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Abstract

Background: Cannabis has been cultivated and used for centuries in the north Moroccan Rif (local name is kif).
However, its history is poorly known and the date of its first introduction and dispersal in Morocco is still difficult
to be precise.

Aim: The purpose of the present work is to review the literature on the origin, history, and cultivation of Cannabis
in Morocco, as well as data on the morphological, genetic, and phytochemical characteristics of local cultivated
varieties.

Discussion: Considering the importance of preserving the fragile environment of the Rif and the future devel-
opment of the Moroccan medical Cannabis market, which will require authentication of the raw material, the use
of local strains which are well adapted to the particular environment of the Rif is highly recommended. However,
there is no document that summarizes and clarifies the nomenclature and the characteristics of local Moroccan
Cannabis. In addition, the recent adoption by Rif growers of improved hybrid cultivars is obliterating the traits
and peculiarities of Moroccan Cannabis through genetic introgression.

Conclusion: Summarizing and discussing the data from the literature on the characteristics of local Moroccan
Cannabis varieties may be useful for their identification and the localization of the areas of the Rif region where

their cultivation is still practiced.
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Introduction

Cannabis is an ancient domesticate, cosmopolitan, and
versatile plant. It has been used as a fiber, food, and
drug plant. The use of Cannabis as a medicine dates
back to 2500 before present (BP) in China and its use
as an illicit drug in western China has been evidenced.'

In Arab countries, Cannabis has been introduced for
its medicinal properties, by Arab travelers, directly
from India. The psychoactive effects of the plant were
also well known in the Arab world and were spread
to the Maghreb from Egypt between the 9th and 12th
centuries.

Although Cannabis is cultivated and used in north
Moroccan Rif since ancient times, its origin, history,
and specific characteristics are not well known. The ob-
jective of the present work, which is part of the “Project
on Medical and Therapeutic use of Cannabis in the

Northern Region of Morocco” granted by the Tanger-
Tetouan-Al Hoceima region to the Scientific Institute
of Rabat as part of the Moroccan initiatives on the le-
galization of Cannabis for licit uses is to establish a re-
view on Moroccan Cannabis.

Bibliographic research was carried out to present to
the reader a useful reference concerning Moroccan
Cannabis including its historical, phytochemical, bo-
tanical, and genetic characteristics. and more than
100 articles were consulted and 83 articles and books
have been selected.

The Cannabis plant is well known for the synthesis
of cannabinoids. Nearly 150 different cannabinoids
are known.” The main cannabinoids are delta-9-
tetrahydrocannabinol (THC), cannabidiol (CBD), and
cannabichromene (CBC). CBC is present in the plant
at lower amounts compared with THC and CBD.
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Drug-type plants can be divided into two categories,
labeled “Sativa” and “Indica” (Fig. 1). The majority of
current Cannabis strains are hybrids between “Sativa”
and “Indica” and are challenging to distinguish by
their morphological characteristics.* A practical classi-
fication based on the ratio of the two major cannabi-
noids THC and CBD or chemotypes (chemical
phenotypes) has been used.

The harsh Rif mountain conditions and farmers’ ex-
pertise have allowed the development of a unique and
well-adapted Moroccan Cannabis varieties.” However,
the recent adoption of new hybrid cultivars threatens
local Cannabis with genetic contamination, depletes,
and pollutes the region’s limited water resources.

In Morocco, Cannabis has been illegal but tacitly tol-
erated. In June 2021, after decades of prohibition and
controversy, a law regulating Cannabis for medical,
pharmaceutical, and industrial purposes has been
adopted by the parliament.
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Origin and Early History of Cannabis in Morocco
The classification of Cannabis and its exact geographic
origin are still debated, Modern botany recognizes only
one species of Cannabis: Cannabis sativa L. with two
subspecies, C. sativa subsp. sativa and C. sativa subsp.
indica,® each one having wild and domesticated varie-
ties. Genetic analyzes by molecular barcoding support
the separation of C. sativa into two subspecies.” The
treatment of C. sativa and C. indica as different species
is also common.*’

The putative center of origin of the genus Cannabis
has been widely speculated in Central Asia.'"”'' Based
on subfossil pollen and archaeobotanical studies,
McPartland et al.'' deduced the northeast of the Ti-
betan plateau in the vicinity of Qinghai Lake as the cen-
ter of origin for Cannabis, over 19.6 Ma. Furthermore,
molecular studies of DNA chloroplast-specific regions
estimated that Cannabis has diverged from its relative,
Humulus between 27.8 Ma (Oligocene)'” and 18.2 Ma
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FIG. 1. Vernacular classification of C. sativa subsp. Indica (Adapted by McPartland and Small* from
Anderson”’®). Reprinted from McPartland and Small.* CC BY 4.0.
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(mid-Miocene)."® The Cannabis spread from the Ti-
betan plateau, first to the west (Russia and Europe by
6 Ma), then to the east (eastern China by 1.2 Ma),
and by the end of Pleistocene to the rest of Asia (except
the southeast).'!

The evidence for human’s use of Cannabis came
from archeological sites of China, Japan, and Europe
since the Neolithic period,M’15 but the earliest human
use as a food source may date back to 10,000 BP in
Japan.'"'®!'” Evidence in the form of cord-impressed
ceramics of Cannabis use as fiber plant is possibly as
early as 1200 years ago.'® However, doubts persist in
accurately differentiating these remains from other
fiber plants.'®"”

Cannabis use as a medicine dates back to 2500 BP in
China. Indeed, archeologists found Cannabis plant re-
mains with high THC in 2500-year-old Yanghai tombs,
northwest China, suggesting Cannabis ritual and or
medicinal uses.*’

However, recent evidence of earliest Cannabis use in
drug context came from phytochemical analysis of the
residues from archeological artifacts found in the 2500-
year-old tombs of Jirzankal in western China.

Cultivated drug-type Cannabis may have been intro-
duced early into Arabic countries for its medicinal
properties by Arab travelers directly from India. By
the eighth century, Cannabis was integrated into Ara-
bic medicinal practices.” The early Arabic medical
texts of the physician Al-Razi (865-925) and Avicenna
(980-1037) refer to the use of Cannabis for its medic-
inal properties’** and the plant was used for several
functions, such as an analgesic and anti-inflammatory
agent.

The plant’s psychoactive effects were also well
known in the Arab world. The Moorish traveler and
medical herbalist Ibn al-Baytar (1179-1248), in his
diary Al-Mukhassas, described the hashish (Cannabis
resin) use by Egyptian Sufis.”> Cannabis preparations
were spread to the Maghreb from Egypt where Canna-
bis has been cultivated since at least the twelfth centu-
ry** by the successive Arab invasions (ninth to the
twelfth centuries).

In North Africa, Cannabis has been known since
ancient times. Indeed, Cannabis stems were recov-
ered from the Carthaginian Warship, which sunk
off the coast of Sicily and was dated from the Punic
Wars with the Romans in the third and second cen-
turies B.C.E.>> Carthage may have participated into
the spread of Cannabis to Southern Europe and
North Africa.
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In Morocco, Cannabis drug-type, locally named kif,
is very ancient and it has been cultivated and used for
centuries in the north Moroccan Rif.*>*® However, its
history is poorly known and the scenario and the
date of its first introduction and dispersal are difficult
to trace.”’

Moorish historians and botanists from the Islamic
Golden Age, as Al-Bakri (11th century), Al-Magqrizi,
and Ibn Al-Baytar (13th century) did not refer to any
presence or Cannabis use in the Maghreb.”® Most
likely, Cannabis was introduced to Morocco by Arab
conquerors around the 10th century, but the plant
was not widely used or cultivated by the Berber inhab-
itant of the isolated Rif Mountains.*® It is also possible
that the plant was introduced to Morocco by travelers
returning from pilgrimages to Mecca or by African
slaves.””

Based on the linguistic analysis of the words, tak-
rouri used to name in the Maghreb the Cannabis
(mid-1800) and takrur the name of the ancient
Ghana Empire (800-1200), Duval®® suggested that Af-
ricans from the Sahel may have introduced drug Can-
nabis into the Maghreb. By the early 1800s, drug type
Cannabis growing in the Rif Mountains of Northern
Morocco area became established.”"

Local Traditional Landrace and Cultivated
Varieties in Morocco

Drug-type Cannabis narrow-leaflet “Sativa” and broad-
leaflet “Indica” have a distinct morphology and geo-
graphical provenance. Landraces from South Asia
were designed as narrow-leaf-drug (NLD) biotypes
and landraces from Central Asia as board-leaf-drug
(BLD) biotypes.g’32 Hem-type Cannabis corresponds
to varieties with low THC and high CBD from Europe
used for fiber and seed production and denoted as
C. sativa “hemp biotype”™ or narrow-leaf-hemp
(NLH) biotype.’

Recently, McPartland and Small assigned taxonomic
names to “Sativa” and “Indica” as C. sativa subsp. ind-
ica var. indica and C. sativa subsp. indica var. afghan-
ica, respectively. Their wild relatives are C. sativa subsp.
indica var. himalayensis (from South Asia) and C. sat-
iva subsp. Indica var. asperrima (from Central Asia).

In Morocco, the original pure NLD landrace is rare’
and faces extinction through introgressive hybridiza-
tion with other Cannabis plants. Clarke and Merlin™
noticed that the local drug-type Cannabis presented
as NLD is likely to be a hybrid between NLD and
NLH European varieties. This variety was named
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C. indica ssp. indica var. mediterraneana. The variety
mediterraneana is also reported to be present through
the Middle East.”

In the early 1900s, Cannabis was marginally culti-
vated for fiber in the north Rif lowlands.”***> However,
the hybridization would have probably occurred sev-
eral hundred years ago. Indeed, hemp-type Cannabis
was introduced to Morocco before the 10th century
and has been cultivated for food, textile, and paper.*®
In any case, there is a considerable chance that NLH
European genetics were introduced into the Moroccan
landrace.

European hemp and North African Cannabis grow
in the same Mediterranean floristic region, Cannabis
plant produces abundant pollen (e.g., 70,000 grains in
one anther) that has a long-range transport; for exam-
ple, Cannabis pollen from northern Morocco reaches
southern Spain®” and crosspollinated plants and off-
spring are fully fertile.”

During the 1960s, the sieving method used to collect
the Cannabis resin powder for hashish production
came to Morocco most likely from Lebanon,*® but it
is not surprising that the Lebanese hashish seed was
brought to Morocco with the sieving technique. In
the early 1980s, new Cannabis varieties were intro-
duced in Morocco from the Middle East, most proba-
bly from Lebanon.”®

The cultivation of local varieties was progressively
abandoned as a consequence of the production of hash-
ish for export and was replaced by the improved, more
productive, and more potent western hybrid cultivars
that need more water and chemical fertilizers. In
1980, BLD Central Asian genetics were intentionally
introduced into the local traditional Cannabis’ and in
2013 about 10 hybrid cultures and seeds were reported
from Moroccan farmers by Chouvy and Afsahi.”® Con-
sequently, the local traditional Moroccan varieties
are becoming genetically contaminated, they acquired
the traits of the western varieties’ and are rapidly
disappearing.®

Characteristics of Moroccan Local Varieties
Bibliographical research on characteristics of Moroc-
can Cannabis has identified a limited number of studies
and only three were realized in Morocco.**™**

Morphological aspects

The Moroccan Cannabis plant rarely exceeds 2m in
height and has sparse ramifications, even when the cul-
tures are less dense.” In contrast to drug-type Cannabis
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varieties that are more robust and more branched.
Often, cultures of local varieties resemble European
hemp fields in appearance. This is consistent with the
Clarke and Merlin*® conclusion for Moroccan popula-
tions identified by their morphology as probably NLH-
NLD hybrids.

Recently, McPartland and Small,* in a large study,
including the morphological analysis of 1100 herbar-
ium specimens around the world, observed intermedi-
ate forms in specimen’s native to North Africa (from
Egypt to Morocco) belonging to the Kew Museums
and the British Museum in London. These populations
would either be hybrids between the domesticated
forms of “Sativa” and “Indica”: C. sativa subsp. indica
var. indica and C. sativa subsp. indica var. afghanica,
or hybrids of either with European hemp C. sativa
subsp. sativa.*

Phytochemistry

Cannabinoids are produced mainly in the stalked tri-
chomes of mature female flowers.*> While the absolute
cannabinoid content may be influenced by environmen-
tal factors,***¢ the THC/CBD ratio is independent of
the environment and remains constant throughout the
entire plant’s life cycle.*” The main chemotypes are: che-
motype I, characterized by a high THC and a high ratio
THC/CBD; chemotype II or “intermediate,” in which
THC and CBD are present in varying substantial con-
centrations and chemotype III, having a very low ratio
THC/CBD, due to the very low content of THC.***

To explore the main cannabinoids and the
THC/CBD ratio of Moroccan varieties, studies of ac-
cessions collected in the years before the wide diffusion
of hybrids are very useful.*

The majority of identified studies were carried
out before 1990 before widespread hybridization and
abroad. These studies have been performed either on
locally grown Moroccan seeds, plant seizures, or
resin. Moroccan studies are very rare. Only two studies
were carried out by the Laboratory for Technical and
Scientific Research and Analysis (LARATES).***' The
2005 study was carried out on Cannabis cultivated in
Morocco as part of a UNODC and APDN survey on
Cannabis cultures in northern Morocco.”® The other
study carried out in 2016 concerned the resin seizures
made by the National Security Authorities between
2005 and 2014 in Morocco.*!

The analysis of cannabinoids in these studies was car-
ried out by gas chromatography (gas chromatography/
flame ionization detection or gas chromatography/mass
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HISTORY AND CHARACTERISTICS OF LOCAL MOROCCAN CANNABIS

spectrometry). It should be noted that GC studies car-
ried out before the mid-1970s overestimated the CBD
content, as they used columns that did not allow sepa-
ration of CBD and CBC.* To separate CBD from CBC,
silylation and capillary columns have been then used.

The content of THC and CBD is expressed as a per-
centage of the weight of the dried material, and can-
nabinol (CBN) (a product of THC degradation) if
present is added to the ratio, as THC+ CBN/CBD.
Data on the phytochemical characteristics are pre-
sented in Table 1.

Cannabinoids in fresh plants. Seeds of Moroccan
origin were cultivated in CGEs (common garden ex-
periments) and tested for their cannabinoid con-
tent in Sweden,”! United Kingdom (seizure of
germplasm),”>>> and Mississippi.”*

Seeds grown outdoors in Sweden showed a THC
level of 0.4% in flowering tops and a THC/CBD ratio
of 10. In Mississippi, the average THC level was
about 0.41% and the THC/CBD ratio ranged from
0.32 to 1 (mean ratio 0.55), with crosspollination
reported. In the United Kingdom, two types of plants
emerged from a seedstock. One was without detectable
CBD and the second had a slightly higher total CBD
percentage than THC for all generations.” In the
sixth generation, the plants were also of two types,
those without CBD detectable and those with substan-
tial amounts of CBD. Furthermore, the cannabis pre-
pared from plants grown in the United Kingdom
from Moroccan seeds has shown physical appearance
and cannabinoid pattern of the samples related to
Moroccan origin.

To recapitulate, plants obtained from seeds of
Moroccan origin had variable THC/CBD ratios (0.55
to 10) and only two types of plants emerged from
Moroccan seed studies: plants rich in THC with little
or no CBD (Type I) and plants of intermediate chemo-
type (Type II) with less THC and more CBD. There
was no evidence of CBD-rich plants (Type III), proba-
bly due to plant selection done by Cannabis growers.”

Plants cultivated locally are characterized by the
presence of CBD as attested by THC and CBD profile
of Moroccan Cannabis products.”>>® The presence of
CBD in Moroccan Cannabis is explained by the prep-
aration process of the traditional resin, which is done
by pooling large numbers of plants, seed selections
are made rarely, and therefore without human selection
for THC, the CBD content tends to be closer to that of
THC.”’
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In 2005, a Moroccan study showed that the average
THC levels (leaves and inflorescences) in 60 fresh fe-
male plants harvested in northern Morocco was 0.5%
(0.1-2.2%).* However, the THC/CBD ratio could not
be calculated because the % of CBD has not been
reported.

Cannabinoids in dry plants. Two studies have ana-
lyzed cannabinoids in dried female plants of Moroccan
origin. Analyzes from the leaves showed an average
THC content of 0.31% and a THC/CBD ratio of
1.15.°% It should be stressed that CG carried out at
the time of the study overestimate the CBD content.
The study by Stambouli et al. reported an average
THC level of 1.2% (0.2-2.6%) in leaves and 3% (1.0-
7.5%) in flower tops. However, THC/CBD ratios
could not be calculated because CBD percentage has
not been reported.

Cannabinoids from resin. Studies on Cannabis resin
have shown that the content of THC and CBD varied
considerably in the seizures (Table 1). The potency of
the resin samples ranges from 0.1% THC up to
29.6%. The low THC content found in some Moroccan
samples was explained by the longstanding practice of
adulterating Moroccan resin with henna powder or
wax.”> Samples of resins adulterated by wax were
found among those of 1987 and 1988.”

The average THC content of Moroccan resin sam-
ples seized between 1975 and 1988 was about 7.9%,
but resin seized in 1989 showed an increase in the
THC content to 13.9%.> In 2004, during the UNODC
survey, the average THC content in Moroccan resin
was 8%.">>" These resins were generally low in THC
(less than 10%) and would come from traditional
Moroccan varieties.*’

Evidence suggests that the average potency of Can-
nabis seized in Morocco has increased in recent years
(as early as 2005). This development is in line with
the increasing trend recorded since 2004 in Europe
(the main consumer of Moroccan hashish). Indeed,
Stambouli et al,, in a study including a large series of
1004 samples of Cannabis resins seized in Morocco be-
tween 2005 and 2014, has shown an upward trend in
THC compared with the average of 8% in 2004. The
levels evolved from the range 0.6-16.8% in 2005-
2006 to 0.5-25% in 2014.

This increasing trend has been attributed to the ap-
pearance of new categories of resins in Moroccan sei-
zures from 2005 of resins moderately dosed at more
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than 10% and from 2009 of resins strongly dosed at
more than 20% as a result of the introduction by
Moroccan growers from Europe of a new hybrid rich
in THC.

Contrary to the great variability observed in THC
content, the THC/CBD ratios determined for the resins
dating from 1968 to 1989 were less variable (from 1.5 to
2), in general, the CBD content is around 50% of the
THC. This ratio is in line with the THC and CBD pro-
file (ratio 2:1) reported for local Moroccan Cannabis.”®
This specific characteristic of Moroccan Cannabis
made it easy to chemically distinguish it from the two
other main world producers of resins, Pakistan and
Lebanon.>> THC/CBD ratios of Moroccan, Pakistani,
and Lebanese resins are approximately 2:1, 1:1,
and1:2, respectively. Also, a study of 30 recent seizures
of Moroccan resins in Israel and the Czech Republic
showed that the average THC/CBD ratio of Moroccan
Cannabis had increased to 3 (between 2.08 and 3.98).>°

Genetics
The synthases of the main cannabinoids, tetrahydro-
cannabinolic acid-synthase (THCAS), and cannabi-
diolic acid-synthase (CBDAS) are encoded by single
exon genes.”’ A single gene with two codominant al-
leles has been proposed to explain the chemotype.®"%?
Recently, several data suggest a multilocus model cou-
pled with a monogenic mode of inheritance.*>**

Studies of the polymorphism of gene synthases have
identified highly discriminating single nucleotide poly-
morphisms (SNPs) that make it possible to differentiate
between hemp-type and drug-type Cannabis.*>*>°® In
addition, some THCAS and CBDAS sequences ex-
hibited specific SNPs that affect the activities of the cor-
responding synthases and have been associated with
the chemotype.®°

Bibliographical research on the genetics of Cannabis
of Moroccan origin identified two studies dating from
2015 to 2016. The study by El Alaoui et al.** was carried
out on 12 seizures of Moroccan resins. The complete
sequence (1635bp) of the THCAS gene was obtained
for the 12 Cannabis resins tested. Comparative analysis
of the sequences obtained with the THCAS sequences
available in GenBank for drug-type Cannabis showed
a significant polymorphism of the THCA synthase
gene in Moroccan Cannabis compared with exotic ones.

Twelve complete genomic sequences of THCAS
(JQ437481 to JQ437492) having a high number of
SNPs (21 in total) were identified. These sequences
do not coincide with any of the sequences already iden-
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tified and deposited in GenBank by other groups. Fur-
thermore, phylogenetic analysis showed that Moroccan
accessions were well separated from other accessions
and the authors hypothesized that most likely they cor-
respond to the new hybrid cultivars newly introduced
to Morocco by drug traffickers.

Onofri et al.® analyzed 18 accessions belonging to
different Cannabis chemotypes, including one local
Moroccan drug-type landrace. The THCAS and CBDAS
sequences obtained from the transcriptome of Canna-
bis inflorescences and the THC and CBD contents
were used to identify which polymorphisms normally
expressed the synthases, and which polymorphisms af-
fect the catalytic activity of these enzymes.

Comparison of the expressed sequences made it pos-
sible to identify mutations (SNPs) that were linked to
the cannabinoid composition in the inflorescence.
The Moroccan landrace and two drug-type accessions
of Afghan origin showed four nucleotide substitutions
(positions: 187, 366, 399, and 1179) in the gene
THCAS. The SNP at position 1179 (A—T transver-
sion) was identified as present only in Moroccan and
Afghan accessions. It was not present in any of the
other fiber and drug-type accessions analyzed.

The presence of unique SNPs was also reported in a
recent study of THCAS polymorphism in Pakistani
Cannabis (from Central Asia). Two missense muta-
tions at positions 851 and 883 were unique to Pakistani
Cannabis and could potentially help to distinguish
Pakistani products during seizures.

Cannabis Cultivation in Morocco

The presence of Cannabis in the Rif dates back to sev-
eral centuries ago, but its culture is fairly recent,” dat-
ing only to the early 1800s.” Although cannabis
provides fiber and seed, its use has mostly been for psy-
choactive effects. In the 1880s, kif smoking in Rif was
widespread mainly in Ketama (a small rural Moroccan
town).”

In Morocco, Cannabis was illegal but often tolerated.
The history of its prohibition started by the end of the
19th century, when the sultan Hassan I (1873-1894)
issued strict laws to limit Cannabis trade,®® but autho-
rized its cultivation in five douars (villages) of the Ama-
zigh (Berber) Ketama and Beni Khaled tribes in the
Rif.*”

Under Spanish and French protectorates (1912-
1956), Cannabis sales were authorized under the mo-
nopoly of the multinational company of the tobacco
grower “Régie Marocaine des Kifs et Tabac.” On
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November 12th (1932), a Dahir (Royal decree-law)
prohibited its cultivation only in the area under the
French protectorate but its sale continues until 1953.
Since Morocco’s independence in 1956, Cannabis cul-
tivation has been forbidden throughout the country,
but tacitly tolerated in the traditional cultivation area.**”

In June 2021, law no. 13-21 regulating Cannabis for
medical, pharmaceutical, and industrial purposes was
adopted by the Moroccan parliament, while recrea-
tional use remains prohibited and liable to prosecution.
This law will be applied through the creation of the
National Agency for the Regulation of Cannabis Activ-
ities that will insure the implementation of the govern-
ment strategy in the fields of cannabis cultivation,
production, manufacture, processing, marketing, ex-
port, as well as import of its products.

The Rif is an unfavorable land for agriculture. The
soil is poor, the climate is characterized by hot, dry
summers and cold, wet winters. Annual precipitations
are highly variable, generally insufficient, and drought
is recurrent. At high altitudes, precipitations are
more abundant, and 2 to 3 m of snow can fall in win-
ter. In these very difficult conditions, the growing sea-
son is limited to spring and fall or when irrigation is
possible.

In Morocco, Cannabis was originally cultivated tra-
ditionally in small quantities on small plots of land
for self-consumption. Until the early 1980s, the tradi-
tional cultures were limited to the historical region
(less than 10,000 hectares in the late 1970s),>® which
is covering about 40 km” between the communes of
Ketama in Al Hoceima province and Bab Berred in
Chefchaouen province of the Central Rif”° (Fig. 2).

Cultivation was generally practiced with a minimum
of plowing, on waste heaps, and in small plots near
farmer’s houses. Culture density did not exceed eight
plants per plot and the soil was well fertilized with an-
imal manure and watered when necessary, and the
plants were larger and better branched in appear-
ance.”® Harvesting was done when the plants were
mature, dried in the shade, and handled with care to
preserve the phytochemical and organoleptic charac-
teristics of a final product. During the following year,
seeds were harvested from the most powerful and vig-
orous plants. In this way, the expertise of the Rif farm-
ers and the time spent in the selection of the best plants
produced the local varieties.”

When Cannabis became profitable, cultivation was
more intensively practiced in fertilized and irrigated
plots, it required more investment and care. Women
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are heavily implicated in cannabis culture but have
less visibility than men as they are not implicated in
processing and marketing activities.”'

Virtually, all arable lands were used for Cannabis.*
Sowing is done in spring (in March at low altitudes and
in April at higher altitudes) to be harvested in late sum-
mer. The plants are sown seed by seed and close together.
The plots are terraced often on steep slopes. Irrigation is
generally done by flooding,” especially during May in a
dry climate, and up to eight watering are required.* Irri-
gation water comes from seasonal wells and streams that
are alimented by precipitations and snowmelts. Cultures
are fertilized with animal manure produced locally
through association with small goat farms.

The less branched morphology of the local varieties,
combined with the high culture density, results in un-
branched plants with only one terminal inflorescence.’
In contrast, harvesting depends on water availability.
The lack of water in hot, dry summers, especially at
low altitudes, forces farmers to start harvesting earlier
when the plants are not fully mature.” Even though yields
of the traditional culture were relatively low, they were
well suited for herbal material production mostly for
local needs and until the mid-1960s they were the only
Cannabis cultures present in the Central Rif.

European demand, the advent of the sieving method in
the 1960s, and rising incomes led to a rapid expansion of
Cannabis cultivation. By the mid-1970s, Cannabis culti-
vation had spread outside the traditional area.” In the
1980s, Cannabis cultivation in Central Rif would undergo
significant qualitative and quantitative changes.”” To sat-
isty the international market and especially an increasing
European demand for hashish, traditional cultures have
been progressively abandoned in favor of modern cul-
tures and sometimes monocultures in some villages.”

Gradually, the region specializes in mass production
of hashish, and new, high-yielding, THC-rich hybrids
have been adopted by farmers of the historical region.
Thus, in the mid-2000s, Cannabis cultivation had
never been so widespread in Morocco.”> Cannabis cul-
tivation reached a historical peak in 2003, with 134,000
hectares.”* Between 2003 and 2013, Cannabis cultiva-
tion decreased by 65%, to 47,500 hectares in 2011.7°
In a decade, there has been an increase in the yield pro-
duced by new hybrids in parallel with a two-thirds drop
in the area under Cannabis cultivation. Thus, the de-
crease in cultivation areas would have been offset by
an increase in yields of about three to five times.”®”®

The introduction of new high-yielding hybrids, the
modernization of agricultural practices, and hashish
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production techniques that had started in the mid-
2000s and accelerated after 2005, resulted in a signifi-
cant increase in yield.”> More potent new Cannabis
derivatives with better facture are produced as observed
in the large quantities of seizures in Europe during the
last decade.”>”®

Conclusion

The valorization of Cannabis in the Rif for therapeutic
purposes must go through the adoption of local strains
that are well adapted to the particular environment of
the Rif*> and/or probably the use of hybrid cultivars
that are less water demanding.”
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The development of the future Moroccan medical
Cannabis market, due to the recent legislative change,
will necessarily need the authentication and the stan-
dardization of the raw material by linking the cultivars
with morphological, genetic, phytochemical character-
istics, and therapeutic applications.””

However, the prevalence in the Rif of hybrid culture
alongside rudimentary traditional Cannabis will make
the identification of local traditional Cannabis more
challenging. Furthermore, no document gives a clear
botanical description and chemical properties of local
strains. The Moroccan flora mentions the genus Can-
nabis and its one species Cannabis sativa. L.”® but
the criteria for classifying and naming Moroccan Can-
nabis plants has not been given. Summarizing in one
document the data available in the literature on the
morphological, phytochemical, and genetic character-
istics of ancient Moroccan Cannabis, especially those
before the diffusion of hybrids in the Rif, may help in
its identification.

The phytochemical data and morphological aspects of
Moroccan Cannabis populations are in favor of a physi-
ological and morphological intermediate phenotype.

Studies on Cannabis of Moroccan origin during the
period between 1973 and 1989, before the diffusion in
the world of hybrids, showed that the plants or the res-
ins analyzed seem to be derived from the local Moroc-
can populations of plants that contain substantial levels
of THC and CBD; with more THC and less CBD in
cannabis product (a ratio of 1.5 in 1 study and a ratio
of about 2 in 3 other studies).

The most recent studies (after 2004) showed the
qualitative change that has affected Moroccan Canna-
bis following the introduction and diffusion of more
potent hybrid cultivars. The two large Moroccan stud-
ies of 2004 and 2016 unfortunately did not report CBD
or provide the morphological description when plants
were involved. This information could be useful to as-
certain the origin of plants, especially those whose res-
ins were underdosed in THC (less than 10%).

The available genetic data have shown the presence
in a Moroccan landrace of a genetic marker in common
with Afghan accessions related to Central Asian origin.
To elucidate the evolutionary history of Moroccan
Cannabis, a sampling of heirloom populations espe-
cially from the herbaria would be of great interest.

Our study is limited by the sacristy data. The infor-
mation compiled in this review on the characteristics of
Moroccan Cannabis remains very incomplete and
more research is needed.

613

Author Disclosure Statement
No competing financial interests exist.

Funding Information

This study was supported by the region of Tangier-
Tetouan-Al Hoceima, through the Project on Medical
and Therapeutic use of Cannabis in the Northern
Region of Morocco.

References

1. Ren M, Tang Z, Wu X, et al. The origins of cannabis smoking: chemical
residue evidence from the first millennium BCE in the Pamirs. Sci Adv.
2019;5:eaaw1391.

2. Peters H, Nahas GG. A Brief History of Four Millennia (B.C 2000-
AD.1974). In: Marihuana and Medicine. Humana Press: Totowa, NJ, 1999:
3-7.

3. Citti C, Linciano P, Russo F, et al. A novel phytocannabinoid isolated from
Cannabis sativa L. with an in vivo cannabimimetic activity higher than A
9-tetrahydrocannabinol: A 9-Tetrahydrocannabiphorol. Sci Rep. 2019;9:
20335.

4. McPartland JM, Small E. A classification of endangered high-THC cannabis
(Cannabis sativa subsp. indica) domesticates and their wild relatives.
Phytokeys. 2020;144:81-112.

5. Clarke RC. Part lIl: hashish cultures. In: Hashish!. Red Eye Press:

Los Angeles, CA, 1998:175.

6. Small E, Cronquist A. A practical and natural taxonomy for Cannabis.
Taxon. 1976;25:405-435.

7. McPartland JM, Guy G (2014). A question of rank: using DNA barcodes to
classify cannabis sativa and cannabis indica. Presented at the 24th Annual
Symposium of the International Cannabinoid Research Society, Baveno,
Italy.

8. Hillig K. A Systematic Investigation of Cannabis. 2005. https://doi.org/10
.13140/RG.2.1.2648.3680. Accessed October 29, 2021.

9. Clarke RC, Merlin MD. Cannabis: domestication, breeding history, present-
day genetic diversity, and future prospects. Crit Rev Plant Sci. 2016;35:
293-327.

10. De Candolle. A. Origin of cultivated plants [in French]. Bailliére: Paris,
1886:397.

11. McPartland JM, Hegman W, Long T. Cannabis in Asia: its center of origin
and early cultivation, based on a synthesis of subfossil pollen and
archaeobotanical studies. Veget Hist Archaeobot. 2019;28:691-702.

12. McPartland JM. Cannabis systematics at the levels of family, genus, and
species. Cannabis Cannabinoid Res. 2018;3:203-12.

13. Zhang Q, Chen X, Guo H, et al. Latitudinal adaptation and genetic
insights into the origins of Cannabis sativa L. Front Plant Sci. 2018;9:
1876.

14. Fleming M, Clarke R. Physical evidence for the antiquity of Cannabis sativa
L. Journal of the International Hemp Association 1998 [Epub ahead of
print]. https://www.druglibrary.net/olsen/HEMP/IHA/jiha5208.html
Accessed October 29, 2021.

15. Long T, Wagner M, Demske D, et al. Cannabis in Eurasia: origin of human
use and Bronze Age trans-continental connections. Veget Hist Archaeo-
bot. 2017;26:245-58.

16. Pisanti S, Bifulco M. Medical Cannabis: a plurimillennial history of an ev-
ergreen. J Cell Physiol. 2019;234:8342-51.

17. Okazaki H, Kobayashi M, Momohara A, et al. Early Holocene coastal en-
vironment change inferred from deposits at Okinoshima archeological
site, Boso Peninsula, central Japan. Q Int. 2011;230:87-94.

18. Clarke RC, Merlin MD. Chapter five: history of cannabis use for fiber. In:
Cannabis: evolution and ethnobotany. University of California Press: Ber-
keley, 2013:135.

19. McPartland JM, Hegman W. Cannabis utilization and diffusion patterns in
prehistoric Europe: a critical analysis of archaeological evidence. Veget
Hist Archaeobot. 2017;27:627-34.

20. Jiang H-E, Li X, Zhao Y-X, et al. A new insight into Cannabis sativa (Can-
nabaceae) utilization from 2500-year-old Yanghai Tombs, Xinjiang, China.
J Ethnopharmacol. 2006;108:414-22.


https://doi.org/10.13140/RG.2.1.2648.3680
https://doi.org/10.13140/RG.2.1.2648.3680
https://www.druglibrary.net/olsen/HEMP/IHA/jiha5208.html

614

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45,

46.

47.

Clarke RC, Merlin MD. Chapter eight: ethnobotanical history and
contemporary context of medicinal cannabis. In: Cannabis: evolu-
tion and ethnobotany. University of California Press: Berkeley, 2013:
241.

Mahdizadeh S, Khaleghi Ghadiri M, Gorji A. Avicenna’s canon of medicine:
a review of analgesics and anti-inflammatory substances. Avicenna J
Phytomed. 2015;5:182-202.

Nelson RA. Chapter 1. The Early History of Hemp (Africa). In: Hemp and
History (The Great Book of Hemp) 1996. http://www.rexresearch.com/
hhist/hhicon.htm

Clarke RC, Merlin MD. Chapter four: the cultural diffusion of cannabis. In:
Cannabis: evolution and ethnobotany. University of California Press: Ber-
keley, 2013:59.

McNeill JR. Kif in the Rif: a historical and ecological perspective on Mari-
juana, Markets, and Manure in Northern Morocco. Mount Res Dev. 1992;
12:389-92.

Mikuriya TH. Kif Cultivation in the Rif mountains. Econ Botany. 1967;21:
231-4.

Roger J. The economic significance of Cannabis sativa in the Moroccan
Rif. Econ Botany. 1973;27:235-40.

Bellakhdar J. Contribution a I'étude de la pharmacopée traditionnelle au
Maroc: la situation actuelle, les produits, les sources du savoir. Tome |.
1997;1:3-628.

Nahas GG, Zeidenberg P, Lefebure C. Kif in Morocco. Int J Addict. 1975;10:
977-93.

Duvall CS. Chapter four: the drug goes global. In: Cannabis. Reaktion
Books: London, 2015:89.

Clarke RC. Part I: Hashish History. In: Hashish!. Red Eye Press: Los Angeles,
CA, 1998:57.

Hillig KW. A chemotaxonomic analysis of terpenoid variation in Cannabis.
Biochem Syst Ecol. 2004;32:875-91.

Clarke RC, Merlin MD. Chapter eleven: classical and molecular taxonomy
of cannabis. In: Cannabis: evolution and ethnobotany. University of Cali-
fornia Press: Berkeley, 2013:311.

Duvall CS. Drug laws, bioprospecting and the agricultural heritage of
Cannabis in Africa. Space Polity. 2016;20:10-25.

Duvall CS. A brief agricultural history of cannabis in Africa, from prehistory
to canna-colony. EchoGéo. 2019;48:1-25.

Bellakhdar J. The history of hemp in the Maghreb. Hespéris-Tamuda
(Mohammed V University of Rabat) [in French]. 2013; XLVIII:107-41.
Cabezudo B, Recio M, Sanchez-Laulhé J, et al. Atmospheric transportation
of marihuana pollen from North Africa to the Southwest of Europe.
Atmospheric Environ. 1997;31:3323-8.

Chouvy P-A, Afsahi K. Hashish revival in Morocco. Int J Drug Policy. 2014;
25:416-23.

Blickman T. Morocco and Cannabis: Reduction, Containment or Accept-
ance [in French]. Translational Institute (TNI): Amsterdam, Netherlands,
2017: 27.

Stambouli H, El Bouri A, Bellemam MA, et al. Concentrations du A9-THC
dans les cultures de Cannabis sativa L. du nord du Maroc. Ann Toxicol
Anal. 2005;17:79-86.

Stambouli H, El Bouri A, Bouayoun T. Evolution of D9-THC content in
seizures of cannabis resins in Morocco from 2005 to 2014 [in French].
Toxicol Anal Clin. 2016;28:146-52.

Alaoui MAE, Melloul M, Udupa SM, et al. Study of Moroccan Cannabis
sativa DNA polymorphism in theTHCA synthase gene from seized
Moroccan cannabis resin (Hashish). J Plant Biol Res. 2016;5:1-11.
Livingston SJ, Quilichini TD, Booth JK, et al. Cannabis glandular trichomes
alter morphology and metabolite content during flower maturation.
Plant J. 2020;101:37-56.

deMeijer EPM, van der Kamp HJ, van Eeuwijk FA. Characterisation of
Cannabis accessions with regard to cannabinoid content in relation to
other plant characters. Euphytica. 1992;62:187-200.

Fairbairn JW, Liebmann JA. The cannabinoid content of Cannabis
sativa L. grown in England. J Pharm Pharmacol. 1974;26:413-419.
Bdcsa |, Mathé P, Hangyel L. Effect of nitrogen on tetrahydrocannabinol
(THC) content in hemp (Cannabis sativa L.) leaves at different positions.
J Int Hemp Assoc. 1997;4:78-9.

Pacifico D, Miselli F, Carboni A, et al. Time course of cannabinoid accu-
mulation and chemotype development during the growth of Cannabis
sativa L. Euphytica. 2008;160:231-240.

48.

49.

50.

51.

52.

53.

54,

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

BACHIR ET AL.

Fournier G, Paris M. Determination of chemotypes from cannabinoids in
monoic fiber hemp (cannabis sativa L.) selection possibilities [in French].
possibilités de sélection. Physiol Veg. 1980;18:349-56.

Fournier G. Chemotypes of hemp (Cannabis sativa L.) Interest in a
breeding program [in French]. Agronomie. 1981;1:679-88.

UNODC. Morocco. Cannabis survey 2004 [in French]. https://www.unodc
.org/pdf/research/Morocco_survey_2004.pdf 2005 Accessed October 29,
2021.

Ohlsson A, Abou-Chaar Cl, Agurell S, et al. Cannabinoid constit-
uents of male and female Cannabis sativa. Bullet Narcot. 1971;23:
29-32.

Baker PB, Gough TA, Taylor BJ. The physical and chemical fea-
tures of Cannabis plants grown in the United Kingdom of Great
Britain and Northern Ireland from seeds of known origin—Part II:
second generation studies Sections. Bullet Narcot. 1983;35:
51-62.

Pitts JE, Neal JD, Gough TA. Some features of Cannabis plants grown in
the United Kingdom from seeds of known origin. J Pharm Pharmacol.
1992;44:947-51.

Holley JH, Hadley KW, Turner CE. Constituents of Cannabis sativa L. XI:
cannabidiol and Cannabichromene in Samples of Known Geographical
Origin. J Pharm Sci. 1975;64:892-5.

Pitts JE, O'Neil PJ, Leggo KP. Survey variation in the THC content of illicitly
imported cannabis products-1984-1989. J Pharm Pharmacol. 1990;42:
817-20.

Clarke RC. Part VI: constituents and quality of hashish. In: Hashish!. Red
Eye Press: Los Angeles, CA, 1998:201.

Clarke RC, Watson DP. Chapter 1: Cannabis and natural cannabis medi-
cines. In: Marijuana and the Cannabinoids. Forensic science and medicine.
Humana Press: Totowa, NJ, 2007:322.

Davis TWM, Farmilo CG, Osadchuk M. Identification and origin determi-
nations of cannabis by gas and paper chromatography. Anal Chem. 1963;
35:751-755.

Hanus LO, Levy R, De La Vega D, et al. The main cannabinoids content in
hashish samples seized in Israel and Czech Republic. Israel J Plant Sci.
2016;63:182-90.

Laverty KU, Stout JM, Sullivan MJ, et al. A physical and genetic map of
Cannabis sativa identifies extensive rearrangements at the THC/CBD acid
synthase loci. Genome Res. 2019;29:146-56.

deMeijer EPM, Bagatta M, Carboni A, et al. The inheritance of chemical
phenotype in Cannabis sativa L. Genetics. 2003;163:335-46.

Staginnus C, Zérntlein S, de Meijer E. A PCR marker linked to a
THCA synthase polymorphism is a reliable tool to discriminate po-
tentially THC-rich plants of Cannabis sativa L. J Forensic Sci. 2014;59:
919-26.

Weiblen GD, Wenger JP, Craft KJ, et al. Gene duplication and divergence
affecting drug content in Cannabis sativa. New Phytol. 2015;208:
1241-50.

Grassa CJ, Wenger JP, Dabney C, et al. A complete Cannabis chromosome
assembly and adaptive admixture for elevated cannabidiol (CBD) con-
tent. bioRxiv. https://doi.org/10.1101/458083.

Kojoma M, Seki H, Yoshida S, et al. DNA polymorphisms in the tetrahy-
drocannabinolic acid (THCA) synthase gene in “drug-type” and “fiber-
type” Cannabis sativa L. Forens Sci Int. 2006;159:132-40.

Onofri C, de Meijer EPM, Mandolino G. Sequence heterogeneity of
cannabidiolic- and tetrahydrocannabinolic acid-synthase in Cannabis
sativa L. and its relationship with chemical phenotype. Phytochemistry.
2015;116:57-68.

Saadat A, Mufti M, Khan M, et al. The identification of SNPs in THCA
synthase gene from Pakistani Cannabis. APJMBB. 2019;27:1-9.

Yassin M, Haluza-Delay R, Kadiri M, et al. Cannabis cultivation within a
religious context: a case study of Ghomara in the Rif Mountain (Northern
Morocco). J Ethn Subst Abuse. 2019;18:45-66.

Labrousse A, Romeo L. Report on the situation of cannabis in the
Moroccan Rif [in French]. French Observatory for Drugs and Drug
Addiction (OFDT): Morocco, 2001:23.

Afsahi K. Chapter 3: Cannabis Cultivation Practices in the Moroccan Rif. In:
Worldwide weed: global trends in cannabis cultivation and its control.
Ashgate: Farnham, 2010:39.

Afsahi K. No cannabis cultivation without women. The case of the Rif in
Morocco [in French]. Dév Soc. 2015;39:73-97.


http://www.rexresearch.com/hhist/hhicon.htm
http://www.rexresearch.com/hhist/hhicon.htm
https://www.unodc.org/pdf/research/Morocco_survey_2004.pdf
https://www.unodc.org/pdf/research/Morocco_survey_2004.pdf
https://doi.org/10.1101/458083

HISTORY AND CHARACTERISTICS OF LOCAL MOROCCAN CANNABIS

72.
73.
74.
75.
76.

77.

78.

79.

80.

81.
82.

83.

Chouvy P-A, Macfarlane J. Agricultural innovations in Morocco’s cannabis
industry. Int J Drug Policy. 2018;58:85-91.

Chouvy P-A. Production of cannabis and hashish in Morocco: context
and issues [in French]. I'espacepolitique. 2008;4:5-18.

UNODC. Morocco. Cannabis Survey 2003 [in French]. https://www.unodc
.org/pdf/publications/morocco_cannabis_survey_2003_en.pdf 2003
Accessed October 29, 2021.

UNODC. World drug report. 2013. United Nations: New York, 2013:151.
Afsahi K, Chouvy P-A. Moroccan hashish, from kif to hybrids [in French].
Drogues, enjeux internationaux. 2015:1-8.

Jin D, Jin S, Chen J. Classification of Cannabis Cultivars Marketed in
Canada for Medical Purposes and Growth Trends of the North American
Medical Cannabis Industry. The Second Annual Academic Conference of the
Specialty Committee of TCM Pharmacognosy of the World Federation of
Chinese Medicine Societies, Ontario, Canada, 2015. [Epub ahead of print].
Fennane M, Ibn Tattou M, Mathes J, et al. Practical flora of Morocco.
vascular plant determination manual [in French]. Volume 1, Pteridophyta,
Gymnospermae, Angiospermae (Lauraceae—Neuradaceae). Scientific
Institute, Mohammed V University of Rabat: Rabat, 1999.

Anderson LC. Leaf variation among Cannabis species from a controlled
garden. Bot Museum Leaflets. 1980;28:61-9.

Jenkins RW, Patterson DA. The relationship between chemical com-
position and geographical origin of cannabis. Forens Sci. 1973;2:
59-66.

Baker PB, Bagon KR, Gough TA. Variation in the THC content in illicitly
imported Cannabis products. Bull Narc. 1980;32:47-54.

Starks M. Marijuana Chemistry. Genetics, Processing and Potency. Ber-
keley: California, 1990.

Baker PB, Gough TA, Johncock SIM, et al. Variation in the THC content in il-
licitly imported Cannabis products—Part II. Bullet Narcot. 1982;34:101-118.

s

.

Cite this article as: Bachir F, Eddouks M, Arahou M, Fekhaoui M
(2022) Origin, early history, cultivation and characteristics of the tra-
ditional varieties of moroccan Cannabis sativa L., Cannabis and Can-
nabinoid Research 7:5, 603-615, DOI: 10.1089/can.2021.0020.

.

Abbreviations Used

BLD = board-leaf-drug
BP = before present
CBC = cannabichromene
CBD = cannabidiol
CBDAS = cannabidiolic acid-synthase
CBN = cannabinol
DEA = Administration Drug Enforcement (U.S.)
GC-FID = gas chromatography/flame ionization detection
GC-MS =gas chromatography/mass spectrometry
CGE = common garden experiments
HD = highly dosed
LARATES = Laboratory for Technical and Scientific Research and Analysis
LD = low dose
MD = moderately dosed
NLD = narrow-leaf-drug
NLH = narrow-leaf-hemp
SNP =single nucleotide polymorphism
THC = tetrahydrocannabinol
THCAS = tetrahydrocannabinolic acid-synthase
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