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Saraca asoca (family-Fabaceae, subfamily family-Caesalpinioideae) is a small, erect evergreen tree producing large number of 
bunches of yellow and orange red flowers from February to April. The inflorescence of S. asoca is dense corymbose cyme, with 
of 35±3 flowers per inflorescence. Flowers are large, tubular, perigynous, actinomorphic tetramerous, hermaphrodite and 
complete. The calyx is petaloid,  cylindric and four lobed, with sepals that are fused to form a tube with imbricate or quincuncial 
aestivation. Corolla consists of four yellow coloured petals which after pollination turn into vermilion.  There are 7±1 stamens 
with long filiform filaments united by the base forming a tubular rim.  The anthers are dithecous and dehisce by a longitudinal slit. 
They are dorsiventrally attached to long filaments. Pollen grains are tricopate with smooth surface exhibiting 89.6±12.6% 
viability.  The pistil consists of monocarpellary, superior ovary with marginal placentation. The stigma is small and capitate or 
spherical, wet with medium sized unicellular papillae. Soon after flower opening between 06:00-08:00 h, the anthers dehisce and 
the stigma becomes receptive. There are several floral visitors among them Apis dorsata which is the main pollinator. Apis indica 
and Melipona and some other unidentified insects have also been seen visiting flowers in the morning hours. Fruit-set was only 
7.5% and the plants are self-incompatible and facultative geitonogamous. 
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Saraca asoca (family-Fabaceae, subfamily family- Union for Conservation of Nature and Natural Resources 
Caesalpinioideae) is a small erect evergreen rain-forest prized (IUCN 1998). It has been enlisted among the 36 threatened 
tree cultivated in gardens for its evergreen foliage, decorative and endangered medicinal plants of India (Palathingal 2010).                    
yellow and orange red flowers.  It is synonym of Saraca indica Studies on the reproductive biology, an important 
(Zuijderhoudt 1968). The genus Saraca L. with 11 species interdisciplinary area are essential for developing effective 
distributed throughout the southern and south-eastern Asia strategies for both in situ and ex situ conservation of the species 
and some of the species are medicinal, ornamentally very (Kaul-Moza and Bhatnagar 2007). Owing to the increasing and 
much important in the Indian subcontinent (Sanjappa 1992, immediate concern for augmenting food supply, knowledge on 
Santapau and Henry 1973). Three species of Saraca, S. indica reproductive biology has been mostly utilized for herbaceous 
L., locally known as “Sita Asok”, S. declinata (Jack) Miq., crops. Trees have been neglected. This is largely due to several 
locally known as “Red Saraca”, and S. thaipingensis Cantley difficulties in conducting researches with tree species such 
ex Prain, locally known as “Yellow Saraca” (Ding et al. 1996) as their large size, prolonged juvenility, long life cycles, in 
are found in India. Recently, Sil et al. (2018) have made frequent flowering and hard to access flowers, selection of 
comparative morphological study of these three species of desired trees, breeding, progeny testing and selection of elites 
Saraca L. (Fabaceae) to find out the logic of potent (Tandon et al. 2005). The present investigation was undertaken 
morphological markers. Saraca asoca is native to India and to study the floral morphology and pollination biology of 
grows all over India. It occurs up to an altitude of 750 m. It is  Asoca asoca an important and endangered tree. 
an important tree in the cultural traditions and is considered 

MATERIAL AND METHODS
sacred throughout the Indian subcontinent especially in India, 
Nepal and Sri Lanka. Investigation sites—Observations on floral morphology and 

Saraca  asoca is present in natural forests but the other pollination biology of ten selected plants of Saraca asoca 
two species are present in restricted conservatories. Saraca plants were performed at three different parts of Agra city [1. 
asoca has immense medicinal importance, and thus acquires Lajpat Kunj, Civil Lines; 2. Dayal Bagh and 3. Azad Nursery, 
respect in the literature, sculptures, and in the medicinal Trans Yamuna, Agra, (27° 11' N and 78° 2' E)]. The selected 
community of southern and south-eastern Asia (Pradhan et al. plants were more or less of small age and were growing in 
2009). The over-exploitation and collection of S. asoca from loom soil with irrigation at regular intervals. 
nature, the unscientific rearing and the alteration of its  Period of Investigation—The present investigation was 
habitats are alarming causes of its  gradual loss of population performed during the flowering period of S. asoca plants 
in nature gradual abolition of the species of the genus.  So, the (February to May) for three years (2014, 2015 and 2016).     
genus Saraca has the status of ‘globally vulnerable’ according Flowering phenology—The moment of beginning, peak and 
to the Red List of Threatened Species of the International decline of flowering were recorded from ten marked plants 



growing at different sites. Flowering intensity (average number Heslop-Harrison (1970), 1% TTC (2,3,5-triphenyl 
of flowers/inflorescence x average number of inflorescence/ tetrazolium chloride) in 0.15 M tris buffer at pH 7 (Hauser and 
plant) was recorded following the procedure of Dafni (1992). Morrison 1964) and in vitro pollen germination was assessed 
Ten inflorescence were marked at random from selected by hanging drop culture method using Brewbaker and 
individuals and tagged before the beginning of flowering. Kwack’s (1963) medium.   
Observations were recorded every day between 05:00-18:00 h. Stigma receptivity—The cytochemical method proposed by 
One hundred flowers (ten flowers/selected plants) were sampled Mattsson et al. (1974) localizing estarases was used to assess 
for recording the floral morphology. The time of anthesis, anther stigma receptivity.  Ten fresh unpollinated stigmas were 
dehiscence and stigma receptivity was recorded. collected from 10 fully developed flowers from each of 10 
Floral Biology—Floral dimensions (diameter of the corolla marked plants. Fifty of these were placed on slides in a drop of 
and its depth) of 100 flowers (ten/plant) were measured with solution ‘A’ (α-naphthyl acetate, 0.15 M phosphate buffer, 
the help of Vernier’s calliper on every alternate day. Recently 10% sucrose and fast blue B). The other fifty stigmas were 
opened flowers and their parts were observed under Nikon- placed on another slides in the solution ‘B’ containing all the 
DS-Fitc Stereozoom SM 2800. constituents in the solution ‘A’ except α-naphthyl acetate. 
Anthesis—To study the time of flower opening, 50 floral buds Stigmas were incubated at 25-35°C in a humid chamber for 
from each selected plants were tagged when these were at their 10-20 minutes. Esterase activity appeared pinkish/reddish in 
largest size. Observations were made at interval of 2 h for five the stigmas placed in solution A.
days. Flower longevity was determined by marking 50 buds Number of ovules/flower— The ovules per flower was 
on different branches/ plant (Gill et al. 1998). Time was counted by the method proposed by Stelly et al. (1984). Floral 
recorded when new flowers opened i.e. when the petals buds fixed in F.A.A. were hydrated and stained in Mayer’s 
refluxed exposing the androecium and gynoecium. The hemalum (using Sass’s modification of 20 g instead of 50 g of 
flowers were observed at regular intervals until the corolla alum per litre), for 1-2 days. The buds were then destained 
withered.  These changes were observed every day for a week. with 2.0% acetic acid at 2% for 1-2 days and rinsed with 
Anther dehiscence— Time and mode of anther dehiscence tap water for 2-24 h. Then, the buds were dehydrated, 
was observed in 50 flowers on 10 different branches of marked infiltrated with xylene and cleared with methyl salicylate 
plants with the help of a magnifying glass. in the series 2:1 and 1:2 (xylene: methyl salicylate) for 
Number of pollen grains/anther—Number of pollen 15+ minutes each. The number of ovules from the cleared 
grains/anther was determined from 100 flowers (10/marked ovaries  were  counted  using  stereomicroscope. 
plant) following the procedure described by Cruden (1977). The Pollen-ovule ratio—In order to obtain the pollen-ovule 
Mature anthers were crushed in lactophenol-glycerine with ratio the number of pollen grains/flower was divided by the 
aniline blue. A known dilution was placed on grids and 10 number of ovules/flower (Cruden 1977).
replicate counts were made using a hemocytometer (Barret Pollination Biology—Observations of the floral visitors and 
1985).  their foraging behaviour were made following the procedure 
Pollen morphology—Size and shape of pollen grains, proposed by Faegri and van der Pijl (1979) and Dafni (1992). 
surface, aperture (shape, number and position) and exine Time of floral visits and stay on the inflorescence were 
sculpture was recorded in acetolyzed pollen grains under light recorded. They were observed coming in contact with fresh 
microscope. The pollen grains were suspended in a mixture of dehisced anthers and receptive stigmatic surface using a 
acetic anhydride and concentrated sulfuric acid (9:1), and the binocular. Their behaviour on the flower, flying pattern across 
suspension was heated to boiling. The acetolysis mixture was inflorescences, time of visit and pollen load on their body parts 
removed by centrifugation and the pollen grains were rinsed after visits and presence of pollen on stigma were recorded to 
first in glacial acetic acid and then in water by low speed assess that they are pollinators or nectar robbers. The daily 
centrifugation and mounted in slides with glycerine. foraging schedules, resource collection and probing 
Scanning electron microscopy (SEM)—Pollen grains behaviour of different foragers were recorded. The insects 
collected from 100 freshly opened flowers (10/plant) were  were identified by Dr. Girish Maheshwari, Head, Department 
fixed in 3% glutaraldehyde. These were dehydrated through of Entomology, St. John’s College, Agra. 
aqueous acetone series, dried with CO  in Jumbo Critical  Breeding system—Aautogamy was investigated by    2

Point Dryer (Polaron). The samples were coated with gold bagging the 10 marked inflorescences on 10 of selected plant 
(20 mm) in a Balzer Union SCPO 020 sputter coater and consisting of only floral buds by carefully tying muslin cloth 
observed in a EVO-18 Zeiss, UK with 30 kV Acc. voltage;  bags so as to prevent the entry of any insects including ants. 
and EDS Image analyzer system at All India Institute of The bagged floral buds were observed at an interval of 2 days 
Medical Sciences, Delhi. for the formation of fruits.
Pollen viability—Pollen viability was assessed by FCR Ten young floral buds on 10 inflorescences on each 
(flurochromatic reaction) test after Heslop-Harrison and marked plant were emasculated removing the corolla tubes 
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from their base with a sharp blade without harming the ovary. red (Fig. 1D). The calyx is 1.0± 0.25 cm in length and 0.7±0.25 
The stamens were removed by carefully removing the cm in width.  The sepals fuse forming a tube with imbricate or 
staminal tube to which the stamen filaments are attached. The quincuncial aestivation. The corolla (2.5±0.5 cm long) 
emasculated buds were bagged with muslin cloth bags.   In consisted of four yellow coloured petals which after 
order to record geitonogamy, a few bagged emasculated buds pollination turned into vermilion (Fig.1 D).  The tubular part 
were manually pollinated with pollen collected from freshly of corolla is hairy and attached to four broad free petaloids and 
dehisced anthers of the same plant at the time of stigma to a stamina tube on which stamens remained attached (Figs. 1 
receptivity and were bagged again. In order to investigate C, D, E; Fig. 2B). On the contrary, Singh et al. (2010) have 
xenogamy, the emasculated buds were manually pollinated reported absence of petals in Saraca asoca. According to 
with pollen from different plants by the procedure used for Weiss (1995), the ontogenic colour change in fully turgid 
finding out geitonogamy. Natural fruit-set was recorded from flowers is wide spread across the Angiosperms and in many 
fifty tagged inflorescence each for autogamy, geitonogamy cases, it is known to provide signals to pollinators.           
and xenogamy. There are 7±1 hairy stamens with long filiform filaments 

united to a stamina tube at the base (Figs.1D; 2A, B, C).  The 
RESULTS AND DISCUSSION

anthers are dithecous and dehisced by a longitudinal slit (Fig. 
2D). Dehiscence is facilitated by radially enlarged endothecial Habit and flowering phenology—Saraca asoca is a medium 
cells with characteristic fibrous thickenings on their radial sized tree attaining a height of 6-9 meters.  The stem is 1±0.2 
walls (Figs. 2D; 3A). The epidermal cells of the anther show a m. in diameter with 1.2±0.5cm thick grey-brown bark. There 
papillate radial wall projecting out ward (Fig. 2D). The are 20±5 main branches/plant with 25±5 lateral branches. It is 
filament of a stamen is 2.5±0.5 cm long with 0.15±0.0025 cm an evergreen tree, so leaf fall and leaf renewal occur 
long anther lobes. Anthers are dithecous and dorsifixed and simultaneously and the plants under observation were never 
dorsiventrally attached on long filaments (Fig.2 C). seen completely leafless. However, Singh et al. (2010) 

The gynoecium is 3.35±0.5 cm long, monocarpellary reported that the plant starts shedding leaves at the last 
with a superior 1.0± 0.24 cm long flat ovary with marginal week of February and leaf renewal only occurs by the end of 
placentation, 1.75± 0.6 long slender solid style (Figs. 1 D, E, March. Leaves are compound paripinnate compound and 
4B), and 0.6±0.15 cm long capitate or spherical wet stigma there are 9±3 oblong lanceolate leaf-lets. The young leaves  
with unicellular, medium sized papillae (Fig. 4C). Long and are coppery red and flaccid with short petioles, but with age 
hairy stalked (stipitate) carpel that remains attached with the they turn light green and when fully mature they become 
lower part of the staminal disc or with the upper part of the dark green (Fig. 1A).
perianth tube (Figs.1 E, 4D). The surface of the flat ovary is In this species floral primordial starts in December  and 
hairy (Fig. 4A).  Shirley and Tucker (2000) have compared 

flowering was recorded from January to March and peak of 
floral development in two species of the of the same genus. 

flowering was recorded in the month of February. Singh et al. 
Saraca  declinata, with four stamens, and Saraca indica, with 

(2010) reported that the flowering is initiated in the month of 
seven stamens. Mishra and Vijayakumar (2015) have also 

March and continues till April. On the other hand, at Anand 
recorded attachment of stamens with the petaloid stamina tube 

(22.556°N 72.951°E), It has been found to flower between 
in Saraca asoca.  

December to March in  Gujrat  (Maiti 2012-13). 
The fruit-set is considerably low (7.5%). The fruit is a 

Flowering Phenology—Floral buds for nation initiated in 
legume or pod tapering at both ends (Figs.1 F, G). Each fruit is 

successive acropetal order in an inflorescence and underwent 12.3± 2.5 cm long and 3.7±0.6 cm broad, flat and leathery. At 
floral opening in the same order. Flowers opened between  young stage, the fruit is green but it turns to brownish-purple 
6:00 and 6:30 h. Anthers’ dehiscence took place from 6:45 to after ripening. The number of fruits/branch is 6±3 and total 
7:00 h soon after the beginning of anthesis. Stigmas became number of fruits/plant is 35±5. There are 6± 3 ellipsoid-oblong 
receptive between 6:30 to 7:30 h after the dehiscence of and compressed seeds per fruit (Fig. 1G).  The seeds are green 
anthers. when young and turn black when mature. The seeds are 
Floral morphology—The inflorescence of S. asoca is dense 2.3±0.5 cm long and 0.75±0.25 cm broad. 
corymbose cyme, consist of 40±11 flowers per inflorescence Saraca asoca is also an important ornamental tree in 
(Figs. 1B, C) and the smallest flowers are 4.5±0.5/ cm long. gardens, avenues and road sides in various parts of   
The average length of the floral bud is 2.5±0.5 cm. Flowers are Kottayam district (9.36Ί N and 76.17Ί E) of Kerala. 
6.0±1 cm in length and 3.5±1 cm in width. The yellowish to Differently from these sites, this region presents tropical 
dark saffron flowers are both bracteate and bracteolate climate without distinct seasons; and high humidity high 
persisting until maturity. Flowers are large, compact, tubular, humidity throughout the year due to the rain from two 
perigynous, actinomorphic tetramerous, bisexual, monsoons seasons and ends in September and during the 
hermaphrodite and complete (Fig.1 D). The calyx is petaloid, cooler months of December, January and February. At  these  
consisting of four yellow to orange sepals which finally turn localities,  the  floral  density, fruit-set  (21.7%), number  and
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Fig. 1 A: S. asoca tree in full bloom; B. Young floral buds; C. Inflorescence with fully developed flowers of yellow and scarlet colour; D. A mature flower 
showing various parts with eight mature stamens and pistil with flat ovary on a stalk, elongated curved style with capitate stigma; E. Pistil of a mature 
flower; F. Bunch of mature fruits; G. Fruit showing seeds on the margin. (a: anther; f: filament; ov: ovary; p: petals; s: stalk; sg: stigma;  sp : sepal; st: 
stamina tube; sy: style). 
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size of fruits and seeds are considerably higher than 

observed in the present study (SVS Chauhan, Personal 

communication). This difference can be attributed to lower 

temperatures and higher humidity at Kottyam as compared to 

semi-arid climate of Agra, where the present study was 

performed. During flowering period at Agra, January is the 

coldest month with 26.1°C maximum and 3.1°C minimum 

temperature and 51.8 millimetres of monthly rainfall. Cold 

conditions continue until the middle of February and hot and 

dry weather returns during March. The maximum temperature 

is 35.4 °C with minimum 10.7 °C and 45.7 millimetres of 

monthly rainfall.  
Pollen biology  Pollen grains are oval to spherical in shape 

prolate spheroidal, medium in size (40 x 38. µm), amb ± 

circular and 3-zonocolporate (Figs. 3 A-D). They are 

tricolporate with reticulate exine (Fig. 3 C, D) and measure 

42.07±10.5 x 23.92± 6.3µm. Equatorial outline is elliptical 

circular and polar outline is prolate (Figs. 3 C, D). According 

to Ghosh and Mandal (2016) the pollen grains in S. indica are 

prolate  (Trizonosyncolporate). 
The number of pollen grains per flower was 14,399.00 ± 

1710.84. At the beginning of anthesis, pollen viability was of 

51.34%. However, with time pollen viability of pollen 

gradually declined and 8 h after the beginning of anthesis, the 

viability was completely lost. 

—

Fig. 2. Scanning electron microphotographs of floral parts of Saraca 
asoca. A. Flower showing elongated and coiled filaments, and an 
anther (a) attached to the stamina tube; B. Tubular corolla with hairs on 
the inner surface, stamina tube with hairy stamen filament attached. 
C. Single stamen, long hairy filament attached dorsally to a hairy 
anther; D. Anther dehisced by a longitudinal slit showing mature 
pollen, endothecial cells showing thickenings  and hairs on the 
surface and epidermal cells. (a: anther; ep: epidermal cells; en: 
endothecium; f: filament; pg; pollen grains; : stamina tube).   

Fig. 3. Scanning electron microphotographs of anther and pollen grains 
of Sarca asoca. A. Dehisced anther showing large number of  pollen 
grains (pg) and developed endothecium (en).  B: Tricolpate pollen 
grains; C. Pollen grain in pollar view; D. Pollen grain in equatorial view.  

Fig. 4. Scanning electron microphotographs of pistil. A. Pistil attached 
to a hairy stalk showing flat ovary with hairs on the lower part of ovary; B 
Solid style in cross section, C.  Receptive stigma with exudates and 
globular papillae, D. L.S. base of flower showing hairy corolla tube and 
part of stamina tube. (a: anther, ex: exudate, ca: calyx, ct: corolla tube, 
h: hairs, p: papillae, o: ovary; ost: ovary stalk,  s: stalk; sg: stigma, stp: 
stipe; st: stamina tube,  sy: style).
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The number of ovules/flower was 7.96 ± 1.93 and the Breeding system—Highest fruit set (7.5%) was observed in 
pollen: ovule ratio was 1808.92:1.00. naturally pollinated flowers. In bagged floral buds that were 
Nectar— Nectar was produced in small amounts and left for self-pollination there was no fruit set, indicating self-
constituted the primary floral resource collected by incompatibility. In emasculated floral buds that were manually 
visitors, which was approximately 2.33 µl per flower at the pollinated with the pollen from flowers of the same plant 
beginning of anthesis. The quantity declined gradually (geitonogamy test) there was 5.2% fruit set. There was 2.6% of 
and 8 h after flower opening, the flowers were devoid of fruit set in emasculated floral buds that were manually-
nectar.  pollinated with pollen from different plants (xenogamy test). 
Pollination— Megapis dorsata (Fig. 5 A, B, C) was the most 

Thus, the artificial hand pollination experiments and the P: O 
common visitors and Apis indica and small bees (Melipona- 

ratio (5859.2± 936.5) is indicative of the need for outcross 
order Hymenoptera) also visited the flowers regularly in the 

pollination (Cruden 1977).  However, Michalski and Durka 
morning between 09:00 and 12:00 h.  They make contact 

(2009) compiled P: O ratios and outcrossing rates for 107 
with the dehisced anthers and carrying pollen grains on their 

angiosperm species and analysed the relation between these mouth parts, abdomen and appendage and come contact 
traits considering pollination mode, life form and phylogenetic with receptive surface of virgin stigmas thereby facilitated 
relatedness among species. They concluded that P: O ratios in the pollination in this species. Several other insects; most of 
general correlated significantly with outcrossing rates and them are from bees also visited flowers and were mostly 
when taking additional factors into account, the relation nectar robbers (Figs. 5C, D). Smitha and Thondaiman 
became ambiguous. Their results indicated that P: O ratios (2016) observed that bright orange yellow flowers attracted 
vary more strongly with pollination mode and life form than large number of insects and Apis dorsata was the most 
with the mating system. Since the trees of S. asoca are growing common visitors and black ant (Oecophylla smaragdina), 
at a distance larger than 5 km, the chances of cross-pollination syrphid fly (Ischiodon sp.), Arctidae moth, white ants and 
naturally happening among trees are negligible and the butterflies (Sulphides)  were also floral visitors/pollinators 

and facilate pollination in this species. formation of fruits on isolated trees of this species is probably 

possible by only by geitonogamy. Thus, this species is 

facultative geitonogamous.
 Smitha and Thondaiman (2016) have studied the 

reproductive biology and breeding system of Saraca asoca 

(Roxb.) De Wilde. According to them, in this species the 

maximum fruit set occurs via allogamy and open pollination 

as compared to autogamy and geitonogamy. Their 

observations on floral biology and breeding system indicated 

the need for cross pollination which limited the production of 

selfed seeds and would help to maintain the sustainable levels 

of heterozygosis among the various populations.
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