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Abstract 

 

This study allowed us to determine the appearance and pollen 

apertures of 200 individuals of Atrémesia herba alba from three 

areas in Algeria. The pollen morphology determined at the three 

stations studied is Tricolorpé, of which two grain shapes were 

encountered, spherical and elongated with three apertures and 

distinct diameters. Results obtained from pollen diameter meas-

urements revealed a significant effect, which confirms a very 

marked intra- and inter-population variability of this character. 

Indeed, the spherical pollen diameters vary between 13.20 and 

20 µm (Ain Dheb area) and between 16.56 and 29.90 µm in indi-

viduals from the two Chellala areas. The elongated pollen diam-

eters from the Chellala region have diameters fluctuating be-

tween 34.31/25.46 to 29.90/16.56 µm and have diameters be-

tween 19/14.81 and 28.55 /18.54 µm for the Ain Dheb area.  
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1. Introduction 
 
Pollen is of great interest because It is a characteristic of the species that spawned it (Diot, 

2000),  but also because it presents for the plant one of the elements that are very fossilizable and 
resistant .It is also considered as an identity card,because " we can identify a plant simply by ob-
serving its pollen " (Roland & Claude, 1989). The pollen databases that have been set up to facili-
tate these reconstructions.  Palynology applied to archaeology (paleopalynology) studies fossil-
ized pollens and spores trapped in successive layers of sediments, in order to trace variations in 
the plant environment over very long periods of time Palynology concerns many different appli-
cations: Geology, Medicine, Ecology, Agronomy. Study of pollen morphology plays an important 
role as taxonomic tool in the accurate identification of plants species (Ullah et al., 2018). In the 
field of environment and health, anautomatic pollen analysis system is used, based on the use of 
digital images. Identifying an appropriate proxy for the reconstruction of paleoclimate and pale-
oenvironments is a major scientific challenge (Tierney et al., 2020; McClelland et al., 2021). The 
study of pollen morphology is very important in taxonomic studies, as it shows the phylogenetic 
relationships between genera, subfamilies and tribes (de Abreu et al., 2015). The interest of the 
study of pollen lies according to Doit (2000) in the sense that the morphological characters of 
pollen grains are specific to each taxon. Wodehouse (1928) also agrees by pointing out that in 
some families, such as Poaceae and Brassicales, the pollen grains of all species are very similar. To 
identify, differentiate and classify complex taxa, it is necessary to conduct studies of various char-
acteristics of pollen grains as a preliminary step. 

The diverse and severe selection forces that the diploid plant is exposed to typically do not 
have as much of an impact on pollen. Pollen traits can be conservative and have taxonomic signif-
icance since they may not change over millions of years due to selective pressures (such as tem-
perature and precipitation) on pollen attributes being mostly absent or negligible in comparison 
to those on the diploid plant (Grímsson et al., 2014, 2016, 2017a, b). 

Among taxonomic societies, it is generally acknowledged that the identification and classifica-
tion of plants based on palynological characteristics is more accurate. Therefore, in order to gen-
erate proper plant names, taxonomists and researchers take into account various plant properties 
(Stephen, 2014). In terms of exine sculpting, size, shape, and other attributes, pollen grains exhibit 
significant morphological variety. (Umber et al., 2022). 

In vegetation regeneration, Artemisia pollen is a crucial component and a valuable biological 
indicator due to its high yield, geographical and temporal extent, ease of identification, and homo-
geneity under light microscopy (LM). Environmental evaluations based on pollen have been effec-
tively completed by the animal. While some researchers believe that there is little correlation be-
tween relative Artemisia pollen and humidity, others view it as an indicator of aridity (Cai et al., 
2019; Cui et al., 2019; Wu et al., 2020; Cao et al., 2021) (Koutsodendris et al., 2019; Lu et al., 2020; 
Zhao et al., 2021). Determining if distinct Artemisia pollen species reflect various settings is cru-
cial. 

Since Wodehouse (1928), researchers have been examining the morphology of Artemisia pol-
len. Aspects of Artemisia pollen morphology, including as pollen structure, size and form, exine 
sculpture types, and aperture dimensions, were disclosed by later researchers like Jiang et al. 
(2005). A hierarchical classification analysis on pollen morphological traits was performed to sub-
divide Artemisia pollen into three types. By plotting these on global terrestrial biomes, it was 
found that the different types of Artemisia pollen grains had diverse habitat distributions. (Lu et 
al., 2022). 

Some species of flowering plants produce several types of pollen. If these pollens are produced 
by different individuals, we speak of polymorphism. This is particularly the case in species that 
practice heterostyly (Mignot et al., 1994). A study of 186 species of Eudicotyledons showed that a 
third of the species studied were heteromorphic concerning pollen (Mignot et al., 1994).  
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Heteromorphism has also been documented in certain species of Monocotyledons, for example in 
the Haemodoraceae family (Pierce & Simpson, 2009). 

Palynomorphological investigation using diverse microscopic techniques is conducted as an 
aid to the morphological studies and providing; significant tool for modern plant taxonomist for 
species delimitation (Ragho, 2020). Scanning electron microscopy (SEM) has been used for the 
dissimilarity of species on the basis of exine ornamentation (Khan, et al., 2021a; Khan, et al., 
2021b). In this modern era recently use of SEM has developed essential research techniques in 
the micro morphological studies of pollen grains (Bahadur et al., 2018). 

Pollen apertural polymorphism is used as a model for the study of evolutionary mechanisms 
that have led to the great diversity of pollen morphology. Variation in the number of apertures 
was mainly presented as the coexistence of different pollen types in all plants (heteromorphism), 
while genetic polymorphism is related to heterostyly.  Sporophytic ploidy increases the average 
number of high apertures. However, by shifting the mode towards high aperture numbers. How-
ever, the different types of pollen found in the same individual do not correspond to reduced or 
unreduced gametophytes (Mignot et al., 1994). The present work consists of the study of intra-
specific polymorphism of Artemisia herba alba pollen grains from three areas belonging west of 
Algeria. 

 
2. Materials and methods 
 
2.1. Areas study location 
 

The two study sites 1 and 2 are located in the Chellala region which is located in the eastern 
part of the wilaya of TIARET. It is limited to the north and east by the commune of Rechaiga, to the 
south by Serguine and to the west by the wilaya of Djelfa. It is located 116 km from the head of the 
wilaya of Tiaret (Figure 1). The third study site is located at the level of the Daïra of Ain Dheb. The 
latter is located to the south of the Wilaya of Tiaret on 64 km. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 

Figure 1.  Geographic location map of the study sites (Tiaret Forestry Department) 
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The Altitudinal, Latitudinal and Longitudinal coordinates are shown in Table 1.  
 
Table 1. Geographic coordinates of three study sites 

 
2.2. Climatic, edaphic and topographical characteristics 
 

The climate of Ksar-chellala region is of the continental type with rains concentrated in 
the winter period, with a drought period of nine months, extending from March to November. 

The average rainfall recorded for this region is 269 mm/year. In this area, there are several 
types of soils, the dominance of which is that of limestone soils characteristic of steppe regions, 
we also note the presence of hard dolomite soils and friable limestone and clay.The region of Ain 
dheb belongs to the lower semi-arid bioclimatic stage with cool winters with an average precipi-
tation of 330.21mm / year. , The dry period is five months from May to October.  

The Ain Deheb region is characterized by a mountainous relief with an average altitude of 
1100 meters above sea level. The region is bordered to the east by the Djebel Amour mountains 
and to the west by the Djebel Babor mountains. The soils of the studied region are mainly clayey 
and loamy soils, with average fertility. According to a recent study, the soils of the region are char-
acterized by a low organic matter content and high acidity. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Figure 2. Population of A. herba alba (ksar chellala area) 
 

Sample collection this operation consists of harvesting the stems from each individual (Clump 
of A. herba alba) bearing inflorescences. it was mid-december accompanying the flowering period. 
thirty individuals were collected from each area. 

 
 
 

Population Latitude Longitude Altitude 

Area1 433231 UTM 3888574 UTM 790 m 
Area 2 432813 UTM 3888770 UTM 797 m 
Area 3. Population1 34 ,81154 UTM 1,57258 UTM 1010 m 
Area 3. Population2 34,81145 UTM 1,57077 UTM 1017 m 
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Figure 3.  Population of A. herba alba (Ain Dheb area) 
 
2.3. Preparation of reference slides 
 

 Our experimental work was carried out at the plant protection laboratory of the Faculty of 
Natural and Life Sciences (University of Ibn Khaldoun of Tiaret). The plants were picked before 
their flower buds opened in order to conduct the reference pollen collection. To prevent anemoph-
ilous allopollens from floating in the atmosphere or pollen being carried back by insects, the hatch-
ing was carried out in a lab. The ripe anthers are either put in a watch glass or straight onto a slide. 
The pollen is released from the anthers that contain it when drops of chloroform are introduced. 
The preparation is encircled by Canada balsam shortly after the solvent has evaporated and the 
remnants of anthers have been removed. To preserve the true color of the pollen and its natural 
appearance, this preparation was made without coloring. Then, a label was stuck on the edges of 
the slide. The label mentions the number of the individuals, the population and the study area 
(Figure 4). 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4. A: Binocular loupe; B: Deposit of pollen grains on the slide; C and D: Prepared slides with 

labels 
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2.4. Photography and measurements  
 

The taking of photographs of pollen grains as well as the measurements of their diameters 
were made using a microscope with a camera model OPTICA (Figure 5) at the ecology laboratory 
of the SNV Faculty (Ibn Khaldou University of Tiaret). The measurements of the diameters of the 
pollen grains were taken in pixels and then converted into micrometers (um). The statistical anal-
ysis of the results obtained from different measurements carried out is the analysis of variance 
with Statistica 2008 software. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 5.  A: Optical microscope with camera model OPTICA; B: Portable microcomputer 
 
3. Results and discussion 
 
3.1. Identification of pollen aspects  
 

Finding the pollen's characteristics (apertures and shapes) We were able to identify a form of 
Tricolporate pollen in the two areas under investigation by observing pollen grains under optical 
microscope. This aspect of pollen has either a spherical shape or elongated with different diame-
ters. The apertures observed at the level of the pollen grains are either three colps or three pores. 
(Figure 7). Thus, Hayat et al. (2023) used optical and scanning electron microscopy technique to 
study the palynological characteristics of 19 species belonging to 15 genera of the family Aster-
aceae in Pakistan. The studied species produced pollen in various forms including spheroidal, pro-
late and subprolate. Trizoncolporate, Tricolporate and Tetracolporate are the three types of pol-
len apertures observed in the examined species. Using a scanning electron microscope (SEM), 
Hussain et al. (2019) investigated the pollen morphology of 15 species from the Gilgit-Baltistan 
area of Pakistan that belong to the genus Artemisia of the family Asteraceae. The findings showed 
that, with rare exceptions, the pollen grains of Artemisia species were tricolporate in shape and 
exhibited globular symmetry, which is defined by an ellipsoidal ball-shaped equatorial side and a 
three-lobed round-shaped polar face. 

Pollen grains, from all observed taxa, are tricolporate, with globular symmetry (round with 3 
lobes in polar view and ellipsoidal ball-shaped in equatorial view) and bear small spinules on their 
surface.  Thus, the work of Maghni et al. (2020) found that in dicotyledons, three-apertured pollen 
is the primary morphology displayed by Rosidae and Asteridae, and triporate pollen is more fre-
quently seen than tricolporate pollen. According to measurements made by Akinnubi et al. (2014), 
the pollen grains of the species they studied are spheroidal in shape, in the group media and 
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minuta, eitherechinate or spinate, yellow to yellowish brown, polypentaporate, tricolporate, ac-
olpate, and polycolporate. The spines are short and have thin walls, and the pores are densely 
arranged. While the interspecific differences in structures support their existence as separate spe-
cies, the similarities in structure demonstrated interspecies interactions and reasons for belong-
ing to the same family. 

 

 
Figure 6. Pollen grains of Artémisia herba alba Asso from Area 1 (Ksar-Chellala) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 7. Pollen grains of Artemisia herba alba Asso from Area 2(Ksar-Chellala). a,b,c: Elongated 

shape; d,e: Spherical shape;1,2,3,4: Colpes 
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Figure 8. Pollen grains of Artemisia herba alba Asso from population 1 of Area (Ain Dheb) 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 9. Pollen grains of Artemisia herba alba Asso from population 2 of Area (Ain Dheb) 

 
  According to the palynological study of Muhammad et al., (2010) carried out using optical 

and scanning electron microscopy on 22 taxa of the genus Artemisia. All of the taxa that have been 
observed have tricolored pollen grains with globular symmetry, which is rounded with tree lobes 
in polar view and ellipsoidal in equatorial view. Pollen form, spinule arrangement, exine sculpture, 
spinule base, polar length, equatorial breadth, exine thickness, and colpus width are the micro-
morphological characteristics of Artemisia pollen grains that were recognized and categorized 
during the investigation. Five groups of Artemisia were identified in the resultant cluster. Accord-
ing to this finding, pollen morphology is a useful taxonomic identifier for the genus Artemisia's 
infrageneric classification. 
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According to LM and SEM measurements, the pollen grains' morphology is uniform across the 
species, confirming its monophyly as determined by Torrell et al. (1999) and Watson et al. (2002) 
molecular research. The overall characteristics of Artemisia pollen exhibit a very noticeable con-
cordance, with globular or approximate symmetry, three-lobed spheres in equatorial view, and 
ellipsoidal in polar view with a tricolporate structure similar to the montioner Jiang (2005). Ple-
siomorphic (primitive) characteristics of Artemisia pollen include globular pollen form, dense spi-
nule arrangement, granular exine sculpting, wide spinule base, large pollen size, wide colpus 
breadth, and thick exine. These characteristics have changed in apomorphic (derived) conditions, 
including flattened pollen shape, reduced exine thickness, thin colpus, tiny pollen volume, loss of 
spinule organization, and sinuate exine sculpture (without granules). Pollination patterns, such as 
the shift from entomophily to anemophily, are one factor contributing to this evolution. The shift 
of climatic regimes during the glacial age, The other primary cause of this evolution is the transi-
tion of the north temperate zone from high latitude to low latitude humid regions and low altitude 
evaluation (Jiang et al., 2005). There therefore seems to be a trade-off between survival and re-
production, and producing several types of pollen grains would allow several reproductive strat-
egies to be combined. The case of another species of violet, Viola calcarata, is enlightening on this 
subject: this species produces pollen with four or five apertures, the pollen with four apertures 
surviving longer than the pollen with five apertures (which however germinates more quickly 
(Till-Bottraud et al., 1999).  

The proportions of these two morphs vary with altitude, with pollen with four apertures being 
more frequent at high altitude than at low altitude (and vice versa for pollen with five apertures). 
This observation may be related to the fact that pollinators are rarer at high altitude, where it may 
be advantageous to produce pollen that survives for a long time to compensate for the vagaries of 
pollination; on the other hand, in an environment where pollinators are numerous, and pollination 
is less uncertain, it may be advantageous to produce pollen that germinates quickly, and which 
will have a competitive advantage over its competitors. These observations are consistent with 
game-theoretic models, which show that heteromorphism can be an evolutionarily stable strategy 
under a number of conditions (Till-Bottraud et al., 2001). Producing multiple types of pollen, each 
type adapted to particular environmental conditions, could be advantageous in the long term, and 
explain the high rate of heteromorphism in flowering plants (Mignot et al., 1994). 
 
Table 2. Analysis of variance of the frequency of appearance of various pollen types for all the indi-

viduals studied from three Areas. 

Analysis of Variance (P123FSTAT) Marked effects are significant at p < ,05000 
SS - Effect df - Effect MS – Effect SS - Error df - Error MS - Error F p 
2,625000 2 1,312500 27,07500 117 0,231410 5,671745 0,04457 

 
3.2. Frequency of expression of pollen forms in the species studied 
 

The statistical study by analysis of variance gave a significant effect at a p < 0.05 (p=0.04457) 
(Table 2). This indicates that the two forms of pollen are distributed in a heterogeneous manner 
and with different proportions at the scale of each site studied (Figure 9). We found that the spher-
ical form is expressed in the majority of individuals of site 3 (79%) and it is dominant at site 1 
(65%), while 62% of individuals of A. herba alba of Area 2 carry the elongated form of pollen grains 
(Figure 9). The similarity of the frequencies of appearance of the spherical form at the two sites 1 
and 3 despite the difference in the ecological characteristics of the two geographical areas reduces 
the influence of the environment on this character's expression of pollen grains. 
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Figure 10. Frequency of appearance of different forms of pollen of A. herba alba at each area; A1: 

Area 1 (Ksar Chellala); A2; Area 2 (Ksar Chellala); A3: Area 3 (Ain Dheb) 
 
3.3. Pollen diameters 
 

The polar axis, denoted by P, connects the two poles, whereas the equatorial axis, denoted by 
E, is perpendicular to the polar axis and divides the pollen into two hemispheres. The configura-
tion of the apertures on the single grains marks these two axes. The ANOVA of frequencies of ap-
pearance of different pollen diameters for every individuals analyzed from three locations gave a 
significant effect (p = 0.01294) (Table 3), which explains a variety of different pollen sizes at the 
three sites studied. The values obtained in pixels are multiplied by the microscopic coefficient 
0.13. 

 
Table 3. Analysis of variance of frequencies of appearance of different pollen diameters for all the 

individuals studied from three Areas 

Analysis of Variance (P123FSTAT) Marked effects are significant at p < ,05000 
SS - Effect df - Effect MS - Effect SS – Error df – Error MS - Error F p 
283,8250 49 5,792347 227,1667 70 3,245238 1,784876 0,012941 

 
The diameters of the spherical pollen fluctuate between 16.56 µm and 29.90 µm in A. herba 

alba individuals from the Area of Ksar Chellala and between 13.20µm and 20µm in Ain Dheb Area. 
The diameters of elongated pollen from region 1 have diameters fluctuating between 34.31/25.46 
to 29.90/16.56 µm and have diameters between 19/14.81 and 28.55 /18.54 µm for region 2 We 
found that the largest pollen grain is found at Area 1 of Ksar Chellala with a diameter of 34.31 µm 
(figure 6). On the other hand, the smallest is the one manifested in individuals from area 3 (popu-
lation 2) with a diameter of 13.20 µm (Figure 9). The equatorial diameter of Artemisia pollen 
grains in Turkey ranges from 16.48 to 27.47 µm, while the polar axis is between 15.23 and 27.20 
µm. The grains are radially symmetrical, isopolar, oblate-spheroidal, and prolate-spheroidal (Kur-
sat et al., 2023). The pollen grains range in size from tiny to medium when compared to the study 
conducted by Ghahreman et al. (2007) on other species of the genus Artemisia that were obtained 
from specimens at the Central Herbarium of Tehran University. The polar and equatorial axes of 
the smallest grains (A. scoparia and A. turanica) are 22.26 and 22.57 μm, respectively, and 12.8 
and 13.16 μm. The largest grains (A. vulgaris, A. absinthium) have equatorial axes of 19.58 and 
17.25 μm and polar axes of 34.68 and 32.84 μm. 
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According to Halbritte et al. (2018). The size of pollen ranges from less than 10 μm to over 100 
μm. The biggest diameter is used to show the size of the pollen. (Hesse et al. 2009). The degree of 
hydration and the method of preparation determine the size. A variety of pollen size classifications 
is advised due to this and natural variation: very small (<10 μm), small (10–25 μm), medium (26–
50 μm), big (51–100 μm), and very large (>100 μm) (Halbritte et al., 2018).  

 These variations reveal a very significant inter-population and inter-site polymorphism for 
the diameter of A. herba alba pollen grains. The intra-specific variability of pollen observed in this 
study consolidates the other types of variability confirmed in other studies of which they gave 
interpretations to explain the possible origins of this variability. Maghni et al. (2017) stated that 
genetic diversity is primarily responsible for the emergence of phenotypic variability in individu-
als of the same population (intra-population variability) exposed to the same edaphic conditions, 
and that the expression of morphological characters is still subject to the simultaneous action of 
the genotype and the environmental environment. Therefore, the spontaneous mutations affect-
ing this species would largely account for the morphological diversity shown within our research 
locations and thus validated by our genetic analysis on the same species from the same site (Ma-
ghni et al., 2016). The anatomical polymorphism of A. herba alba seen at various bioclimatic levels 
in Algeria was explained by the same observations (Maghni et al., 2018). The stasis in pollen de-
velopment in Eudicotyledons was due to stabilizing selection, indicating that the dominance of 
tricolpate pollen is likely due to selective processes rather than developmental constraints. The 
study of the development of the other major angiosperm clade, the Monocotyledons, may indicate 
that the dominance of monosulcate pollen in this group is also due to selection (Charlotte, 2015). 

 
4. Conclusion 

 
Examining the pollen grain morphology of each species of A. herba alba under study showed 

that there was a significant intraspecific morphological diversity, as evidenced by the emergence 
of two distinct pollen external appearances, spherical or elongated and apertures in the form of 
colps (furrows) and pores whose number is three for the two apertures. So, the pollen encoun-
tered is of the Tricolporate type. This study deserves to be carried out on other ecotypes of A. 
herba alba from different bioclimatic levels, including the possibility of having an interspecific 
polymorphism of the morphology of its pollen, because this species is characterized by a very pro-
nounced intraspecific genetic variability. It will be more practical to determine the three-dimen-
sional shape of the pollen using the electron microscope. 

 

Acknowledgement 
 

We would like to express our gratitude to the entire Tiaret forest management team as well as 
the engineers on the plant protection and ecology labs at Ibn Khaldoun University of Algeria.  

 

Author’s declaration and contribution 
 
The authors show no conflict of interest. All authors contributed to the study's conception and 

design. Material preparation, data collection and analysis.  
 
References 
 
Akinnubi, F. M., Akinloye, A. J., & Oladipo, O. T. (2014). Pollen Grain Morphology of Some Selected 

Species of Asteraceae in South Western Nigeria. Research in Plant Biology, 4(6), 17-23. 



Maghni et al., 2025 / Intraspecific polymorphism of pollen grains in Artemisia herba Alba Asso in the Tiaret region (West of Algeria) 

 

 
 JAAB | Journal of Agriculture and Applied Biology 63 Volume 6 | Number 1 | June | 2025 

 

Bahadur, S., Ahmad, M., Mir, S., Zafar, M., Sultana, S., Ashfaq, S., & Arfan, M. (2018). Identification 
of monocot flora using pollen features through scanning electron microscopy. Microscopy Re-
search and Technique, 81(6), 599–613. 

Bottraud, I. (1994). Pollen aperture polymorphism in the Angiosperms: importance, possible 
causes and consequences. Acta Botanica Gallica, 141, 109–122. CrossRef  

Cai, M., Ye, P., Yang, X., & Li, C. (2019). Vegetation and climate change in the Hetao Basin (Northern 
China) during the last interglacial-glacial cycle. Journal of Asian Earth Sciences., 171, 1–8. 
CrossRef  

Cao, X., Tian, F., Li, K., Ni, J., Yu, X., Liu, L., & Wang, N. (2021). Lake surface sediment pollen dataset 
for the alpine meadow vegetation type from the eastern Tibetan Plateau and its potential in 
past climate reconstructions. Earth System Science Data, 13, 3525–3537. CrossRef  

Charlotte, P. (2015). Évolution et Développement des grains de pollen chez les angiospermes. Uni-
versité Paris Saclay (COmUE), Français [Evolution and Development of Pollen Grains in An-
giosperms. Paris Saclay University (COmUE), French. NNT]. NNT: 2015SACLS201. HAL Id: 
tel-01282138. Direct Link.  

Cui, Q. Y., Zhao, Y., Qin, F., Liang, C., Li, Q., & Geng, R. W. (2019). Characteristics of the modern pollen 
assemblages from different vegetation zones in Northeast China: Implications for pollen 
based climate reconstruction. Science China Earth Sciences., 62, 1564–1577. CrossRef  

De Abreu, V. H. R., da Conceiç˜ao Santos, J., Esteves, R. L., & Gonçalves-Esteves, V. (2015). Pollen 
morphology of Praxelis (Asteraceae, Eupatorieae, Praxelinae) in Brazil. Plant Systematics and 
Evolution, 301(2), 599–608. CrossRef 

 Diot, M. F. (2000). Le végétal en archéologie : Pollen et palynologie [Plants in Archaeology: Pollen 
and Palynology]. Ed. CNRS. Périgueux. p19 

Ghahreman, A., Noorbakhsh, S. N., Mehdigholi, K. & Attar, F. (2007).  Pollen Morphology of Arte-
misia L. (Asteraceae). Iranian Journal of Botany, 13 (1): 21-29. Tehran 

Grímsson, F., Grimm, G. W., & Zetter, R. (2017a). Tiny pollen grains: first evidence of Saururaceae 
from the Late Cretaceous of western North America. Peer J, 5:e3434 CrossRef  

Grímsson, F., Grimm, G. W., Zetter, R., & Denk, T. (2016).  Cretaceous and Paleogene Fagaceae from 
North America and Greenland: evidence for a Late Cretaceous split between Fagus and the 
remaining Fagaceae.  Acta Palaeobotanica, 56, 247–305 

Grímsson, F., Kapli, P., Hofmann, C., Zetter, R., & Grimm, G. W. (2017b).   Eocene Loranthaceae pol-
len pushes back divergence ages for major splits in the family. Peer J, 5:e3373 CrossRef  

Grímsson, F., Zetter, R., Halbritter, H., & Grimm, G. W. (2014). Aponogeton pollen from the Creta-
ceous and Paleogene of North America and West Greenland: Implications for the origin and 
palaeobiogeography of the genus. Review of Palaeobotany and Palynology, 200, 161–187. 
CrossRef 

Halbritter, H., Ulrich, S., Grímsson, F., Weber, M., Zetter, R., Hesse M., Buchner, R., Svojtka, M., & 
Frosch-Radivo, M. (2018). Illustrated Pollen Terminology, (2End). Springer.p487 CrossRef  

Hayat, K., Khan, W. M., Khan, M. N., & Shah, S. N. (2023). Pollen morphological investigation of 
selected species of family Asteraceae from Pakistan by using light and scanning electron mi-
croscopy. Microscopy Research and Technique, 1–16. CrossRef 

Hesse, M., M., Weber, R.. Buchner, A.. Frosch-Radivo., and Ulrich, S. (2009). Pollen Terminology – 
An illustrated handbook. Springer-Verlag Wien. Direct Link. 

Hussain, A., Potter, D., Hayat, M. Q., Sahreen, S., & Bokhari, S. A. I. (2019). Pollen morphology and 
its systematic implication on some species of Artemisia herba-alba Asso. from Gilgit-Baltistan 
Pakistan. Bangladesh Journal of Plant Taxonomy, 26(2), 157–168. CrossRef  

Jiang, L., Wang, Q., Ye, L., Lin, Yr. (2005). Pollen Morphology of Artemisia L. and Its Systematic 
Significance. Wuhan University Journal of Natural Sciences, 10(2): 448-454. CrossRef 

Khan, S. U., Zafar, M., Ullah, R., Shahat, A. A., Ahmad, M., Sultana, S., & Malik, K. (2021b). Pollen 
diversity and its implications to the systematics of mimosaceous species by LM and SEM. Mi-
croscopy Research and Technique, 84(1), 42–55. CrossRef 

https://doi.org/10.1080/12538078.1994.10515144
https://doi.org/10.1016/j.jseaes.2018.11.024
https://doi.org/10.5194/essd-13-3525-2021
https://theses.hal.science/tel-01282138
https://doi.org/10.1007/s11430-018-9386-9
https://ui.adsabs.harvard.edu/link_gateway/2015PSyEv.301..599D/doi:10.1007/s00606-014-1098-5
https://doi.org/10.7717/peerj.3434
https://doi.org/10.7717/peerj.3373
http://dx.doi.org/10.1016/j.revpalbo.2013.09.005
https://doi.org/10.1007/978-3-319-71365-6_5
https://doi.org/10.1002/jemt.24308
http://www.springer.com/springerwiennewyork/life+sciences/book/978-3-211-79893-5
https://doi.org/10.3329/bjpt.v26i2.44576
http://dx.doi.org/10.1007/BF02830685
https://doi.org/10.1002/jemt.23563


Maghni et al., 2025 / Intraspecific polymorphism of pollen grains in Artemisia herba Alba Asso in the Tiaret region (West of Algeria) 

 

    
 JAAB | Journal of Agriculture and Applied Biology 64 Volume 6 | Number 1 | June | 2025 

 

Khan, S., Jan, G., Ahmad, M., Gul, F., Zafar, M., Mangi, J. U. D., Majeed, S. (2021a). Morpho-palynolog-
ical assessment of some species of family Asteraceae and Lamiaceae of District Bannu, Paki-
stan on the bases of light microscope & scanning electron microscopy. Microscopy Research 
and Technique, 84(6), 1220–1232.  CrossRef 

Koutsodendris, A., Allstadt, F. J., Kern, O. A., Kousis, I.,Schwarz, F., Vannacci, M., Woutersen, A., Ap-
pel, E., Berke,M. A., Fang, X. M., Friedrich, O., Hoorn, C., Salzmann, U., & Pross, J. (2019) . Late 
Pliocene vegetation turnover on the NE Tibetan Plateau (Central Asia) triggered by early 
Northern Hemisphere glaciation, Global Planet. Change, 180, 117–125, CrossRef  

Kursat, M., Civelek, S., Baser, B., Ozbey, F., & Emre, I. (2023). Pollen morphology of Artemisia L. 
(Asteraceae) in Turkey and its systematic value. Grana, 62(4), 257–276. CrossRef 

Lu, K. Q., Qin, F., Li, Y., Xie, G., Li, J. F., Cui, Y. M., Ferguson, D. K., Yao, Y. F., Wang, G. H., & Wang, Y. F. 
(2020). A new approach to interpret vegetation and ecosystem changes through time by es-
tablishing a correlation between surface pollen and vegetation types in the eastern central 
Asian desert. Palaeogeography, Palaeoclimatology, Palaeoecology, 551, 12.  CrossRef 

Lu, L. L., Jiao, B. H., Qin, F., Xie, G., Lu, K.Q., Li, J.F., Sun, B., Li, M., Ferguson, D. K., Gao, T.G., Yao, Y.F., 
& Wang, Y. F. (2022) Artemisia pollen dataset for exploring the potential ecological indicators 
in deep time. Earth System Science Data, 14, 3961–3995. CrossRef  

Maghni, B., Adda, A., Merah, O., (2017). Evaluating morphological variability of Artemisia herba- 
alba asso from western Algeria. Journal of Fundamental and Applied Sciences, 9(1), 509–527. 
CrossRef  

Maghni, B., Ait Hammou, M., Khedim, R., Maatoug, M., Hellal, B. (2020) Palynological study of an-
giosperms of rostomid park of Tiaret in Algeria. Journal of Fundamental and Applied Sciences, 
12(1), 1-11. Direct Link. 

Maghni, B., Bougoutaia, Y., Abderrabi, k., Adda, A., and Othmane, M. (2016). Optimization of DNA 
Extraction and PCR Conditions for Genetic Diversity Study in Artemisia herba-alba from Al-
geria. Scientific Journal of Genetics Genes Therapy, 2(1), 010–012. CrossRef  

Maghni, B., Hellal, B., Maatoug, M. (2018). Dynamics of the anatomical variability of Artemisia 
herba-alba in Algeria. Biosystems Diversity, 26(3), 239–244. CrossRef  

McClelland, H. L. O., Halevy, I., Wolf-Gladrow, D. A., Evans, D., & Bradley, A. S. (2021). Statistical 
uncertainty in paleoclimate proxy reconstructions, Geophysical Research Letters, 48, 
e2021GL092773, CrossRef 

Mignot, A., Hoss, C., Dajoz, I., Leuret, C., Henry, J.P., Dreuillaux, J.M., Heberle-Bors, E., & Till-bot-
traud, I. (1994). Pollen aperture polymorphism in the Angiosperms: importance, possible 
causes and consequences. Acta Botanica Gallica, 141: 109–122. CrossRef  

Muhammad, Q.H., Muhammad A., Mir A.K., Ghazalah, Y., Nighat, S., and Shazia, J. (2009). Phyloge-
netic analysis of Artemisia L. (Asteraceae) based on micromorphological traits of pollen 
grains. African Journal of Biotechnology, 8 (23), 6561-6568. Direct Link. 

PIerce, N.B., and Simpson, M.G. (2009). Polyaperturate pollen types and ratios of heteromorphism 
in  the monocot genus Conostylis (Haemodoraceae). Australian Systematic Botany , 22, 16–
30. Direct Link. 

Ragho, K. S. (2020). Role of pollen morphology in taxonomy and detection of adulterations in crud 
drugs. Journal of Plant Science and Phytopathology, 4, 24–27. CrossRef 

Roland, F., & Claude, J. (1989).  Organisation Des Plantes à Fleurs [Organization of Flowering 
Plants]. (3rd Ed). Paris: Masson. Pp. 82-90 

Stephen, A. (2014). Pollen: A microscopic wonder of plant kingdom. International Journal of Ad-
vanced Research in Biological Sciences, 1(9),45–62. Direct Link. 

Tierney, J. E., Poulsen, C. J., Montanez, I. P., Bhattacharya, T., Feng, R., Ford, H. L., Honisch, B., Inglis, 
G. N., Pe-tersen, S. V.,  Sagoo, N., Tabor, C. R., Thirumalai, K.,  Zhu, J., Burls, N. J., Foster, G. L., 
Godderis, Y., Huber, B. T.,Ivany, L. C., Turner, S. K., Lunt, D. J., McElwain, J. C.,  Mills, B. J. W., 

https://doi.org/10.1002/jemt.23681
https://doi.org/10.1016/j.gloplacha.2019.06.001
https://doi.org/10.1080/00173134.2023.2241853
https://doi.org/10.1016/j.palaeo.2020.109762
https://doi.org/10.5194/essd-14-3961-2022
https://doi.org/10.4314/jfas.v9i1.29
http://dspace.univ-eloued.dz/handle/123456789/24408
https://doi.org/10.17352/sjggt.000008
https://doi.org/10.15421/011836
https://doi.org/10.1029/2021GL092773
https://doi.org/10.1080/12538078.1994.10515144
http://www.academicjournals.org/AJB
http://www.publish.csiro.au/journals/asb
http://dx.doi.org/10.29328/journal.jpsp.1001046
https://www.researchgate.net/publication/2819


Maghni et al., 2025 / Intraspecific polymorphism of pollen grains in Artemisia herba Alba Asso in the Tiaret region (West of Algeria) 

 

 
 JAAB | Journal of Agriculture and Applied Biology 65 Volume 6 | Number 1 | June | 2025 

 

Otto-Bliesner, B. L., Ridgwell, A., & Zhang, Y.G. (2020). Past climates inform our future, Sci-
ence, 370, eaay3701, CrossRef  

Till-Bottraud, I., Gouyon, P.  H., Venable, D. L., and Godelle, B. (2001). The number of competitors 
providing pollen on a stigma strongly influences intraspecific variation in number of pollen 
apertures. Evolutionary Ecology Research, 3, 231–253.  

Till-Bottraud, I., Vincent, M., Dajoz, I., & Mignot, A. (1999). Pollen aperture heteromorphism.Vari-
ation in pollen-type proportions along altitudinal transects in Viola calcarata. Comptes Ren-
dus de l’Académie des Sciences de Paris, Sciences de la Vie, 322: 579–589. Direct Link. 

Torrell, M., Garcia-Jacas, N., Susanna, A., Valles, J. (1999). Phylogeny in Artemisia (Asteraceae, An-
themideae) Inferred from Nuclear Ribosomal DNA (ITS) Sequences,Taxon, 48, 721-736 Di-
rect Link. 

Ullah, F., Zafar, M., Ahmad, M., Dilbar, S., Shah, S. N., Sohail, A., Zaman, W., Iqbal, M., Bahadur, S. & 
Tariq, A. (2018). Pollen morphology of subfamily Caryophylloideae (Caryophyllaceae) and 
its taxonomic significance.  Microscopy Research and Technique, 81(7): 704–715. CrossRef  

Umber, F., Zafar, M., Ullah, R., Bari, A., Khan, M. Y., Ahmad, M., & Sultana, S. (2022). Implication of 
light and scanning electron micros-copy for pollen morphology of selected taxa of family 
Asteraceae and Brassicaceae. Microscopy Research and Technique, 85(1), 373–384.  CrossRef 

Watson, L. E., Bates, P. L., Evans, T. M., Unwin, M.M., & Estes, J. R. (2002). Molecular Phylogeny of 
subtribe Artemisiinae (Asteraceae), including Artemisia and its allied and segregate genera. 
BMC Evolutionary Biology, 2, 17.   CrossRef 

Wodehouse, R. P. (1928). Pollen Grain Morphology in the Classification of the Anthemideae, Bul-
letin of the Torrey Botanical Club, 53, 479–485, CrossRef 

Wu, F. L., Fang, X. M., & Miao, Y. F. (2020).  Aridification history of the West Kunlun Mountains 
since the mid-Pleistocene based on sporopollen and microcharcoal records, Palaeogeogra-
phy, Palaeoclimatology, Palaeoecology, 547, 109680, CrossRef 

Zhao, Y. T., Miao, Y. F., Fang, Y. M., Li, Y., Lei, Y., Chen, X. M., Dong, W. M., & An, C. B. (2021). Investi-
gation of factors affecting surface pollen assemblages in the Balikun Basin, central Asia: Im-
plications for palaeoenvironmental reconstructions, Ecological Indicators, 123, 107332, 
CrossRef  

 

https://doi.org/10.1126/science.aay3701
https://pubmed.ncbi.nlm.nih.gov/10488432
https://www.researchgate.net/publication/271789196
https://www.researchgate.net/publication/271789196
https://doi.org/10.1002/jemt.23026
https://doi.org/10.1002/jemt.23912
https://doi.org/10.1186/1471-2148-2-17
https://doi.org/10.2307/2480028
https://doi.org/10.1016/j.palaeo.2020.109680
https://doi.org/10.1016/j.ecolind.2020.107332

