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Abstract
The present study is an effort to provide authenticated taxonomic guidelines to identify three species of the genus Datura in Sudan. These guidelines are macro and micro morphological characterizations of the three species. For macro- morphological characteristics, preliminary species identification was carried out using regional flora and botanical guides, including flora of Sudan and online database. Microscopic characteristics are investigated using light microscope (Leica DM 750) equipped with a Qwin system and video camera (Leica ICC50 HD).  The study provided clear morphological descriptions and photographic documentation of the three species. Fruit capsules exhibited clear variations through the studied species. The cell wall patterns were quite distinct. Type and location of calcium crystals provided taxonomic value of the studied species. The mesophyll layer is differentiated into one layer in case of Datura forex while it divided into 2-3 layers in case of Datura stramonium and Datura innoxia. Trichomes were unicellular with gland in case of D.stramonium and multicellular with non-gland In case of D. innoxia. The detailed macro- and micro-morphological observations and dichotomous keys enhance the reliability of the three species identification. The study is important because it fills a significant gap in regional floristic and taxonomic documentation of the genus Datura in Sudan, especially regarding D. ferox, which is newly recorded for the region. Also, the study is vital for both taxonomic and ethnobotanical studies. Moreover, the findings have potential applications in pharmacognosy and conservation planning.
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1. Introduction
Perhaps no plants on Earth have been more famous—and infamous—throughout history than those in the genus Datura (Cinelli and Jones, 2021).Datura is a genus of nine species of flowering plants belonging to the solanaceae family (the nightshade family). They are herbaceous annuals and short-lived perennials. Commonly known as thorn apples or jimsonweeds, also known as devil's trumpets or mad apple. They are found in tropical and subtropical regions. All parts of the plant are poisonous and may cause dizziness, vomiting, dermatitis, permanent mental disorder and death (Bye, 2001).
Datura plants contain numerous phytochemicals, with their primary constituents being toxic tropane alkaloids like atropine and scopolamine(Herrera et al., 2025;Thawabteh et al., 2025;Lian et al., 2022; Sharma et al., 2021; Cinelli Jones, 2021;Ally and Mohanlall 2020;Krenzelok ,2010; Shonle andBergelson, 2000;). Other important constituents include phenolic compounds, tannins, flavonoids, cardiac glycosides, and amino acids (Assidqi et al., 2025; Céspedes-Méndez et al., 2021;Sharma et al., 2021;  Benabderrahim et al., 2019; Al-Snafi,2019; ).
The different species of the genus Datura have been used traditionally to treat numerous of illness. Many of authors reported their uses in traditional medicine (Yin et al., 2025; Islam  et al., 2023; Bonde, 2021;  Benítez et al., 2018; Ibrahim et al., 2018; Maheshwari et al., 2013).
Datura species classification always remained complex. Authors reported that, hybridization of Datura species frequently hybridize, creating a complex genetic landscape that blurs species boundaries. Also, a complex evolutionary history of the genus, including the likely human-mediated transfer of species like Datura metal from the Americas to the old world, which further complicates its distribution and taxonomy. Moreover, many species have a very similar appearance, making it difficult to differentiate them based solely on morphology, such as leaf shape, flower characteristics, or stem structure. Besides that, Datura species are found worldwide, but their presence and dominance in different habitats can vary, such as Daturastramonium in temperate regions or Daturainnoxiain semi-arid, sandy soils, adding to the confusion (Krishnan and Gopi, 2018; Singh and Singh, 2013; Luna-Cavazos et al., 2009)
Genus Datura naturally occurs in the Sudanese flora. They are represented in the flora by only three species: Datura innoxi, Datura metel and Datura stramonium. Datura forex is additional species recently added to the Sudanese flora as new record. This species may remains confused with D.stramonium because of their morphological closeness. So that it could remained misidentified since then. Generally, the accurate identification of the Datura species in Sudan is always remained confused especially by local healers and even the researches who are not familiar with the genus. So, the present study is an effort to provide authenticated taxonomic guidelines to identify  the three species of the genus Datura in Sudan. These guidelines are macro and micro morphological characterizations of the three species. The study is important because it fills a significant gap in regional floristic and taxonomic documentation of the genus Datura in Sudan, especially regarding D. ferox, which is newly recorded for the region. Also, it enhances the reliability of species identification, which is vital for both taxonomic and ethnobotanical studies. Moreover, the findings have potential applications in pharmacognosy and conservation planning.
 
2. Material and Method 
 2.1. The study area
Three species of the genus Datura; Datura ferox (D. ferox), Datura innoxia (D.innoxia) and Datura stramonium (D.stramonium) were collected from Tutti island. The Tutti Island is situated approximately between 15.37 latitude and 32.29 longitudes, with an area of less than 8 sq. Km. Tutti is completely surrounded by water as the Blue Nile flows on the Eastside and the White Nile on the South and West to the island.
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	Figure1: Map illustrates the location of the study area.





Table 1:Coordination of the site of collection 
	Plant species  
	Site of collection
	Coordination

	D.ferox
	Tutti island- Khartoum-sudan

	15° 37' 0" N 32° 31' 0" E.

	D. innoxia
	
	

	D.stramonium
	
	



2.2. Macro-morphological structure Analysis.
Fresh samples of the selected Datura species were identified according to Darbyshire et al., (2015) and compared with samples already deposited in the Herbarium of Botany Department, Faculty of Science, University of Khartoum except for D.ferox which is not recorded in Sudanese flora. The author of this study consulted different regional floras (El-Beheiry  et al., 2020; Boulos, 1999 ; Hedberg, 1995;  Stapf and  Hubbard, 1934) to confirm the record of D.ferox. A detailed morphological description of the plant was given to provide a clear picture for identification the plant. The digital photos of the plant in its natural habitat were taken and a Garmin GPS map 62s was used for the geographic coordinates of the collecting site.
The updated names of the studied species were extracted from websites (https://powo.science.kew.organd https://www.ipni.org.)
2.3. Micro-morphological structure Analysis
Fresh leaves of the species under investigation were collected, and epidermal peels were obtained directly from the leaves without the application of any chemical treatments. This process was executed by manual peeling using a razor blade. Epidermal peels were stained with ethanol safranin for duration of one minute. Subsequently, excess safranin stain was removed, and the peels were temporarily mounted in an aqueous glycerol solution. The morphology and dimensions of epidermal cells, stomata, and trichomes were examined. Observations and photomicrographs were captured using a light microscope (Leica DM 750) equipped with a Qwin system and video camera (Leica ICC50 HD) for image acquisition.

3. Results
 3.1. The Accepted name and Synonyms of the Selected Species.
 3.1.1. Datura L. (1753).
3.1.2.  Datura ferox L.
Synonym: Datura laevis Bertol.
  3.1. 3. Datura innoxia Mill.Gard. Dict. ed. 8 5 1768.
  Synonyms: Datura guayaquilensis Kunth, Nov. Gen. Sp. 3: 8 1818; D.meteloides DC. ex Dunal.Prodr. 13(1): 544 1852.
3.1.4. Datura stramonium L.Sp. Pl. 179 1753.
 Synonyms: Datura bernhardii Lundstr. Acta Horti Berg. 5(3): 89  1914; D. cabanesii P.Fourn.Monde Pl. 35: 14 1934;  D.ferocissima Cabanès&P.Fourn.Monde Pl. 35: 14 1934;D. hybrida Ten. Fl. Napol. Suppl. 4: 34 1829; D. inermis Juss. exJacq. Hort. Bot. Vindob. 3: 44 1777; D. laevis L.f. Suppl. Pl. 146 1782; D. microcarpa Godr. Mém. Acad. Stanislas IV, 5: 202 1872 publ. 1873;D. pseudostramonium Sieber ex Bernh. Neues J. Pharm. Aerzte 26: 151 1833;  D.tatula L. Sp. Pl. ed. 2 256 1762;D.wallichii Dunal. Prodr. 13(1): 539 1852;Stramonium spinosum Lam. Fl. Franç. 256 1778; S. vulgatum Gaertn. Fruct. Sem. Pl. 2: 243, t. 132 .








3.2. Macro-Morphological Descriptions of the Studied Species 
The macro- morphological description of the selected daturaspecies are listed in table ( 2, 3, 4).

Table 2: The Macro-Morphological characteristics of D. ferox
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Table 3: The Macro-Morphological characteristics of D.innoxia
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Table 4: The Macro-Morphological characteristics of D. stramonium
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3.3. Macro- Morphological Dichotomous Key to the Studied Species
1. a. Capsule nodding, irregularly dehiscent………..……. D.innoxia.
1. b. Capsule erect, dehiscent by 4 valves………………………………...2.
2. a. slender spines numerous and equal………………..D.stramonium
2. b. slender spines fewer and unequal ……….……………………D.ferox.







3.4. Micro-morphological structure 
 3.4.1. D.ferox
 The transverse section of the lamina of D.ferox is presented in Figure (2). On the adaxial surface, epidermal cells are irregular in shape, with sinuous wall. It is observed that the epidermis layer is composed of a single layer of cells. Trichomes are unicellular non-gladular and stellate in shape. The mesophyll is differentiated into two equal layers of palisade mesophyll parenchyma and spongy mesophyll parenchyma both of them are composed from one layer. The mesophyll tissue of D.ferox is bifacial.the Crystal of calcium oxalate in the species is divided into two types: crystal sand and druse crystal.
The collenchymaous cells under the epidermis are bigger than the parenchymaous cells. The vascular bundle type is bicollateral.
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Figure 2: Transfer section (T.S.) of the lamina of D.ferox ; (A): T.S. throuth The mid-rib region:Bsh= Bundle sheath; Cs= crysta sandl ; Dc= Druse crystal ;  Ep=Epidermis ; Ph= Pholem and Xy=Xylem; Pa= Parenchema cells ;  Co=Collenchem cells. (B):T.S. through te lamina: Ac=Air cavity; Dc= Druse crystal; Uep= Upper epedermis ; Lep=Lower epidermis ;Pme=Palisade mesophyll;Sme=Spongy mesophyll. 
3.4.2.D. innoxia
The transverse section of the lamina of D.innoxia is presented in Figure (3). Epidermal cells on the adaxial surface are irregular with sinuous anticlinal walls. The epidermis is composed of a single layer of cells.  Amonotetracytic and anisocytic stomata complex types were occurred in the adaxial and abaxial surface of D. innoxia. Trichomes are unicellular with gland. Mesophyll tissue consists of upper layer of palisade mesophyll parenchyma cells and 3-4 layers of lower spongy mesophyll parenchyma cells. The mesophyll of D. innoxia is bifacial. The crystal of calcium oxalate is present in the spongy mesophyll in druse type. The parenchyma cells occupy the most region of the mid-rib. The vascular bundle in mid-rib is bicollateral type. 
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Figure3 : Transfer section (T.S.) of the lamina of  D.innoxia ; (A) T.S. throuth The mid-rib region:Bsh= Bundle sheath; Dc= Druse crystal ;  Ep=Epidermis ; Ph= Pholem; Xy=Xylem; Pa=Parenchyma cells. (B) T.S. through the lamina: Dc= Druse crystal; Uep= Upper epedermis ; Lep=Lower epidermis ;Pme=Palisade  mesophyll;Sme=Spongy  mesophyll, (C) T.S through the peel: St= stomat; Tr= trichome.

3.4.3. D.stramonium
The transverse section of the lamina of D.stramonium is presented in Figure 4. On the adaxial surface, epidermal cells are irregular in shape, with sinuous to wavy wall. 
Amonotetracytic and anisocytic stomata type is characterized the the adaxial and abaxial surface of D. stramonium. Trichome are multicelluar and nonglandular.  Epidermis layer is composed of one single layer of cells. Mesophyll tissue consists of upper layer of palisade mesophyll parenchyma cells of 2 layers and 3-4 lower spongy mesophyll parenchyma cells. The mesophyll type is bifacial. The parenchyma cells occupy the most region of the mid-rib. The vascular bundle in mid-rib is region is classified as bicollateral type. The crystals of calcium oxalate are present in druse type which deposited in the spongy mesophyll reegion. 
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Figure 4:Transfer section (T.S.) of  lamina of D.stramonium ; (A) T.S. throuth The mid-rib region:Bsh= Bundle sheath; Ep=Epidermis ; Ph= Pholem; Xy=Xylem; Co=Collenchyma cells; Pa=Parenchema cells. (B) T.S. through the lamina: Dc= Druse crystal; Uep= Upper epedermis ; Lep=Lower epidermis ;Pme=Palisade  mesophyll;Sme=Spongy  mesophyll; St=Stomata, (C) T.S through the Peel: St=stomata.

3.5. Anatomical Dichotomous key of the studied species
1. a.The mesophyll is differentiated into two equal layers........….D. ferox
1. b.  The mesophyll is differentiated into two unequal layers …..………...2
2. a. Trichomes are unicellular with gland……………………………..….D.innoxia
2. b. Trichomes are multicelluar and non-glandular…………...D.stramonium.
4. Discussion
Diagnostic characters in taxonomic studies have being used to identify plant groups from several others of similar ranking (Arama et al., 2017). The shapes of leaves, petals and whole plants are of great significance to plant science, as they can help to distinguish between different species. The leaf shape has perhaps the most discriminative power to identify the plant species (Cope et al., 2012). Identification of plant species based on flowers or fruits features also provide a distinctive resolution to discriminate plant species. Yoshioka et al., (2004) studied the shape of the petals of Primula sieboldii. Also, Lo and Mirabella (2018) Used of Leaf and Fruit Morphometric Analysis to identify and Classify White Mulberry (Morus alba L.) Genotypes. The morphological structures characteristics identified in the present study offer significant descriptive utility for the accurate identification of the three genus of Datura, particularly in instances where it may be confused with the closely to each others as the taxonomic status of the genus always remained confused (Al-Andal et al., 2025; Krishnan and Gopi, 2018; Luna-Cavazos and Bye, 2011). Also, the study provided a distinctive dichotomous key for the studied species through which can easy discriminate the studied species. Understanding dichotomous keys as a means of classification enables researchers to better comprehend large amounts of information and understand how to organize, compare and contrast, and analyze that information (Watson and Miller, 2009). In dichotomous key the user makes a series of choices between contrasting statements, finally reaching a species name. 
Anatomical characteristics have an important role in taxonomy and determining the number of plant genera and species (Scatena et al., 2005).The foliar epidermis is one of the important taxonomic characters from the systematic point of view. The taxonomic studies of a number of families and genera have been made on the basis of leaf epidermis (Adedeji and Illo, 2004; Adedeji et al., 2007; Adedeji and Jewoola, 2008). 
The cell-wall pattern is one of those epidermal features of taxonomic importance at specific level (Barthlott, 1981; Saheed and Illoh, 2010). The cell-wall patterns of the epidermis can be taxonomically employed to delimit members of the studied species. D. innoxia is quite distinct in the surface view of the epidermis, with a sinuous anticlinal wall on both surfaces. Sinuous wall was characterized the wall of D.ferox while sinuous with wavy wall characterized the wall of D.stramonium. Anomocytic type of stomata was common in various members of the studied species which is followed by anisocytic type of stomata. These results are consistent with the study conducted by (Krstić et al., 2002; Awan and Murtaza, 2016;   Hameed and Hussain, 2011; Wahua and Edwin-Wosu, 2016; Bello et al., 2017) who investigated the anatomical stomata of solanaceae. High density of stomata was observed in the D.innoxia and D.stramonium. This can be attributed to that they always inhabits the moist habitats. Type and location of calcium crystals are often used in plant taxonomic classification. Based on crystals of calcium oxalate , the studied species were classified into two categories , D.ferox is distinguished by presence of both druse and crystal sand type while  D.innoxia and D.stramonium are only  distinguished by the presence of druses crystal type. Gómez-Nucamendi et al., (2016) reported that druse crystal was mainly found in the leaves of Datura species. This result is consistent with what was found in this study except for what was found in D.ferox which contains both druse and crystal sand.
5. Conclusion
The accurate identification of the Datura species in Sudan is always remained confused, especially by local healers and even by the researches that are not familiar with the genus. This study aimed to conduct morphological (macro and microscopic) characteristics of three species belong to the genus Datura in Sudan to ease their identification. The study provided clear morphological descriptions, photographic documentation, and dichotomous keys. The study is important because it fills a significant gap in regional floristic and taxonomic documentation of the genus Datura in Sudan, especially regarding D. ferox, which is newly recorded for the region. The detailed macro- and micro-morphological observations and dichotomous keys enhance the reliability of species identification, which is vital for both taxonomic and ethnobotanical studies. Moreover, the findings have potential applications in pharmacognosy and conservation planning.
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Plant parts

Datura ferox

Plant description

Stem

‘Tiairless o sparsely hairy with short and soft hairs, Erect, sometimes
dichotomously branched.

Teaves solitary, unpleasantly scented when crushed; petiolated ; lamina
‘membranous or papyraceous, ovate or rhombic-ovate, usually broadly so,
base cuneate to rounded or truncate, occasionally attenuate or subcordate,
‘and oblique to dimidiate, decurrent into the petiole, apex acute to obtuse,
occasionally shortly acuminate, sinuate and coarsely lobed or lobed-
dentate.

Flower,

Flowers solitary, inserted i the fork of the branches or in the leaf axils,
erect. Calyx 5-angled to S-ribbed, drying with prominent longitudinal
nerves, sparsely and shortly pubescent, tube little or no inflated. Corolla
white to yellowish, occasionally light blue, narrowly infundibuliform,
‘glabrous or with few, short hairs scattered along the nerves

‘Fruit upright, brownish to purplish-green when ripe, including spines,
subglobose of ovoid to ellipsoid, thick-walled, covered with relatively
few, very stout, heavy, conical-acuminate, spreading spines, these
unequal, the upper ones larger, often recurved at the tp.

‘Seed dark to greyish-brown with darker markings, reniform, strongly
thickened and alveolate at the border, finely pitted; caruncle very small.
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Datura innoxia

Plant part

Plant description

Stem

[Haitless or sparsely hairy with short and soft hairs, erect or ascending to
fprawling herb or small shrub, unpleasantly scented, often tinged
purplish.

Teaves solitary, the Upper ones geminale, [anina MembranoUs of Papyraceous.
broadly to narrowly ovate, occasionally rhombic, elliptic or oblong, base truncate
or rounded to cuneate, occasionally cordate, and oblique to dimidiate, often
decurrent into the petiole, apex acute to shortly acuminate, entire or sinuate to
coarsely dentate

Flower,

Flowers solitary, imserted in the fork of the branches, at first erect, later dro0ping.
Calyx sometimes purplish downwards, densely shortly pubescent to tomentose-
villous mainly on the nerves and towards the base, more densely on the lobes near
and at the mergins, and also towards the apex. Corolla white or creamy,
occasionally slightly tinged purple, lavender o violet, trumpet-shaped to tubular,
simple, glabrous or with few scattered hairs along the longitudinal nerves

Fruit nodding or pendulous, brownish when ipe, ovoid or_globose,
rather thin-walled, densely covered with numerous, slender, acicular
Spines, finely pubescent all over, imegularly breaking up.

‘Seeds yellowish-brown of brown, reniform, strongly thickened and longitudially
ridged at the border finely reticulate.
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Plant parts

Datura stramonium

Plant description

Stem

‘Erect or spreading, sometimes unpleasantly aromatic. Branches [ight green.
brownish, vellow or purplish, smooth, occasionally hollow, glabrescent to
pilose with multicellular hairs

Teaves altemate, often dark green, ovate, ovatelanceolate,
lanceolate or rhomboidal, bases obliquely cuncate to cordate,
margins sinuate-dentate with 2-6 decp acute lobes which often
lacerate, apices acute to acute/acuminate.

Flowers solitay, axillary, erect, Calyx cylindrical, sparsely pilose extermally,
lobes broadly to narrowly triangular, apices acute, margins pilose, base
circumsessile , Corolla greenish, yellow, cream, white, pale or dull purple
with prominent veins, tubular below becoming funnel- or trumpet-shaped
above, glabrescent externally; tube long and slender, with 5 terminal
acuminate to caudate teeth

Fruit

Fruit_longitudinally ovoid usually spious capsules, green yellowish of
brownish (including spines), dehiscing by 4 valves splitting from the apex and
refllexing to expose seeds

‘Seeds black or dark (rarely pale)-brown, reniform, occasionally discoid, mot
ridged, minutely and densely punctate, with distinct yellow or whitish
elaisome
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