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ABSTRACT

The present paper reveals the floral phenology, flower-visitor interaction and pollination of Abrus precatorius L., a medicinally 
important plant of the family Fabaceae. The flowers are small, zygomorphic, pale pink in short dense racemes which open in 
morning (06:00–08:00 h) and simultaneously anther dehiscence as well as nectar secretion took place. Each flower produced an 
average of 2052 pollen grains and P/O is 342:1. Different insects like Apis dorsata, A. florea, Amegilla sp., Trigona and ants 
(Hymenoptera), Catopsilia crocale, Danaus chrysippus, Papilio demolius and Hypolimnas misippus (Lepidoptera), Thrips 
hawaiiensis (Thysanoptera) and Sarcophaga sp. (Diptera) were found to visit the flowers in searching of floral rewards i.e. pollen 
and nectar. Members of Hymenoptera, Lepidoptera and flies (Diptera) visit only after flower opening while ants continuously 
paid their visit to flowers. The effect of nutrients like sucrose in combination with boric acid were tested on in vitro pollen 
germination to know the pollen viability and optimum nutrient requirements for pollen germination. The highest germinating 
pollen (92%) along with 910±3.27 µm long pollen tube was obtained in 25% sucrose solution supplemented with 100ppm boric 
acid. Stigma showed maximum receptivity after 3hr of anthesis with reference to in vivo pollen germination, esterase and 
peroxidase activity. Presence of copious esterase over stigma surface and peroxidase coincided with its receptivity. The 
percentage of fruit set was considerably higher in natural open flowers compared to netted and bagged flowers, indicating the vital 
role of insects for successful pollination. Pollination success rate depends largely on cross-pollination assisted by pollinator 
activities, especially by bees.

Keywords : Pollination, pollen germination, stigma receptivity, esterase, peroxidase,  Abrus precatorius

 Sprengel in 1793 brought to light his famous findings on nutrients on in vitro pollen germination, determination of 

the interactions between the flowers and insects that transport stigma receptivity and contribution of esterase and peroxidase 

pollen grains to the stigmas of plants, demonstrating that they towards stigma receptivity in Abrus precatorius L.

are essential for production of seeds and fruits (see Meyer et MATERIALS AND METHODS
al. 2011). The concept of pollination biology has been a 

The study area was confined to Santiniketan and fundamental subject in plant reproductive biology  because of 
adjoining areas (87°41' and 87°42' east and 23°40' and 23°42' its capacity to adopting novel methods and making progress in 
north latitude) of Birbhum district of West Bengal, India. The understanding the interactions between plants and their 
flowering twigs were collected and identified at the pollinators, pollen dispersal, pollination, pollen – stigma 
Department of Botany, Visva-Bharati, Santiniketan with the interaction and pollen germination. Increasing evidence 
help of latest floras and the identified herbarium sheets suggests that climate change will have a significant impact on 
available at Departmental Herbarium. plant-pollinator interaction and may result in bio-diversity 
Phenology—Phenological data on leaf fall, leaf renewal, loss (Zhang et al. 2010). Development of aflagellate, non-
initiation of flowering, peak flowering period, last stages of motile sperms, evolution of pollen grains (highly reduced 
flowering and time of fruiting was recorded. Flowering male gametophyte), pollen tube, ovule and the carpel are all 
phenology (time of anthesis, anther dehiscence, stigma important steps in evolutionary history of the phenomenon of 
receptivity) from five marked branches on different plants was pollination (Koul et al. 2016). 
collected. Number of flowers/inflorescence, size of floral Abrus precatorius L. (Fabaceae) an economically 
parts, fruit-set percentage and number of seeds/fruit was important and beautiful deciduous, climbing shrub found in 
recorded. subtropical regions of India has medicinal importance as well 
Flowering phenology— The beginning, peak and end of as its seeds are used as purgative, emetic, tonic against nervous 
flowering, as well as the relative flowering intensity (average disorder and cattle poisoning; poultice of seeds as suppository 
number of flowers/inflorescence x average number of to bring about abortion (Chopra et al. 1956). The weight of the 
inflorescences/individual) was registered following the seeds is remarkably uniform and was used by Goldsmith for 
procedure of Dafni (1992).  Number of simultaneously open weighing gold (Verma 2016).  
flowers/inflorescence/branch/tree/day was counted. Time of This paper examines the contribution of flower- visitors 
opening of flowers, anther dehiscence, and stigma receptivity in relation to pollen dispersal as well as fruits-/ seeds set, 
was recorded. Time of opening of new flowers i.e. when the identifies its most effective pollinators, effect of different 

EPR R OT DN UAL CP T IF VEO  BYT IOEI L

C O

O G

S I SE TH ST



petals separated to expose the androecium and gynoecium was observed. The flower visitors, especially different type of 

recorded in the marked floral buds. Stigma receptivity was insects were collected, preserved and identified with the help 

determined by hand-pollinating 100 stigmas at different of the specimens earlier identified by Zoological Survey of 

stages of development and in vivo pollen germination on India, Kolkata and kept in the laboratory. Members of 

stigmatic surface was recorded by aniline blue fluorescence Thysanoptera were collected and observed under light 

method after Martin (1959). Formation of fruits was observed microscope and photographs were taken at low magnification. 

periodically in tagged floral buds on marked plants. The Pollen load on insects was confirmed by catching and 

longevity of flowers was observed by the method after Gill et immersing the insects in distilled water in a petridish. A drop 

al. (1998).  These changes were recorded every day of such water was taken onto slide and observed under light 

throughout the flowering period.  microscope to count the number of pollen grains on the body 

Pollen production/anther/flower—Mature anthers were surface of insects.

crushed in lactophenol-glycerine with aniline blue. A known Breeding system—Percentage of fruit-set in open flowers, 

dilution was placed on the grid and 10 replicate counts were emasculated bagged flowers pollinated with the pollen from 

made using a hemocytometer (Barrett 1985). the flowers of the same plant and pollinated with the pollen 

Pollen Morphology— For SEM studies, fresh pollen grains from different individuals were recorded. 

were fixed in 3% glutaraldehyde and acetolyzed.  These were RESULTS AND DISCUSSION
dehydrated through aqueous acetone series, dried with CO  in 2

FLORAL MORPHOLGY AND PHENOLOGY-Flowering a HCP-2 Hitachi critical point dryer. The samples were coated 
occurred from August to October. Flowers are small, pale pink with gold  in a SCD 020 
which open in morning (6:00 – 8:00 h). As the bud matures, the sputter coating Unit (Polorn Equipment Ltd., Welford, 
vexillum gradually bulges and protrudes from the calyx. At England) and observed in a Scanning Electron Microscope 
anthesis, it unfolds exposing the wing and keel petals in which 20nm at University Science 
the sex organs are still enclosed. After anthesis, anthers Instrumentation Center (USIC), The University of Burdwan, 
dehisce asynchronously by longitudinal slit and nectar Burdwan. Pollen morphology was described following the 
secretion in calyx cup took place. Each anther produces an description of Erdtman (1960). 
average of 228±20.19 pollen grains with an average of In vitro pollen germination— The fresh pollen samples 
2052±164.67 pollen grains per flower and P/O is 342:1. The were grown in the cavity slides containing aqueous solution of 
pollen grain is 3- colporate, oblate, 34.6 ́ 20.8 µm, colpi long, 5- 40% sucrose and 50- 400ppm boric acid separately or in 
psilate (Table 1, Fig. 2A).combination. Slides were then kept in Petri dishes lined with 
Table 1–Floral morphology and phenology. P/O ratio, stigma receptivity moist filter paper. Pollen germination percentage and pollen 
and fruit-set (%)

tube growth was observed under ‘Olympus’ binocular 
Floral Characters Observations

microscope (OIC/08101) at low magnification (10x X 15x) at Flowering period August to October
different time intervals after the method of Shivanna and Flower type Zygomorphic

Flower colour Pale pinkRangaswamy (1992). 
Odour/Nectar PresentStigma receptivity—Receptivity of stigma was 
Anthesis time Morning (6:00 hrs-8:00 hrs) 

examined by the method of Martin (1959) and Joshirao and 
Anther dehiscence time After flower opening

Saoji (1989). The stigmas were fixing in acetic-alcohol (1:1), Mode of anther dehiscence Longitudinal slit
kept in 4N NaOH and stained with aniline blue. The method of No. of pollen grains/Anther 228 ± 20.19

No. of pollen grains/Flower 2052 ± 164.67Shivanna and Rangaswamy (1992) was followed for the 
Pollen-Ovule ratio 342:1localization of esterase on stigmatic surface by using alpha-
Pollen morphology 3-colporate, oblate, 34.6 (± 1.09) 

naphthyl acetate as a substrate, 0.15 M phosphate buffer (pH x 20.8 (± 0.91) µm
6.8) and fast blue B Salt. The evolution of O  bubbles per 2 Stigma type wet-papillate type and below the

 anther level minute on the stigma as an indicator of peroxidase activity was 
Location of esterases Throughout the stigma surface

recorded using hydrogen peroxide (Dafni 1992). Fruit-set (%)-         
Microphotograph were taken by Zeiss (Axiostar plus) Open flowers   41      

Netted flowers        22   microscope at 20X magnification. 
Bagged  flowers    7   Floral visitors—Soon after anthesis, different flower 
Geitonogamy       24  

visitors were found to visit the flowers. Mode and period of Xenogamy 35
visiting time, nature and behavior of flower visitors were  ±  Standard deviation

(200 Å thickness at 5 mA Voltage)

(Hitachi S-530, Japan) 
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Table 2- Effect of sucrose on in vitro pollen germination.

Conc. Period (h)

One Two Four

Germination(%) Tube  length Germination(%) Tube length Germination(%) Tube length 
(µm)* (µm)* (µm)*

Distilled — — — — — —
water
5% — — — — — —
10% 6 ± 1.67 65 ± 2.04 7 ± 1.54 91 ± 2.60 7 ± 1.09 103 ± 2.19
15% 15 ± 1.62 260 ± 2.06 18 ± 1.97 325 ± 2.94 18 ± 1.30 403 ± 1.64
20% 23 ± 1.89 338 ± 2.98 23 ± 1.84 429 ± 3.19 24 ± 1.67 559 ± 3.25
25% 44 ± 2.19 416 ± 2.49 45 ± 2.28 572 ± 3.57 45 ± 2.07 676 ± 3.57
30% 40 ± 2.15 312 ± 2.70 41 ± 1.40 442 ± 2.36 41 ± 1.61 585 ± 2.89
35% 28 ± 2.60 325 ± 2.19 28 ± 2.19 351 ± 2.04 28 ± 1.84 403 ± 2.56
40% 19 ± 1.67 195 ± 1.64 20 ± 1.64 260 ± 2.19 20 ± 1.78 299 ± 2.52

*Mean value of 25 pollen tubes;  ±  Standard deviation

Table 3—Effect of addition of boric acid in sucrose solutions on in vitro pollen germination.

Conc.(Sucrose 
+ Boric acid)                                                                                              Period (h)

One Two Four

Germination(%) Tube Germination(%) Tube Germination(%) Tube 
length(µm)  length (µm) length (µm)

25%+50ppm 63 ± 2.60 260 ± 3.76 65 ± 1.51 429 ± 3.71 65 ± 2.07 637 ± 3.52
25%+100ppm 89 ± 1.54 338 ± 3.57 92 ± 1.34 689 ± 3.76 92 ± 1.26 910 ± 3.27
25%+200ppm 81 ± 1.61  312 ± 3.25 84 ± 1.26 364 ± 4.07 85 ± 1.09 520 ± 2.93
25%+300ppm 71 ± 1.94 299 ± 2.89 72 ± 1.54 351 ± 3.22 72 ± 1.84 455 ± 4.04
25%+400ppm 64 ± 2.04 130 ± 2.52 65 ± 2.19 260 ± 2.93 65 ± 1.34 325 ± 2.49

 ±  Standard deviation

Table 4– Stigma receptivity of Abrus precatorius 

Time after  flower opening             Period (h) Drooping Stage

1 3 5 8

No. of stigma observed 10 10 10 10 10
No. of pollen on stigma 105 ± 2.19 85 ± 2.48 115 ± 1.51 95 ± 1.94 99±2.09
 No. of pollen germinating on stigma  68 ± 2.52 64 ± 2.89 62 ± 2.14 22 ± 2.4 7±1.67
Pollen germinating (%) 64.76 75.29 53.91 23.15 7.07

Pollen Tube length (µm) 170 ± 3.52 175 ± 3.68 127 ± 4.42 81 ± 3.57 65±2.93
Esterase  expression  +++  +++ ++ + -
Peroxidase  activity +++  +++ ++ + -

+++ : High, ++ : Moderate, + : Low, – : Absent;  ±  Standard deviation

Table 5—Floral visitors with their foraging behavior.

Name of the visitors with order/family Visiting time Foraging nature Pollen adhering region
Hymenoptera
Apis dorsata Day Pollen, Nectar Ventral region, Legs and
Apis florea Day Pollen, Nectar  mouth parts
Trigona sp. Day Pollen, Nectar ,,
Amegilla sp. Day Pollen, Nectar ,,
Ants(Formicidae) Day and Night Nectar Throughout the body
Lepidoptera
Catopsilia crocale Day Nectar Proboscis, Legs
Danaus chrysippus Day Nectar ,,
Papilio demoleus Day Nectar ,,
Hypolimnas misippus Day Nectar ,,
Diptera
Sarcophaga sp. Day Nectar Ventral region
Thysanoptera
Thrips hawaiiensis Day and Night Pollen, Nectar Throughout the body
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IN VITRO POLLEN GERMINATION—The pollen grains 

from freshly dehisced anthers exhibited highest percentage of 

pollen germination. Addition of boric acid to sucrose solution 

enhanced both pollen germination percentage as well as 

pollen tube growth. There was 45% pollen germination with 

676±3.57  long pollen tubes in 25% sucrose solution (Table 

2). The highest percentage of pollen germination (92%) and 

the longest pollen tubes (910±2.27 µm) was observed in 25% 

sucrose solution supplemented with 100 ppm boric acid after 4 

hours (Table 3, Fig.1f).  

Fig.2— Scanning electron microphotographs. A. Pollen grains, B. 
Stigma..

Composition of medium for optimum in vitro pollen 
germination varies and greatly depends upon the species 
(Bhattacharyya and Mandal 2012). The externally supplied 
sucrose maintains the osmotic pressure and act as a substrate 
for the pollen metabolism (Shivanna and Johri 1985). The role 
of boron has been confirmed in germinating pollen and 
growing pollen tubes, especially in vascular plants. Boron is 
directly involved in pectin synthesis and attributed to 
enhancement in tube growth rate (Shivanna and Johri 1985). 
Boron is known to make a complex with sugar and this sugar-
borate complex is capable of better translocation than non-
borate, non-ionized sugar molecules (Biswas and Mondal 
2014, Dutta Mudi and Mondal 2014, Ghanta and Mondal 
2016). The present findings are also supported by those of  
Bhattacharya and Mandal (2004), Biswas et al. (2008), 
Mondal and Ghanta (2012).

MORPHOLGY AND RECEPTIVITY OF STIGMA

Stigma is wet-papillate covered with bristles (Fig. 2B). 
Fig. 1—a-l. Abrus precatorius L., a. Flowering branch, b. Pollen grains Presence of dense non-specific esterases and peroxidases 
(LM), c. Esterase expression(10X), d. Peroxidase activity- presence of were recorded all over the surface on the stigmatic surface, 
bubbles over stigma (10X), e.  In vivo germinated pollen grains (LM 

three hours after anthesis (Fig. 1c) (26 oxygen bubbles/minute 
40X), f. In vitro germinated pollen grains (LM 40X), g. Apis florea 

by using hydrogen peroxide) showing  maximum stigma collecting nectar and pollen as forage materials, h. Apis dorsata 
receptivity (Fig.1d). At this stage when stigma showed collecting nectar and pollen, i. Hypolimnas misippus (Lepidoptera) 

collecting nectar, j. Catopsilia crocale (Lepidoptera) collecting nectar, maximum receptivity, there was 75.29% in vivo pollen 
k. Adhering pollen grains along with body parts of Thrips, l. Fruits after germination with 175±3.68 µm long pollen tubes (Table 4, 
successful pollination. Fig.1e). 

µm
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Stigma receptivity is a critical stage which greatly (Fig.1k). Percentage of fruit set in emasculated bagged 

influences the success of pollination. The receptive surface of flowers on pollinating with the pollen from different flowers 

stigma contains extracellular proteins either as a pellicle in the of the same plant (geitonogamy) was 24% and in emasculated 

dry stigmas or as a component of the exudates in the wet bagged flowers pollinated with pollen from flowers of 

stigmas. Esterase and peroxidase are important components of different individual (xenogamy) was 35% (Table 1). These 

the stigma surface proteins and their presence is related to results and indicate facultative xenogamous nature of the 

stigma receptivity (Dafni and Mauses 1998, Bhattacharyya plant. This is supported by P/O ratio (Cruden 1977).  

and Mandal 2003, 2004, Bhattacharya et al. 2004, Sreekala et Acknowledgement— Authors express sincere thanks to the 

al. 2008, Choudhury et al. 2008, 2011, Kulloli et al. 2009, Head, Department of Botany (DST-FST & UGC-SAP DRS), 

2010). The release of stigmatic exudates including esterase Visva-Bharati, for providing the necessary laboratory 

and peroxidase is dependent on stigma morphology, vigor of facilities.

the stigma and its receptivity. In the present study, maximum REFERENCES
stigma receptivity in terms of in vivo pollen germination, 

Barrett SCH 1985. Floral trimorphism and monomorphism in esterase and peroxidase activity were obtained on day one 
Continental and Island populations of Eichhornia soon after anthesis (< 3hrs). The presence of esterase and 
paniculata (Spreng.) Solms (Pontederiaceae). Biol. J. peroxidase was maximum after anthesis when stigma were 
Linnean Soc. 25 41-60.highly receptive, suggesting that these enzymes are important 

for stigma receptivity. Bhattacharya A and Mandal S 2003. Stigma form and surface 
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