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ABSTRACT  
 
The aim of the present study was to examine pollen and exine ornamentation in 
pollen obtained from certain condiment-yielding plants. Plants were picked from 
various parts of the city of Lahore. The exine ornamentation of selected 
condiment-producing plants reflects the type of pollen they contain. The exine 
ornamentation of Coriandrum sativum, Capsicum annum, Citrus aurantifolia, Citrus 
limon and Punica granatum belonging to Apiaceae, Solanaceae, Rutaceae and 
Lythraceae family were investigation. Based on the pollen aperture types, four 
different apertures were identified: 3-colporate, Trizonicolporate, Tetracolpate 
and 3-Colpate. The exine ornamentation of all studied species was found to be 
striate and psilate. 
 
Key words: Exine, pollens, condiments plants, systematic botany.  

 

 

INTRODUCTION 
 
Palynology, a term coined by Hyde and William, means 
pollen and spore science. It is primarily concerned with the 
walls of pollen grains and spores, rather than their living 
interiors (Erdtman, 1952). Palynology is the study of pollen 
grains and spores from ferns, mosses, and liverworts in a 
wide range of settings, including the ontogeny, structure, 
dispersal methods, and deposition of pollen and spores. 
Palynology is the study of ferns, mosses, and liverworts. To 
put it another way, palynology is the study of organisms 
that are resistant to the harsh chemical treatments used in 
palynology, such as some microscopic algae, a term coined 
by Tschudy and Scott (1969). It is a branch of paleontology 
that focuses on studying fossilized plant remains (da Luz, 
2012). Pollen grains can be used to monitor cytotoxicity, 
gene transfer and the effects of biochemicals such as 
herbicides, pesticides and pollutants, as well as to better 
understand the structure and function of the cytoskeleton 
and association proteins, gene expression and cloning, as 
well as intracellular differentiation and polarity research 
(Amjad and Akkafi, 2012). Condiments are processed spices. 
Pakistan is a land of agriculture with eastern values. Spices 
and condiments, which give flavor, colour, preservation and 
perfume to Pakistani cuisine, are well-known (Biel and 
Jaroszewska, 2017). The leaves, flowers, berries, seeds, 
barks,  buds,   and   rhizomes   of    the   plants    are    usually 

harvested or separated (Batool and Khan, 2014). 
The primary goal of this research is to identify pollen types 
from plants that are utilized as condiments or spices. Spices 
and condiments are used in small amounts, but they greatly 
affect the flavor and aroma of food (García‐Casalet al., 
2016). The pollen grains of each species, genus, and family 
(Table 1) have a distinct form, size, color and structure, and 
these characteristics are essential for systematic botany 
(Mert, 2010). 
 
 
Solanaceae 
 
The nightshade family is also known as the Solanaceae. It is 
among the largest plant groups in the world. In total, there 
are around 90 genera and 3000 species. There is a diverse 
range of behaviours among the plants in the nightshade 
family. The family is classified as an asterid dicotyledon in 
the order Solanales (Yadav et al, 2015). The family is 
extremely diverse, with perennial trees and herbaceous 
annual species living in a variety of terrestrial 
environments ranging from deserts to rainforests. It is the 
leading plant family in terms of vegetable production and 
the third most significant in terms of economic value (Wu 
and Tanksley, 2010). Herbs, trees and shrubs  are  examples 
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Table 1:Lists of some condiments yielding plants in Lahore and their families. 
 

S/N Name of plant Scientific name Families  

1 Coriander Seed/leaves Coriandrum sativum L. Apiaceae 

2 Carrot Daucus carotaL. Apiaceae 

3 Fennel seed  Foeniculum vulgare Mill. Apiaceae 

4 Mint leaves  Mentha longifoliaL. Lamiaceae 

5 Fenugreek seed Foecum graecum L. Leguminosae 

6 Onion  Allium cepaL. Liliaceae 

7 Garlic Allium sativum L. Liliaceae 

8 Lemon Cirus limon L. Rutaceae 

9 Lime Citrus aurantifolia(Christm.) Swingle Rutaceae 

10 Chilli Capsicum annum L. Solanaceae 

11 Tomato  Lycopersicumesculentum L. Solanaceae 

12 Pomegranate seed PunicagranatumL. Lythraceae 

 
 
of plants. Flowers are bisexual and actinomorphic or 
zygomorphic to a lesser extent (Ganaieet al, 2018; Anjum 
andQaiser, 2007). Despite the huge size of the family, only a 
few representatives of the Solanaceae have become 
important as food sources in human civilizations (Gebhardt 
et al., 2016). The most imperative vegetables are the potato 
(Solanum tuberosum L.), tomato (Lycopersicum escylentum 
Mill. syn. (Solanum lycopersicum L.) pepper (Capsicum 
annum L. and Capsicum frutescens L.) and eggplant 
(Solanum melongena L.). Since these four types of 
vegetables are rich in essential vitamins, nutrients and 
antioxidants, it is apparent that a healthy human diet can be 
maintained solely on the basis of these four species, when 
these same species are transformed into products like, such 
as potato chips, tomato ketchup, tomato juice, pepper 
seasoning, and so on (Passan, 2008).  
In taxonomy and pollen morphology, pollen characteristics 
have gained increased attention. The ultrastructure of the 
pollen wall, its stratification, and interior structure, on the 
other hand, are difficult to study using a light microscope. 
To investigate these characteristics, scanning and 
transmission electron microscopy are required (El-Ghazaly 
and Anderberg 1995). Harkyet al. (2000) published studies 
on the shape of pollen grains from various plant types. 
Researched have been conducted on pollen morphology 
and ultrastructure of Withania somniferain Saudi Arabia, 
and Al-Wadei (2000) studied the palynology and cytology 
of three Solanum species. El-Ghazaly (1993 and 1999) 
investigated the palynology of certain Solanaceae species 
from Sudan and Qatar. In Solanaceae, the taxonomic 
relevance of pollen morphology is uncertain. Some pollen 
types are shared by different tribes or subtribes, while 
others are exclusive to a single tribe or subtribe (Erdtman, 
1952). 
 
 
Rutaceae 
 
The Rutaceae family of trees, shrubs, and climbers includes 
over 150 genera and 1700 species found in temperate and 
tropical areas worldwide. Citrus, Zanthoxylum, Ruta, Ptelea, 

Murraya, and Fortunella are the most prominent genera in 
this family (Kubitzki et al., 2010).Members of the Rutaceae 
have long been used in traditional medicine, cooking and 
perfumery (Lewis, 1983). 
In Pakistan, there are 11 genera and 27 species of this 
genus (Hassan-ud-Din and Ghazanfar, 1980). This family 
was classified as Sapindales (Cronquist, 1968). Each 
member of the family smells strongly of essential oils. 
Numerous genera show xerophytic and hardy traits (Aziz et 
al., 2010). Essential oils are volatile oils extracted from the 
peel sacks of citrus fruits. They are utilized to flavor drinks 
and foods in the food sector. They are also used in the 
pharmaceutical business to make medicines and soaps, as 
well as fragrances and other cosmetics and household 
cleaning products (Abbasi et al., 2006). Members of this 
family produce citrus fruits, curries, bitters, and a wide 
variety of ornamentals. The majority members of this 
family are trees or shrubs with three pinnate or foliate 
(rarely simple) spirally arranged leaves. Five sepals and 
petals, 5+5 stamens and four or five hypogynous gynaecia 
are typical of bisexual flowers (Gurcharan, 2004). Citrus 
fruits are known for their scent, which is attributed to 
flavonoids and limonoids (which are terpenes) found in the 
rind, and the majority of them are juice-rich. Citric acid is 
abundant in the juice, which gives it its characteristic sharp 
flavour. They are also high in vitamin C and flavonoids, 
which include a variety of flavanones and flavones. The oil 
derived from lemon and orange rinds or solids has a 
significant amount of D-limonene (Lu et al., 2021; 
Cebadera-Miranda et al., 2019). Many members of the 
Rutaceae family are economically significant. Most 
prominent are the species of Citrus, such as lemons, 
oranges, mandarins, tangerines, limes, kumquats and the 
essential oils used in perfumery, the species of Pilocarpus 
that are the source of pilocarpine, a drug used to treat 
laucoma, and the species of Boronia, Choisya, Poncirus, and 
Skimmia that are used as ornamentals. Lemon (Citrus 
limon), malta or sweet orange (Citrus sinensis), shaddock 
(Citrus maxima), bael fruit (Aegle marmelos), and kamini or 
orange jasamine are all well-known members of the family 
(Murraya paniculata) (Saini et al., 2022). 
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Apiaceae 
 
The Apiaceae, which used to be called the Umbel Family, is 
one of the most diverse groups of plants on Earth. There are 
about 450 genera and 3700 species in this family (Pimenov 
and Leonov, 1993). A total of 56 genera and 167 species 
make up Pakistan's genus of plants (Nasir, 1972). Plants in 
the Anethum graveolens (dill) family are well known for 
their culinary, medicinal, and aromatic properties, 
including Anethumgraveolens (dill), Anthriscus cerefolium 
(chervil), Angelica spp. (angelica), Apiumgravolence 
(celery), Carumcarvi (caraway), Coriandrum sativum 
(coriander), Cuminumcyminum (cumin), Foeniculum 
vulgare (fennel), Ferulagummosa (galbanum) and 
Pimpinella anisum (anise)(Wang et al., 2022). Plants in this 
family have a unique smell because they have essential oil 
or oleoresin, which gives them a pungent or aromatic smell 
(Amiri and Joharchi, 2015). 
Apiaceae has a diverse set of compounds that serve a 
variety of biological purposes. Antimicrobial, 
hepatoprotective, vaso-relaxant, cyclooxygenase inhibitory, 
and anticancer properties are just a few of the main 
characteristics (Oroojalian et al., 2010). 
 
 
Lythraceae family 
 
About 24 genera and 500 species make up the Lythraceae, 
which consists primarily of tropical herbs, shrubs, or trees. 
In Pakistan, there are seven genera and thirteen species 
(Dar, 1975) The Lythraceae family has limited commercial 
value; however a few species are medicinal or produce dyes 
(Dutra and Gasparino, 2018). The Lythraceae family 
includes members from all over the world, with the 
majority of species hailing from tropical regions. 
Crapemyrtle (Lagerstroemia), loosestrife (Lythrum), 
Mexican heather (Cuphea), and henna (Lawsonia) are all 
essential members. The leaves of the Lawsonia inermis are 
a source of the dye henna, which is used to stain fingers, 
nails, hairs, as well as wool, silk, and leather (Graham, 
2007). Wood Fordia fruticosa leaves and blossoms are also 
used in the tanning and dyeing of silk. Ornamental plants of 
Lythraceae include Cuphea lanceolata (red flowered), 
Cuphea ignea(cigar flower), Punica granatum, Lawsonia 
inermis, Lagerstroemia indica (pinkish flower), L. speciosa 
(purple flower) and numerous species of Lythrum. Timber 
for making boats is achieved from Lagerstroemia speciosa, 
L. indica and L. lanceolate (Sharma, 2009). 
 
 
METHODOLOGY 
 
Pollen sample were collected from different areas for 
conducting the experiment. The different flowers of 
vegetables collected were from the family of Rutaceae, 
Apiaceae, Solanaceae and Punicaceae. The plants, Citrus 
limen, Coriandrum sativum and Capsicum annum, were 
collected from Gulshan Ravi, Lahore. The plant of Punica 

granatum and Citrus aurantifolia were collected from 
Lahore Samnabad, Lahore.  
 
 
Preparation techniques 
 
Standard techniques (Wodehouse 1930) were employed to 
make wet mount of slides. To prepare 100 ml of fixative, 20 
ml formaldehyde, 30 ml glacial acetic acid and 50 ml of 
alcohol were taken and mixed with the glass rod. Similarly, 
200 ml can be prepared by adding double amount of 
chemicals (Figure 1). 
 
 
Microphotography 
 
Pollen grains were photographed under (L101 microscope) 
using 5X, 10X, 40X and 100X objectives. 
 
 
Sample code 
 
 The five different plants used as condiments were 
Coriandrum sativum, Capsicum annum, Citrus aurantifolia, 
Citrus limen and Punica granatum. The slides were 
represented by codes, such as Coriandrum sativum was 
coded as C.S, Capsicum annum as C.An, Citrus aurantifoliaas 
C.A, Citrus limen as C.L and Punicagranatumas P.G. The total 
numbers of slides of C.S were 2 and were named as C.S-I 
and C.S-II. Total numbers of slides of C.An were 2 and were 
named as C.An-I and C.An-II. Total numbers of slides of C.A 
were 2 and were named as C.A-I and C.A-II. Total numbers 
of slides of C.L were 2 and were named as C.L-I and C.L-II. 
Total numbers of slides of P.G are 2 and were named as P.G-
I, P.G-II (Figure 2). 
 
 
RESULTS 
 
Palynological analysis of condiment yielding plants was 
done keeping in view the importance of condiments in food. 
The Following five plants were palynologicaly observed: 
 
 
Coriandrum sativum L. 
 
It belongs to the Apiaceae family. Pollen class is Prolate. 
Pollen type is colporate. The average width and length of 
pollen is 3.7 and 1.8 µm, respectively. Exine ornamentation 
is Striate. Exine thickness ranges 0.5-1µm (Table 2 and 
Figure 3). 
 
 
Capsicum annum L. 
 
 It belongs to the Solanaceae family. Pollen class oblate 
spheroidal, Pollen type is Trizonocolportae with 
Scrabateexine     ornamentation. The   average   length    and  
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Figure 1: (A) Showing 2% solution of NaOH ; Figure (B) showing the 
materials used in the preparation of Glycerin jelly; Figure (C) Showing 
soaked toothpicks in Glycerin jelly; Figure  (D-E) Showing crushing of 
anthers and separation of pollen from anthers. 

 
 

 
 

Figure 2:(A)Showing microscopic analysis of pollens; (B) 
Staining with safranin; (C) Showing process of mounting the 
slides; (D) Showing sample codes. 

A.    B.  

C.  

D.      E.  

 

A.     B.  

C.  

D.  
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Table 2:  The average of pollen width and length of Coriandrum sativum. 
 

S/N Name of Plant Number of 
Specimens 

Observed 

Pollen width 

(µm) 

Average 
Pollen width 

(µm) 

Pollen 

Length 

(µm) 

Average 
Pollen length 

(µm) 

1.  

Coriandrum sativum.L 

1 2  

 

1.8 

 

3.5  

 

3.7 

2. 2 1.5 3.5 

3. 3 2 4 

4. 4 2 3.5 

5. 5 1.5 4 

 
 

 
 

Figure 3:(A) Showing stamens of Coriandrum sativum with various pollen(5x), (B) Showing anthers of 
Coriandrum sativum filledwith pollen grains(10x), (C) Showing cluster of pollen grains of Coriandrum 
sativum (10x), (D-E) Showing morphology of pollen grains of Coriandrum sativum(40x), (F) Showing 
exineornamentation of Coriandrum sativum(100 x) in oil immersion. 
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Table 3: The average of pollen width and length of Capsicum annum. 
 

S/N Name of Plant Number of 
Specimens 

Observed 

Pollen width 

(µm) 

Average Pollen 

Width 

(µm) 

Pollen 

Length 

(µm) 

Average 
Pollen length 

(µm) 

1.  

 

Capsicum annum.L 

1 4.5  

 

4.4  

4   

 

4.2  

2. 2 4  4.5 

3. 3 4  4.5 

4. 4 4.5 4  

5. 5 5  4  

 

 
width of pollen is 4.2 and 4.4 µm. Exine thicknesses is 
varied ranging from 0.5-0.8 µm, colpi thickness is 1 µm 
approximately (Table3 and Figure 4). 
 
 
Citrus limon L. 
 
Citrus limon, commonly used as condiments, belongs to the 
family of Rutaceae. Pollen class is circular prolate. Pollen 
type varied from monocolpate to tetracolpate with Striate 
exine ornamentation. The average width and length of 
pollen is 3.54 and 3.42 µm, respectively. Exine thickness 
ranges from 0.3 to 0.6 µm ((Table 4 and Figure 5). 
 
 
Citrus aurantifolia (Christm.) Swingle 
 
Pollen class is circular to elliptical. Pollen type monocolpate 
to tetracolpate with striate exine ornamentation. Pollen 
diameter is 3.6 µm and pollen length is 3.48 µm. Exine 
thickness ranges from 0.5-1 µm (Table 5 and Figure 6). 
 
 
Punicagranatum L. 
 
It belongs to the lythraceae family. In equatorial view, the 
pollen class is prolate to perprolate spheroid. Exine 
ornamentation is psilate with verrucae. Pollen type is 
colpate. The average length and width of pollen is 2.6 and 2 
µm, respectively. Exine thickness ranges from 0.5-1 µm 
(Tables 6 and7 and Figure 7). 
 
 
Scale bar details 
 
Scale bar corresponds to; (22 µm) at 10x objective, (35 µm) 
at 40x objective, (50 µm) at 100x objective. 
 
 
DISCUSSION 
 
Palynology, or the study of pollen grains, is one of the most 
valuable approaches for reconstructing earlier habitats that 
we have devised. Exines, the hard outer shells of pollen 
grains of various species, are distinctive and can remain in 
optimal conditions for thousands of years, allowing pale 

botanists to identify a number of plants that were prevalent 
in the past. The tiny male reproductive organs of flowering 
plants are called pollen grains. Different types of blooming 
plants have developed unique mechanisms to make sure 
that these male reproductive organs get to their female 
counterparts (Table 8). 
Solanaceae has been found to beeurypalynous family. 
Pollen morphology of 20 species from Pakistan, comprising 
seven genera: Datura, Lycium, Hyoscymus, Nicotiana, 
Physalis, Solanum, and Withania. Light and scanning 
electron microscopes were used to analyse these species. 
Pollengrains are typically radially symmetrical, isopolar, 
prolate-spheroidal to oblate-spheroidal or sub-oblateto 
sub-prolate, tricolporate, colpi generally with costae, colpal 
membrane psilate to sparsely ordensely granulated, ora la-
longate, sexine as thick as nexine, or slightly thicker or 
thinner thannexine. The tectal surface is typically scabrous 
to verrucous, striate to reticulate, and seldom becomes 
fossulate. On the basis of exine pattern, 6 different pollen 
types are identified viz., Datura fastuosatype, Lycium 
dasytemum-type, Nicotiana plumbaginifolia-type, Physalis 
divaricata-type, Solanum nigrum-type and Withania 
somnifera-type (Perveen and Qaiser, 2007). 
Using a light and electron microscope (SEM), researchers 
examined the pollen morphology of seven different species, 
including Capsicum annuum, Daturainoxia, Daturametel, 
Petunia hybrida, Solanum melongena, Solanum torvum, and 
Solanum xanthocarpum. They examined the morphological 
variance in these species' pollen grains, including size, 
shape, surface structure, and surface pattern. They 
determined that the pollen grains range in size from 17.6 to 
40 m and vary in shape from sub-oblate to oblate-
spheroidal to prolate-spheroidal. The exine surface 
patterns of all examined genera were discovered to be 
striate reticulate, striate perforate, scrabate, psilate, 
granulate, and so on (Rajurkar and Tidke). 
 
 
Palynology of Rutaceae 
 
Palynological characteristics of six Rutaceae species were 
investigated. Many Citrus species, including C. sinensis, C. 
limon, C. aurantifolia, C. paradisi, C. reticulata, and C. 
maxima, were collected from various districts of Owerri in 
order to determine the taxonomic validity of the revealed 
internal  peculiarities. They  discovered  that   pollen   shape  
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Figure 4: (A) Showing cluster of pollen grains of Capsicum annum (10x), (B) Showing pollen grains 
of Capsicum annum (40x), (C-D-E) Showing Exine ornamentation of Capsicum annum (100x) in oil 
immersion. 

 
 

Table 4: The average of pollen width and length of Citrus limon. 
 

S/N Name of Plant Number of 
Specimens 

Observed 

Pollen 
width 

(µm) 

Average Pollen 
width 

(µm) 

Pollen 

Length 

(µm) 

Average 
Pollen length 

(µm) 

1.  

 

Citrus limon.L 

1 3.5   

 

3.5 

3.5  

 

3.42  

2. 2 4  3 

3. 3 3.5 4 

4. 4 3.7 3.6 

5. 5 3  3 

 

 
features indicated circular to elliptic morphologies in all 
species, but C. limon, C. paradise, and C. maxima were 

separated by their rectangular shape. In contrast to the 
other     investigated    taxa, polar  view   revealed   a    closer  

 

 

A 

C 

B 

E 

D 
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Figure 5: (A) Showing cluster of pollen grains of Citrus limen (10x), (B) Showing morphology of pollen grains of Citrus 
limen (40x), (C-D) Showing pollen of Citrus limen (100 x) in oil immersion. 

 
 

Table 5: The average of pollen width and length of Citrus aurantifolia. 
 

S/N Name of Plant Number of 
Specimens 

Observed 

Pollen 
width(µm) 

Average 
Pollen length 

(µm) 

Pollen 

Length 

(µm) 

Average 
Pollen 

length(µm) 

1.  

Citrus 
aurantifolia 

(Christm.)  

Swingle 

1 3.5  

 

3.6  

3.4  

 

3.48  

2. 2 4  3.5 

3. 3 3.5 3.5 

4. 4 3  3  

5. 5 4  4  

 

 
relationship between C. paradisi and C. maxima. The study's 
discovery of Palynological traits made it clear that they 
were particularly useful in defining the taxa under 
investigation, and that they could be used in conjunction 
with other data to identify and characterize species 
(Inyama et al., 2005). 
The pollen morphology of citrus limon from the Murcia 
region of Spain was studied using optical and scanning 
electron microscopy. The grains are medium-sized and 
subprolate-prolate,radio symmetricand isopolar. The exine 

has a semi-tectate structure foveolate with a reticulate 
tendency. In a meridional perspective, grains are ellipsoidal. 
Rarely, while in polar view, they were angul-aperturate, 
tetracolporate, pentacolporate or, hexacolporate. There is 
no association between the size of the grains and the length 
of their colpi. (Breis et al.,1993). 
The optical and scanning electron microscopes were used 
to analyse the pollen morphology of seven Rutaceae species 
from Pakistan. They are frequently prolate-spheroidal to 
subprolate or prolate, although they are  also  often  oblong- 

 

 

A 
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Figure 6: (A-B) Showing pollen grains of Citrus aurantifolia(10x), (C) Showing pollen grains of 
Citrus aurantifolia(40x), (D-E) Showing Exine ornamentation of Citrus aurantifolia(100x) in oil   
immersion. 

 
 

Table 6: The average of pollen width and length of Punicagranatum. 
 

S/N Name of Plant Number of 
Specimens 

Observed 

Pollen width 

(µm) 

Average 
Pollen width  

(µm) 

Pollen 

Length 

(µm) 

Average 
Pollen length 

(µm) 

1.  

 

Punicagranatum.L 

1 1.5  

 

2  

2.5  

 

2.6  

2. 2 2  2  

3. 3 2.5 3  

4. 4 2  2.5 

5. 5 2  3  

 
 
spheroidal. In terms of thickness, sexine is either lighter or 
heavier than nexine. Strained reticulate or reticulate-
rugulate tectum is frequently striate-foveolate. 
Haplophyllumdubium type, Limoniaacidissima type and 

Murraya paniculata type are the three unique pollen types 
based on tectum kinds. Using playnological data on a 
general and specialized level has proved beneficial (Anjum 
and Qaiser, 2005). 

 

A 

E 

D C 

B 
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Table 7. The maximum, minimum and average length and width of pollen of selected species with colpi and exine 
thickness. 

 

Sr #. 
Name of 

Plant 

Pollen 
length 

(µm) 

Average 
Pollen 
length 

(µm) 

Pollen 
width 

(µm) 

Average 
Pollen 
width 

(µm) 

Exine 
thickness 

(µm) 

Colpi 
width 

(µm) 

1. 
Coriandrum 

sativum 

4  

3.5 
3.7  

2  

1.5 
1.8  0.5-1  0.5-1  

2. 
Capsicum 

annum 

4.5 

4  
4.2  

5  

4  
4.4  0.5-0.8 _ 

3. Citrus limen 
4  

3  
3.42 3.73  3.5  0.3-0.6 _ 

4. 
Citrus 

aurantifolia 

4  

3.5 
3.48 

4  

3.5 
3.6  0.5-1  _ 

5. 
Punicagranatu

m 

3  

2  
2.6  

2.5 

1.5 
2  0.5-1  _ 

 

 

 
 

Figure 7: (A) Showing cluster of pollen grains of Punicagranatum(10x), (B) Showing morphology of 
pollen grains of Punicagranatum(40x), (C) Showing Exine ornamentation of Punicagranatum (100x) 
in oil immersion. 

 
 
 
Palynology of Apiaceae 
 
Many Umbelliferae species have been studied by various 
researchers at different times. Pollen morphology in the 
Umbelliferae family was studied by Erdtman in 1952. Ting 
(1961) examined the pollen of a few Umbelliferae-family 
plants found in North America. Pollen morphology in the 
Hydrocotyloideae: Umbelliferae subfamily was examined 
by Ting et al. (1964). Punt has studied the pollen 
morphology of the North European Flora belonging to the 

Umbelliferae family (1984). Cerceau-Larrival, however, 
carried out the most in-depth study of pollen morphology 
in the Umbelliferae family (1961). A few members of the 
Apiaceae family were included in the study of the pollen 
grain characteristics of oil plants from the Novi Sad 
collection of various families. Both pollen vitality and pollen 
grain morphology (size and shape) were investigated. Using 
an Axiovert 40C microscope with a software application 
(AxioVision LE, Rel. 4.3), they measured the length and 
width   of   pollen   to   identify   the   characteristics   of    the  

 

 

 

 

A 

C B 
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Table 8: Comparison among genera, that is, Pollen class, Pollen shape, ornamentation, Exine and Exine thickness. 
 

S/N Plant name 
Forage  

Source 

Pollen class  

and shape  
Aperture type Exine 

Exine 

Thickness(µm) 

1. Coriandrumsativum Herb Prolate,Bilateralsymmetry 3-colporate Striate 0.5-1 

2. Capsicum annum  

Herb 

Subprolate, 
Spheroidal,radially 

symmetrical 

3-zonicolporate Psilate 0.5-0.8 

3. Citrus limon Tree Prolate,Circular to elliptical Monocolpate to 
Tetracolpate 

Striate 0.3-0.6 

4. Citrusaurantifolia Tree Prolate,Circular to elliptical Monocolpate to 
Tetracolpate 

Striate 0.5-1 

5. Punicagranatum Tree prolate to perprolate 
spheroidal 

Tricolpate Psilate with 
verrucae 

0.5-1 

 
 
 
substance. Pollen vitality was assessed using a staining 
method (Alexander, 1969). They represented species that 
varied in pollen grain shape (round, egg-shaped, triangular, 
and rod) as well as exine shape (thick and spiky, thick to 
thin). A specific number of openings were present in some 
species (1-11). The size of viable pollen grains varied 
between 29, 10/12,58 (coriander) and 176, 63/169,94 (oil 
gourd) (Altagic et al., 2009). 
Researchers from Pakistan analyzed the pollen morphology 
of fifty species from twenty-seven genera of the 
Umbelliferae family. Using light and scanning electron 
microscopes, the morphology of pollen was examined. They 
discovered that, pollen grains are typically radially 
symmetrical, isopolar, prolate to per-prolate, tricolporate, 
colpi typically have costae, colpal membrane is psilate to 
sparsely or densely granulated, ora la-longate, and sexine is 
as thick as nexine or slightly thicker or thinner than nexine. 
Rarely is the tectal surface merely striate, but it is 
frequently striate-rugulate or rugulate-striate. Three 
unique pollen types—Bupleurum gilessii-type, 
Pleurospermumhookeri-type, and Trachyspermumammi-
type—were identified based on exine pattern (Perveen and 
Qaiser 2006). 
 
 
Palynology of Lythraceae 
 
Lythraceae pollen morphology was studied by Erdtman 
(1952). Several Lythraceae herbaceous plants were 
explored by Panigrahi (1976) for their palynology. Some 
Lythraceae and Sonneratiaceae genera were analyzed by 
Muller (1981) in terms of exine structure and function 
(Crenea, Lagerstroemia, Lafoensia, and Diplusodon). Pollen 
morphology of seven species of Lythraceae was studied by 
Pakistani researchers (Perveen and Qaiser, 2005). Analysis 
of the samples was conducted using light and scanning 
electron microscopes, respectively. Scientists have 
discovered that pollen grains can be free, symmetric, 
isopolar, colporate, or heterocolpate, depending on the 
species. Pollen grains were also classed as sub-prolate or 
prolate, with the most prevalent shape being oblate-

spheroidal. The tectum is reticulate, rugulate, or scabrate to 
sub-psilate. Lythraceae pollen morphology is particularly 
valuable at both the generic and specific levels. Based on 
apertural types, two distinct pollen types are recognized: 
Lagerstroemia indica-type and Ammanniabaccifera-type. It 
was determined the pollen morphology of 55 pomegranate 
(Punica granatum L.) cultivars from eight eco-geographical 
populations in China. The pollen was studied using a 
Hitachi S-570 SEM. Cluster analysis was performed using 
observed parameters such as pollen size, pollen 
morphology, germinal aperture type, and exine 
ornamentation. The following were the outcomes: From 
polar view, the pollen grains were three colpi monads, 
round or triangle, and from equatorial perspectives, prolate 
(P/E2) to perprolate (P/E>2) spheroid. Evagination or no 
evagination was the membrane type of the aperture hole. 
Psilate with verrucae, micromesh verrucae, or scabrate 
verrucae were used as exine decoration. The result of 
cluster analysis showed that the 55 cultivars could be 
categorized into six categories when the similarity 
coefficient was 3.82. Palynological analysis was 
fundamentally incompatible with morphological 
classification and unrelated to geographic locations (Yang 
et al., 2015). 
 
 
Diversity in exine ornamentation 
 
Selected species shows diversity in exine ornamentation. 
Psilate and striate ornamentations are present in selected 
species. Majority of the plants have striate ornamentation. 
Coriandrum sativum, Citrus limon and Citrus aurantifolia 
havestriate ornamentation. Punica granatum and capsicum 
annum have Psilateornamentation (Figure 8). 
Selected species show diversity in pollen types also. Citrus 
limon and Citrus aurantifoliaare monocolpate to 
tetracolpate. Coriandrum sativum is 3-colporate. Punica 
granatumisColpate. Capsicum annum is Trizonicolporate 
(Figure 9). 
Forage source also varied among selected species. 60% are 
trees and  40 %  are  herbs.  Citrus limon,  Citrus aurantifolia  
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Figure 8: Diversity in Exine Ornamentation. 

 
 

 
 
 

 
 

Figure 10: Diversity in forage source of selected species. 

 

 

 
 
Figure 9: Diversity in apertural characters. 
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and Punica granatum are trees. Coriandrum sativum and 
Capsicum annum are herbs (Figure 10). 
 
 
ACKNOWLEDGEMENT 
 
The authors gratefully acknowledge Dr. Tahira Malik for the 
valuable support and guideline. 
 
 
REFERENCES 
 
Abbasi NA, Ahmad T, Maqbool M, Ahmad IH, Qureshi AA (2006). Value 

addition in Citrus products and their uses. Pak. Acad. Sci.  
DOI:10.13140/2.1.5053.1841 

Alexander MP (1969). Differential staining of aborted and non-aborted 
pollen. Stain Technol. 11(3): 117-123.  

Altagic J, Jeromela AM, Marinkovic R, Terzic S (2009). Pollen grain traits of 
oil species from the Novi Sad collection. Genetika, 41(3): 263 – 270.  

Al-Wadei HM (2000). Ultrastructure of the pollen grains of Withania 
somnifera (L.) Dunal (Solanaceae). A study from Saudi Arabia. 
Taeckholmia, 22(1):  115-119. 

Amiri MS, Joharchi MR (2015).  Ethnobotanical knowledge of Apiaceae 
family in Iran. Avicenna J. Phytomed. 6 (6): 621-635. 

Amjad L, Akkafi H (2012). Pollen Structure of 
Kelussiaodoratisima (Umbelliferae) from Iran. Int. J. Sci. Eng. Res. 3 (10): 
2229-5518. 

Amjad L, Akkafi H (2012). Pollen structure of Kelussiaodoratisima 
(Umbelliferae) from Iran. Int. J. Sci. Eng. Res. 3: 401-406. 

Aziz SSSA, Sukari MA, Rahmani M, Kitajima M, Aimi N, Ahpandi NJ (2010). 
Coumarins from Murrayapaniculata (Rutaceae). Malaysian J. Anal. 
Sci. 14(1): 1-5. 

Batool S, Khan N (2014). Estimation of heavy metal contamination and 
antioxidant potential of Pakistani condiments and spices. J. Biodivers. 
Environ. Sci. 5 (3): 340-346. 

Biel W, Jaroszewska A (2017). The nutritional value of leaves of selected 
berry species. Sci. Agric. 74(5): 405-410. 

Breis FDB, Sanchez CP, Gilabert CE, Castillo MEC (1993). The Pollen 
morphology of Citrus Limon Cv. "Verna" from the Murcia Region, S.E. 
Spain. Anal. Biol. 9 (8): 63-69.  

Cebadera-Miranda L, Domínguez L, Dias MI, Barros L, Ferreira IC, Igual M, 
Cámara M, et al (2019). Sanguinello and Tarocco (Citrus sinensis [L.] 
Osbeck): Bioactive compounds and colour appearance of blood oranges. 
Food Chem. 270: 395-402 

Cronquist A (1968). The evolution and classification of flowering plants. 
https://www.amazon.com/evolution-classification-flowering-Riverside-
studies/dp/B0006BTDD8 

da Luz CFP (2012). Palynology as a Tool in Bathymetry, Bathymetry and 
Its Applications. 
https://www.researchgate.net/publication/221923049_Palynology_as_
a_Tool_in_Bathymetry 

Dar MI (1975). Lythraceae. Flora of Pakistan. (Eds.):  E. Nasir & S.I. Ali. pp. 
78: 8-14.  

Dutra FV, Gasparino EC (2018). Pollen morphology of Rutaceae from 
Brazilian forest fragments. Palynology. 42(1): 43-54. 

El-Ghazaly GE (1993). A study on the pollen flora of Sudan. Rev. Palaeobot. 
Palynol. 76(2-4): 99-345. 

El-Ghazaly GE (1999). Pollen flora of Qatar. Sci. Appl. Res. Center, Univ. of 
Qatar, pp. 429. 

El-Ghazaly GE, Anderberg AA (1995). Pollen morphology of Phagnalon and 
Aliella (Asteraceae, Gnaphalieae) and its taxonomical 
implications. Grana, 34(2), 89-99. 

Erdtman G (1952). Pollen Morphology and Plant Taxonomy, Angiosperms. 
https://books.google.com.ng/books/about/Pollen_Morphology_and_Pla
nt_Taxonomy_Ang.html?id=e-QUAAAAIAAJ&redir_esc=y 

Erdtman G, Berglund B, Praglowski J (1961). An introduction to a 
Scandinavian pollen flora. Grana Palynol, 2(2):  3-92. 

Ganaie MM, Raja V, Reshi ZA, Verma V (2018). Family Solanaceae: 
Taxonomy and modern trends. Ann. Plant sci. 7(9): 2403-2414. 

García‐Casal MN, Peña‐Rosas JP, Malavé HG (2016). Sauces, spices, and 
condiments: definitions, potential benefits, consumption patterns, and 

global markets. Ann. NY Acad. Sci. 1379(1): 3-16. 
Gebhardt C (2016). The historical role of species from the Solanaceae plant 

family in genetic research. Theor. Appl. Genet. 129(12): 2281-2294. 
Graham SA (2007). Lythraceae. In Flowering Plants· Eudicots (pp. 226-

246). DOI:10.1007/978-3-540-32219-1_30. 
Graham SA, Hall J, Sytsma K, Shiz SH (2005). Phylogenetic analysis of the 

Lythraceae based on four gene regions and morphology. Int. J. Plant Sci. 
166(6):  995–1017. 

Gurcharan S (2004). Plant systematics: an integrated approach. Plant 
systematics: an integrated approach. 
https://books.google.com.ng/books/about/Plant_Systematics.html?id=I
n_Lv8iMt24C&redir_esc=y 

Harky M, Morton C, BL-Ickinore S (2000). Pollen and spore morphology 
and biology. Royal Botanic Garden, Kew, London. 
https://www.academia.edu/27699348/Ultrastrctures_and_Pollen_Morp
hology_Significance_OF_Some_Species_of_Solanum_Solanaceae 

Hassan-ud-Din, Ghazanafar SA (1980). Rutaceae. In: Flora of Pakistan. 
(Eds.): E. Nasir and S.I. Ali. 132:1-29, Islamabad, Pakistan. 
Hydrocotyloideae. 6: 479-514. 

Inyama CN, Mbagwu FN (2005). Systematic Significance of Pollen 
Morphology of Citrus (Rutaceae) from Owerri. Med. Aromat. Plants. 4: 3. 
doi:10.4172/2167-0412.1000191. 
Kubitzki K, Kallunki JA, Duretto M, Wilson PG (2011) Rutaceae. In K. 
Kubitzki (Ed.) The families and genera of vascular plants. Vol. X. 
Flowering plants. Eudicots. Sapindales, Cucurbitales, Myrtaceae. 
Heidelberg: Springer.  pp. 276–356. 

Lewis JR (1983). Biological activity of some Rutaceous 
compounds. Chemistry and Chemical Taxonomy of Rutales, Acad. Press, 
London.  pp. 301-318. 

Lu X, Zhao C, Shi H, Liao Y, Xu F, Du H,  Zheng J (2021). Nutrients and 
bioactives in citrus fruits: Different citrus varieties, fruit parts, and 
growth stages. Crit. Rev. Food Sci. Nutr. 1-24.  

Mert C (2010). Anther and Pollen Morphology and Anatomy in Walnut 
(Juglans regia L) Hortscience. 45 (5): 757–760. 

Muller J (1981). Exine architecture and function in some Lythraceae and 
Sonneratiaceae. Rev. Palaeobotany and Palynology, 35(1), 93-123. 

Nasir E (1972). Umbelliferae. Flora of Pakistan. E. Nasir and S.I. Ali. No. 20 
pp. 1-168. Gordon College Rawalpindi. 

Panigrahi SG (1976). A contribution to the Palynotaxnomy of four 
herbaceaus general of Lythraceae. IV. Int. Palynol. Conf. Abs. 127-128. 

Passan CH (2008). The fruiting specie of Solanaceae. Eur. J. Plant Sci. 
Biotech. 

Perveen A, Qaiser M (2005). Pollen Flora of Pakistan–XLIII Lythraceae. Pak. 
J. Bot, 37(1): 1-6. 

Perveen A, Qaiser M (2006). Pollen Flora of Pakistan-XLVIII. 
Umbelliferae. Pak. J. Bot. 38(1): 1. 

Perveen A, Qaiser M (2007). Pollen morphology of family Solanaceae. Pak. J. 
Bot. 39(7): 2243-2256. 

Perveen M, Qaiser M (2005). Pollen Flora of Pakistan-XLV. Rutaceae. Pak. J. 
Bot. 37(3):  495. 

Pimenov MG, Leonov MV (1993). The general of the umbelliferae: a 
nomenclator. Royal Botanic Gardens, Kew. DOI: 10.2307/4114493. 

Punt W, Clarke GCS (1981). The northwest European pollen flora. Ed 1st 
vol 33.  

Rajurkar AV, Tidke JA Pollen morphodiversity in some genera of family 
Solanaceae. Int. J. App. Res. 2394-7500. 

Saini RK, Ranjit A, Sharma K, Prasad P, Shang X, Gowda KGM, Keum YS 
(2022). Bioactive compounds of citrus fruits: A review of composition 
and health benefits of carotenoids, flavonoids, limonoids, and 
terpenes. Antioxidants 11(2): 239. 

Sharma PO (2009). Plant taxonomy. Tatamcgraw hill education private Ltd. 
2nd ed. https://www.biblio.com/book/plant-taxonomy-second-edition-
op-sharma/d/844281726 

Ting WS (1961). On some pollen of Californian Umbelliferae. Pollen Spores. 
3: 189-199. 

Ting WS, Tseng CC, Mathias ME (1964) A survey of pollen morphology of 
Hydrocotyloideae. Pollen  Spores.  6: 479–514. 

Tschudy RH, Scott RA (1969). Aspects of palynology, Wiley Interscience 
New York, USA.  

Wang XJ, Luo Q, Li T, Meng PH, Pu YT, Liu JX, Xiong AS (2022). Origin, 
evolution, breeding, and omics of Apiaceae: a family of vegetables 
plants. Hortic. Res. 9.  https://doi.org/10.1093/hr/uhac076 

Wodehouse, R. P. 1930. Preparation of pollen for Microscopic Examination. 

about:blank
about:blank
about:blank


Academia Journal of Medicinal Plants; Rehman et al. 144 
 
 
 

Bull. Torrey Bot. Club. 60(6): 417-421.  
Wu F, Tanksley SD (2010). Chromosomal evolution in the plant family 

Solanaceae. BMC Genomics. 11: 182 
Yadav R, Rathi M, Pednekar A, Rewachandani Y (2015). A detailed review 

on Solanaceae Family. Eur J. Pharm. Med. Res. 3(1): 369-378. 

Yang S, Yuan Z, Yin Y, Zhao X, Feng L, Han L, Feng Zhu F (2015). Pollen 
morphology of pomegranate (Punica Granatum L.) from different eco-
geographical populations in China. Acta Hortic.  1089: 269-277.  

 
 
 
 

 

 

 

 
 


