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Morphological and anatomical characters of Allophylus serratus (Sapindaceae) flowers were studied using bright field and 
scanning electron microscopic techniques. The study revealed that the plants are hermaphrodite with two floral morphs at the 
species level. Flowers are fragrant and nectariferous; nectar is produced from 4 receptacular nectary discs. Pollen and nectar, 
both constitute the floral rewards for visitors. Ant, bee, true bug (Hemiptera), butterfly, fly and wasp are the various groups of 
floral visitors that forage A. serratus flowers. Among these, butterfly is the most diverse group, comprising 11 species. Bees 
such as Apis florea, Lasioglossum and Tetragonula iridipennis were the effective pollinators. Both Melamphaus sp. (Red bug) 
and Palomena sp. (Common Green shield bug) were nectar robbers of this species.

Receptacular nectaries, nectar, pollen, pollinator  
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Allophylus is the largest genus of the family Sapindaceae of Allophylus serratus (Heirn) Kurz, was carried out to 
(subfamily Sapindoideae) (Pant 2000  and Acevedo- substantiate previous observations. Allophylus serratus is a 
Rodriguez et al. 2011). Recently, this genus has been placed in paleotropical straggling shrub occasionally found in dry 
the tribe Thouinieae of the super tribe Paulliniodae based on evergreen, deciduous and semi evergreen forests of India, 
the molecular phylogenetic analysis and morphological China and Sri Lanka.   
features (Acevedo-Rodriguez et al. 2017). The genus 

MATERIALS AND METHODSAllophylus comprises about 255 species that are confined 
mostly to the tropical and subtropical regions (Pant 2000). The present study was conducted in a naturally occurring 
India has nine Allophylus species namely, A. chartaceus, A. population of tropical dry evergreen forest patch from 
cobbe, A. concanicus, A. dimorphus, A. rheedii, A. serratus, A. Tambaram region (80° 07' 14.86" E, 12° 55' 06.79" N), Tamil 
subfalcatus, A. triphyllus and A. villosus (Pant 2000). The Nadu from September to December, 2018. The floral samples 
species of Allophylus are either monoecious or dioecious of A. serratus were collected and the floral visitors were 
(Somner et al. 2013). Despite being the most species rich recorded on regular basis during the peak-time of flowering 

season i.e. on October, 2018.genus in this family, Allophylus is the least explored in terms 
Morphological and anatomical studies—Fresh open of floral morphology, anatomy, reproduction and pollination 
flowers were fixed in formaldehyde, acetic acid and alcohol except the report of Aluri et al. (1998), who observed temporal 
(FAA) solution for morphological studies. Ten measurements dioecism and pollination system in A. serratus. González et 
were made on each floral part (sepals, petals, stamens, and al., (2014) reported the anatomical features of staminate and 
pistils) using stereomicroscope (Nikon SMZ-10). For pistillate flowers of A. edulis. Similar studies on the other 
scanning electron microscopic observations, floral samples members of Sapindaceae were also carried out by others. 
were also processed by dehydrating through acetone series, Avalos et al. (2017) studied the ultrastructure of floral 
and sputter coated with gold using ion sputter coater (Hitachi nectaries of Koelreuteria elegans. Weckerie and Rutishauser 
E-1010), the specimens were mounted and observed using (2005) characterised the taxa of the tribe Paullinieae using the 
scanning electron microscope (Fei Quanta 450). The 

morphological and anatomical features of gynoecium, fruit 
qualitative localisation of osmophores or secretory tissue was 

and seed. Solis and Ferrucci (2009) studied the structure     
achieved by immersing the fresh open flowers in 0.1% (w/v) 

and development of floral nectaries in Cardiospermum 
aqueous neutral red stain for 24 h (Vogel 1962) and the stained 

grandiflorum and Urvillea chacoensis through bright-field flowers were examined under stereomicroscope.  
and scanning electron microscope. Neto et al. (2017) recorded Open flowers and buds were fixed in FAA reagent for a 
three different types of secretory structures such as idioblasts, period of 24 h, dehydrated using graded series of Tertiary-
glandular trichomes and laticifers in the stems of Paullinia and Butyl Alcohol (TBA) and infiltrated gradually with paraffin 
Serjania species for better understanding about the secretory wax (melting point 58 – 60ºC).The specimens were casted into 
structures in Paullinieae. In this work, a comprehensive paraffin blocks and sectioned transversely and longitudinally 
analysis of the floral morphology, anatomy and floral visitors at 5 - 10 µm thickness using a rotary microtome (Weswox 



optic MT-1090A) followed by a standard dewaxing protocol on A. serratus from Vishakapatnam region recorded that after 
(Johansen 1940, Sass 1940).The sections were stained with the onset of monsoon rain in June; the flowering was initiated 
Toluidine Blue O (O’ Brien et al. 1964), mounted using during the first week of August and continued till September 
synthetic DPX mountant and labelled. The sections were (Aluri et al. 1998).
examined and photographed at 100X and 400X magnifica- Floral morphology— In A. serratus, flowers are small-white, 
tions using light microscope (Carl Zeiss) fitted with a Canon about 1.5 – 2.5mm in length, arranged in long axillary catkin-
EOS 450D digital SLR camera. Line diagrams of the sections like racemes. There are two types of floral morphs in the same 
were made using camera lucida (Weswox HLP-3) and a bright plant i.e. staminate and hermaphroditic flower which 
filed microscope. predominantly acts as pistillate flower with non-functional 
Pollen morphology—Pollen grains of A. serratus were anther (Fig. 1B and C). Among these two morphs, the 

staminate flowers are the first to bloom. Similarly, Aluri et al. acetolysed according to Erdtman (1960). The acetolysed 
(1998) noted that the reproductive structures are separated pollen grains were mounted using glycerine jelly (Kisser 
temporally at inflorescence or plant level and mostly the 1935) and sealed with paraffin wax. Pollen measurements 
staminate flowers bloom before the pistillate flowers in A. (n=50) were taken in order to record the polar dimension (P), 
serratus. Avalos et al. (2017) also recorded staminate and 

equatorial dimension (E), shape and wall thickness. Pollen 
hermaphroditic flowers in Koelreuteria elegans subsp. 

characters like pollen wall ornamentation and aperture type 
formosana of the same family. The flowers are mostly 

were also recorded. actinomorphic, nectariferous with faint fragrance. The calyx is 
Pollen Production— Pollen production was determined by light green, and is comprised of four imbricatley arranged 
counting total number of pollen grains per anther according to sepals, the outer pair being smaller and more strongly hooded. 
Kumar et al. (2017). Undehisced anther was stained with a The corolla is polypetalous, bowl-shaped, with 4 spathulate 
drop of lactophenol-aniline blue stain on a clean microscopic petals exhibiting numerous hairy trichomes at the base of the 
slide; a cover slip was placed and gently dabbed on top with a inner surface, probably serving as a nectar cover. The flower 
needle. The pollen grains were counted with the aid of light has 4-lobed, receptacular nectaries of about 0.5mm in length, 

present between the base of the corolla and stamens. This microscope at 40X magnification. Similar procedure was 
observation concurs with the observations of Aluri et al. followed for the undehisced anthers of ten individual flowers. 
(1998). Solis and Ferrucci (2009) reported similar kind of The total number of pollen per anther was multiplied with the 
receptacular nectaries in Urvillea chacoensis, another total number of anthers in a flower for mean pollen output of a 
member of Sapindaceae. Other nectar gland shapes were also 

single flower. The pollen-ovule ratio was calculated by 
reported, e.g. 2 horn-like nectary lobes in Cardiospermum 

dividing the mean number of pollen grains per flower by mean 
grandiflorum and thimble-shaped nectary in K. elegans subsp. 

number of ovule per flower (Cruden 1977).   formosana (Solis and Ferrucci 2009, Avalos et al. 2017). 
Floral visitors—The individuals from two different popula- According to Cronquist (1981) receptacular nectaries are 
tions of the forest were marked for detailed observation on common among the members of the order Sapindales. The 
floral visitors. Floral visitors were observed periodically staminate flowers have 8 long stamens protruding out of the 
during the peak flowering season from 0600 - 1200 hrs and blossom and the gynoecium is reduced to a small pistillode 
1400 - 1800 hrs consecutively for 3 days. Each visit to a single which may be non-functional. Similar observation was made 
flower of the same plant was considered as an independent by González et al. (2014) in the staminate flowers of A. edulis. 

The anthers are dorsifixed on a long hairy filament about 1.5 – visit. The number of visits made by the visitor was denoted as 
2 mm in length. Previous studies highlight that trichomes are the visiting frequency. The diversity of the visitor, frequency 
frequently occurring in the basal region of the filament in of the visit, time spent on the blossom and preference of floral 
angiosperms (Endress and Stumpf 1991, Decraene et al. reward were recorded. Behaviour of the visitor on the blossom 
1998). In pistillate flower, the stigma is bifid and projected out 

was also noted in order to determine their functional role.
of the flower. The pistil has a superior, 2-carpellate, deeply 
lobed ovary about 1mm in length. RESULTS AND DISCUSSION
Floral anatomy—Sepals has thin cuticle with single layer of 

Flowering phenology—After the onset of monsoon rains in upper and lower epidermis (Fig. 2A). The epidermal cells 
July, the population of Allophylus serratus at the study site are rectangular, compactly arranged and interrupted with 
flowered in September and continued till the first week of stomata on the abaxial side. Ground tissue consisted of 3–4 
December (Fig. 1 A). The peak flowering was in the beginning inconspicuous vascular bundles enclosed by circular 
of the October and the fruits lasted till March. Similar parenchymatous cells with intercellular spaces (Fig. 3); the 
flowering pattern was reported in an African species, A. ends of the sepals are gradually tapering. Petals consist of
abyssinicus (Kebede and Isotalo 2016). Earlier investigation  5 – 6 cell rows thickness, with single epidermal layer on both 
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Fig. 1– Allophylus serratus – A. Flowering twig, B. Staminate flower, C. Pistillate flower.

Fig. 2–Allophylus serratus floral anatomy–A. L. S. of staminate flower bud, B. C. S. of Pistillate flower bud showing nectaries, C. C. S. of staminate 
flower at anther level, D. Dehisced anther with pollen grains (SEM), E. L. S. of Nectary (SEM). (An - Anther, Aw - Anther wall, N – Nectary, nsp – non  
secretory parenchyma, P – Petal, Po – Pollen, Ps–Pistillode, Sf–Stamen filament, S – Sepal, sp – secretory parenchyma, Tr – Trichome)
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E
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tapering at the stomium (Fig. 2C). The endothecial cells were 
thick walled and fibrillar; middle layer and tapetal cells were 
disintegrated in matured anther (Fig. 2D). The anatomical 
features of A. serratus anther concur with that of A. edulis 
(González et al. 2014). Gynoecium in pistillate flower has 2-
carpellate ovary with spindle-shaped cavities or slits. 
Decraene et al. (2000) recorded similar kind of septal slits in 
the style of Koelreuteria paniculata which are not secretory in 
nature. The ovary in A. serratus was characterised with thin 
less prominent single-layered epidermis and ground tissue 
with circular compact parenchymatous cells; each carpel has 
single locule with a hemianatropous ovule. 
Pollen morphology—The pollen grains of A. serratus are 
produced as monads, the monads are radially symmetrical, 
with triangular amb. The dimensions of pollen ranged from P 
23 – 33 µm x E 13 – 29 µm (P/E ratio = 1.30) and complied 
with subprolate shape class. The pore was circular with  
psilate poral membrane; exine with rugulate ornamentation 
and columellate infratectum; wall thickness ranged from 1.5 – 
4 µm at poles and 1.5 – 3 µm at intercolpium. Tetra-porate 
pollen aperture with quadrangular amb was common in A. 
guariniticus and A. edulis (da Luz and Barth 1999, Anzótegui 
and Ferrucci 1998). Aluri et al. (1998) reported 3-colporate 
aperture and smooth (psilate) pollen wall in A. serratus, which 

Fig. 3 — Line diagrams of Allophylus serratus bud transverse is not corresponding with the present investigation. In recent 
sections showing the distribution of vascular traces (N – Nectary, 

classification, Acevedo-Rodriguez et al. (2017) used 3(4)-P – Petal, Pi – Pistil, Ps – Pistillode, Sf – Stamen filament, S – Sepal, VT 
porate pollen as one of the significant key characters to – Vascular trace) 
differentiate Allophylus in the tribe Thouiniae. 

adaxial and abaxial sides; epidermal cells on both sides are 
Pollen production and pollen-ovule ratio—The average 

rectangular in outline and they are interrupted with 
number of pollen produced per anther was 225 (108 – 510) 

multicellular glandular hairs on the adaxial side; ground tissue 
whereas Aluri et al. (1998) recorded 554 (532 – 568) in A. 

is parenchymatous with angular and thin-walled cells. Each 
serratus. Earlier investigations highlights the difference in 

petal has one vascular strand at the base that branch out in to 
pollen productivity at species or variety levels may be due to two bundles towards the broader tip (Figs. 2B, 3). There are 
the variation in genetic makeup and may get enhanced by four nectar glands, deeply hidden at the base of the flower, 
environmental factors (Nair and Rastogi 1963, Janaki Bai  and surrounded with numerous trichomes (Fig. 2B). The 
Reddi 1980, Reddi  and Reddi 1986). The average total pollen longitudinal section of nectar gland revealed a single layered 
production in a flower was 1800 (range 864 - 4080) pollen epidermis, with secretory pores or nectarostomata on the 
grains with a pollen-ovule ratio 900:1. surface of the nectar gland (Fig. 2E). Similarly, Solis and 
Floral visitors—The blossoms of A. serratus were visited by Ferrucci, (2009) reported the presence of nectarostomata on 
21 insect species belonging to 6 functional groups, the surface of nectary lobes of Urvillea chacoensis. Secretory 
predominantly butterflies (11 species), bees (3 species), ants, parenchymatous tissue with intercellular spaces was observed 
bugs & flies (2 species each) and one wasp (Table 1). A in the periphery of the nectar gland followed by a zone of non-

secretory parenchymatous tissue forming the inner core previous study recorded similar groups of visitors on A. 
interspersed only with phloem strands (Fig. 2B). Similar kind serratus, except bugs and flies (Aluri et al. 1998). Kebede and 
of vascularisation was reported in Koelreuteria elegans subsp Isotalo (2016) recorded the visitation of Apis mellifera; Blister 
formosana (Avalos et al. 2017). The stamens in the staminate beetle (Meloideae), cantharid & Scarabaeid beetles; 
flowers have single unbranched vascular supply running pentatomid bug; saw fly (Diprionidae) and paper wasp 
throughout the length of the filament (Fig. 3). Bachelier and (Vespidae) on the blossoms of A. abyssinicus. 
Endress (2008) similarly noted single vascularization in the The foraging activity began early in the morning between 
stamens of another Sapindalean member, Kirkia. Anthers are 0600 and 0700 hrs. The frequency of the visitors started to 
two lobed, each lobe is two chambered, anther wall consist of escalate and reached its peak by 1100 hrs; by noon the 
thick, wide, radially oblong epidermial layer gradually frequency started to decline. The insect visitation was again 
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Although, butterflies were more diverse and visited resumed slightly in the afternoon and subsequently declined 
the flowers more frequently; they were predominantly (Fig. 4). A similar, phenomenon was also recorded in earlier 
active during forenoon of the day; whereas bees were investigations (Malleshappa and Richard 2011, Subha and 
represented by fewer species but were more effective, Richard 2016). The diurnal temperature of the habitat ranged 
visiting frequently during forenoon, as well as afternoon from 26 – 35º C; minimal temperature was recorded in the 
(Fig. 5).morning and peaked in the afternoon.

Fig.4—Total frequency of floral visitors and ambient temperature 
with respect to time in A. serratus Fig. 5—Total frequency of functional groups on the blossoms 

of A. serratus

Table 1– List of floral visitors on the blossoms of Allophylus serratus (Hiern) Kurz, their visiting frequency, average time spent in single flower, 
preferable floral reward, foraging behaviour and estimated pollinator type  

S. No. Floral visitors and their functional groups (1)  (2) (3) (4) (5)

ANT

1. Camponotus sp. (Carpenter Ant) 14 4 N Abdomen NT
2. Myrmicaria brunnea (Saunders, 1842) 10 6 N No contact NR

BEE

3. Apis florea (Fabricius, 1787) -  Small bee 5 3 Po & N Head, thorax and abdomen P
4. Lasioglossum sp. (Sweet bee) 12 4 Po & N Head, thorax and abdomen P
5. Tetragonula iridipennis (smith 1854) - Indian stingless bee 85 2 Po & N Head, thorax and abdomen P

BUG

6. Melamphaus sp. (Red bug) 66 7 N No contact NR
7. Palomena sp. (Common Green shield bug) 8 5 N No contact NR

BUTTERFLY

8. Castalius rosimon (Fabricius, 1775) -  Common pierrot 8 4 N Proboscis and abdomen P
9. Catopsilis pomona (Fabricius, 1775) -  Common emigrant 3 3 N Proboscis NT
10. Cephrenes acalle  (Hopffer, 1874) - Plain palm hectar dart 2 2 N Proboscis and abdomen P
11. Pseudobarbo bevani (Moore, 1878) - Bevan’s swift 12 3 N Proboscis and abdomen P
12. Euploea core (Cramer, 1780) - Common crow 10 3 N Proboscis P
13. Graphium sarpedon (Linnaeus, 1758) - Blue bottle 1 4 N Proboscis NT
14. Hasora chromus (Cramer, 1782) - Banded awl 27 3 N Proboscis and abdomen P
15. Junonia iphita (Cramer, 1779) - Chocolate pansy 1 4 N Proboscis NT
16. Lycanidae (Blues) 1 5 N Proboscis NT
17. Rathinda amor (Fabricius, 1775) - Monkey puzzle 1 3 N Proboscis NT
18. Tirumala septentrionis (Buttler, 1874) - Dark blue tiger 5 4 N Proboscis P

FLY

19. Calliphoridae (Blow fly) 29 2 Po & N Mouth part P
20. Eristalinus megacephalus Rossi, 1794 8 3 Po & N Mouth part P

WASP

21. Unidentified wasp 9 3 N Head P

1. Visiting frequency (Number of visits); 2. Average time spent in single flower (in seconds); 3. Floral reward preferences: Pollen (Po), Nectar (N); 4. 
Visitor’s contact with floral reproductive structures; 5. Pollinator (P)/ Nectar thief (NT)/ Nectar robber (NR) 

Time
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Fig. 6— Floral visitors of Allophylus serratus – A. Carpenter ant (Camponotus sp.), B. The little bee (Apis florea), C. Stingless bee (Tetragonula 
iridipennis), D. Red bug (Melamphaus sp.), E. Green bug (Palomena sp.), F. Common emigrant butterfly (Catopsilia pomona), G. Plain palm dart 
(Cephrenes acalle), H. Bevan's swift (Pseudoborbo bevani), I. Hover fly (Eristalinus megacephalus ).

(Fig. 6F), Graphium sarpedon, Junonia iphita, Rathinda amor 
Majority of the floral visitors were foraging only nectar, and an ant species Camponotus sp. (Fig. 6A) were involved in 

except for bees and flies. Even among the bees pollen was less foraging nectar, contacting only stigma or pollen. Rather, 
preferred than nectar. In some cases, nectar was consumed by these visitors may not be an effective pollinator of A. serratus. 
damaging and piercing the floral parts was recorded in this However, in the case of Euphorbia geniculata, a species of 
study. A species of ant, Myrmicaria brunnea and the two bug Camponotus is an effective pollinator (Reddi and Reddi 
species exhibited this kind of foraging behaviour and their 1984). Butterflies are the common visitors of open and tubular 
body never contacted the vital reproductive structures of the flowers, and very few are considered as pollinators (Subha and 
flowers (Fig. 6D & E). According to Inouye (1980) and Barth Richard 2016). Likewise, out of 11 butterfly species, Castalius 
(1985), these visitors were considered as nectar robbers. rosimon, Cepherenes acalle (Fig. 6G), Pseudobarbo bevani 
Similarly, butterfly species including Catospsilis pomona 
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Bachelier JB and Endress PK 2008. The floral structure of (Fig. 6H), Euploea core, Hasora chromus were considered as 
Kirkia (Kirkiaceae) and its position in Sapindales. Ann. of pollinators due to their foraging behaviour and visiting 
Bot. 102 539 – 550.frequency. Bee species such as Apis florea, Lasioglossum sp. 

and Tetragonula iridipennis were foraging pollen and nectar Barth FG 1985. The Insect and Flower: The biology of a 
from both the floral morphs (Figs. 6B, C); they established partnership. Princeton University Press, New Jersey, 
contact with the floral parts. Frankie et al. (1983) reported USA, Pp 297.
large bees pollinating the nectariferous flowers of neotropic 

Cronquist A 1981. An integrated system of classification of species, Allophylus occidentalis. Based on the frequency and 
flowering plants. Columbia University Press, New York. the contact with the vital floral parts Tetragonula iridipennis 
Pp. 1262.can be considered as one the effective pollinators of A. 

serratus. In contrast, Tetragonula (Trigona) species are Cruden RW 1977. Pollen-ovule ratios: A conservative 
known to rob floral rewards (Renner, 1983). Subha and indicator of breeding systems in flowering plants. 
Richard (2016) reported 7% visiting frequency of Trigona Evolution 31 32 – 46.
species collecting both pollen and nectar. Aluri et al. (1998) 

da Luz CFP  and Barth OM 1999. Catálogo sistemático de 
reported that bees and wasps are the predominant pollinators 

pólen das plantas arbóreas do Brasil meridional. XXXIII: 
of A. serratus in return they get pollen and nectar as their floral 

Sapindaceae. Leandra, Rio de Janeiro 14 25 – 36.
reward, which validates the present investigation. However, 

Decraene LPR, Laet JD and Smets EF 1998. Floral species of Syrphid (Fig. 6I) and Calliphorid flies consuming 
development and anatomy of Moringa oleifera both pollen and nectar, their entire ventral side contacting the 
(Moringaceae): What is the evidence for a Capparalean floral parts were presumed to be the pollinators of this species.      
and Spaindalean affinity? Ann. of Bot. 82 273 – 284. 
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