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ABSTRACT. Angiosperms display striking variation of pollen morphological features within and between popu-
lations of the same species, as well as within individual plants. We describe and illustrate variation of pollen
aperture number, which is called pollen heteromorphism, in Schleichera Lour. (Sapindaceae) from surface soil
samples collected from central India, based on combined observations from light microscopy (LM) and confocal
laser scanning microscopy (CLSM). Tri-zono-parasyncolporoidate pollen grains are, in general, known to occur
in Schleichera Lour., but occasional tetra-zono-parasyncolporoidate pollen is also recorded, for the first time,
from Chhattisgarh State, central India. Changes in ploidy level (diploidy/polyploidy), chromosome number, the
C-value of DNA, completion of meiosis, as well as environmental factors and/or pollination ecology could be driv-
ing the occurrence of pollen heteromorphism. The present study could provide insights into the phylogeny and
systematics, and has implications for pollen preservation as well.

KEYWORDS: heteromorphism, Schleichera Lour. pollen, ploidy, phylogeny and systematics, preservation, surface soil, Chhat-

tisgarh (central India)

INTRODUCTION

Angiosperms display surprisingly frequent
variability of pollen morphological character-
istics such as grain size and shape, aperture
number and pollen wall architecture (exine
thickness and ornamentation pattern) which
are likely to affect fertilization success, as dif-
ferent morphologies are favoured in different
local competitive and ecological environments
(Wodehouse, 1959; Erdtman, 1966; Dajoz et al.,
1991; Pire and Dematteis, 2007). Pollen grains
of angiospermous plants have been divided
into two fundamental types: monoaperturate
pollen or its derivatives, and triaperturate pol-
len or its derivatives. Triaperturate pollen is
essentially restricted to dicotyledons, whereas
monoaperturate (sulcate) pollen is found in
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gymnosperms, monocotyledons and some
Ranalean dicots (Erdtman, 1966; Walker and
Doyle, 1975; Bhowmik and Datta, 2012). Pol-
len may differ between individuals of a popula-
tion (polymorphism) or within the same plant
(heteromorphism: production of multiple types
of fertile pollen grains in individual species).
Amongst the various sorts of variation of pol-
len morphological features that occur within
and between populations of the same species,
as well as within individual plants, variation in
the number, as well as arrangement and dis-
pensation of apertures (opening or thinning of
the exine of a pollen grain through which a pol-
len tube may germinate) appear to be the most
common type of variation (Mignot et al., 1994;
Pire and Dematteis, 2007), especially within
the eudicots, such as Fabaceae (Ferguson,
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1980; Pardo, 1990), Gentianaceae (Erdtman
et al., 1961; Punt and Nienhuis, 1976; Rao and
Chinnappa, 1983a; Diez, 1987; Makino, 1991;
Pire and Dematteis, 2007), Clusiaceae (Clarke,
1975), Krameriaceae (Pozhidaev, 2002), Sola-
naceae (Till-Bottraud et al., 1995; Ressayre
et al., 2002) and Violaceae (Dajoz et al., 1993;
Till-Bottraud et al., 1999; Nadot et al., 2000).
Humphrey (2016) studied pollen heteromor-
phism in Thalictrum Tourn. ex. L. (Ranuncu-
laceae), which comprises 36 species, and found
that pollen aperture-number heteromorphism
occurred within all Thalictrum species studied.
Variation in the number of pollen apertures
has also been reported in several species of
Nymphaeaceae and Nelumbonaceae (Bhowmik
and Datta, 2012), Capsella bursa-pastoris (L.)
Medik. (Siddhanta et al., 2018), in some species
of Centaurium Hill. (Gentianaceae) (Pire and
Dematteis, 2007), Syzygium R. Br. ex Gaertn.
(Myrtaceae) and Eucalyptus L’ Hér. (Myrtaceae)
(Kailas et al,. 2016), and in Schleichera oleosa
(Lour.) Oken. (Sapindaceae) (Nayar, 1990).

In this communication we present the vari-
ation of pollen grain size, shape and aperture
number in Schleichera Lour., a monotypic
genus of the soapberry family (Sapindaceae)
on the basis of combined LM and CLSM obser-
vations of material from surface soil samples
collected from Timanbhauna village in the
Kartala Forest Range in Korba District, Chhat-
tisgarh State, central India. The pollen is
dimorphic for shape (called pollen dimorphism)
and heteromorphic for aperture number (pol-
len heteromorphism) in this monotypic genus
containing Schleichera oleosa (Lour.) Oken.
The morphological features of this monotypic
genus are described and illustrated, based
on LM and CLSM studies. The results have
implications for the phylogeny and evolution,
as well as for the taxonomy and systematics of
the angiosperms, and for pollen preservation.

STUDY AREA

Timanbhauna village (22°17'12.80"N, 82°
59'05.22"E; ~300 m a.s.l.) is situated about
45 km east of Korba Township in the Kartala
Forest Range (Fig. 1) in Korba District, Chhat-
tisgarh State, central India. The average eleva-
tion of the area is 250-350 m a.s.l. Moist and
dry tropical deciduous forests are the main
vegetation of the study area (Champion and

Seth, 1968). Tropical savannah-type climate
and Mesothermal climate—Gangetic Plain-
type climate (Képpen, 1936; Quamar and Kar,
2020a) are found around the area under inves-
tigation (Quamar, 2019).

MATERIALS AND METHODS

We procured 20 surface soil samples from the edge
of forested areas around Timanbhauna village in the
Kartala Forest Range of Korba District to study the
pollen deposition pattern in the region, an aspect that
has been dealt with in another communication (Qua-
mar, 2019). While studying and scanning the samples,
we observed variations in pollen size and shape and in
the number of apertures in Schleichera Lour. The pro-
tocol for extraction of pollen from the studied substrate
followed the standard acetolysis method (Erdtman,
1952). Chemical treatments removed humus, silica
and cellulose using 10% KOH, 40% HF and an acetoly-
sis mixture [concentrated sulphuric acid (H,SO,) and
acetic anhydride (C,HgO3), 1:9 ratio]. Samples were
finally prepared in 50% glycerine solution for micro-
scopic examination. A few drops of phenol were added
to avoid microbial contamination.

Temporary slides were prepared for palynological
studies, carried out using an Olympus BX50 microscope
(transmitted light microscope) with attached DP26
software for photography at the Quaternary Palynol-
ogy Laboratory of the Birbal Sahni Institute of Palaeo-
sciences (BSIP), Lucknow. Measurements of pollen in
polar and/or equatorial views were recorded during the
analysis. Shape, size/overall dimensions, symmetry,
polarity, aperture (colpi and pores if visible) diameter
and pollen wall architecture (exine thickness, pattern,
etc.) were included for description. Pollen identification
was assisted by authored/published reference materi-
als (Quamar and Chauhan, 2011, 2012; Quamar and
Bera, 2017; Quamar, 2019, 2021; Quamar and Kar,
2020b; Quamar et al., 2021). More than 300 terrestrial
pollen grains (total pollen sum, TPS) were counted per
sample. Terminology used for describing morphology
of the studied plant pollen taxon is in accordance with
Erdtman (1952), Faegri and Iversen (1964), Walker and
Doyle (1975), Punt et al. (2007) and Hesse et al. (2009).

CLSM investigations were carried out at the CLSM
and Raman Spectroscopy Laboratory of the BSIP, Luc-
know. The same temporary slides were used for cap-
turing images of the studied plant pollen taxon. LM
shows the general structure of pollen grains, whereas
CLSM reveals ultrastructural details of pollen walls
in the absence of transmission electron microscopy
(Shute et al., 1996; Salih et al., 1997; Feist-Burkhardt
and Pross, 1999; Hochuli and Feist-Burkhardt, 2004),
and provides information on the shape of pollen grains
(Vitha et al., 2009). CSLM allowed us to obtain rapid,
non-destructive, high-resolution images and 3D charac-
terization of the pollen grains, distinguishing internal
wall structures and ill-defined morphological features
of the pollen grains that cannot be discerned by LM.
CLSM has advantages over electron microscopy (Scan-
ning Electron Microscope: SEM and Transmission
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Fig. 1. Shuttle radar topographic mission (SRTM) digital elevation map (DEM) of Korba District, Chhattisgarh State, central
India, showing the location of the study area in the Kartala Forest Range (red circle indicates the sampling site). Source of

Figure 1: created using ArcGIS 10.3.

Elcectron Microscope: TEM) in terms of sample prepa-
ration methods and time consumption. For details of
the protocol adopted for CLSM studies and the impor-
tance of the study, see Quamar et al. (2017).

OVERVIEW
OF THE MONOTYPIC GENUS

Schleichera Lour. is a monotypic genus,
containing only one species, Schleichera oleosa
(Lour.) Oken, a plant in the soapberry family,
Sapindaceae. This deciduous (nearly evergreen)
tree taxon (common name: Lac tree/Gum lac
tree/Ceylon Oak/Sugar Apple/Kusum/Kus-
sum) grows naturally from the foothills of the
Himalayas and the Western Deccan to Sri

Lanka and China. It probably was introduced
to Malaysia and naturalized in Indonesia. It
occurs sporadically, seldom gregariously, in
dry mixed deciduous forests, and grows in
rocky, gravelly or loamy, slightly acidic, well-
drained soil in central India, Bihar and south-
ern parts of India (Mabberley, 1987; Kundu
and Schmidt, 2011; www.SL.ku.dk: PRO-
SEA, Tab. 1). It also is occasionally cultivated
throughout the tropics, especially in India. It
is sometimes found in swampy locations but
usually grows on rather dry soil at low lati-
tudes, and can also be found at ~900-1200 m
a.s.l. with rainfall requirements ranging from
750 m to 2800 m and ambient temperature of
35-47.5°C. The tree has tremendous economic
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importance as it hosts the lac insect, the bark
of the tree is used for tanning, the unripe fruit
is used to make pickles, and the seeds for
Macassar oil, candles, hair-dressing, soap and
illumination.

RESULTS AND OBSERVATIONS

The combined LM and CLSM studies of the
pollen morphology of Schleichera oleosa (Lour.)
Oken. led to significantly higher taxonomic res-
olution. Detailed palynological descriptions of

this monotypic genus are given below (Tab. 1,
Pl 1, figs 1-8).

Sapindaceae

Schleichera oleosa (Lour.) Oken.
Tab. 1, P1. 1, Type I: figs 1-4; Type II: figs 5-8

Type 1. Pollen grain tri-zono-parasyncolporoi-
date!, oblate spheroidal (25x25 pum), bilateral
(symmetry), isopolar (polarity), colpi long and
broad (brevicolpi; length 6 pm, width 0.5 pm),
apices acute; margin smooth; os indistinct, colpi
(all three colpi) fused together and forming
a triangular structure (apocolpium; 8x6 pm),
exine 0.9 pm thick, sexine slightly thicker than
nexine, ornamentation pattern striate.

Type I is encountered at moderate values,
up to 6% of the TPS.

Type II. Pollen grain tetra-zono-parasyncol-
poroidate!, oblate (25x28 um), bilateral (sym-
metry), isopolar (polarity), colpi (brevicolpi; long
and broad (length 6 pm, width 0.5 pum), apices
acute; margin smooth; os indistinct, colpi (all
four colpi) fused together, forming a quadran-
gular structure (apocolpium, 5x10 pm), exine
0.9 pm thick, sexine slightly thicker than nex-
ine, ornamentation pattern striate.

Type II is encountered sporadically at very
low values (~0.33%) of the TPS.

Mode of pollination. Entomophilous.

Habit. Tree.

1 Parasyncolporoidate condition: The condition in which the
colpi of pollen grain(s) bifurcate at their ends and meet with
each other, forming an intact apocolpium (the area at the
pole of a zonocolpate grain delimited by the ends of colpi) at
the poles. As the os is not at all clear, the term ‘parasyncol-
poroidate’ has been provided. Furthermore, the term ‘zono’ is
used to represent the apertures [colpi (singular: colpus) or ora
(singular: os) and/or both] of pollen grain(s) if arranged in an
equatorial zone (Nayar, 1990)

Habitat. Foothills of the Himalayas and West-
ern Deccan. Origin (geographic): South Asia.

Information on the mode of pollination,
habit, habitat and geographic distribution will
aid in palaeoecological interpretations (Qua-
mar et al., 2017).

DISCUSSION

GENERAL DISCUSSION
OF POLLEN APERTURE HETEROMPHISM

Variation of pollen aperture number within
individual grain types, as well as pollen size
and shape, can be genetically determined and
heritable (Cruzan, 1990; Dajoz et al., 1993;
Mignot et al., 1994; Till-Bottraud et al., 1995;
Sarkissian and Harder, 2001), and aperture
numbers may be determined by the distribu-
tion of microtubules during meiotic divisions
of the pollen tetrad (Ressayre et al., 2002; Via
do Pico and Dematteis, 2010). Environmen-
tal factors (Pire and Dematteis, 2007) and/or
changes in ploidy level (Mignot et al., 1994,
Dajoz et al., 1995; Nadot et al., 2000; Sousa
et al., 2012; Siddhanta et al., 2018) are among
the factors that may drive the morphologi-
cal variation in pollen. Stainier et al. (1967)
and Nadot et al. (2000) suggested that pollen
aperture number is determined just after the
completion of meiosis, when microspores are
still grouped in tetrads. In tobacco (Nicotiana
sp.), Ressayre et al. (1998) observed that the
structure of the meiotic spindle is dependent
on the ploidy level of the mother cell, and sug-
gested that this structure, in turn, influences
the relationships among the four microspores,
leading to different pollen morphs with differ-
ent aperture numbers within the same tetrad.
Van Campo (1976), Chaloner (1976) and Doyle
and Hotton (1991) opined that aperture num-
ber has increased over geological time.

The occurrence of different pollen morpholo-
gies, especially increase in the number of aper-
tures, can be directly correlated with pollen
tube germination. Some evolutionary mecha-
nisms have been identified which were related
to the relationship between aperture number
and pollen germination (pollen grain fitness),
on the one hand, and its physiology (survival/
life expectancy) on the other (Till-Bottraud
et al., 1994; Nadot et al., 2000). Selection acts
on increased aperture number through an
increase in germinability and a decrease in
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Table 1. Schleichera oleosa (Lour.) Oken.: overview of the monotypic genus (Mabberly, 1987; Ohri et al., 2004; Kundu and

Schmidt, 2011, www.SL.ku.dk; PROSEA)

Scientific name

Schleichera oleosa (Lour.) Oken.

Monotypic genus

Common name

Lac tree/Gum lac tree/Ceylon Oak/Sugar Apple/Kusum/Kussum

Schleichera trijuga (Willd et Klein),

Synonyms Cussambium oleosum O. Kuntze,
Pistacia oleosa Lour.
Habit Tree
Family Sapindaceae
Phenology Feb.—Sept. (February—April to July—September)
Mode of pollination Entomophilous
Origin (geographic) South Asia
Chromosome number (2n)” 32
Ploidy level (x) 2

Genome size 2C DNA amount/ ploidy level | 1.17
(picograms; pg™)

4C DNA amount+s.d. (pg)

4.66+0.30

1C DNA amount (mega-base pairs; Mbp) | 1142

s

™ 1 pg = 980 Mbp (Cavalier-Smith, 1985)

pollen survival. Pollination ecology will then
determine which pollen type is the fittest in
a particular environment. The size and aper-
ture number of a pollen grain may significantly
influence the fertilization success of individual
grains and, thus, individual plant fitness. The
growth of the pollen tube is faster and longer
in a large-sized grain (Aizen and Raffaele,
1998; Tejaswini, 2002). Four-aperturate pollen
(of the genus Viola) germinated faster (positive
correlation), but produced shorter pollen tubes
in vitro and had reduced longevity (negative
correlation) as compared to 3-aperturate pollen
grains (Dajoz et al., 1991). Abiotic factors may

Chromosome number taken from: http://www.mobot.org; PROSEA

also influence pollen grain development and
induce a plastic response to the local environ-
ment (Till-Bottraud et al., 1995; Lau and Ste-
phenson, 1993). The evolutionary increase in
aperture number was driven by an advantage
at germination, but could be offset by a reduc-
tion in longevity. These two selective forces
can sometimes balance each other to maintain
several pollen morphs simultaneously (Mignot
et al., 1994).

Stebbins (1971) asserted that polyploidy
can cause an increase of cell size in plants that
could lead to enlargement of some organs (e.g.
flowers and seeds). Katisiotis and Forsberg

Plate 1. 1-4. Type I: Schleichera oleosa (Lour.) Oken.; 1, 2. LM micrograph; 3, 4. CLSM images, showing the tri-zono-parasyn-
colporoidate condition and striate ornamentation; 5-8. Type II: Schleichera oleosa (Lour.) Oken.; 5, 6. LM micrograph; 7, 8.
CLSM images showing the tetra-zono-parasyncolporoidate condition and striate ornamentation. Scale bar = 10 pm


http://www.SL.ku.dk
http://www.mobot.org

M.F. Quamar et al. /| Acta Palaeobotanica 61(1), 32-41, 2021

37

(2005) and Celenk et al. (2008) have reported
this positive relationship between ploidy
level and pollen size for several plant genera
in natural or artificially induced polyploids.
Sousa et al. (2013), however, found a positive
association between the chromosome number
and size of pollen grains and also between the
length and width of the colpi in species of Lip-
pia L. (Verbenaceae). Campos et al. (2011) also
observed a positive correlation between chro-
mosome number and the DNA C-value for 28
species of Lippia L. (Verbenaceae).

IMPLICATIONS FOR PHYLOGENY

Pollen grains can be categorised as primi-
tive or advanced simply by examining the
presence or absence of ornamentation on the
exine and/or the number of apertures they
possess. According to Nadot et al. (2000) and
Yildiz et al. (2009), pollen grains whose exine
surface is smooth or slightly ornamented and
has fewer pores/colpi are primitive, while those
with extremely ornamented exine having more
pores/colpi are advanced. In the present study
we observed that Schleichera oleosa (Lour.)
Oken. Type II, having the tetra-zono-parasyn-
colporoidate condition, is advanced, whereas
Schleichera oleosa (Lour.) Oken. Type I, hav-
ing the tri-zono-parasyncolporoidate condition,
is primitive.

The soapberry family (Sapindaceae), consist-
ing of 138 genera and 1858 species, is eurypa-
lynous, meaning that the plants of this family
produce different pollen grains. Detailed pol-
len morphological studies of this family, based
on LM and CLSM, as well as SEM, of this fam-
ily are needed to establish the details of this.
On the basis of the above suggested charac-
teristics, the different taxa of this family and
of other families might also be assessed and
categorised as primitive and advanced. The
suggestion that an increase in the number of
pollen apertures is a derived condition (Nadot
et al., 2000; Yildiz et al., 2009) and the predic-
tion of pollen heteromorphism as an evolution-
ary stable strategy (ESS) (Till-Bottraud et al.,
1994) point to the evolutionary and phyloge-
netic significance of the phenomenon of pollen
heteromorphism in this monotypic genus.

IMPLICATIONS FOR SYSTEMATICS

Pollen characters were used in the classi-
fication of Orchidaceae, for the first time, by

Lindley in 1830. Erdtman (1952), Faegri and
Iversen (1964) and Chanda et al. (1988) used
the pollen characters for classifying taxa of var-
ious ranks. Cranwell (1952), Erdtman (1952,
1957), Wodehouse (1965) and Selling (1947)
also stressed the significance of pollen mor-
phology in plant taxonomy and systematics.

Our detailed LM- and CLSM-based
illustrated pollen morphological studies of
Schleichera oleosa (Lour.) Oken. (Pl. 1) may
be of great help in correctly identifying and
palynotaxonomically characterizing it at spe-
cies level and may help differentiate it from
species of Syzygium R.Br. ex Gaertn. spp. and
Eucalyptus 1’ Hér. spp. (both belonging to the
family Myrtaceae). This type of work could aid
in establishing the modern pollen-vegetation
relationship and also help in using fossil pollen
records for reconstruction of past vegetation
dynamics and the associated climate change
(Quamar and Bera, 2017, 2020; Quamar and
Kar, 2020a,b; Kar and Quamar, 2019, 2020;
Quamar, 2021; Quamar et al., 2021, and ref-
erences cited therein).

IMPLICATIONS FOR POLLEN PRESERVATION

Pollen preservation generally depends on
intrinsic pollen characters, which comprise
exine thickness and sporopollenin concentra-
tion, grain size and nexine ornamentation
types (Havinga, 1964, 1967, 1984), as well as
environmental factors, such as oxidation, soil
pH, humidity, organic matter concentration
and microbial and fungal action (Havinga,
1967; Campbell and Campbell, 1994). Pollen
grains with thin and smooth exine are more
vulnerable and more easily damaged than
are pollen grains with thick and sculptured
exine (Xu et al., 2016). Plant pollen taxa with
advanced morphological characters and thick
exine have high preservation potential, and
vice-versa. In terms of pollen preservation
potential, Schleichera oleosa (Lour.) Oken.
may be regarded as vulnerable to moderately
vulnerable on the basis of exine thickness and
ornamentation, as well as advanced pollen
morphological characters. The preservation
potential of different pollen grains of the vari-
ous taxa of the family Sapindaceae and other
families can also be determined, based on
pollen wall architecture (exine thickness and
ornamentation pattern) and their detailed pol-
len morphology.
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CONCLUSIONS AND PROSPECTS

1. Pollen heteromorphism in Schleichera
oleosa (Lour.) Oken. (Sapindaceae), recorded as
sporadic (Type I up to 6% and Type II ~0.33%
of TPS), could be due to changes in ploidy level
(diploidy/polyploidy). The diploid (2n) chromo-
some number in this monotypic genus is 32
(haploid number of chromosome n=16) and
the ploidy level is 2.

2. The role of the environment and pollina-
tion ecology cannot be ruled out, as these fac-
tors could also be driving the increased num-
ber of apertures in this monotypic genus.

3. Molecular and phylogenetic studies are
required to confirm the possible causes of
pollen heteromorphism in particular genera/
species.

4. The unusual and unexpected variation
in the number of pollen apertures in the stud-
ied monotypic genus, often overlooked, can
provide important insights into angiosperm
diversity. The present study can help in testing
adaptive hypotheses relating pollen grain mor-
phology to the ecological and competitive envi-
ronments, as the variation could suggest the
ecological background or competition between
the two existing types of pollen grains, exert-
ing evolutionary pressure.

5. The study has implications for phylog-
eny and evolution, as well as for taxonomy and
systematics. Also, the preservation potential of
pollen grains of this monotypic genus of the
soapberry family (Sapindaceae) can also be
determined.

6. The study should help improve the iden-
tification of fossil pollen grains of this moist
(nearly evergreen) element of tropical decidu-
ous forests, recovered from various natural
pollen trapping media/substrates (e.g. surface
soil samples, profile/core sediment samples).
This should be of help in establishing modern
pollen-vegetation relationships, as well as in
reconstructing past vegetation dynamics and
the associated climate change through analy-
sis of pollen from tropical deciduous forests in
India and from similar tropical and subtropi-
cal regions of the world.

7. Detailed morphological studies of mate-
rial from mature floral buds and immature
flowers of extant plants and/or flower buds of
herbarium specimens from the study area are
needed to corroborate the phenomenon of pol-
len aperture heteromorphism.
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