Pollen Morphology in Ornamental Plants: Systematics and
Evolutionary Significance
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Abstract

Pollen grain morphology of 20 species belonging to 18
genera in 11 families of some ornamental plants was employed for
palynology. Polleniferous materials were properly collected,
identified and utilized with the view of ascertaining their relevance
to taxonomy. Nine types of pollen apertures namely — triporate,
inaperturate, monoporate, dicolpate, monocolporate,
monocolpate and tricolpate were recorded. Inaperturate pollen
was the most common among the species, especially in
Bougainvillea glabra (Comm. ex Juss), Jatropha caucas L.,
Cynodondactylon (L.) Pers. and Plumeria alba L. The analysis of
mean polar and equatorial measurements i.e. the pollen sizes
showed that largest pollen was recorded in Thevetia peruviana (L.)
Lippold (782.69 um’) and the smallest was recorded in Terminalia
catappa L. (27.62 um’). The mean density of pollen was found to be
highest in Moringa oleifera Lam. (20.60<1.21 mm’) and lowest in
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Ixora casei L. (1.2040.20 mm’). Exine thickness ranged from 2.86
um’ as seen in J. caucas to 0.30 unt’ in Breynia viscosa L.
Evolutionarily, the common reticulate sexine pattern would be
more primitive than the vermcate one. The typical reticulate
sculpture pattern (such as in Hibiscus rosa-sinensis L.) would be
basic, from which transitional variants would have derived and
finally led to the typical verrucae pattern in Polyanthea longifolia
Sonn. Similarly, the common boat-shaped-oblong pollen (as in
Euphorbia mitis Pax.) would be more primitive than the circular
pollen (B. glabara), from which the latter would have derived
during phvlogenetic development.

Keywords: Evolution, Omamental plants, Palynology, Pollinosis,

Taxonomy.

Introduction

Plants that display aesthetic values are used in landscaping
industries either for their foliage arrangements, beautiful bright
flowers, scents, fruits, stem or overall form used for hotticultural
trade regardless of their agricultural and other botanical
significance are referred to as ornamental plants. These plants are
found in houses, roads, gardens, parks, offices, public institutions
such as hospitals, schools, stations, etc. which are for the
decoration of individuals, horticulturists, guests, and the public.
Flowering and floral features of ornamentals are a key aspect, as
these plants are grown for their blossoms, with many

horticulturalists preferring to cultivate exotic flowers even though
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combination with other morphological characteristics to delimit
different taxa (Hosni and Araffa, 1999; Zhigila et a/., 2014; Banks
and Rudall, 2016). For instance, the appearance of pores on the
inner surface of the acetolysed pollen has proved to have reliable
taxonomic characteristics (Perveen, 2003). It is used to identify
hybrid plants and to solve the taxonomic problems of for example,
medicinal and other economically important plants (Bibi, 2003,
Noor et al., 2009). Palynoclogy has also been very helpful in
phylogenetics, evolution and allergy but there is scanty research
work on such studies (Nagels et al., 2009; Qin et al., 2015). Luo et
al. (2015) suggested that pollen morphology has become integral

part of understanding the evolution of the whole angiosperm.

Most studies on pollen of ornamental plant focused on the
morphology of the species of Asteraceae family (Waisel ef al.,
2004) and the systematic and evolutionary significance of pollen
morphology has not been explored. In this study, an attempt was
made to elucidate the evolutionary and taxonomic significance of
morphological differences in the pollen grains of some ornamental

plants.
Materials and Methods
Plant Materials and Palynology

Florets were obtained from fresh mature flower buds (before
anthesis) of the plants species and preserved in glacial acetic acid.
For each taxon, ten plant accessions were used and from each plant
accessions, at least five to ten anthers were investigated and
prepared for light microscopy (LM), methods of Abdulrahaman ef
al, (2013) was adopted. Pollen length (long polar ends) and pollen
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Statistical Analyses

The coded data matrix was subjected to statistical analysis using R
for taxa cluster analysis and principal component analysis (PCA) to
determine diagnostic features that could be used for delimitation of
taxa was used. Mean and the corresponding standard error, simple
percentage, Analysis of Variance (ANOVA) and multivariate
analysis and similarity index to reflect the evolutionary tree of the
taxa based on the pollen features were calculated and constructed in
(R=Core=Team, 2018).

Results and Discussion

Evolution of Pollen Shapes and Apertures

The pollen structure of 21 representative taxa observed
under LM is described to typify the range of pollen characters and
their states in plant used for their aesthetic values (Table 2 and 3,
Fig 1-6). In all the studied plants, the pollen shapes in polar view
were circular to spherical (except in Terminalia catappa which was
concave-triangular). There exists the one-furrowed grain type of
Euphorbia mitis, the smooth single-pored globular grain of
Cynodon dactylon, or the three-furrowed pollen grain of Thevetia
peruviana and Duranta repens have undoubtedly derived each
from another by evolutionary derivation of the plants that produced
such comparable pollen types (Wode house, 1936).Regarding
aperture (pollen type), nine types were observed namely -
monoporate, monocolpate, dicolpate, tricolpate, tricolporate,
tetraporate and inaperturate (Table 2 and Fig 1-4). From the
evolutionary point of view, Hibiscus rosa-sinensis, E. mitis and

Breynia viscosa seems to be relatively unspecialized within the



ASUU JOURNAL OF SCIENCE Vol 5 Nos 1 & 2, December, 2018 143

2000; Rudall and Bateman, 2007) pollen aperture have displayed
common changes throughout the phylogeny of angiosperm.
Observably, Luo ef al. (2015) suggested that the range of aperture
types in monocots is fewer than that observed for other

angiosperms but remain key to the evolution of monocots.

Frequency of Pollen Types

Inaperturate pollen was observed in most species with the highest
frequency (33.30%), followed by monocolpate pollen which
recorded 24.5%. Monocolporate, tetracolpate and tricolpate had
the least occurrence (1.33%) each among the taxa (Table 2 and Fig.
5). Within the species, D. repens L., I coccinea L. and T. peruviana
showed the highest heterogeneity and diversity of pollen type with
five types each. Cynodon dactylon, J. curcas, Luculia grandiflora
Ghose and B. glabra recorded 100% inaperturate pollen aperture
whereas P alba had 100% pericolpate (Table 2 and Fig.
6).Entomophilies (insect pollinated) plants produce relatively few
pollen grains e.g. L. grandiflora and T peruviana (Table 2).

Pollen Sculpture

The exine sculpturing types in the studied species were reticulate
(Fig. 3b), psilate (Fig. 4f), baculate (Fig. 2c) or micropitted (Fig.
4d). These variations are of significance in species delimitation in
that, they correlated with morphological features (Qureshi et al.,
2002). From evolutionary and phylogentic point of view, pollen
sculpture indicates primitiveness and advancement in plants
(Takhtajan, 1969). Thevetia peruviana, Duranta repens, I
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T catappa and J. coccinea L. (0.54 £+ 0.46 um’) were relatively

advanced considering their reduced exine (Table 3).

Pollen Length, Breadth and Size

The quantitative featurcs of the pollen morphology in the studied
species. Diameter of the equatorial axis in pollen grains varied from
5.60£0.06 in 7. catappa to 31.40+1.03 pm in 7. peruviana (Table
3). The length of the polar axis varied from7.00+0.44 to
32.840.84pm in T, catappa and T peruviana respective (Table 2).
For the measurement of the pollen sizes, the polar and equatorial
axes of the pollen grains were measured. Based on this character,
the smallest and the biggest pollen grains were found in 7. catappa
and J. caucas respectively. The size of the polien grains can help to
describe the evolutionary trend among the taxa; they include
increasc in grain size, shortening of the colpi, increase in number of
apertures and increase in the process of polymorphism. Talebi et
al. (2012) reported that primitive plants have small pollen grains in
comparison with the advanced plants. According to Talebi ez al.
(2012), pollen size was also found to be an index to chromosome
numerical variations (aneuploidy and polyploidy) and has proved
useful in cytopalynological studies. Varis (2009) reported in Pinus
sylvestris L. that germinated pollen grains were larger in size than
non-germinated. Thus, the size of pollen grains is a sign of pollen
viability and the ratio of large pollen grains has been used to assess

pollen performance (Talebiet al.,2012).
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they are all anemorphilous pollens because EAACI(2014) reported
that most airborne pollens range in size from 12 to 70 pm’,
Clinically, anemophilous species produce allergib pollens even
though they form a minority of flowering plants and they produce
prodigious amount of pollens important of pollinosis is primarily
due to flowering plants with wind dispersed pollens (EAACI,
2014). Although these anemophilous species form a minority of
flowering plants, they produce prodigious amounts important of
pollinosis is primarily due to flowering plants with wind dispersed

pollens.
Incongruence from Multivariate Analyses

Overall multivariate morphometric assessment of the taxa using
the pollen morphological data revealed some interesting
similarities among the pollen of different ornamental plants tested
in this study as evident from the similarity in the PCA plot (Fig. 8)
and the cladogram (Fig. 9). The phenogramdid support the
taxonomic similarities among some taxa as suggested by (Clarke ef
al., 1980; Bashir and Khan, 2003). The multivariate analysis shows
intra-specific clusters, indicating significant delimitation of the
taxa. Al-Ghamadi ef al. (2013) in the study of Astragalus as well
Akhila and Beevy (2015) in Sesamum had the same evidence n
species delimitations. The analysis clustered the taxa into three
basic nodes with clear distinction of group (Fig. 9). It is worth to
note that, species of the same genus such as 7. catappa (closely
similar to Bignona venusta Ketr.)and T. radii L. (more closely
similar to Movinga oleifera) as well as Ixora coccinea (on same
branch with Jacobinea coccinea) and Ixora casei (closely similar

to Mangifera indica L.) were observed to be more closely similar to
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Table : Nomenclature and pollen characters and their states
used in analyses of character optimization of ornamental plants

Taxa Family Commen Pollen Type Pollen  Density Pollen
nante Sculpture  (mm?) frequency (%)
Thevetia peruviana Apocynaceae  Oleandar triporate verrucate 120:020 7.14
monocclporate  verrucate 6.8+120 2857
inapertirate psilate 124020 2857
monpporate reticulate 144025 714
tricolporate vernicate 24045 2857
Durante repens Euphorbiacese Yellow bush ~ moneporate psilate 124020 333
inaperturate psilate 364112 60
monacalpate  verrucate 124020 10
dicolpate pailate 164025 10
friporate psilate 186049  16.67
Tuora coccinen Rubiscene Flame of wood  inaperturate psilate 54£1.12 2192
monoporate psilate 282037 1233
monocolpate  psilate 94-040 57.53
dicolpate psilate L2=02 411
tricolporate psifate 26040 401
Bignonia ventisto Bignoniaceae  Flame vine monocolpate  verrucate 32020 075
dicolpate psilate 1.2£020 25
Buphorhia mitis Euphorbiaceae  Plumeria monocolpate  psilate 244025 5385
dicolpate psilate 124020 30,77
Inaperturate psilate 124020 7.69
Brevnia viscosq Rubiaceas Snow bush monocolpate  pailate 5.6£0.40 60
dicolpate pailate 42402, 40
Termindlia catappe Combretaceae  Indianalmond  monocolpate  verrucate 2.0+045 1429
Inaperturate peilate 304123 2857
dicolpate verrueate 1.6£0.25 5714
Ixora cosael. Rubiaceas flame of wood  monocolporate  verrucate 124020 123
tricolporate vermcale 28£020 375
inaperturate psilate 124020 50
Nerium indicuwimn Apocynaceae inapertarate psilate 24+020 67,05
tetracolpate verrncate 124020 1818
motocolpate  vetrucate 12£0.20 909
Bouparvilia glabra Nyctaginaceae Bougainveilia  inaperturate micropitted  2.8+0.58 100
Jacobinea coccines Rubiaceas inaperturate micropitted  6.4£1,69 4444
monocolpate  verrucate 200,32 13.89
uiporate verncats 60:2.15 4187
Terminalia radii Combretaceae  Satellite monocolpats  verracats 48074 50
inaperturate verrncate 22020 1667
moneporate vernicale 14025 833
triporate verrcate 43=020 23
Luculia grandiflora Rubiacene White lueulia  inaperturate psilate 1.2+0.20 100
Jairopha cancas Fuphorbiacene  Jatropha inaperturate psilate 304032 100
Moringa ofeifera Moringacese  Moringa inaperturate poilate 2064121 5743
friporate vertueate 184£0.74 1081
monecolpate  baculate 8.6k1.65 2432
dicolpate patlate 124020 0.68
Phylianthus ntvosys Buphorbiacoae  Tee plant inaperturate psilate 22020 40
moneporale psilate 284020 60
Hibiscus rosa-sinensis - Asteraceae Chineserose  dicolpate reticulate 564033 45
[naperturate verrueate 324076 63
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Fig. 1: Pollen morphology - triporate pollens arranged following the topology of Luo et al.

(2015) a: polar view sho wing triporate pollen aperture of  Thevetia peruviana b: Triporate
pollen in Jacobinea coccineq c: tricolporate pollen in Ixora coccinead: trianporate pollen in

Terminalia catappax1000

Fig. 2: Oblique equatorial view, showing two colpi located at the proximal pole -
dicolpate pollens a: diparacolpate pollen of Hibiscus rosa -sinenesis: b: diarchcolpate
pollen in Breyniaviscosa; c: dicircolpate pollen in Euphorbia mitisx1000

Fig. 3: Distal view of monocolpate pollens a: monoarcolpate pollen of
Jacobinia coccineg b: monoparacolpate pollen in snow bush ; ¢: monocircolpate
pollen in Polvanthea longifoliac1000



ASUU JOURNAL OF SCIENCE Vol 3 Nos 1 & 2, December, 2018 153

6
0
&
5
a
m
z a4
2
s 3
c
a 2
©
a
Wk
£ o
E
S
z B T - & o © & ~e° & &

0 \ & N A AN
<\° t§° .;\"0-.'96% sé\\(’ o‘-"\o <5}° Oobib“‘b \“‘ °' ? ° Q ‘oo
Ry Av) Sl
L3 ‘0,30 LUaR Q‘ [ §\ Q Q‘ ‘\~Q
%.
Plant species

Fig. 6: Number of pollen types in each species.

Cynodon dactylon

Nerium indicum
Bourngainveilia glabra

Terminalia catappa Jacobinia coccinea

Thevetia peruviana

Polyanthea longifolia

Hibiscus rosa-sinensis |
. Duranta repens

Common ancestor

Fig. 7: Evolutionary hypothesis based on pollen features in ornamental plants
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