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Abstract 

The study of the morphology of pollen grains is essential to understand plant evolution, adaptation, diversity and 
discrimination of taxa. This study aims to determine the importance of choosing the perfect stage of flower development 
in the study of pollen morphological characters as a taxonomical tool. In this work a woody, perennial street tree Tecoma 
stans was chosen as a model species belonging to family Bignoniaceae. Tecoma stans has many polymorphic forms 
native to North America and flourished in hot climates. This tree is commonly planted in both Cairo and Alexandria 
streets. Samples of flower buds in nine different stages were gathered from five to six different trees from March to June 
2023. Non-acetolysed pollen grains were investigated using both light and Scanning electron microscopes. The results 
showed that pollen density, size, shape beside colpi length as well as their state varied between the different 
developmental flowering stages and cannot be relied on taxonomical decisions, while exine ornamentation slightly 
differed between the pollen grains from stage two to nine, but it was faint in immature flower bud (stage one). This 
study confirms that we must be precise in choosing the correct flower stage in pollen morphological studies to obtain 
significant morphological description. The results obtained revealed that the aperture type is more stable than pollen 
shape and size. 
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1. Introduction

Pollen grains are the male gametes in both Gymnosperms and Angiosperms played a comprehensive role in the taxa 
classification and discrimination since the last century [1]. Pollen grains of the different taxa are diverse in their 
morphological characters that can be consistently inherited from generation to generation. Pollen morphology 
considered an important tool for taxa ranking, grouping and identification. Despite the importance of pollen 
morphology in plant taxonomy, many severe faults happened which led to misinterpretations of the data obtained. [2] 
cited three parameters as the source of these erroneous inferences (1) the interpretations of the palynologist (2) the 
pollen terminology applied, and (3) the magnification, resolution, and methods used. Many other factors give wrong 
descriptions, such as the hydration state and the harmomegathic effect resulting from the acetolysis mixture and 
chemical treatments beside many other environmental factors. [3] noted that the incorrect interpretation resulted from 
the appearance of the sulcus in some monocot families, which may be related to their hydrostatic condition. 

Tecoma stans (L.) Juss. ex Kunth (yellow bells) or Bignonia stans L. is a perennial woody long tree, commonly cultivated 
in Cairo and Alexandria streets for its yellow fragrant showy flowers clustering at the end of the branches. It is the type 
species of the genus Tecoma which included 16 species, belonging to family Bignoniaceae order Lamiales [4]. Many 
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polymorphic complex forms have been recorded which have been segregated into many subspecies and varieties [5]. 
The most widespread one is T. stans var. stans. This variety has many synonyms as T. stans var. apiifolia DC (1845), 
Stenolobium stans var. pinnatum Seem (1863), S. stans var. multijugum R.E.Fr (1903), S. quinquejugum Loes (1913), and 
T. incisa (Rose & Standl.) I.M. Johnst (1940). 

Tecoma stans var. stans is commonly found in both Cairo and Alexandria streets and reach up to eight meters. The trees 
are flourished and attain their flowering time starting from March and last till October. The flowers have four 
epipetalous, didynamous stamens, each with two long versatile lobes producing considerable amount of pollen grains. 
The aims of this work are 1- to investigate the pollen morphological characters and densities in the different 
developmental stages, 2- to explore how much pollen characters can be used as a taxonomical tool and 3- to examine 
which flower stage can be used in pollen morphological study. 

2. Material and methods 

Flowers and flower buds in nine developmental stages were collected from four to six trees from Maadi district, Cairo 
University campus, Giza and Alexandria University, Faculty of Science campus during May and June 2023 (Figures 1,2 
& 3). The flowers were opened carefully using two needles under stereo-microscope and the four anthers from each 
flower stage opened to obtain the pollen grains. Non-acetolysed pollen grains examined, measured and photographed 
using Motic (B-150D) light microscope fitted with USB digital-Video Camera and Computer Software with 10X40 lenses. 
The polar, equatorial axis or radius as well as the exine thickness and aperture measures using oculometer, were 
recorded in at least 30 pollen grains to obtain the minimum and maximum measures to calculate the mean and standard 
deviation of each item. 

For Scanning electron microscope investigation, non-acetolysed pollen grains have been sputtered onto cleaned, 
Aluminum labeled stubs, coated with 20 nm Gold in a Polaron JFC-1100 coating unit, examined and photographed using 
JEOL-JSM.I T200 Series Scanning Electron Microscope allocated in the electron microscope unit, Faculty of Science, 
Alexandria University, Egypt. The terminology used for describing is that of [6]. 

3. Results  

The results obtained didn’t show any variations between the flowers stages collected from Cairo or Alexandria. The 
overall results are summarized in Table 1 and illustrated in figures 4 – 32. All the pollen grains under the light 
microscope have Ubisch bodies over their surfaces which seem like transparent droplets or unfocused areas (Figures 5, 
7, 12, 14 & 17). SEM examinations, the Ubisch bodies appeared as rounded exinous protrusions (Figures 20, 28 & 29).  
In the first two stages, these Ubisch bodies were dense and decreased considerably in the rest of the stages.  

3.1. Pollen density  

The density of the pollen grains in first stage as well as the last stage (stage nine) was noticeably less than the rest of 
the examined stages. The pollen grains were dense in the stages from three to six then decrease gradually in stages 
seven and eight (Table 1). 

3.2. Pollen morphology  

Generally the pollen grains are apolar in the spherical forms (stage 1), isopolar, and bilaterally symmetric with small to 
medium polar axis lengths. In the first stage the radius varied from 14.8 µm to 25.0µm, while the polar axis length 
increased in all the other stages with the maximum length recorded in stages four and eight as it reaches 32.2 µm. The 
equatorial axis varied, as well, between the different flower stages with the maximum records were in the third and 
ninth stages, the first stage is spherical with radius reach (25.0 µm) and the lowest record was in the sixth and seventh 
stages (14.5 µm). Accordingly the general shape as indicated by P/E varied from the spherical (the 1st. stage, figure 20) 
to the sub-prolate (the 9th. stage, figures 9, 22 & 25) and mostly the prolate (the rest of the studied stages, figures 23, 24 
& 25). The shape of the pollen grains is generally ovate with rounded poles, while elongated pollens with tapering poles 
can be found in the nearly matured flowers (7th., 8th. & 9th. stages, figures 10, 11, 12, 14 & 19). Generally the length of 
the polar and equatorial axis differs between the different flower stages as shown in graph 1. 

3.3. Amb shape 

The amb outline in the pollen grains of the studied flower stages is circular to straight triangular in the 2nd, 8th and 9th 

(Figures 5, 6 & 8) stages while it is convex triangular in the rest of the stages (Figures 16, 18, 21 & 28).  
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3.4. Aperture type 

The aperture in all the stages is trizonocolpate, except the first stage it is aporate; as no apertures can be seen (Figure 
20). Colpi are elliptic long, nearly reach the poles (Figures 22, 23, 24 & 25). It varied from 20 µm to 28 µm within the 
different stages as illustrated in graph 1. Colpi width is considered narrow; it ranges from 1.2 µm to 1.6 µm with slight 
variations between the flower stages (Graph 1). The distance between the two colpi; mesocolpi; differs according to the 
equatorial axis length. It varies from 10.2 µm to 12.8 µm. In the syncolpate apertures, the colpi meet before the poles 
leaving triangular area at the poles which measured as areas of this triangle. The apocolpi area ranged from 2. 8 µm to 
4.8 µm (Figures 21 & 27). Syncolpate pollen grains are recorded in stages 2, 4 and 5, where each two colpi met near the 
poles (Figures 24, 26 & 28).  

3.5. Exine description 

The exine is considered thin and the pollen grains are subjected to deformations according to the process of vacuum for 
the SEM investigation. The exine thickness ranges from 1.9 µm to 2.7 µm with faintly reticulate ornamentation in the 
first flower bud stage (Figure 19) and reticulate to micro-reticulate in the rest of the flower stages (Figures 30, 31 & 32). 
The exine ornamentation was of the same type in both the poles and equators (Figures 21 & 27). 

Table 1 The studied pollen morphological characters in the nine Tecoma stans flower stages 

Stages→ 

↓Characters 

1 2 3 4 5 6 7 8 9 

Density + ++ ++++ +++ +++ ++ ++ ++ + 

Polar axis 14.8-25.0 

20.0±5.0 

25.2-31.5 

27.0±4.5 

22.4-27.5 
24.0±2.5 

24.0-32.0 
29.0±3.0 

24.0-28.4 
25.0±3.0 

25.2-31.5 
27.4±4.0 

25.6-31.2 
29.5±1.8) 

26.8-32.2 
27.5±4.7 

22.8-26.4 
24.2±2.2 

Equatorial axis 14.5-25.0 

18.8±7.7 

16.5-20.0 
19.0±1.0 

16.0-21.0 
19.0±1.0 

15.0-20.0 
18.0±2.0 

17.0-20.0 
19.0±1.0 

14.5-18.2 
16.5±1.8 

14.5-18.6 
15.4±3.2 

17.2-19.6 
18.5±1.1 

16.5-21.2 
17.8±3.4 

P/E 0.98-1.04 1.52-1.55 1.31-1.4 1.6 1.42-1.41 1.73-1.74 1.68-1.77 1.56-1.64 1.25-1.38 

Shape Spherical Prolate Prolate Prolate Prolate Prolate Prolate Prolate Subprolate 

Amb shape Circular Triangular Convex Convex Convex Convex Convex Triangular Triangular 

Aperture type Aporate Trizono-
colpate 

Trizono-
colpate 

Trizono-
colpate 

Trizono-
colpate 

Trizono-
colpate 

Trizono-
colpate 

Trizono-
colpate 

Trizono-
colpate 

Aperture 
position 

Absent Zono-
colpate 

Para-syn-
colpate 

Zono-
colpate 

Para-syn-
colpate 

Para-syn-
colpate 

Zono-
colpate 

Zono-
colpate 

Zono-
colpate 

Colpus length 0.0 21.8-27.2 
24.3±2.9 

22.2-24.8 
22.5±2.3 

21.2-27.5 
26.2±1.3 

21.8-25.5 
22.5±3.0 

23.0-27.2 
25.2±2.0 

23.0-28.2 
24.5±3.3 

23.5-28.2 
24.2±4.0 

20.2-23.5 
21.8±1.3 

Colpus  width 0.0 1.4-1.6 
1.45±0.15 

1.4-1.6 
1.45±0.15 

1.5-1.6 
1.55±0.05 

1.2-1.4 
1.25±0.15 

1.2-1.4 
1.35±0.05 

1.2-1.4 
1.35±0.05 

1.2-1.4 
1.35±0.05 

1.2-1.4 
1.30±0.10 

Colpus state Absent Apo-
colpate 

Syn-
colpate 

Apo-
colpate 

Syn-
colpate 

Syn-
colpate 

Apo-
colpate 

Apo-
colpate 

Apo-
colpate 

Apocolpi Absent Present Absent Present Absent Present Present Present Present 

Apocolpi area Absent 2.8-4.4 
4.2±0.2 

Absent 3.2-4.6 
4.2±0.4 

Absent 2.8-4.4 
4.2±0.2 

3.2-4.8 
4.4±0.4 

2.8-4.8 
4.4±0.4 

2.8-4.8  
4.4±0.4 

Meso-colpi 
Width 

Absent 10.2-12.5 
11.8±0.7 

10.5-11.8 
11.2±0.6 

10.2-12.5 
11.8±0.7 

11.2-12.2 
11.8±0.4 

10.5-12.0 
11.2±0.8 

10.4-11.0 
10.8±0.2 

11.0-12.8 
12.2±0.6 

10.8-12.5 
11.8±0.7 

Exine 
thickness 

1.9±0.4 2.6 ±0.5 2.5 ±0.5 2.6 ±0.5 2.6 ±0.5 2.6 ±0.5 2.5 ±0.5 2.7 ±0.4 2.7 ±0.5 
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Exine 
ornamentation 

Faint 
reticulate 

Reticulate Reticulate Reticulate Reticulate Reticulate Reticulate Micro 
Reticulate 

Micro 
Reticulate 

 

 

Graph 1 Relation between Polar axis (PA), Equatorial axis (EA) lengths, and Colpi length (CL) and width (CW) within 
the nine flower stages 

 

   

1 2 3 

Figure 1 and 2 Morphology of the T.s. flower. Figure 3 the different stages of the flowers 
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Figures 4-19 Pollen grains of the nine stages under light microscope. Bar = 5 µm. Figure 4, Equatorial view in (stage 
2), arrow indicates to the wide colpi. Figures 5, 6, 8, 16 & 18 Polar views, arrows indicate to Ubisch bodies. Figure 5 
stage 2, arrow indicates to apocolpi in 6 & 16, arrows indicate to syncolpi with triangular apocolpi region in 8 & 18 

(stages 6 & 7). Figures 7 & 12 Equatorial views, arrows indicate to Ubisch bodies and syncolpi (stages 3 & 4). Figures 
9, 10, 11, 12, 13, 14, 15, 17 & 19 Equatorial views showing apocolpi and subprolate shape in (stage 9), Prolate pollen 
grains with tapering poles in 10, 11, 12, 14 & 19, Prolate pollen grains with rounded poles in 13 & 15, arrows indicate 

to the rounded poles 
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Figures 20-32 Pollen grains of the different character under SEM. Bar = 10 µm in 20, 23, 24, 25, 26 & 28. Bar = 5 µm in 
20, 21, 26 & 28. Bar = 1 µm in 30, 31 & 32 

Figure 20 Spherical pollen grains with faint exine reticulation (first stage). Figures 21 & 27 Polar views showing 
syncolpate aperture with triangular apocolpi. Figures 22 & 26 Equatorial views showing subprolate pollen grains with 
long colpi. Figures 23, 24 & 25 Equatorial views for prolate pollen grains with long narrow colpi. Figures 28 & 29 Polar 
views showing Ubisch bodies. Figures 30, 31 & 32 Part of the exine showing reticulate (30) and microreticulate 
ornamentation (31 & 32).  

4. Discussion 

Palynological studies provide a reliable basis for classifying and identifying the origin and evolution of plants since the 
last century till now [7, 8, 9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19]. [20] pointed out to the importance of studying the 
variability of pollen characteristics occurred in the same species to understand of the biological diversity and solve 
problems related to taxonomy. Within the taxonomical studies, pollen morphology considered as an important tool in 
plant discrimination and classification to solve many taxonomic problems since [1, 21, 8]. Despite of the significant role 
of pollen studies in taxonomical works, there are many errors mentioned by [2] which taxonomists ignored in their 
conclusions and interpretation and led to wrong decisions.  [22] found that pollen morphology is affected by 
environmental factors as they exposed to dispersing agents in their developmental state which is affected by their water 
content. [23] found that the size and shape of the pollen grain can be affected by their hydration state which correlated 
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with the environmental conditions. Concerning the study of the pollen grains in taxonomical decisions, it must keep into 
consideration all the phenotypical characteristics in the different developmental stages. Many plant species produce 
pollen grains that are variable in shape; such variability can also be observed in pollens produced by a single flower. 
Taxonomists must thus be careful to select the proper developmental flower stage when examining pollen 
characteristics in connection to various tools of plant classification. 

In the present study, the pollen grain morphology of nine developmental flower stages from Tecoma stans tree was 
carefully examined. The microscopic observations under the light microscope revealed that the density of the pollen 
grains in both the first and last flower stages is scarce. The first flower stage has different morphological characters than 
the rest of the studied stages. They have spherical, inaperturate pollen grains with faint undeveloped exine 
ornamentation. The inaperturate pollen grains and the presence of Ubisch bodies have been reported before within 
members of the Bignoniaceae by [24], but it is the first record within T.s tree. [25] and [26] described the pollen grains 
of T.s. by being spheroidal with tricolpate aperture and reticulate exine. Our data in partial agreement with them as the 
spheroidal shape recorded in the immature pollen grains only (1st. stage), while the shape of the eight bigger stages 
have prolate to subprolate pollen grains with tricolpate aperture and reticulate to micro-reticulate exine. [27] reported 
some pollen morphological features with more non-viable ones which were not observed in the natural plants, like 
wrinkled pollens, with abnormally shapes. This observation can explain the completely different pollen characters 
reported in the first flower stage, as it can be referred to the incomplete developmental process with high percentage 
of water contents which gave them the spherical shape. [28] explained the difference in pollen shapes by being 
dehydrated after dehiscence until rehydrated by the stigma exudates, especially in pollen grains with thin exine. [29] 
recorded five distinct pollen types in Atriplex individuals grown in different altitudes and they referred their data to 
different humidity. Our data agree with this explanation as the studied pollen grains showed different shapes after the 
dehiscence of the anthers. 

The amb polar view shape, with a long tricolpate aperture is reported before by [30] but their measurements are not of 
the same as the data obtained in this investigation and this may refer to the different altitudes.  

5. Conclusion 

This investigation revealed that pollen morphological characters are not stable throughout their developmental stages. 
They differ according to the flowering stage, humidity beside other climatic factors. In taxonomical works, researchers 
must be precise in choosing the correct mature unexposed flowers to give the correct morphological descriptions. 
Aperture type is more stable than pollen shape and size. 
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