Plant, Algae, and Environment, Vol. 9, Issue 4, Dec. 2025

Leaf, Seed and Pollen Micromorphology in Datura innoxia and Datura

stramonium: Implications for Taxonomy and Species Delimitation

Maryam Keshavarzi'~ , Majid Eskandari?, Soma Marofi'
Received: 2025-07-15  Accepted: 2025-09-19

Abstract

The genus Datura (Solanaceae) comprises medicinal and toxic plants with a wide global
distribution, two of which are native to Iran. In the present study, populations of D. innoxia and
D. stramonium were collected from different regions of Iran. Microscopic and micromorpho-
logical traits were examined using light microscopy and scanning electron microscopy. Quan-
titative and qualitative data were analyzed by multivariate statistical methods, to determine
the differential value of micromorphological traits of leaves, seeds, and pollen grains to better
distinguish Datura species in Iran. The results revealed that leaf surface features, as well as
seed traits and pollen morphology provided clear distinctions between the two species. Datura
innoxia exhibited dense leaf trichomes, smoother seed surfaces, and striato-reticulate pollen
ornamentation, whereas D. stramonium had nearly glabrous leaves, rougher seed surfaces, and
rugulate-reticulate pollen ornamentation. The type, length and density of epidermal trichomes,
exine ornamentation, lumen type, muri arrangement, exine thickness, length of pollen axes
and seed shape and size were of diagnostic importance. The findings demonstrate that micro-
morphological traits of leaves, seeds, and pollen are of high taxonomic value in distinguishing
Datura species in Iran and can serve as complementary tools in systematic studies and identi-
fication keys. Nevertheless, research gaps remain, including the need for more extensive pop-
ulation sampling, precise quantitative measurements, statistical comparisons across different

geographical regions, and integration of micromorphological data with molecular phylogeny.
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Introduction

The genus Datura (Solanaceae) com- These plants are widely distributed in tem-
prises 14 species worldwide, with two of perate and tropical regions of both the Old
these species growing naturally in Iran (Lu- and New Worlds and characterized by large,
na-Cavazos and Bye, 2011; POWO, 2025). trumpet-shaped flowers that range from
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white to purple, and spiny capsules. The
leaves are simple or may have sinuate or
dentate margins, and the bisexual flowers
are borne on long pedicels. The calyx per-
sists until fruit maturity, while the corolla
is funnel-shaped with 5-12 lobes or teeth.
Capsules dehisce either by longitudinal slits
or irregular openings (Khatamsaz, 1998).
Members of this genus occur naturally in al-
most all parts of the world except extremely
cold regions (Nandini et al., 2015). Datura
is a well-known weed, with its long seed
longevity contributing to its success as an
invasive plant (Bonde, 2001). It is both me-
dicinal and poisonous, and in some cases
also cultivated as an ornamental. The genus
is mainly distributed in the southern parts of
North America, with its center of diversity
located in the Western Hemisphere (Symon
and Haegi, 1991). Medicinal uses are pri-
marily based on the leaves and seeds (Shah
etal., 2013), while hallucinogenic properties
have also been reported (Arefi et al., 2016).
Previous studies on Datura have empha-
sized its medicinal and toxic properties.
Investigations of trichomes in Lycium spe-
cies revealed the presence of glandular and
non-glandular hairs of diagnostic value
(Joubert et al., 1984). Similarly, trichome
type and structure are useful for differentiat-
ing genera within Solanaceae (Harisha and
Switu, 2013). Leaf trichome distribution
is widely applied in taxonomy and anat-
omy, occurring as unicellular, bicellular,
non-glandular, or glandular with bulbous
bases.

Seed micromorphology also exhibits vari-
ation across genera in traits such as size,

shape, color, texture, ornamentation, and
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hilum position (Khafagi et al., 2018). Seed
traits such as length, width, and thickness
are taxonomically important, while main
ornamentation patterns include irregular- ,
regular-, and warty-reticulate types (Khafa-
gietal., 2018).

Pollen grains in Solanaceae are generally
symmetrical and predominantly isopolar,
exhibiting a range of shapes including
prolate-spheroidal, oblate-spheroidal,

sub-oblate, and  sub-prolate  forms.
Apertures are typically tricolporate, with
tetracolporate pollen occurring only rarely
(Perveen and Qaiser 2007). The tectal
surface shows considerable variation,
encompassing scabrate, verrucate, striate,
and reticulate patterns, and less commonly
rugulate-fossulate or rugulate-reticulate
ornamentation. Among these characters,
pollen shape, aperture configuration, and
exine surface ornamentation represent
the most taxonomically informative traits
(Perveen and Qaiser 2007). Based on
these features, Perveen and Qaiser (2007)
distinguished several pollen types in their
comparative study of seven genera of
Solanaceae. Within Datura, pollen grains
are commonly characterized by a striato-
reticulate exine and three zonocolporate
apertures, although rugulate patterns may
also occur, reflecting a notable degree of
palynological variation within the genus
(Dhanya and Devipriya 2016).

Ibrahim et al. (2016) emphasized the di-
agnostic importance of trichome diversity,
while Timmerman (1927) had earlier re-
ferred to the differential value of trichomes
in Datura. In this genus, the size, distribu-

tion, and ornamentation of surface trichomes
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appear to contribute to species delimitation.
Many studies have relied mainly on quali-
tative descriptions of leaf, seed, and pollen
traits, while quantitative data (precise mea-
surements of dimensions, trichome density,
pollen wall thickness, etc.) remain scarce.
Comparative statistical analyses across pop-
ulations that could separate environmental
from genetic variation are lacking. Most
studies have been geographically restricted,
highlighting the need to investigate addition-
al populations from different climatic zones,
altitudes, and border regions of Iran to better
assess spatial diversity. Furthermore, ultra-
structural studies (SEM) of pollen and seeds
are limited. Although some international
studies have addressed pollen structure, de-
tailed data specific to Iranian populations—
such as exine, granule, and pore structures
analyzed through electron microscopy and
light sectioning—are still missing.

It should be noted that most identification
keys rely on macromorphological traits,
while micromorphological features of seeds
and pollen are rarely included. Demonstrat-

ing the diagnostic value of these traits could
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lead to more accurate species identification.
Despite the presence of Datura species in
various habitats across Iran, comprehensive
studies remain scarce. The few existing re-
ports are limited to chemical composition
and pharmacological or toxicological effects.
Given the medicinal and toxic significance
of these plants and the lack of sufficient in-
formation on micromorphological diversity,
the present study aims to determine the dif-
ferential value of micromorphological traits
of leaves, seeds, and pollen grains to better

distinguish Datura species in Iran.

Material and methods

For taxonomic investigations, several
populations and plant specimens of the ge-
nus Datura were collected from its distri-
bution areas in Iran (Fig. 1). Although some
local floras of Iran have recorded Datura
innoxia mainly from the southern parts of
the country, herbarium records and recent
field and laboratory studies indicate that this
species has a wider distribution in Iran and
has also been observed and sampled in the

northern and northwestern regions (includ-
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Fig. 1. Map of sample collection points studied in this study
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ing the provinces of West Azerbaijan, Ard-
abil, Mazandaran, etc.). In Iran, D. innoxia
occurs mostly in disturbed and human hab-
itats (roadsides, abandoned lands, around
settlements, and gardens). As a result, its
distribution pattern is partly affected by cul-
tivation and escape from cultivation (Maslo
and Sari¢, 2019). After transfer to the her-
barium of Alzahra University (ALUH), the
specimens were identified using regional
floras (Khatamsaz, 1998; Schonbeck-Te-
mesy, 1972) (Table 1).

For micromorphological studies of seeds, all
populations were examined with a Dino-Li-
te digital stereomicroscope. For each species
at each location, 3-5 individuals were sam-
pled. Micromorphological measurements
for leaf, seed and pollen grains were carried
out using ImageJ 1.54r, based on 10 repli-

cates per accession. Quantitative and quali-

tative seed characters evaluated are listed in
Table 2. For the study of leaf surface traits,
the approaches of Munien et al. (2015) and
Aworinde et al. (2014) were applied. The
wax features on seed surfaces were exam-
ined based on the methods of Barthlott et al.
(1998), Kaya et al. (2016), and Junlakitjawat
et al. (2010).

For palynological investigations, flowers
were boiled in hot water for 5 minutes, and
pollen grains were separated from anthers
under a stereomicroscope and transferred to
slides. Pollen grains were initially studied
under a light microscope (x100 magnifica-
tion). For palynological trait assessment, the
studies of Mohsen and Badr (2019), Bhat et
al. (2018), and Basak et al. (2017) were con-
sulted.

For Scanning Electron Microscopy (SEM),

samples of leaves, seeds, and pollen grains

Table 1. Geographical information and voucher numbers of sampled species

Species Voucher details Population no.
Datura Azarbaijan, Boukan, Maroofi, S98771 ALUH 8
innoxia Tehran, Vanak, Alzahra University Campus, Mardani, 9

38778 ALUH

Markazi, Saveh, Narjesi, 22ALUH 10

Khorassan, Birjand, Ghamami, 75622IRAN 11

Bushehr, Kharg Island, Sangari, and Tehrani, 26458IRAN 12
D. Tehran, Shahryar, Sayahpour, 38770ALUH 1
stramonium  Mazandaran, Ghaemshahr, Ahmadian, 38780ALUH 2

Alburz, Karaj, Mahdasht, Keshavarzi, S98772ALUH 3

Mazandaran, Savadkouh, Zirab, Eskandari, Bakhshi, and 4

Ghamami, 74715IRAN

Gilan, Fouman, Eskandari, and Ghamami, 74649Iran 5

Khorassan, 40 km to S. Ashkhaneh, Darkesh, Eskandari, and 6

Ghamami, 71827IRAN

Kermanshah, Sahneh, Nowrooz Abad, Eskandari and Torabi, 7

65376IRAN
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were mounted on aluminum stubs, coated
with gold, and examined with a VEGA3
TESCAN SEM. To evaluate interspecific re-
lationships and the taxonomic value of traits,
multivariate statistical methods were ap-
plied. Mean values of quantitative traits were
used, while qualitative traits were coded as
binary or multistate variables. Relationships
among species and studied populations were
analyzed using cluster analysis and ordina-
tion based on principal component analysis
(PCA) derived from factor analysis. Statis-
tical analyses were performed with the soft-
ware PAST ver. 4.03 (Hammer et al, 2020)
and factor analysis by SPSS ver. 26. Average
taxonomic distances and squared Euclidean
distances are applied as dissimilarity coeffi-
cients in the cluster analysis of micromor-

phological data.

Results and discussion

Leaf surface analysis

Stomatal length and width showed variation
among the studied species (Table 3). The sto-
matal type in all populations of both species
was anomocytic and anisocytic. Epidermal
cell walls were sinuous. In populations of D.
stramonium, trichomes were absent, where-
as in D. innoxia they were abundant. Three
types of trichome (simple, glandular, and
multicellular) were observed in D. innoxia
species: simple long and short uniseriate and
non-glandular hairs (Fig. 2 a, d & g), simple
multicellular non-glandular hairs (Fig. 2. e
& c), capitate glandular trichomes (Fig. 2.
f) with short stalk (Fig. 2. b). In D. innox-
ia, covering (non-glandular) trichomes were
long, dense, and clearly visible, while short-

stalked glandular trichomes with swollen

Table 2. Quantitative and qualitative traits used in the micromorphological study of Datura

species

Quantitative traits

Stomata Length of leaf surface (um)
Stomata width of leaf surface (um)
Length to the width of the seed (mm)
Length of Polar axis (um)

p/e ratio

Seed width (mm)

Seed length (mm)

Trichome length of leaf surface (um)

Length of equatorial axis (um)

Exine thickness (um)

Qualitative traits

Hair on leaf surface (present 1/absent 2)

Hair of the leaf surface

(unicellular 1/multicellular 2, glandular 3,
all types 4)

Stomata type (Anomocytic 1/Anisocytic
2/both 3)

Seed shape (reniform 1/circular 2)

Muri (long 1/short 2)

Seed surface ornamentation (verrucate

1/verrucate-reticulate 2)

Seed Wax type (granules 1/threads 2)

Exine ornamentation (regulate 1/reticulate

2/striate-reticulate 3)

Muri arrangement (long parallel 1, short

irregular 2)

Lumen type (large 1/small 2)

Leaf surface (smooth 1/rough 2)
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heads were present in some areas.

In general, the leaf surface of D. stramoni-
um appeared smoother, with clearer stoma-
tal visibility and more uniform epidermal
folds, whereas D. innoxia showed a wavy
epidermis with dense trichome coverage,
obscuring stomatal distribution. Thus, the
main distinguishing feature between the two
species is the type and density of epidermal
trichomes.

Seed surface analysis

Qualitative traits of seeds revealed clear
differences between the two species (Table
3). In D. innoxia, surface wax was of the
Threads type, while in D. stramonium it was

Granular. The hilum position in both species

was subterminal (Fig. 3. a & f). Seed shape
was reniform in D. innoxia (Fig. 3. a) and
rounded/reniform in D. stramonium (Fig. 3.
F). Surface ornamentation in both species
was verrucate—reticulate (Fig. 3. b & g).
Seeds of D. innoxia appeared smoother with
elongated, more regular epidermal cells and
weakly undulating boundaries, while those
of D. stramonium were rougher, with irreg-
ular, thickened cell margins and prominent
granules (Fig. 3. 1) . Overall, D. innoxia
seeds had a more regular surface, whereas
D. stramonium seeds were markedly rugose
and granular.

Pollen grain analysis

Qualitative variation in pollen traits was evi-

Fig. 2. Scanning electron micrographs of leaf surface of ). innoxia: a-d) Boukan population

{no. 8), e-h) Saveh population (no. 10); D. stramonium: i-1) Ghaemshahr population (no. 2), m-

p)Shahryar population (no. 1)
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dent (Table 3). The general pollen shape was
oblate-spheroidal. In an equatorial view,
grains were rounded to elliptical (Fig. 4. c &
o ), while in a polar view, they were round-
ed-trilobed (Fig. 4. b, f, j & n). Apertures
were colporate (Fig. 4 f & j), and all stud-
ied populations showed narrow muri. Exine
ornamentation in D. innoxia was striato-re-
ticulate (Fig. 4. C & g), while in D. stramo-
nium it was rugulate-reticulate (Fig. 4. K &
0). In D. innoxia, muri were long, parallel
(Fig. 4. d & h), and longer, whereas in D.
stramonium they were shorter, irregular, and
less elevated (Fig. 4. L & p).

Pollen grains of D. innoxia were generally
larger, sub-spheroidal, and exhibited reticu-
late patterns with larger lumina and thinner
muri. In contrast, D. stramonium had small-
er, sometimes ellipsoid pollen with rugulate
to reticulate ornamentation, narrower lumi-
na, and thicker muri. In both species, pollen
was predominantly tricolpate, but grooves
in D. innoxia were narrower and more reg-
ular compared with the deeper and irregular
furrows of D. stramonium.

Statistical analysis

f 2

h

Quantitative  micromorphological traits
were evaluated with a one-way ANOVA.
Levene’s test indicated unequal variances,
hence Welch’s ANOVA was also performed,
revealing highly significant differences
among species (F (42.8, 249.9) =249.9,p <
0.001). These findings demonstrate notable
interspecific variation in quantitative traits,
supporting subsequent multivariate analyses
(e.g., cluster analysis and ordination). Post-
hoc pairwise differences were assessed with
Tukey’s test.

Qualitative traits were coded binarily or
categorically. Distributions across species
were examined for each character using
Chi-square tests or Fisher’s exact test, as
appropriate. To evaluate overall variation in
qualitative traits, a Jaccard-based similarity
matrix was constructed, and group separation
was tested using PERMANOVA, allowing
for the assessment of whether qualitative
traits differentiate Datura species.

The UPGMA dendrogram based
Euclidean distance showed clear clustering
with short

on

of individuals by species,

inter-cluster  distances indicating high

2
20pum

J
Fig. 3. Seed surface scanning electron micrographs of 1. innoxia: (a-e)Boukan population (no. 8); D. stramonium: f-

1) Mahdasht population (no. 3)
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similarity within species and longer inter-

cluster distances indicating substantial
differentiation between species. Notably,
species Aand B clustertogetherbefore joining
other groups, suggesting closer similarity in
micromorphological traits (Fig. 5). PCoA
based on micromorphological traits showed
clear separation between Datura species
studied. The two species clustered in distinct

regions of the plot, indicating divergence in

micromorphological characters. The degree
of overlap between species was limited,
suggesting that the measured traits reliably
discriminate between D. innoxia and D.
stramonium (Fig. 6).

To determine the most variable characters,
a factor analysis based on PCA was
performed. It revealed that the first three
factors accounted for 93% of the total

variation. In the first factor, approximately

m n

Fig. 4. Pollen surface scanning electron micrographs of 1. innoxia: a-d) Vanak population (no. 9), e-h) Kharg

island population (no. 12); D. stramonium: i-1) Nowrooz abad population (no. 7), m-p) Zirab population (no.

4). The left column is images from a light microscope, and the next three columns are electron micrographs

66



Plant, Algae, and Environment, Vol. 9, Issue 4, Dec. 2025

77 % of the total variation was accounted
for 17 characters that exhibited the highest
correlation (> 0.7) (Table 4). In the second
factor, exine thickness showed the highest
correlation, contributing about 9 % of
the total variation. The most significant
character in the third factor was the ratio of
seed length to width .

Previous studies have reported variation
in stomatal types within the genus Datura.
Gaire (2008) recorded anisocytic stomata in
D. stramonium, while GOémez-Nucamendi
et al. (2016) observed anisocytic stomata.
In contrast, Hasan and Amer (2019) identi-
fied anomocytic stomata, and Ibrahim et al.
(2016) reported the presence of both anomo-
cytic and anisocytic stomata on the adaxi-
al and abaxial leaf surfaces. In the present
study, both stomatal types were consistently
observed in all populations of both D. in-
noxia and D. stramonium. In addition, the
epidermal cell walls were undulate in both
species, corroborating earlier observations
(Wallis and Konjovic 1963; Gaire 2008;
Gomez-Nucamendi et al. 2016; Ibrahim et
al. 2016). These results indicate that the type
of stomata alone may not be adequate for

species delimitation in Datura; however, it

gains taxonomic value when combined with
other micromorphological characters.
Trichome morphology showed clearer inter-
specific differentiation. In the present study,
populations of D. stramonium lacked tri-
chomes, whereas D. innoxia exhibited abun-
dant glandular and non-glandular, predomi-
nantly multicellular trichomes. This finding
stands in contrasts to several earlier reports
that described both covering and glandular
trichomes in D. stramonium (Gaire 2008;
Gomez-Nucamendi et al. 2016; Hasan and
Amer 2019). Such discrepancies may reflect
geographic variation, environmental influ-
ences, or differences in sampling strategy
and developmental stage. Our results sug-
gest that trichome presence, type, and abun-
dance may exhibit considerable intraspecific
variability, yet still provide useful diagnos-
tic characters at the population or regional
level.

Seed micromorphology also proved to be
informative. Seeds of D. innoxia were reni-
form, whereas those of D. stramonium were
rounded to reniform, both with ornamented
seed coats. These observations are aligning
with previous studies (Gaire 2008; Gaire
and Subedi 2013; Nandini et al. 2015; Kh-

Table 3. The summary of micromorphological measured and evaluated data for two Datura species in the present study
- B
s E % E g g, g g ¢ 5
£ g & = g 2 5 8§ B 5 2 g = £ 5 5
3 55 2 % 2 £ 2 ¢z g g 25 2 5 mc o
= 3 =z 2 » RE 5 § § § 2 5 SE 5 B 8= 2
Location : 5 G 2 - z B HWE w - - - w2 v S = v - E =3
Shahryar 4 30133 1706 1389 0 3681 3943 093 50 3 1 2 - 2 2 1 1 1 1 2
Ghacmshahr 3 2 1.5 1622 14,51 0 3681 3943 093 50 3 1 2 2 2 1 1 1 1 2
Mahdasht 336 257 133 1706 1389 0 3898 3533 L1 20 3 | 2 - 2 2 I [ 12
Zirab 4 29 137 1622 1431 0 3898 3533 1.1 20 3 1 2 2 2 1 1 1 2
Fouman 33 025 132 1706 1389 0 3681 3943 093 50 3 1 2 2 2 1 1 1 1 2
Darkesh 39 24 163 1622 14351 0 3898 3533 1.1 20 3 1 2 2 2 1 1 1 2
NowroozAbad 36 25 144 170 140 0 3681 3943 093 50 3 | 2 - 2 2 I 1 1 1 2
. Boukan 543 425 127 2278 1485 1623 3938 3786 1.04 30 3 2 1 2 1 1 2 2 2 21
g Vanak 55 37 148 23 15.6 156 3938 3786 104 30 3 2 1 2 1 1 2 2 2 21
E Saveh 45 31 145 2282 199 1523 5626 4762 118 60 3 2 1 2 1 1 2 2 2 21
5 Birjand 52 3% 133 242 17 162 5626 4762 118 60 3 2 1 2 1 1 2 2 2 2 1
Kharg 55 39 133 241 1613 165 5626 4762 118 60 3 2 1 2 1 1 2 2 2 21
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Table 4. Component matrix of factor analysis based on

micromorphological characters of Dafura populations

Component Matrix 2 E
5 &
Component 2 ; E :e:~ § - g
‘ 5055 o $5842583
w ~
Leaf hair length 0993  -0.095  0.005 0.00
Exine ornamentation 0.992 -0.087  0.022 Libj_. |_'_| | |_'_|
Leaf hair presence -0.992 0.087  -0.022 0154
Seed surface -0.992 0.087 -0.022
Lumen type 0.992 -0.087 0.022
Seed shape 20.992 0.087 -0.022 0.30-
Seed wax type 0.992 -0.087 0.022
Muri arrangement -0.992 0.087  -0.022 0.45-
Long or short Muri 0992  -0.087  0.022 ¢
o
Leaf hair type 0.992 -0.087 0.022 g 0.60
Seed length 0.992 -0.036 -0.071
Leaf stomata length 0.900 -0.336 -0.004
0.754
Leaf stomata width 0.867 -0.378  -0.222
- 5 -0
Leaf surface 0.854 0.00 0.084 0.90-
Polar axis length(um) 0.801 0.484 0.122
Seed width 0.767 0.456 0318
1.054
Equatorial axis 0.726 0.655 -0.180
length(pum)
ple 0.650 0.100 0.481 Fig. 5. UPGMA dendrogram based on Euclidean distance for
Exine thickness 0.409 0.758  -0.450 two Datura species studied. Two separate clusters are formed
Seed length to width -0.253 0.169 0.798
SNowrcozAbad
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]
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8
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Zirao
044
Coordinate 1

Fig. 6. PCoA scatter diagram of two Darura species studied. blue dots stand

for 1. innoxia and black squares for D. stramonium

afagi et al. 2018; Barakat et al. 2019). The
epicuticular wax appeared as threads in D.
innoxia and granules in D. stramonium, and
the hilum was subterminal in both species,
in agreement with Khafagi et al. (2018). Al-
though surface ornamentation was generally

verrucate—reticulate in both taxa, subtle dif-
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ferences were evident, with ocellate patterns
in D. innoxia and more distinctly reticulate
patterns in D. stramonium, as also reported
by Barakat et al. (2019). Anticlinal walls
were undulate in both species, further con-
firming earlier findings.

Palynological characters were largely con-
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sistent with previous reports but nonethe-
less contributed to species discrimination.
The pollen grains of both species exhibited
an oblate-spheroidal, which was similarly
reported by Dhanya and Devipriya (2016),
and Rajurkar and Tidke (2017) for D. innox-
ia.Earlier descriptions of prolate-spheroi-
dal pollen in D. stramonium suggest some
degree of variation (Adedeji and Akinniyi
2015). In an equatorial view, pollen grains
were rounded to elliptical, while in a po-
lar view, they appeared rounded-trilobed,
which is in agreement with Perveen and Qa-
iser (2008), Dhanya and Devipriya (2016),
and Rajurkar and Tidke (2017). The aperture
type was consistently colporate, as reported
in previous palynological studies of the ge-
nus and muri were narrow in both species,
matching the observations of Dhanya and
Devipriya (2016).

Exine ornamentation varied between the two
species, being striato-reticulate in D. innox-
ia and rugulate-reticulate in D. stramonium.
These patterns are in accordance with earli-
er investigations (Perveen and Qaiser, 2008;
Dhanya and Devipriya, 2016; Rajurkar and
Tidke, 2017), as does the general arrange-
ment of muri.

Conclusion

Molecular phylogenetic studies have di-
vided the genus Datura into three sections,
Ceratocaulis, Datura, and Dutra, based on
phylogenetic relationships and fruit mor-
phology. According to fruit position on the
branch, capsule dehiscence, and seed mar-
gin structure, D. stramonium and D. innoxia
belong to two distinct clades (Bye and Sosa,

2013). The present study demonstrates that
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these macromorphological distinctions are
reinforced by micromorphological traits,
which proved to be reliable for separating
the two species in Iran.

Leaf epidermal features, including stoma-
tal type and trichome morphology, showed
considerable taxonomic value, supporting
earlier conclusions by Ibrahim et al. (2016).
In addition, palynological characters, par-
ticularly pollen shape, aperture type, and
exine ornamentation, contributed to species
delimitation, consistent with broader trends
observed in Solanaceae (Al-Quran 2004).
Seed micromorphology further provided
stable and diagnostic traits, as previously
emphasized for the family (Kong et al. 2011;
Khafagi et al. 2018). Collectively, these mi-
cromorphological features successfully dif-
ferentiated D. innoxia and D. stramonium.
Overall, this study highlights the importance
of integrating leaf, seed, and pollen micro-
morphology in the systematics of Datura.
These characters offer valuable tools for
identification keys and taxonomic revisions
of the genus in Iran. However, further re-
search is needed to strengthen these con-
clusions. Future studies should incorporate
detailed quantitative analyses (e.g., pollen
size, trichome density, and exine thickness)
and statistical comparisons across a wider
range of populations. Expanding sampling
efforts across diverse ecological and cli-
matic regions of Iran would aid clarify pat-
terns of intraspecific variation. Furthermore,
the integration of micromorphological data
with molecular phylogenetic analyses is also
essential for achieving a more comprehen-
sive understanding of inter- and intraspecif-

ic relationships. Finally, investigating the
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ecological and chemical correlates of mi-
cromorphological traits, as well as their de-
velopmental plasticity, would provide deep-
er insights into the adaptive significance
of these characters. This study provides an
important step toward understanding intra-
specific variation and the systematic appli-
cation of micromorphological traits in the

genus Datura.
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