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Abstract 
Accurate identification of herbal medical plants is highly necessary to ensure their safety and efficacy. This study aims to authenticate six medicinal plants belong to legume family (fabaceae). Pollen morphology marker is used as tool to authenticate the studied species a light microscope (LM) at magnifications ranging from 10x to 40x is used to analyze the detailed morphology. The studied species; C. plicatum, L. leucocephala, S. italic and T. apollinea possess monad pollen grains, typically suboblate to triangular convex. In contrast, P. dulce and V. flava exhibit polyad grains that is oblate and circular. The polar axis ranges from 19–22 µm in C. plicatum to 53.0–56.97 µm in L. leucocephala, while the equatorial diameter reaches up to 100 µm in P. dulce. These findings reinforce the critical role of palynological analysis in authentication medicinal plants. Moreover, this work contributes to filling a documented research gap by linking traditional medicinal knowledge with micro-morphological evidence.
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1. Introduction
Plants are widely used in many indigenous systems of medicine for therapeutic purposes. Herbal medicine, also called botanical medicine or phytomedicine are generally cheaper, accessible or readily available and more culturally acceptable to many because of the belief that they cause less side effects than some synthetic drugs (Roopashree et al., 2022; Mensah et al., 2019; Abdel-Aziz et al.,2016; Chanda, 2014; Lynch and Berry, 2007; Pal and Shukla, 2003).    According to WHO (2002) around 80% of the global population still relies on botanical drugs. Moreover, the increased demand for botanical products is met by an expanding industry (Seukep et al., 2025; Dzoyem et al., 2013; Mafimisebi et al., 2013; Sucher and Carles, 2008).                                                                             
 The use of medicinal plants for treatments of various ailments in Saudi Arabia is ancient and still available among the tribal and medicinal healers (Al-Robai et al., 2022; Qari et al., 2021; Ullah et al., 2020; Tounekti et al., 2019; Syed, 2017; Rahman et al., 2004 ). According to Dailah, (2022), In the Middle East, Saudi Arabia is regarded as the origin of herbal medicine. Its flora is considered the richest biodiversity areas in the Arabian Peninsula and comprises very important genetic resources of crop and medicinal plants (Rahman et al., 2004).        The safe use of herbal medicines is critical issue and requires prior authentication of the raw herbal materials used to make them. Thus, the rapid and accurate identification of herbal medical plants is highly necessary to ensure their safety and efficacy (Ghadage et al., 2025; Indrayanto, 2022). Moreover, adulteration and use of spurious materials as substitutes have become a major concern for users and industry for reasons of safety and efficacy (Kshirsagar et al.,2017  Ganie et al., 2015; Techen et al., 2004).                                        
 The authentication methods for herbal products include macro- microscopy, spectroscopy, chromatography, chemometry, immunoassays, DNA fingerprinting etc.  Pollen morphology is considered as  a significant tool for modern taxonomist for identification plant species (Qayyum et al., 2025; Tripathi et al., 2025; Alotaibi  et al., 2020; Ramzan et al., 2019; Fazal et al., 2013). Moreover, Pollen characters are useful in solving complicated problems of interrelationships between various taxa and assessment of their status in the classification, particularly with reference to the families, subfamilies, tribes, genera, species, and subspecies. Mature pollen grain size, exine sculpturing, and number of pores are the most distinctive features for plant species identification   (Faegri and Iversen, 1975; Klimko et al., 2000).                                          
This study aims to authenticate six medicinal plants belong to legume family (fabaceae). The study well offer valuable insights for identification of the selected medicinal plants and contribute to bridging traditional medicinal knowledge with microscopic plant analysis.



2. Materials and Methods                                                                         
2.1. Plant Collection 
Six medicinal plants; Cullen plicatum (C.plicatum), Leucaena leucocephala (L. leucocephala), Pithecellobium dulce( P.dulce), Senna italic(S. italica ),  Tephrosia apollinea(T. apollinea), and Vachellia flava (V. flava) belonging to legume family were collected from various regions in Al-Madinah Al-Munawwarah ncluding Wadi Qanat, Wadi Al-Aqiq, Southern Wadi Malal, and Mountain Uhud between February and March 2025 .  
Initial identification was carried out in the field and later confirmed using regional flora and botanical guides, including Flora of Saudi Arabia (Migahid, 1996 ) and the online database Plants of the World Online (https://powo.science.kew.org).                                                                                                            
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Figure 1. Geographical Coordinates of Plant Collection Sites in Al-Madinah AlMunawarah Based on Google Maps.
 2.2. Herbarium Preparation 
Plant specimens were preserved using a flower press kit, the Aboofx Wooden Flower Press, which features seven layers and measures 15.7 × 11.8 inches. This press ensures even pressure and efficient drying using multiple ventilated wooden boards. Once fully dried, the specimens were mounted on standard herbarium sheets and labeled with the following information: • Scientific name • Collection location • Date of collection • Habitat details Herbarium specimens of the six plant species were preserved in the Herbarium of the Department of Biology, College of Science, Taibah University, and labeled with the accession codes TUH001 to TUH006.                                                                                    
2.3. Pollen Sample Preparation
Pollen grains were isolated by removing anthers from mature floral buds and gently crushing them to release the pollen. The grains were then transferred to a slide, stained with diluted safranin (1:5 ratio of 1% safranin to distilled water), and covered with a cover slip for observation. The sample size consisted of five pollen slides prepared for each species.
 2.4. Microscopic Examination 
Prepared slides were observed under a light microscope (LM) at magnifications ranging from 10x to 40x to analyze the detailed morphology of the pollen grains. Observations focused on:
 1. Pollen shape 
2. Aperture type and number
 3. Surface ornamentation Photomicrographs for documentation and interspecies comparison were captured using a compound light microscope (Novex, The Netherlands).
2.5. Measurement of Pollen Grains 
Pollen grain dimensions were measured from calibrated photomicrographs using image analysis software ImageJ. Lines were drawn across specific polar and equatorial views to obtain measurements in micrometers using the Analyze > Measure tool. Multiple grains per species were measured to calculate average sizes. The results were saved for statistical analysis, and scale bars were optionally added to the images for publication purposes.
3. Results 
3.1. The pollen grains morphology of the selected medicinal plants 
Among the plants studied, C. plicatum, L. leucocephala, S. italic and T. apollinea possess monad pollen grains, typically suboblate to triangular convex. In contrast, P. dulce and V. flava exhibit polyad grains that is oblate and circular. These traits aid in identifying and classifying medicinal plants (see Table 2 and Figures 2-7).

Table 1: Scientific Names and Local Names with Growth Habitats, Chorotype, and Collection Sites of the selected medicinal plants.                                 
	Collection Site   
     and Date
	Chorotype 
	Growth
Habit
	Local Name 
	Medicinal Plant 

	Southern Wadi Malal, March 7, 2025
	Saharo-Arabian
	Perennial,  shrub or subshrub
	Hama
	Cullen plicatum

	Wadi-Al-Aqiq, March 1, 2025.
	Mesoamerican
	Perennial,  shrub or tree
	Leucaena
	Leucaena leucocephala

	Mountain Ohud, February 12, 2025.
	Neotropical
	Perennial shrub or tree
	Luz hendi
	Pithecellobium dulce

	Wadi-Al-Aqiq, March 1, 2025
	Afro-Asian
	Perennial,  subshrub
	Eshrek
	Senna italica

	Mountain Ohud, February 12, 2025.
	Afro-Tropical to South Asian
	Perennial,subshrub
	Teqtaq
	Tephrosia apollinea

	Southern Wadi Malal, March 7, 2025.
	Saharo-Sindian
	Perennial shrubs or tree
	Salam
	Vachellia flava








Table 2: Pollen Morphology of the selected medicinal plants .
                                
	
	    Surface Ornamentation
	Aperture Type and Number
	Pollen Shape
	Medicinal Plant 

	Coarsely reticulate
	Tricolpate
	Suboblate to triangular convex
	Cullen plicatum

	psilate to scabrate
	Tricolpate
	Subprolate
	Leucaena leucocephala

	Psilate
	Colpate (no pores observed)
	Oblate, circular
	Pithecellobium dulce

	Scabrate
	Tricolpate
	Subprolate to triangular convex
	Senna italica

	Reticulate
	Tricolpate
	Subprolate to triangular convex
	Tephrosia apollinea

	Microreticulate to finely rugulate
	Inaperturate
	Polyad grain, oblate, circular 
	Vachellia flava



3.2. The dimension of pollen grains of the selected medicinal plants

The dimensions of pollen grains show significant variation among the studied species. The polar axis ranges from 19–22 µm in C. plicatum to 53.0–56.97 µm in L. leucocephala, while the equatorial diameter reaches up to 100 µm in P. dulce, indicating notable differences in pollen size and shape. The P/E ratio also varies, with the lowest value being 0.35 in P. dulce and the highest 1.54 in T. apollinea, reflecting differences in the elongation or flattening of the grains (see Table 3 and Figures 2-7).           

Table 3: Pollen Grain Dimensions (in Micrometers) of the selected medicinal plants.
	    P/E Ratio (μm)
	Equatorial diameter (µm) 
	Polar Axis (µm) 
	Medicinal Plant 

	0.872μm
	22–25 μm
	19–22 μm
	Cullen plicatum

	1.132μm
	50–50.53μm
	53–56.97 μm
	Leucaena leucocephala

	0.35μm
	85–100 μm
	30–35 μm
	Pithecellobium dulce

	0.716 μm
	32–35 μ m
	23–25 μ m
	Senna italica

	1.54μm
	16.59–19.83μm
	26.29–30.14 μm
	Tephrosia apollinea

	0.652 μm         
	32–37 μ m
	20–25 μ m
	Vachellia flava
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Figure 2: Pollen Grain Morphology and Dimensions of the C. plicatum;  (1) polar view (2) equatorial view.
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Figure 3: Pollen Grain Morphology and Dimensions of the L. leucocephala ;  (1) polar view (2) equatorial view.
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Figure 4: Pollen Grain Morphology and Dimensions of the P. dulce ;  (1) polar view (2) equatorial view.
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Figure 5: Pollen Grain Morphology and Dimensions of the S. italica ;  (1) polar view (2) equatorial view.  
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Figure 6: Pollen Grain Morphology and Dimensions of the T. apollinea. ;  (1) polar view (2) equatorial view.
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Figure 7:Pollen Grain Morphology and Dimensions of the V. flava ;  (1) polar view (2) equatorial view.


 4. Discussion
Although literature sources describe the pollen grains of several studied species as tricolporate (Elkordy et al., 2022; Khan et al., 2020; Unkelbach and Reinhardt, 2024), light microscopy observations in this study consistently revealed colpate apertures without clearly visible pores (pori). For example, the pollen grains of C. plicatum, L. leucocephala, S. italica, and T. apollinea all exhibited three distinct colpi, yet no definitive pori were observed under the light microscope, suggesting a tricolpate condition rather than tricolporate.
This discrepancy may be due to limitations in staining techniques and the magnification power used. In this study, observations were made under 40x magnification, which may not be sufficient to resolve minute pore structures, particularly if they are small or partially obscured by stain deposits. The visibility of apertures can also be influenced by the type and intensity of the stain, which may enhance the colpi while masking the finer details of the pori.
Previous palynological studies, such as those by Unkelbach and Reinhardt (2024), have confirmed the presence of pori using scanning electron microscopy (SEM), supporting the tricolporate classification. Similarly, Elkordy et al., (2022) described T. apollinea as tricolporate based on SEM evidence, while Khan et al., (2020) characterized L. leucocephala as tricolporate with psilate to scabrate ornamentation. However, under light microscopy, especially with the standard 40x objective, these features may appear absent or indistinct, leading to a different morphological interpretation. These findings emphasize the importance of integrating multiple microscopy techniques for accurate pollen identification and the cautious interpretation of aperture types based solely on light microscopy.
The pollen grain dimensions reveal clear differences in pollen grain size and shape among the six studied Fabaceae species, which reflect both taxonomic and ecological adaptations. C. plicatum showed relatively small, nearly round pollen grains (P/E = 0.872 um), which is typical for insect-pollinated plants. Its coarse surface ornamentation helps pollen stick to pollinators (Unkelbach and Reinhardt, 2024). L. leucocephala had the largest pollen grains, with a slightly elongated shape (P/E = 1.132 um), which may support efficient pollen transfer in trees and shrubs that depend on large pollinators or wind (Khan et al., 2020).
This study answers the original research question regarding the taxonomic and ecological value of pollen morphology in medicinal legumes of Al-Madinah AlMunawwarah. In interpreting the results, multiple explanations should be considered. Differences in pollen features may stem from evolutionary lineage, environmental stressors, and pollination syndromes. For example, the structural robustness of certain grains may reflect adaptation to arid environments or selective pressures from specific pollinators (Singh, 2010; Smýkal et al., 2015). Rather than attributing pollen variations solely to phylogenetic divergence, this study acknowledges the multifactorial nature of palynological diversity, including ecological, evolutionary, and functional influences, avoiding overreliance on currently dominant evolutionary theories unless directly supported by data.
5. Conclusion
This study has demonstrated that the pollen morphology of medicinal plants within the Fabaceae family offers valuable taxonomic insights that can aid in the identification, classification, and conservation of these species in Al-Madinah AlMunawwarah. By comparing six species C. plicatum, L. leucocephala, P. dulce, S.italica, T. apollinea, and V. flava we observed differences in pollen shape, aperture type, and surface ornamentation. These findings reinforce the critical role of palynological analysis in distinguishing between morphologically similar taxa, particularly in arid environments where floral traits may converge due to climatic pressures.
Importantly, this work contributes to filling a documented research gap by linking traditional medicinal knowledge with micro-morphological evidence. The integration of ethnobotanical data with pollen traits broadens our understanding of the region’s medicinal flora and underscores the importance of preserving native plant diversity. On a larger scale, these results highlight how palynology can support environmental monitoring and historical vegetation analysis in regions sensitive to climate change.
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