpDNA) variation species was 2.44%, which is the 
of simultaneously open flowers in the day time (a day, in highest reported among North Temperate disjunct taxa 
this case, due to anthesis time). Time of opening of and one of the highest reported for infra generic taxa. In 
flowers, anther dehiscence, and stigma receptivity was India, Campsis grandiflora is grown from cuttings in the 
studied. Time of opening of new flowers i.e. when the gardens, parks and houses for brilliant orange-red 
petals refluxed to expose the androecium and coloured flowers in dropping clusters during March-
gynoecium was recorded in the marked floral buds. October. However, in spite of profuse flowering it 
Stigma receptivity was determined by hand-pollinating remains fruitless. Earlier studies indicated that normal 
100 stigmas at different recognizable stages and fruit anther and ovule development leads to the production of 
formation was observed periodically in tagged floral appreciable percentage of viable pollen grains and 
buds on marked plants. normally organized embryo sac, but the plant sets no 
Flower longevity — Flower longevity was determined seeds (Dhakre & Chauhan 1990). In the light of these 
by marking 50 buds on different branches/plant (Gill et facts, floral and pollination biology was studied to find 
al. 1998). The flowers were observed at regular intervals out the causes of lack of seed set in Campsis grandiflora.
until the corolla withered.  These changes were observed 

every day throughout flowering.   MATERIALS & METHODS 
Pollen production/ anther/ flower — Mature anthers 

were crushed in lactophenol-glycerine with aniline blue. Study sites — Present investigation was conducted on 
A known dilution was placed on the grid and 10 replicate 25 plants of Campsis grandiflora growing at five 
counts were made using a hemocytometer (Barret 1985). different places of Agra city (26º 44´ and 77º 55´ N and 
Pollen size—Pollen grains from freshly dehisced anther 78º 32´E), Uttar Pradesh, India: 1. Motilal Nehru Park; 2. 
were suspended in a 3:1 mixture of Lactic acid and Campany Garden, Cantonment Area; 3. Botanical 
glycerine and mounted on a slide and pollen size was Garden, School of Life Sciences, Khandari Campus, Dr. 
measured with an ocular micrometer under light B. R. Ambedkar University; 4. Sikandra garden (Akbar's 
microscope as described by McKone & Webb (1988).Tomb) and 5. Botanic Garden, Deemed University, 

Dayal Bagh for three years during 2010-2012. Pollen viability—Pollen viability of marked plants was 
Observations were made from 0500 h in the morning checked by (a) 0.2% TTC solution (2, 3, 5-
until 1800 h at nightfall during 30 days at the time of triphenyltetrazolium chloride) after the method of 

Hauser & Morrison (1964); (b) Fluorochromatic maximal flowering, i.e. the month of May.

reaction (FCR) test after Heslop-Harrison & Heslop-Phenology — Phenological events (time of leaf fall, leaf 
Harrison (1970) and (c) in vitro hanging drop culture renewal, flowering and fruiting period) were recorded 
technique after Brewbaker & Kawck (1963).  from marked plants. Population flowering phenology 
In vivo pollen germination—Aniline blue fluorescence was studied by counting number of flowers on marked 
microscopic method after Martin (1959) was used to branches periodically throughout flowering period 
study in vivo pollen germination on the stigmatic (March-October). 
surface.Floral morphology — Floral development was 
Number of ovules/ovary—Mature pistils were fixed in examined in marked floral buds (50/plant) at an interval 
F.A.A. (formalin: acetic acid: alcohol: 1:1:18) for 24 h of 2 h throughout flowering. The dimensions of 100 
and then stored in 50% alcohol. For clearing, pistils were flowers and their parts from the marked plants were 
passed through dehydration and clearing series measured with dial calipers. 

(Bhojwani & Bhatnagar 2004). The cleared material was Nectaries & nectar—Nectaries were located on 

different floral parts using neutral red (Meeuse 1982). mounted in methyl salicylate. The number of ovules per 
Floral parts were dipped in neutral red solution ovary was counted under stereozoom microscope.
(1:10,000) in distilled water for 2-3 h and examined Breeding behavior—Floral buds on 20 inflorescences 
under a microscope. Red spots appeared on the surface before anthesis were tagged and were allowed to 
of nectaries. Volume of nectar from individual flowers pollinate naturally. Hand pollinations were carried out at 
(25 from each marked plant) was measured using 20 µl the time of maximum receptivity of the stigma with the 
microcapillary tubes. Nectar volume was computed with pollen collected from the flowers of the same plant or 
the following equation after Cruden & Hermann (1983):from flowers of different plants. Since pollen grains lose 

their viability quickly, they were stored in the 

desiccators at 4°C.  50 flowers on 5 different plants 
During anthesis, sugar concentration in the nectar 

growing at different sites were marked a day before 
collected at different hours was evaluated by a light 

anthesis. Pollen grains collected from the same plant 
refractometer (Bausch & Lomb). Nectar was sampled in 

were dusted on the receptive surface of the stigma and 
fresh open flowers at 2 h intervals from 0600 to 1800 h 

bagged. 50 flowers on 5 different plants growing at 
for 24 h every day after which no nectar was detectable. 

different sites were marked a day before anthesis. Pollen 
Scanning electron microscopy (SEM)—For SEM 

grains from freshly dehisced anthers collected from 
studies, fresh floral parts (calyx, corolla, anthers and 

different plants were dusted on the receptive surface of 
pistils) and pollen grains were fixed in 3% 

the stigma and bagged.  The number of fruits formed in 
gluteraldehyde. These were dehydrated through aqueous 

each hand pollination experiment was recorded.
acetone series, dried with Co  in a HCP-2. Hitachi 2The stigmatic lobes of bagged floral buds were 
critical point dryer. The samples were coated with gold 

pollinated with variable quantity of pollen grains stored 
(20mm) in a SCD 020 sputter coating Unit (Polorn 

in the desiccators at 4°C. The number of pollen grains in 
Equipment Ltd., Welford, England) and observed in a 

the anthers was measured by a hemocytometer. Mature 
Philips EM 50, SEM at all India Institute of Medical 

anthers were cut into four equal parts and crushed in 
science, New Delhi.

lactophenol-glycerine with aniline blue. A known 
Transmission electron microscopy (TEM)—Stigmas 

dilution was placed on the grid and 10 replicate counts 
from fresh flower samples were collected and placed in a 

were made using a hemocytometer (Barret 1985). After 
few drops of 3% glutarldehyde in 0.1 M phosphate 

ascertaining the number of pollen grains produced, the 
buffer at 6.8 pH on a slide and cut into small pieces with a 

bagged (virgin) stigmas were dusted with about 200, 
sharp blade. The pieces were fixed in the same buffer for 

400, 600, 800, 1000 and 1200 pollen grains and bagged 
8 h at room temperature. Post fixation was done in 1% 

again. The plants were periodically observed for fruit 
osmic acid in the same buffer at 4°C. Samples were 

formation. Natural pollen deposition on un-withered 
dehydrated in graded alcohol series for 1 h in each step 

stigmas of unbagged flowers was determined under the 
and left in 100% at 4°C. Propylene oxide was used for 

microscope after staining with acid fuchsin.
clearing the samples and left in a mixture of 1:1 

Pollination biology—Observations on the floral propylene oxide for 12 h and finally in epon for 
visitors and their behaviour were made following the overnight in a desiccators. These samples were 
procedure after Faegri & van der Pijl (1979) and Dafni embedded in epon and kept at 4—50°C for 2 days and 
(1992). Floral insect visitors on the flowers were the temperature was raised to 70°C. Ultra-thin sections 
observed to settle their potential as pollinators. Their (0.75-1.5µm) were cut in an automatic ultra-microtome 
behaviour on the flower, their flying pattern across (ultra cut-E-F (4)) and placed on the grids. Sections were 
inflorescences, time of visit and kind of resource stained with uranyl acetate and lead citrate and observed 
collected was recorded. Captured individuals were and photographed with TEM 100s electron microscope 
pinned and identified. Pollen load of their body parts at 80 KV at All India Institute of Medical Science, New 
was measured under stereomicroscope (Zeiss). Delhi.                                
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red-orange, zygomorphic with five large lobes funnel-OBSERVATIONS & DISCUSSION

shaped (7.25±1.0 cm), and outside length of corolla tube 

Campsis grandiflora is 7.50±1.25 cm; bilabiate (inner width: 2.50±0.25 cm Phenological events—  is a fast 

and outer width: 6.15±0.50 cm). Androceium consists of growing deciduous creeper and can grow up to the height 

of 8-9 meters (Fig.1A) with the help of self-clinging four epipetalous stamens adnate to the corolla tube (Fig. 

adhesive aerial rootlets. The imparipinnately compound 1D), exhibiting didynamous condition and anthers of 
dark green leaves consist of 5-9 leaflets with serrate two large stamens (5.43±0.25 cm long) are nearly raised 
margin. Leaf fall starts in the month of November and near the mouth of corolla and the two small stamens 
plant becomes completely leafless in the months of (4.97±0.25 cm long) are slightly below the large ones 
December-February appearing totally dry.  Leaf renewal (Figs. 1D, E, F, G, H & I). There is one posterior 
starts in the first week of March and continue till the end staminode shorter than the stamens (Fig. 2A). 
of May.     Gynoecium (6.17±0.20 cm long) is bi-carpellary, 

syncarpous. Ovary (2.25±0.25 cm long) is bi-locular Flowering phenology—It flowers for about 8 months 
with large number of anatropus ovules on parietal during last week of March and second week of October. 
placenta. Style terminal of variable length [(5.43±0.25; Large plants bear 80-160 open flowers at a time and an 
4.55±0.25 and 3.85±0.25 cm) Figs. 1 D, E, F, G, H & I) inflorescence produced nearly 8-12 flowers throughout 
with bi-lobed apical stigmas (6±1x4±1 mm) of wet type flowering period (Fig. 1B). With the commencement of 

with medium sized papillae (Fig. 6F). They are usually at flowering in the last week of March, the number of 

flowers increased gradually till the first week of May and the level of stamens (Figs. 1F, G, H) or above the level of 

third week of June. Flowering decreased for a short stamens (Figs. 1D, E) or rarely below the level of 

period between last week of June and first week of July, stamens (Fig.1 C). The papillae are unicellular and, their 

cuticle pellicle layers are non-disrupted in closed stigma but again there was a gradual increase in the number of 

(Fig. 6G). The protoplast of papillae consists of dense flowers till the end of September and again decreased in 

the first week of October till the end of flowering in last cytoplasm, well organized nucleus and other cytoplamic 

week of October (Fig. 2). organelles (mitochondria, golgi complex and 

ribosomes) and several small vacuoles. The cuticle The flowering phenology, according to Gentry 

pellicle layer was more or less intact and thick, while in (1974 a, b) is of type-3 or “Cornucopia” phenology 

which is the generalized Bignoniaceae flowering the open stigma the cuticle pellicle layer was thin, 

strategy mostly shown by the members of Tribe disrupted and covered with exudates (Fig. 6H).  Singh 
Bignonieae. They produce mass of flowers and buds and Chauhan (1997) have studied the morphological 
lasting for 3-10 weeks with each inflorescence have changes in the stigma of seasonally transient sterile 
several flowers, anthesis in the morning after day break, Tecoma stans (Bignoniaceae). They observed 
single flower lasts for one day, flowering only once in a considerable variation in size, shape and number of 
year. stigmatic papillae through different seasons. During 

seedless period the papillae were small and covered with Floral morphology—Floral morphology is Martinella-
a thick and intact cuticle-pellicle layer. Similarly, Rana type (Gentry 1974a), which is characterized by the 
(2009) observed differential behavior of stigmatic bright orange-red flowers, corolla thick, glabrous 
papillae in seedless and seedbearing Kigelia pinnata outside, open mouth, long tube, exerted or sub exerted 
(Bignoniaceae) growing at Agra and Delhi respectively. anthers (Fig. 1B). Odourless and conspicuous nuptial 
She observed that the papillae were thick walled, nectary (nny) producing abundant nectar was present at 
compactly arranged and covered with non-disrupted and the ovary base (Fig. 1C). Flowers are arranged in 
thick cuticle-pellicle layer in seedless plants at Agra. On dichasial cymes (Fig. 1B). Flowers are pentamerous; 
the other hand, papillae on the stigmatic surface were with hypogynous disc. Calyx 5, greenish with long 
thin walled, loosely arranged and covered with disrupted pointed lobes (1.87±0.50 cm), gamospelous, open in 
cuticle pellicle layer releasing exudates in seedbearing buds. Corolla 5; gamopetalous. Corolla imbricate, bright 

Fig. 1 A-H— A. Campsis grandiflora plant. Arrows showing abscised corolla. B. Inflorescence with young buds and 

open flowers with halictid bees (arrows) on corolla surface. C. Pistil with terminal style, bilobed and closed stigma and 

nectariferous disc at the base of ovary. D. Mature flower bud showing dehiscent anthers and closed stigma. E, F, G, H. 

Open flowers showing dehisced anthers releasing yellow powdery mass of pollen grains and closed stigma at different 

levels. I. Flower showing pale white dehisced anthers and partially open stigma at the same level.  (a: anther; hb: 

halictied bees; nny: nuptial nectar; o: ovary; p: pollen; s: stigma; st: style).
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strategy mostly shown by the members of Tribe disrupted and covered with exudates (Fig. 6H).  Singh 
Bignonieae. They produce mass of flowers and buds and Chauhan (1997) have studied the morphological 
lasting for 3-10 weeks with each inflorescence have changes in the stigma of seasonally transient sterile 
several flowers, anthesis in the morning after day break, Tecoma stans (Bignoniaceae). They observed 
single flower lasts for one day, flowering only once in a considerable variation in size, shape and number of 
year. stigmatic papillae through different seasons. During 

seedless period the papillae were small and covered with Floral morphology—Floral morphology is Martinella-
a thick and intact cuticle-pellicle layer. Similarly, Rana type (Gentry 1974a), which is characterized by the 
(2009) observed differential behavior of stigmatic bright orange-red flowers, corolla thick, glabrous 
papillae in seedless and seedbearing Kigelia pinnata outside, open mouth, long tube, exerted or sub exerted 
(Bignoniaceae) growing at Agra and Delhi respectively. anthers (Fig. 1B). Odourless and conspicuous nuptial 
She observed that the papillae were thick walled, nectary (nny) producing abundant nectar was present at 
compactly arranged and covered with non-disrupted and the ovary base (Fig. 1C). Flowers are arranged in 
thick cuticle-pellicle layer in seedless plants at Agra. On dichasial cymes (Fig. 1B). Flowers are pentamerous; 
the other hand, papillae on the stigmatic surface were with hypogynous disc. Calyx 5, greenish with long 
thin walled, loosely arranged and covered with disrupted pointed lobes (1.87±0.50 cm), gamospelous, open in 
cuticle pellicle layer releasing exudates in seedbearing buds. Corolla 5; gamopetalous. Corolla imbricate, bright 

Fig. 1 A-H— A. Campsis grandiflora plant. Arrows showing abscised corolla. B. Inflorescence with young buds and 

open flowers with halictid bees (arrows) on corolla surface. C. Pistil with terminal style, bilobed and closed stigma and 

nectariferous disc at the base of ovary. D. Mature flower bud showing dehiscent anthers and closed stigma. E, F, G, H. 

Open flowers showing dehisced anthers releasing yellow powdery mass of pollen grains and closed stigma at different 

levels. I. Flower showing pale white dehisced anthers and partially open stigma at the same level.  (a: anther; hb: 

halictied bees; nny: nuptial nectar; o: ovary; p: pollen; s: stigma; st: style).
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plants at Delhi.  Stigma  in C. grandiflora are very (Fig. 1C). The extranuptial nectarines (enny) were 

sensitive and close down within 1-2 minutes due to observed on the inner and outer surface of calyx and 

several factors e.g. touch (on contact with the insects), corolla. These were emergent types of wart shaped 

when pollinated with small quantity of its own pollen or capitate glandular trichomes with 8-12 head cells 

pollen of another species of the genera or another genera secreting nectar (Fig.6 A, B, C).  Large cup-shaped 

of the same or different family, but reopens in 25-30 glandular trichomes with about 25 cells or more nectar 

minutes. On the other hand pollination with higher secreting head were observed on the inner corolla 

quantity of pollen the stigmatic lobes closed surface (Fig.6D).  Galetto (1995) analyzed nectary 

permanently. According to Newcombe (1924), the structure and nectar characteristics in 12 genera of 

sensitive stigmas occur in the families of the order Bignoniaceae including Campsis radicans. Chauhan et 

Scrophulariales (Scrophulariaceae, Bignoniaceae, al. (2007) reviewed the types of nectaries and their 

Martyniaceae and Lentibulariaceae). Among ontogeny in several Bignoniaceae. The nny present at 

Bignoniaceae, sensitive stigmas are widespread.  The the base of the ovary bursts to release 92±5 µl 

permanent closure of stigma after cross-pollination has nectar/flower in the morning hours (0530-0630 h). The 

been recorded in several members of this family (Bertin concentration of the nectar was 34% and it consisted of 

1982a, Singh & Chauhan 1997, Richardson 2004, Yang sucrose, fructose, glucose and amino acids at all times 

et al. 2004, Verma et al. 2009, Singh et al. 2009, and sucrose dominated throughout flowering period. 

Sritongchuay et al.  2010). Sritongchuay et al.  2010 Nectar production and its concentration gradually 

observed the causes and consequences of stigma closure declined as the day progresses and in the evening (1700- 

and re-opening in Oroxylum indicum.   Stigmas never 1900 h) only diluted (25.3%) 25±5 µl nectar/flower was 

reopened after conspecific pollination. Pollen load had recorded. Elias & Gelband (1975) observed sucrose 

no effect on stigma behavior. Stigmas discriminated predominant nectar in Campsis radicans. On the other 

between conspecific and foreign pollen; they reopened hand, Galetto (1995) found glucose dominated nectar 

only after pollination with the latter. produced by nny in Campsis radicans. Floral nectar 

secreted by both nny and enny nectaries attract large Nectaries & nectar—Both nuptial (nny) and 
number of black carpenter ants (Camponotus extranuptial nectaries (enny) were seen on different 
compestris Fabricius Fig.3C) and small black ants floral parts. A conspicuous nectariferous annular disk, 
(Monomorium minimum Buckley, Fig. 1B). They the nuptial nectary (nny) surrounds the base of the ovary 

collect nectar from floral buds and open flowers and Pollination biology & breeding behaviour— During 

carpenter ants eat away the anthers and stigma lobes. the release of pollen grains from the dehisced anthers in 

The sunbirds usually perch to forage for nectar and they floral buds or fresh open flowers in the morning hours 

usually puncture the base of the corolla tube to obtain (0530-0630 h), the nectariferous disc present at the base 

nectar. Red-striped beetles (Trichodes Collins spp.) also of the ovary burst to release 92±5 µl nectar/flower. The 

frequently visit the flowers especially in rains and feed quantity and concentration of nectar declines as the day 

upon corolla (Fig. 3G). progresses and in the evening it is diluted and less in 

quantity. It attracts bees of Halictidae (Fig.1 B), black Floral biology—Flowers open between 0530-0630 h 
carpenter ants (Camponotus compestris, Fig.3C), and the tetrasporangiate anthers of all the four stamens 
Mellipona Illiger spp. (Fig. 3D, E) Apis florea (Fig. 3 C) dehisced simultaneously by a longitudinal slit between 
and sunbirds (Nectarinia asiatica Latham) (Fig. 3F).  0500-0600 h when corollas were still closed (Fig. 1C). 
The halicted bees were the first to forage soon after the Yellow coloured powdery mass of pollen grains 
opening of the flowers between 05030-0830 h. They exhibiting higher percentage of viability (85-90% 
crawl to the anthers and work upside down, grasping an viable, Fig. 5A) was released from the dehisced anthers 
anther and scooping pollen with their forelegs (Fig. 1B). (Fig. 1D). The SEM observations revealed that the 
They fail to transfer the pollen on the stigmatic lobes as pollen grains are oval or sub- spherical, 35-40 µm in 
they are closed at this stage. Next to arrive between diameter, tricolpate with thick colpus membrane and 
0600-1000 h are small bees (Mellipona spp.). They were finely reticulate exine (Fig. 6E). Bewli et al. (1995) 
also observed to forage over flowers and come in studied pollen morphology and pollen physiology in ten 
contact with the dehisced anthers, while the stigmatic genera of the family Bignoniaceae and found that pollen 
lobes are closed and slightly away from the anthers (Fig. grains of Campsis grandiflora are smallest in size. At 
3D). In a limited number of open flowers Mellipona this time, the length of the style was quite variable and 

comes in contact with partially open stigmatic lobes the stigmatic lobes of equal size remained closed and 

usually present above or below the stamens or at the (Fig.3E). However, the amount of pollen transferred 

same level during anther dehiscence, in order to avoid seems to be poor and there is no fruit formation. Apis 

being pollinated (Fig. 1D,E, F,G, H). As the day florea was also seen foraging flowers during 0830-1100 

h. They enter inside the corolla tube, come in contact progresses, the viability of pollen declines gradually and 

with the dehisced anthers and also with half open between 1500-1800 h, the powdery mass of pollen 

grains and anther lobes become white indicating loss of stigmatic lobes (Fig. 3 C, D). However, on verification 

pollen viability (Fig. 1H) and at 1700-1800 h, the pollen of in vivo pollen germination, it was found that the 
viability is completely lost (Fig. 4). This is followed by pollen germination on the stigmatic surface was only 
the opening of stigmatic lobes between 1600-1900 h and 15-18% with small coiled pollen tubes (Fig. 5 B). The 
they are receptive, remain open and curl down in search sunbirds (Nectarinia asiatica synonyms Cinnyris 
of pollen till next morning (Fig. 3B). At this stage, the asiaticus Latham; Arachnechthra intermedia) rarely 
corollas abscise with epipetalous stamens (Fig.3A).  hover at flowers usually perch to forage for nectar at 
The stigmatic lobes turn slightly brown and completely 0530-1000 and 1600-1800 h (Ede 1945, Bird Life 
dry, indicating termination of their receptivity and International, 2012) without coming in contact with the 
usually are eaten away by black carpenter ants wide open stigmatic lobes. They puncture the base of the 
(Camponotus compestris).  In another 24 hours, the corolla tube for nectar (Fig. 3F). Thus, sunbirds fail to 
pistils collapse and they abscise along with the transfer viable pollen on the stigma. Sunbirds mainly 
persistent calyx to render the plant completely fruitless. feed on nectar and are distributed widely from West Asia 

through the Indian Subcontinent and also Southeast Pollen-ovule ratio—A single anther produces 

6384±254 pollen grains and 25536±5256 pollen grains Asia. Sunbirds are important pollinators of some plants 

are produced/flower. The number of ovules/flower was e.g. Dendrophthoe (Rahman et al. 1993), Butea 

653±26. Thus, the pollen ovule ratio was 39. monosperma (Tandon et al. 2003); Acacia (Stone et al. 
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plants at Delhi.  Stigma  in C. grandiflora are very (Fig. 1C). The extranuptial nectarines (enny) were 

sensitive and close down within 1-2 minutes due to observed on the inner and outer surface of calyx and 

several factors e.g. touch (on contact with the insects), corolla. These were emergent types of wart shaped 

when pollinated with small quantity of its own pollen or capitate glandular trichomes with 8-12 head cells 

pollen of another species of the genera or another genera secreting nectar (Fig.6 A, B, C).  Large cup-shaped 

of the same or different family, but reopens in 25-30 glandular trichomes with about 25 cells or more nectar 

minutes. On the other hand pollination with higher secreting head were observed on the inner corolla 

quantity of pollen the stigmatic lobes closed surface (Fig.6D).  Galetto (1995) analyzed nectary 

permanently. According to Newcombe (1924), the structure and nectar characteristics in 12 genera of 

sensitive stigmas occur in the families of the order Bignoniaceae including Campsis radicans. Chauhan et 

Scrophulariales (Scrophulariaceae, Bignoniaceae, al. (2007) reviewed the types of nectaries and their 

Martyniaceae and Lentibulariaceae). Among ontogeny in several Bignoniaceae. The nny present at 

Bignoniaceae, sensitive stigmas are widespread.  The the base of the ovary bursts to release 92±5 µl 

permanent closure of stigma after cross-pollination has nectar/flower in the morning hours (0530-0630 h). The 

been recorded in several members of this family (Bertin concentration of the nectar was 34% and it consisted of 

1982a, Singh & Chauhan 1997, Richardson 2004, Yang sucrose, fructose, glucose and amino acids at all times 

et al. 2004, Verma et al. 2009, Singh et al. 2009, and sucrose dominated throughout flowering period. 

Sritongchuay et al.  2010). Sritongchuay et al.  2010 Nectar production and its concentration gradually 

observed the causes and consequences of stigma closure declined as the day progresses and in the evening (1700- 

and re-opening in Oroxylum indicum.   Stigmas never 1900 h) only diluted (25.3%) 25±5 µl nectar/flower was 

reopened after conspecific pollination. Pollen load had recorded. Elias & Gelband (1975) observed sucrose 

no effect on stigma behavior. Stigmas discriminated predominant nectar in Campsis radicans. On the other 

between conspecific and foreign pollen; they reopened hand, Galetto (1995) found glucose dominated nectar 

only after pollination with the latter. produced by nny in Campsis radicans. Floral nectar 

secreted by both nny and enny nectaries attract large Nectaries & nectar—Both nuptial (nny) and 
number of black carpenter ants (Camponotus extranuptial nectaries (enny) were seen on different 
compestris Fabricius Fig.3C) and small black ants floral parts. A conspicuous nectariferous annular disk, 
(Monomorium minimum Buckley, Fig. 1B). They the nuptial nectary (nny) surrounds the base of the ovary 

collect nectar from floral buds and open flowers and Pollination biology & breeding behaviour— During 

carpenter ants eat away the anthers and stigma lobes. the release of pollen grains from the dehisced anthers in 

The sunbirds usually perch to forage for nectar and they floral buds or fresh open flowers in the morning hours 

usually puncture the base of the corolla tube to obtain (0530-0630 h), the nectariferous disc present at the base 

nectar. Red-striped beetles (Trichodes Collins spp.) also of the ovary burst to release 92±5 µl nectar/flower. The 

frequently visit the flowers especially in rains and feed quantity and concentration of nectar declines as the day 

upon corolla (Fig. 3G). progresses and in the evening it is diluted and less in 

quantity. It attracts bees of Halictidae (Fig.1 B), black Floral biology—Flowers open between 0530-0630 h 
carpenter ants (Camponotus compestris, Fig.3C), and the tetrasporangiate anthers of all the four stamens 
Mellipona Illiger spp. (Fig. 3D, E) Apis florea (Fig. 3 C) dehisced simultaneously by a longitudinal slit between 
and sunbirds (Nectarinia asiatica Latham) (Fig. 3F).  0500-0600 h when corollas were still closed (Fig. 1C). 
The halicted bees were the first to forage soon after the Yellow coloured powdery mass of pollen grains 
opening of the flowers between 05030-0830 h. They exhibiting higher percentage of viability (85-90% 
crawl to the anthers and work upside down, grasping an viable, Fig. 5A) was released from the dehisced anthers 
anther and scooping pollen with their forelegs (Fig. 1B). (Fig. 1D). The SEM observations revealed that the 
They fail to transfer the pollen on the stigmatic lobes as pollen grains are oval or sub- spherical, 35-40 µm in 
they are closed at this stage. Next to arrive between diameter, tricolpate with thick colpus membrane and 
0600-1000 h are small bees (Mellipona spp.). They were finely reticulate exine (Fig. 6E). Bewli et al. (1995) 
also observed to forage over flowers and come in studied pollen morphology and pollen physiology in ten 
contact with the dehisced anthers, while the stigmatic genera of the family Bignoniaceae and found that pollen 
lobes are closed and slightly away from the anthers (Fig. grains of Campsis grandiflora are smallest in size. At 
3D). In a limited number of open flowers Mellipona this time, the length of the style was quite variable and 

comes in contact with partially open stigmatic lobes the stigmatic lobes of equal size remained closed and 

usually present above or below the stamens or at the (Fig.3E). However, the amount of pollen transferred 

same level during anther dehiscence, in order to avoid seems to be poor and there is no fruit formation. Apis 

being pollinated (Fig. 1D,E, F,G, H). As the day florea was also seen foraging flowers during 0830-1100 

h. They enter inside the corolla tube, come in contact progresses, the viability of pollen declines gradually and 

with the dehisced anthers and also with half open between 1500-1800 h, the powdery mass of pollen 

grains and anther lobes become white indicating loss of stigmatic lobes (Fig. 3 C, D). However, on verification 

pollen viability (Fig. 1H) and at 1700-1800 h, the pollen of in vivo pollen germination, it was found that the 
viability is completely lost (Fig. 4). This is followed by pollen germination on the stigmatic surface was only 
the opening of stigmatic lobes between 1600-1900 h and 15-18% with small coiled pollen tubes (Fig. 5 B). The 
they are receptive, remain open and curl down in search sunbirds (Nectarinia asiatica synonyms Cinnyris 
of pollen till next morning (Fig. 3B). At this stage, the asiaticus Latham; Arachnechthra intermedia) rarely 
corollas abscise with epipetalous stamens (Fig.3A).  hover at flowers usually perch to forage for nectar at 
The stigmatic lobes turn slightly brown and completely 0530-1000 and 1600-1800 h (Ede 1945, Bird Life 
dry, indicating termination of their receptivity and International, 2012) without coming in contact with the 
usually are eaten away by black carpenter ants wide open stigmatic lobes. They puncture the base of the 
(Camponotus compestris).  In another 24 hours, the corolla tube for nectar (Fig. 3F). Thus, sunbirds fail to 
pistils collapse and they abscise along with the transfer viable pollen on the stigma. Sunbirds mainly 
persistent calyx to render the plant completely fruitless. feed on nectar and are distributed widely from West Asia 

through the Indian Subcontinent and also Southeast Pollen-ovule ratio—A single anther produces 

6384±254 pollen grains and 25536±5256 pollen grains Asia. Sunbirds are important pollinators of some plants 

are produced/flower. The number of ovules/flower was e.g. Dendrophthoe (Rahman et al. 1993), Butea 

653±26. Thus, the pollen ovule ratio was 39. monosperma (Tandon et al. 2003); Acacia (Stone et al. 
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Fig. 3 A-G — A. Abscised corolla with epipetalous stamens and staminode. B. Pistil with curled stigmatic lobes and 

persistent calyx. C. Honey bee (Apis florea) inside a lowers and a carpenter black ant (arrow) at the base of flower. D. 

Mellipona spp. in contact with the dehisced anther. Note the punctured corolla tube at the base (arrow). E. Mellipona 

spp. in contact with the partially open stigma. F. Sunbird (Nectarinia asiatica) perching at the base of flowers. G. Red 

striped beetle bee (Trichodes spp.) feeding upon the corolla.  (a: anther; hb: honey bee; k: calyx; os: open stigma; m: 

Mellipona spp.; s: stigma; sm: staminode). 

2003), Woodfordia (Raju 2005), Sterculia colorata pollen from different flowers of the same plant 

(Raju et al. 2004) and Rhodoleia chamionii (Gu et (geitinogamy) and pollinated with the pollen from 

al.2010). Since they are nectar collectors they spend different individuals (xenogamy). However, this 

little time in old flowers in the evening hours (1600-1800 ornamental climber produced 2-3 fruits/plant nearly 20-

h) when stigma becomes receptive but at this time pollen 25 years back at Agra (Chauhan SVS Personal 

grains lost their viability. The New World, Campsis communication) and interestingly during the course of 

radicans is pollinated by Ruby-throated Hummingbirds present study a fruit developed on one out of 25 plants 

(Archilochus colubris), honeybees (Apis mellifera) and observed (Fig.5 C). On the other hand, failure of seed 

bumblebees (Bombus  spp.).  A comparative formation in open pollinated and bagged flowers 

morphological and biochemical study into the causes of indicated that this species is self-compatible. The 

seedlessness in some Bignoniaeae (Campsis germination of self-pollen on stigma surface was 2.5-

grandiflora, Cresentia cujute, Millingtonia hortensis, 15% and only small coiled pollen tubes developed (Fig. 

Pyrostegia venusta and Spathodea campanulata) made 5B). However, hand pollination experiments with higher 

by Chauhan et al. (1987) revealed that apparently viable amount of pollen grains (600-800 and 800-1200) 

pollen grains landing on the stigmatic surface either collected from the flowers of the same plant or from 

failed to germinate or the tube growth was much different plants resulted in the production of fruits 

inhibited. SEM examination showed some differences (septicidal capsule) containing viable winged seeds 

between the stigmatic surfaces of seedless and (Fig. 5D, E, F). Nearly 25-40% flowers pollinated with 

seedbearing plants.  The papillae were thick walled and approximately 600-800 pollen grains produced fruits, 

compactly arranged on the stigmatic surface of seedless while hand pollination with 800-1200 pollen grains 

plants. Pollinating in vitro cultured pistils of Spathodea resulted in 80-95% fruit formation indicating facultative 

campanulata in MS medium with large amount of pollen autogamy.  Formation of a single fruit on one plant 

suspension in Brewbaker and Kwack's (1963) medium during present study may be result of deposition of 

resulted in the formation of fruit with seeds with embryo. adequate pollen (>600) by Mellipona spp. and Apis 

There was no fruit formation in this beautiful climber in cerena indica. However, Cruden's (1977) conservative 

spite of the fact that it produces dozens of large showy indicator of breeding system does not support facultative 

brilliant orange-red flowers. Fruits failed to develop in autogamy in this species with pollen: ovule ratio of only 

self-pollinated flowers, flowers pollinated with the 39. According to Cruden (1977), the number of pollen 

                              Fig. 4  Pollen viability during different hours of a day.—
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Fig. 3 A-G — A. Abscised corolla with epipetalous stamens and staminode. B. Pistil with curled stigmatic lobes and 

persistent calyx. C. Honey bee (Apis florea) inside a lowers and a carpenter black ant (arrow) at the base of flower. D. 

Mellipona spp. in contact with the dehisced anther. Note the punctured corolla tube at the base (arrow). E. Mellipona 

spp. in contact with the partially open stigma. F. Sunbird (Nectarinia asiatica) perching at the base of flowers. G. Red 

striped beetle bee (Trichodes spp.) feeding upon the corolla.  (a: anther; hb: honey bee; k: calyx; os: open stigma; m: 

Mellipona spp.; s: stigma; sm: staminode). 

2003), Woodfordia (Raju 2005), Sterculia colorata pollen from different flowers of the same plant 

(Raju et al. 2004) and Rhodoleia chamionii (Gu et (geitinogamy) and pollinated with the pollen from 

al.2010). Since they are nectar collectors they spend different individuals (xenogamy). However, this 

little time in old flowers in the evening hours (1600-1800 ornamental climber produced 2-3 fruits/plant nearly 20-

h) when stigma becomes receptive but at this time pollen 25 years back at Agra (Chauhan SVS Personal 

grains lost their viability. The New World, Campsis communication) and interestingly during the course of 

radicans is pollinated by Ruby-throated Hummingbirds present study a fruit developed on one out of 25 plants 

(Archilochus colubris), honeybees (Apis mellifera) and observed (Fig.5 C). On the other hand, failure of seed 

bumblebees (Bombus  spp.).  A comparative formation in open pollinated and bagged flowers 

morphological and biochemical study into the causes of indicated that this species is self-compatible. The 

seedlessness in some Bignoniaeae (Campsis germination of self-pollen on stigma surface was 2.5-

grandiflora, Cresentia cujute, Millingtonia hortensis, 15% and only small coiled pollen tubes developed (Fig. 

Pyrostegia venusta and Spathodea campanulata) made 5B). However, hand pollination experiments with higher 

by Chauhan et al. (1987) revealed that apparently viable amount of pollen grains (600-800 and 800-1200) 

pollen grains landing on the stigmatic surface either collected from the flowers of the same plant or from 

failed to germinate or the tube growth was much different plants resulted in the production of fruits 

inhibited. SEM examination showed some differences (septicidal capsule) containing viable winged seeds 

between the stigmatic surfaces of seedless and (Fig. 5D, E, F). Nearly 25-40% flowers pollinated with 

seedbearing plants.  The papillae were thick walled and approximately 600-800 pollen grains produced fruits, 

compactly arranged on the stigmatic surface of seedless while hand pollination with 800-1200 pollen grains 

plants. Pollinating in vitro cultured pistils of Spathodea resulted in 80-95% fruit formation indicating facultative 

campanulata in MS medium with large amount of pollen autogamy.  Formation of a single fruit on one plant 

suspension in Brewbaker and Kwack's (1963) medium during present study may be result of deposition of 

resulted in the formation of fruit with seeds with embryo. adequate pollen (>600) by Mellipona spp. and Apis 

There was no fruit formation in this beautiful climber in cerena indica. However, Cruden's (1977) conservative 

spite of the fact that it produces dozens of large showy indicator of breeding system does not support facultative 

brilliant orange-red flowers. Fruits failed to develop in autogamy in this species with pollen: ovule ratio of only 

self-pollinated flowers, flowers pollinated with the 39. According to Cruden (1977), the number of pollen 
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Fig. 5— Pollen, fruits and seeds. A. Viable (v) and non-viable (nv) pollen. B. In vivo pollen germination on stigmatic 

surface showing small and coiled pollen tubes (pt). C. Fruit formed in nature. D. Fruit developed by hand pollination. 

E. Mature fruits about to dehisce (arrow). F. Winged seeds.
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Fig. 6— SEM photographs of nectaries, pollen and stigmatic papillae. A, B, C D. Extra nuptial nactaries on calyx and 

corolla (bar: 10µm). E. Pollen grains (bar: 3µm). F. Stigmatic papillae (bar: 5µm). G & H. TEM photographs of L.S. 

of stigmatic papillae. G. Papilla of non-receptive stigma with thick cuticle pellicle layer (2100X). H. Papilla on 

receptive stigma showing disrupted cuticle pellicle layer (2900X). (cpl: cuticle pellicle layer; enny: extra nuptial 

nectary; p: pollen; pap: papillae).  
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receptive stigma showing disrupted cuticle pellicle layer (2900X). (cpl: cuticle pellicle layer; enny: extra nuptial 
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