Australian Journal of

Crop Science

Aust ] Crop Sci. 19(09):934-941 (2025) | ISSN:1835-2707
https://doi.org/10.21475/ajcs.25.19.09.p26x

Morphological analysis of glandular trichomes in six Cannabis sativa L. cultivars
collected from the Rif Mountains (Northern Morocco)

Ismail El Bakali'*, lham Rahmouni2, Abderrahman Moukhles3, Aboubakr Boutahar?, Samir El Bakali45,
Mhammad Houssni?, Soufian Chakkouré, Mohamed Kadiri!, Abderrahmane Merzouki?

1Laboratory of Applied Botany, Department of Biology, Faculty of Sciences of Tetuan, Abdelmalek
Essaidi University, Mhannech II. 93002, Tetuan, Morocco

ZNational Institute of Agronomy Research (INRA), Rabat Regional Research Center, Plant Breeding
Research Unit, Morocco

3Laboratory of Applied Organic Chemistry, Department of Chemistry, Faculty of Sciences of Tetuan,
Abdelmalek Essaadi University, M’hanech II. 93002, Tetuan, Morocco

4Marine Ecotoxicology Team, Department of chemistry, Faculty of Sciences of Tetuan, Abdelmalek
Essaidi University, Mhannech II. 93002, Tetuan, Morocco

SLaboratory of Biology, Ecology, and Health, Faculty of Sciences of Tetuan, Abdelamlek Essaadi
University, Mhannech II. 93002, Tetuan, Morocco

6Laboratory of Botany, Biotechnology, and Plant Protection, Department of Biology, Faculty of Science,
Ibn Tofail University, Kenitra, Morocco

*Corresponding author: elbakali.ismail-etu@uae.ac.ma

Abstract: Cannabis sativa L. is a multipurpose crop with growing interest due to its medicinal properties

Submitted: and industrial applications. Trichomes specialized epidermal structures categorized as glandular or non-
01/03/2025 glandular play a crucial role in the biosynthesis of pharmacologically active compounds such as

cannabinoids, terpenes, and flavonoids. Despite the global attention to C. sativa, Moroccan cultivars remain
Revised: underexplored. This study investigates trichome morphology and density in six cultivars grown under
14/06/2025 controlled greenhouse conditions: ‘Beldiya’, ‘Mexicana’, ‘Khardala’, ‘Avocat’, ‘Critical Plus’, and ‘Industriel’.

Bract samples were collected at maturity and analyzed using light microscopy. Thirty images per cultivar
Accepted: were examined to characterize trichome types and quantify their density. The results revealed significant
11/07/2025 inter-cultivar variation. ‘Mexicana’ exhibited the highest density of non-glandular trichomes (17%), while

‘Industriel’ showed the lowest (12%). Conversely, ‘Khardala’ and ‘Industriel’ recorded the highest
proportions of glandular trichomes (88%). Principal component analysis effectively distinguished among
cultivars based on trichome traits. Overall, both glandular and non-glandular trichomes were present across
all cultivars, with ‘Beldiya’ and ‘Industriel’ showing lower trichome performance in terms of type and
density. These findings highlight the morphological diversity among Moroccan cannabis cultivars and
underscore the potential for further biochemical and agronomic characterization. ‘Khardala’ and ‘Mexicana’
show promising trichome traits and are recommended for further valorization, breeding, and
phytochemical studies.
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Introduction

Cannabis sativa L. (C. sativa) is one of the oldest domesticated plants in human history. It has probably been used for atleast 10,000 years
(Schultes et al., 1974; Merlin, 2003). Hemp is widely considered to be indigenous to Central Asia, where it is confined to an area stretching
from Turkestan in the west, Pakistan in the east, China in the north and the Himalayas in the south (Wills, 1998). This plant was cultivated
and selected for multiple uses. The fibre from its stem is used in the production of rope and clothing. The oil from its achene is used in
food, as a source of energy and to make medicines. However, the use of the resin extracted from its glands as a psychoactive substance is
by far the most sought-after activity (Schultes et al., 1974). Interest in growing cannabis for medical and recreational purposes is
increasing worldwide. Numerous biological and pharmacological effects are exhibited by the compounds found in C. sativa L. The plant
produces essential oils and resins from inflorescence and leaves, nutrient-rich oil and proteins from seeds, and the industrially important
high-quality fibre from the stem (Carus and Sarmento, 2016; Baldini et al., 2018; El Bakali et al., 2022). C. sativa essential oil is very rich
in terpenes. Terpenes are vital components for applications using plant products from a variety of plant species (Polito and Lange, 2023).
Cannabis cultivars have different compositions of essential oils and terpenes, and this oil is widely known for its antibacterial properties,
which can speed up the healing process of wounds (Booth et al,, 2017; El Ghacham et al, 2023). Small (1979) reported that hemp can be
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used in three forms: Its fibre is used to make clothing, paper and rope; Cannabinoids are used in the manufacture of medicines for certain
illnesses (e.g. depression); using the oil from its achene for nutrition.

The biosynthesis of these key compounds is closely linked to specialized structures called trichomes. These microscopic outgrowths,
primarily located on floral and foliar surfaces, are the main sites of resin production in C. sativa (Andre et al., 2016). Historically, the resin
secreted by glandular trichomes was manually harvested to produce traditional preparations such as hashish (El Bakali et al,, 2024a).
Today, trichomes are central to both scientific research and industrial applications due to their phytochemical richness and their
ecological role in plant defense against environmental stressors (Wagner, 1991; Clarke, 1998; Livingston, 2020). Most of the aerial parts
of C. sativa are covered with different types of glandular and non-glandular trichomes (Dayanandan and Kaufman, 1976). For the non-
glandular, cystolithic non-glandular trichomes are restricted to the upper side of vegetative fan leaves, and pointed non-glandular
biomineralized trichomes of various types are located at different positions on each organ (Bar and Shtein, 2019). The non-glandular
trichomes, such as cystolithic hairs, have been extensively and meticulously studied by light microscopy (Asahina et al., 1967; Shimomura
etal, 1967; Nakamura, 1969; Nordal, 1970). These studies were further developed using scanning electron microscopy (SEM) to establish
positive microscopic identification of marijuana (Bradford and Devaney, 1970; Hunter, 1971). Indeed, the use of scanning electron
microscopy later enabled Hammond and Mahlberg (1973) to describe three types of glandular hair, which appear in particular on the
bracts of female plants.

Trichomes of C. sativa have been studied for over a century, with early work by Briosi and Tognini (1894) providing some of the first
detailed descriptions. While most early studies focused on mature trichomes, Mohan Ram and Nath (1964) explored their development.
Research in the 1960s and 1970s, using light and scanning electron microscopy, primarily aimed to support the forensic identification of
illicit cannabis products (e.g., Shimomura et al., 1967; Nakamura, 1969; Hammond and Mahlberg, 1973). In this context, we carried out
an anatomical study of the bracts from six C. sativa cultivars growend in central-northern Morocco. This work is original in its focus on
local Moroccan cultivars. Trichome type and density are directly related to resin production and can serve as distinguishing traits among
cultivars, aiding in the selection of cultivars for quality or yield. The objectives of this study were to (i) describe and quantify the trichome
types and morphology in each cultivar and (ii) assess their distribution to classify cultivars based on trichome characteristics.

Results

This investigation into the bract trichomes of cannabis revealed variability in morphology, density, and trichome type composition, which
are characteristics specific to each cultivar. To compare the different C. sativa cultivars , we chose hair morphology as the discriminating
characteristic. The trichome typology in the bracts of the cultivars ‘Beldiya’, ‘Mexicana’, ‘Khardala’, ‘Avocat’, ‘Critical Plus’ and ‘Industriel’
was discussed.

In all the cultivars studied, we identified four types of trichomes in the bracts analysed: non-glandular trichomes (NGT) were represented
solely by the conical trichome type. Glandular trichomas were categorized into three types of hairs: glandular bulbous trichomes (GBT),
glandular capitate-stalked trichome (GCStT) and glandular capitate sessile trichome (GCSeT) ( Tanney et al.,, 2021) (Figure 1).

Comparison by type of trichome

Non-glandular trichomes (NGT)

The percentage of non-glandular trichomes was almost similar across all cultivars (Table 1). However, ithe cultivar ‘Mexicana’ showed a
slightly higher proportion (17%), followed by the cultivar ‘Beldiya’ (14%), then ‘Avocat’ (13%) and ‘Critical Plus’ (13%). The lowestlevels
were observed in the cultivars ‘Khardala’ and ‘Industriel’, both at 12%."

Glandular capitate-stalked trichome (GCStT)

The cultivars ‘Beldiya’, ‘Avocat’ and ‘ Industriel’ stand out from the others cultivars due to their high levels of glandular capitate-stalked
trichomes (32%, 32%, 34% respectively). The other cultivars ‘Mexicana’, ‘Khardala’ and ‘Critical Plus’ have lower average rates of 25%,
24% and 28% respectively (Table 1) .

Glandular bulbous trichomes (GBT)

This type of trichome shows approximately the same rate in all cultivars (Table 1). However, the proportion of this type of glandular
bulbous trichome on ‘Khardala’ and ‘Critical Plus’ is slightly higher at 23%, followed by ‘Industrial’ and ‘Avocat’ at 21% and 20%
respectively. In contrast, glandular bulbous trichomes are the least represented in the cultivars ‘Beldiya’ and ‘Mexicana’, both at 18%.

Glandular capitate sessile trichome (GCSeT)

The cultivars ‘Mexicana’ and ‘Khardala’ were distinguished from the other cultivars by their high levels of glandular capitate sessile
trichome (40% and 41% respectively). On the other hand, the cultivars ‘Beldiya’, ‘Critical Plus’ and ‘Avocat’ exhibited very similar rates,
36%, 36% and 35% respectively. In ‘Industrial’, this type of trichome is the least represented at 33% (Table 1).

Comparison by trichome density

The four trichome types were identified in each cultivar, but with varying densities.The highest average density of GCSeT was found in
the cultivars ‘Critical Plus’, ‘Mexicana’, ‘Avocat’ and ‘Khardala’, with rates of 451.40 T/mm?, 421.33 T/mm?, 417.64 T/mm?2 and 409.46
T/mm? respectively. However, the cultivars ‘Beldiya’ and ‘Industriel’ exhibited lower average densities of 258.55 T/mm? and 130.07
T/mm?, respectively (Table 2).

The cultivars ‘Avocat’ and ‘Critical Plus’ showed a maximum average density of glandular capitate-stalked trichome (GCStT) at 374.10
T/mm? and 349.57 T/mm? respectively. Moreover, moderate densities were recorded in ‘Mexicana’ (269.89 T/mm?), ‘Khardala’ (242.98
T/mm?), and ‘Beldiya’ (229.79 T/mm?), whereas ‘Industriel’ exhibited the lowest density at 130.59 T/mm?. For GBTSs, the greatest
densities were found in ‘Critical Plus’ (278.86 T/mm?), followed by ‘Avocat’ (237.18 T/mm?) and ‘Khardala’ (230.32 T/mm?). ‘Mexicana’
and ‘Beldiya’ showed lower densities, at 193.65 T/mm? and 123.73 T/mm?, correspondingly. The cultivar ‘Industriel’ recorded the lowest
density, with only 83.37 T/mm? The maximum average density of the non-glandular trichomes (NGT) type is found in the cultivars
‘Mexicana’, ‘Critical Plus’ and ‘Avocat’ with rates of 183.89 T/mm?2, 156.71 T/mm?2 and 147.21 T/mm? individually. However, the cultivars
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‘Khardala’ and ‘Beldiya’ show an average density of 117.93 T/mm?2 and 98.93 T/mm?2 respectively. A minimum average density of 45.64
T/mm?2 characterises ‘Industrial’ (Table 2; Figure 2).

Table 1. Percentage of glandular and non-glandular trichomes in cultivars ‘Beldiya’; ‘Mexicana’; ‘Khardala’; ‘Avocat’; ‘Critical Plus’;
‘Industriel’.

Percentage NGT (%) GCStT (%) GBT (%) GCSeT (%)
‘Beldiya’ 14.00 32.00 18.00 36.00
‘Mexicana’ 17.00 25.00 18.00 40.00
‘Khardala’ 12.00 24.00 23.00 41.00
‘Avocat’ 13.00 32.00 20.00 35.00
‘Critical Plus’ 13.00 28.00 23.00 36.00
‘Industriel’ 12.00 34.00 21.00 33.00

Fig. 1. Trichome types observed on Cannabis sativa bracts under light microscopy: non-glandular trichomes (NGT), glandular bulbous
trichomes (GBT), glandular capitate-stalked trichomes (GCStT), and glandular capitate sessile trichomes (GCSeT).

Table 2. Mean values of trichome types across six Cannabis sativa cultivars grown in northern Morocco. Within each column, means
sharing the same letter are not significantly different at P < 0.05. NGT: non-glandular trichomes, GBT: glandular bulbous trichomes
GCStT: glandular capitate-stalked trichome and GCSeT: glandular capitate sessile trichome.

NGT GCStT GBT GCSeT

Cultivars

‘Avocat’ 147.22b 37410 a 237.18b 417.64b
‘Beldiya’ 98.94d 229.79d 123.73d 258.55 ¢
‘Critical Plus’ 156.71b 349,57 b 278.86 a 45140 a
‘Industriel’ 45.64 ¢ 130.59 e 83.37 e 130.07 d
‘Khardala’ 11793 ¢ 242.98d 230.32b 409.46 b
‘Mexicana’ 183.87 a 269.89 c 193.65 ¢ 421.33b
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Fig. 2. Mean density of four trichome types across the six Cannabis sativa cultivars studied.
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Table 3. Correlation coefficients between the parameters studied, NGT: non-glandular trichomes GBT: glandular bulbous trichomes
GCStT: glandular capitate-stalked trichome and GCSeT: glandular capitate sessile trichome, in the six Cannabis cultivars studied.

NGT GCStT GBT GCSeT
NGT - 0,64* 0,54 0,71**
GBT - 0,67* 0,64*
GCStT - 0,69**
GCSeT -

* Significant at 0.05 probability level; ** Significant at 0.01 probability level; *** Significant at 0.001 probability level.
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Fig. 3. Principal component analysis (PCA) of the cultivar-trichome matrix. Blue segments indicate eigenvalues representing the most
significant parameter variations. NGT: non-glandular trichomes, GBT: glandular bulbous trichomes GCStT: glandular capitate-stalked
trichome and GCSeT: glandular capitate sessile trichome.

Mean comparison among cultivars

Table 2 presents the ANOVA results for trichome variability across six C. sativa cultivars, revealing significant differences (p < 0.05).
Pairwise comparisons showed that most cultivars differed significantly in non-glandular trichome (NGT) density, except ‘Avocat’ and
‘Critical Plus’. NGT density ranged from 183.87 T/mm? in ‘Mexicana’ to 45.64 T/mm? in ‘Industriel’.

Overall, glandular trichome densities were higher than non-glandular ones. No significant differences were observed in GCStT between
‘Beldiya’ and ‘Khardala’. ‘Critical Plus’ showed the highest densities of GCSeT (451.40 T/mm?) and GBT(278.86 T/mm?), while ‘Avocat’
had the highest GCStT density (374.10 T/mm?). In contrast, ‘Industriel’ consistently recorded the lowest values across all trichome types.
Overall, ‘Critical Plus’ had approximately twice the total trichome density of ‘Beldiya’, and ‘Mexicana’ showed the highest NGT density
among all cultivars.

Correlations among parameters

Table 3 summarizes the correlation matrix among the trichome parameters analyzed. Significant positive correlations were observed
between most variables. Notably, GBT showed positive associations with all other trichome types, except for non-glandular trichomes
(NGT), where the correlation was not significant (p < 0.05).

For NGT, all remaining correlations were positive and significant. The strongest associations (p < 0.01) were found between GCSeT and
NGT (r = 0.706**), and between GCSeT and GCStT (r = 0.694**), indicating a strong tendency for these traits to vary together.

Principal component analysis (PCA)

PCA was conducted using four dependent variables (NGT, GBT, GCStT, and GCSeT) to assess the potential for discriminating among the
six studied C. sativa cultivars. The first two principal components explained approximately 96% of the total variance. PC1 accounted for
89% of the variation and showed strong positive loadings for all four variables, indicating their overall contribution to this axis. PC2
explained 6% of the variance, characterized by positive loadings for GCSeT and GCStT, and negative loadings for GBT and NGT.

The Figure 3 revealed clear separation patterns. ‘Beldiya’ and ‘Industriel’ were positioned on the negative side of PC1, reflecting low
values for all trichome parameters. In contrast, ‘Khardala’, ‘Avocat’, and ‘Critical Plus’ were clustered on the positive side of PC1, indicating
higher trichome densities. ‘Mexicana’ appeared near the center of the plot, mainly associated with low NGT values but moderate levels of
other trichome types.

Discussion

The identification of plant species often relies on morphological traits, with anatomical and microscopic features gaining importance,
especially in species with high variability. Among these, trichome analysis is a key tool for understanding plant adaptation and
classification.

In Cannabis sativa, two main characteristics of floral bract trichomes are typically evaluated: trichome density and the proportion of
different trichome types. According to Small and Naraine (2016), higher THC content is generally associated with denser hair coverage
and a greater abundance of large-headed glandular trichomes (up to 119 pm).

In our study, inter-cultivar variability was evident. ‘Khardala’ showed a high proportion of glandular trichomes, while ‘Mexicana’ was
dominated by non-glandular types, confirming that trichome traits are strongly cultivar-dependent (Sangwan et al., 2001). Glandular
trichome density, especially of stalked types, is associated with higher resin production (Fairbairn, 1972; Sirikantaramas et al., 2005).
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Trichome-based hairiness proved to be a useful discriminating trait for cultivar identification and classification. For instance, ‘Critical
Plus’ displayed nearly double the trichome density of ‘Beldiya’, while ‘Mexicana’ had the highest proportion of NGT, and ‘Avocat’ showed
the highest proportion of GCStT.

Similarly, Punja et al. (2023) found significant differences in capitate trichome number and stalk length between two cannabis genotypes,
with “Space Queen” exhibiting greater values than “Moby Dick” during flower development. These differences highlight the influence of
genotype and plant age on trichome type, density, and maturation.

Moreover, Livingston et al. (2020) observed that sessile trichomes on vegetative leaves consistently contain eight secretory cells, while
capitate-stalked trichomes on mature flowers have 12 to 16 cells patterns consistent across fiber and drug-type cultivars. This insight
allows for more accurate estimation of glandular trichome density and may help predict trichome abundance in mature floral tissues
(Tanney etal., 2021).

Among glandular types, GCSeT reached the highest average density in ‘Critical Plus’ (451.40 T/mm?). GCStT were most abundant in
‘Avocat’ and ‘Critical Plus’, but showed significantly lower density in ‘Industriel’ (130.59 T/mm?).

GBT density varies among cultivars, being lowest in ‘Industriel’ (83.37 T/mm?) and higher in ‘Critical Plus’, ‘Avocat’, and ‘Khardala’. NGT
density also shows variation, with ‘Industriel’ having the lowest value (45.64 T/mm?) and much higher densities in ‘Mexicana’, ‘Critical
Plus’, and ‘Avocat’. This variation in trichome type and density influences metabolite accumulation, as glandular trichomes differ
influorescence, secretory cell number, and terpene profiles (Livingston et al.,, 2020). Notably, increased THC levels during flowering
correlate with higher cannabinoid synthase in glandular trichome exudates from mid to late flowering (Aizpurua-Olaizola et al., 2016;
Rodziewicz et al., 2019).

Correlation analysis showed that GBT were positively and significantly correlated with all other variables except NGT. The strongest
positive correlations were found between GCSeT and NGT (r = 0.706**), and between GCSeT and GCStT (r = 0.694**), suggesting
coordinated development possibly due to genetic linkage or pleiotropy as noted by lezzoni and Pritts (1991). The significant correlations
between traits allow for indirect prediction, enabling more rapid and cost-effective measurement of one trait based on another (Fairbairn,
1972; Hammond and Mahlberg, 1973; Dayanandan and Kaufman, 1976; Lanyon et al., 1981; Kim and Mahlberg, 2003; Livingston et al.,
2020).

In this study, notable variation was observed among cultivars, with ‘Critical Plus’ exhibiting the highest densities of GCSeT (451.40
T/mm?) and GCStT (278.86 T/mm?), while ‘Avocat’ showed the highest GBT density (374.10 T/mm?). In contrast, ‘Industriel’ consistently
showed the lowest trichome densities—GCStT (130.59 T/mm?), GCSeT (130.07 T/mm?), GBT (83.37 T/mm?), and NGT (45.64 T/mm?)—
suggesting it likely produces the lowest phytocannabinoid content. This aligns with findings by Ghosh et al. (2023), who reported that
higher densities of capitate sessile and stalked glands in female flowers correlate with greater phytocannabinoid synthesis. The cultivar
‘Mexicana’ had the highest density of non-glandular trichomes (183.89 T/mm?).

PCA based on four trichome traits explained 96% of variability among six hemp cultivars, effectively distinguishing groups and aiding
cultivar cataloging. ‘Beldiya’ and ‘Industriel’ showed low trichome densities, while ‘Khardala’, ‘Avocat’, and ‘Critical Plus’ had high GBT
and GCStT densities. ‘Mexicana’ was notable for its high NGT density. These findings align with previous studies confirming PCA’s utility
in differentiating hemp cultivars (El Bakali et al., 2022, 2024a,b; Ghosh et al., 2023).

Overall, trichome density and type effectively revealed morphological differences among cultivars grown in greenhouse conditions.
‘Critical Plus’ stands out as the most prolific cultivar, largely due to its high GCStT density, which correlates with commercial resin
production.

The significance of the results, their limitations, and the directions for further study

Our findings demonstrated a number of detrimental effects of modernization, such as the increased fragility of morphological variability
brought on by the new hybrids that are cultivated and the lack of use of Scanning Electron Microscopy (SEM) equipment to photograph
the bract trichomes at the level of the studied cultivars. New hybrids are still being grown and used, but farmers are no longer as inclined
to plant the highly prized local cultivar ‘Beldiya’, which is of lower quality. Given that this genetic resource is well suited to the local
environment, it is crucial to support farmers in preserving the local variation. Our results offer important insights into the sustainable
usage of all cultivars under agricultural conditions as well as the farmed variety. The aforementioned results hold significant value as they
provide a broad comprehension of the existing circumstances, hence aiding in the development of changeable morphological traits.
Additionally, conducting the same study in the future would provide insights into the future of biomass variability in hemp (C. sativa)
cultivars grown in Morocco, including local cultivar, disappeared. The National Agency for the Regulation of Activities Related to Cannabis
should support the maintenance of traditional cultivar by cultivation farmers. In addition to addressing the effects of the morphological
traits of the plants, this strategy guarantees that cannabis is used therapeutically and permits industrial, medicinal, and cosmetic use. It
also fosters employment opportunities for the younger generation and supports the long-term viability of this traditional agricultural
practice. This method offers a more cohesive and locally based approach by giving local knowledge and practices precedence over ideas
brought in from outside the community.

The used technique, based on morphology and distribution of trichomes on the collected bracts, provides a wealth of information and a
high level of precision, allowing us to deepen our understanding of the overall status of each cultivar in morphological characteristics of
plants. The adopted methodology has yielded significant results, revealing a remarkable diversity in all cultivar.

C. sativa L. is used by farmers as a basis for characterising parameters and documenting part of the varietal diversity. However, relying
solely on use for medicinal purposes does not provide full utilisation of some practices or enable us to identify local cultivar. For a
comprehensive interpretation of how farmers perceive, think about and manage new hybrids, it was necessary to understand the various
genotypic and environmental factors that directly or indirectly influence their choices. The clear difference that was sometimes observed
between cultivated cultivars was unclear and they were often similar to each other.

Prospecting is often most successful when each cultivar of cannabis is well investigated. One picture of the various trichome kinds on the
plants should not be relied upon. Considering the purpose and extent of the investigation, further images of the plant bracts must be
added. The presentation of trichome on plants is of great value because it revitalises the economic cycle, confirms identifications,
stimulates discussions, and sometimes opens new possibilities for exploration and research on important uses of cannabis for therapeutic,
industrial, medicinal and cosmetic purposes.
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Material and methods

Plant material and growing conditions

Six commercial cultivars were studied: the local Moroccan cultivar ‘Beldiya’, native to the Rif Mountains; four high-THC, high-yielding
cultivars ‘Avocat’, ‘Critical Plus’, ‘Khardala’, and ‘Mexicana’; and ‘Industriel’, a Spanish cultivar primarily grown for fiber production. All
cultivars were identified by their local names and sourced from farmers in Bab Taza, Chefchaouen province, northwestern Morocco (El
Bakali et al., 2025).

Seeds of each cultivar were sown in black plastic pots (25 cm diameter, 30 cm height), with one seed per pot and a total of 15 pots
prepared by cultivar. Each pot was filled with 10 liters of commercial peat substrate. In April 2018, pots were placed in a greenhouse at
the Faculty of Sciences of Tétouan (35°33'38"N, 5°21'46"W, altitude 10 m). Throughout the growth period, natural photoperiod and
relative humidity (60-80%) were maintained, with day/night temperatures ranging from 20-45°C and 10-30°C, respectively. Seedlings
were irrigated every other day with three two-minute sessions.

Peparation of samples and trichome density measurements

The six C. sativa L. cultivars under study were germinated and grown under glass. After maturation (approximately 16 weeks),
representative samples of each cultivar were placed in 10% formulated water for preservation and to maintain the tissue and morphology
during observation. After careful sorting, a total of 180 samples were selected for analysis. Specifically, 30 bracts from each cultivar were
selected for observation of the trichomes under a light microscope (x4). Fresh bracts were harvested from flowering plants, and the
samples were photographed using a camera running Toup view 3.7 software.The morphology and distribution of trichomes on the adaxial
surface of the collected bracts were evaluated. Trichomes were visually categorized based on their structural characteristics.Trichome
density (number of hair types / surface area in (um2) x10¢) existing in each mm?2 of the bract was estimated by counting all trichome
types in 30 separate photographs. An average value was calculated for each cultivar.Images were captured using ToupView 3.7, which
offers full camera control and advanced image processing features. This software enabled clear visualization of trichome types, allowing
accurate identification, detailed morphological description, and quantification of trichome density for each C. sativa cultivar.

Statistical analysis

All the determinations and measurements were carried out with 30 replicates for bracts. The mean was calculated to express values.
Tukey's test was performed after a general linear procedure to evaluate quantitative differences. Generalized linear models were used to
perform statistical analyses of the data (GLM). The 5% probability level was used to determine the significance of differences in mean
values. The correlation between both types of trichomes was also evaluated (Pearson coefficient).

To investigate whether Cannabis cultivars could be distinguished from each other, the mean values of the variables were subjected to
principal component analysis (PCA). The STATGRAPHICS version XVIII software program (Statpoint Technologies, Inc., Virginia, USA)
was used to perform these statistical analyses.

Conclusion

Trichome morphology is a valuable trait for distinguishing Cannabis sativa cultivars, particularly given the species’ high morphological
variability resulting from domestication, hybridization, and selective breeding. Our findings demonstrate significant differences in
trichome type and density among the six cultivars studied, confirming their usefulness as discriminative markers.

Analysis of our results shows that the levels of each type of trichome vary from one cultivar to another. The following breakdown shows
the importance of each type of trichome in the different cultivars in descending order.

Non-glandular trichomes (NGT): ‘Mexicana’ > ‘Critical Plus’ > ‘Avocat’ > ‘Khardala’ > ‘Beldiya’ > ‘Industriel’

Glandular capitate-stalked trichomes (GCStT): ‘Avocat’ > ‘Critical Plus’ > ‘Mexicana’ > ‘Khardala’ > ‘Beldiya’ > ‘Industriel’

Glandular capitate sessile trichomes (GCSeT): ‘Critical Plus’ > ‘Mexicana’ > ‘Avocat’ > ‘Khardala’ > ‘Beldiya’ > ‘Industriel’

Glandular bulbous trichomes (GBT): ‘Critical Plus’ > ‘Avocat’ > ‘Khardala’ > ‘Mexicana’ > ‘Beldiya’ > ‘Industriel’

These results confirm that trichome traits are useful in distinguishing cultivars and can support breeding programs targeting specific
morphological or phytochemical profiles.
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