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ABSTRACT

The richness of the soil in beneficial and growth-stimulating microorganisms and their symbiotic interactions with
plants is a factor to be discovered. This kind of relationships is still poorly studied in cannabis (Cannabis sativa L.).
The endomycorrhizal status of cannabis was assessed in two cannabis varieties (Khardala and Critical) cultivated in
the Taounate region located in northern Morocco. Soil samples collected from the rhizospheric soil of two cannabis
parcels of khardala and critical were studied using the wet sieving method. Rhizospher soil of khardala presents a
sporal density of 200 spores/100 g of soil and a combinaison of 12 different AMF species divided morphologically
into 6 genera predominated by Glomus and Funneliformis. In the other hand, 243 spores per 100 g of soil were noted
in association with critical variety, the endomycorrhizal fungi community was represented by 15 species of 6 genera
predominated by Glomus. Contrary to expectations, cannabis is found to be mycorrhized, this symbiotic association

can be exploited in the soon future to develop profitability and cope with different types of stress.
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INTRODUCTION

Cannabis (Cannabis sativa L) is a medici-
nal plant historically and widely used, because
of the cannabinoids, as a medicine and even as
an illicit drug. (Karas et al., 2020). It is used to
reduces anxiety and insomnia, stimulates the ap-
petite, relieves pain, and is also utilized as an
anti-bacterial agent (Bourassa, 1972). The cul-
tivation of cannabis covers a large area in Mo-
rocco where it was used for centuries. Among
the northern regions, the isolated Rif mountains,
characterized by poor soils at risk of severe
erosion, are the main cultivation area (Afsahi,
2015). In recent years, cannabis plantations have
spread south from Ketama towards Taounate and
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the Fez region, and even further west, notably
towards Ksar El Kebir and around Larache. This
barrier zone, quite densely populated, is charac-
terized by its own local varieties that were re-
placed by new hybrid varieties such as Khardala
and Critical. This rapid trend towards hybrid va-
rieties (water-intensive) is depleting the region’s
water resources and worsening soil conditions
(Labrousse & Romero, 2001).

Different regulating biological processes can
assist in the maintenance of water resources and
restoration of soil structure and its fertility under
interaction activation with organisms of the eco-
systems (Bever et al., 1997). Among soil micro-
organisms communities, Arbuscular Mycorrhizae
Fungi (AMF) represent a “key” component in
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plant-soil systems. Known for its multiple ad-
vantages and benefits on plant production and
health, these growth-stimulating microorganisms
can form symbiotic relationships with plants
(Paliwoda & Mikiciuk, 2020). They are the most
common plant symbiosis worldwide optimizing
the development of various host plants through
different pathways (Van der Heijden et al., 1998).
AMF association could be the best solution for
plants with limited root systems such as canna-
bis, a plant of great economic and pharmaceutical
interest. To date, due to the restrictions imposed
on this type of cultivation, few studies are inter-
ested in the identification of AMF in association
with cannabis.

The objective of this work is to evaluate the
diversity of Arbuscular Mycorrhizae Fungi popu-
lation in new hybrid cannabis varieties cultivated
in the traditional fields and under environmental
conditions of the Taounate region.

MATERIAL AND METHODS
Surveys and sampling

Surveys were conducted in Taounate region,
mostly located at mountainous areas in the north
of Morocco. The area is situated in a Mediter-
ranean climate at an Altitude of 188m, Latitude:
34.55, Longitude: -4.93333 (34° 33" 0" Nord, 4°
55" 60" Ouest). Sampling was carried out in June
(dry season) by random sampling of the soil at a
depth of 20 cm.

Spore extraction

Using the wet sieving method described by
Gerdemann and Nicolson (1963) for the extrac-
tion of mycorrhizal spores, 100 g of each canna-
bis soil composite sample was studied by immer-
sion in 0.5 L of tap water and agitated for one
minute. After rapid decantation, the supernatant
is passed twice through four sieves of decreasing
mesh size from 500 to 50 microns. The contents
of the small-mesh sieves were recovered using
sterile distilled water and centrifuged in tubes for
4 min at 9000 rpm. After removing the superna-
tant, 20 ml of a 40% sucrose solution was added
to each centrifuge tube (Walker, 1983; Walker,
1992; Walker & Vestberg, 1998). The tubes are
shaken manually and centrifuged at 9000 rpm for
1 min. Finally, the supernatant (spores suspended

in the sucrose solution) was collected in a 50-mi-
cron mesh sieve. Then rinsed with distilled water
to remove sucrose, disinfected with streptomycin
solution and recovered in flasks. The spores re-
covered were observed using a binocular magni-
fying glass and identified according to the spe-
cies descriptions provided by The International
Collection of (Vesicular) Arbuscular Mycorrhizal
Fungi (INVAM), the classification of Schenck
and Smith (1982) and the criteria provided by Re-
decker et al. (2013).

RESULTS

The study of the Arbuscular Mycorrhizae
Fungi related the cannabis rhizosphere cultivated
in fields of the Taounate region revealed a fairly
significant diversity of endomycorrhizal fungi
which includes several species belonging to sev-
eral genera. The number of endomycorrhizal fun-
gal spores isolated from the rhizosphere of can-
nabis varied over the cannabis varieties.

The morphological study of soil spores of
the khardala variety indicated the presence of 12
morphotypes: represented by Dentiscutata het-
erogama, Glomus microcarpum, Funneliformis
geosporum, Glomus mosseae, Glomus deserti-
cola, Funneliformis verruculosum, Scutellospora
nigra, Glomus constrictum, Funneliformis con-
strictum, Rhizophagus fasciculatus, Acaulospora
sp., Acaulospora bireticulata. These species be-
longed to 6 genera (Dentiscutata, Glomus, Fun-
neliformis, Acaulospora, Rhizophagus, and Scu-
tellospora), 3 Families (Glomaceae, Acaulospo-
raceae, and Gigasporaceace), and 2 orders (Glom-
erales, and Diversisporales) (Figure 1). A spore
density of 200 spores/100 g of soil was noted in
the rhizospheric soil of Khardala variety.

In the other hand, the Critical variety soil
showed 15 different morphotypes represented by
the following species: Acaulospora sp., Glomus
macrocarpum, Funneliformis geosporum, Glo-
mus macrocarpum, Rhizophagus intraradices,
Glomus deserticola, Acaulospora morrowiae,
Scutellospora  fulgida, Acaulospora excavata,
Glomus pellucidum, Glomus versiforme, Glomus
fasciculatum, Gigaspora candida, Glomus am-
bisporum, Glomus claroideum. These species are
representatives of 3 families (Glomaceae, Acau-
losporaceae, and Gigasporaceae), and 2 orders
(Glomerales, and Diversisporales) (Figure 2).
with a spore density of 243 spores/100 g of soil.
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Figure 1. Endomycorrhizal species isolated from the khardala rhizosphere: 1 — Dentiscutata heterogama,

2 — Glomus microcarpum, 3 — Funneliformis geosporum, 4 — Glomus mosseae, 5 — Glomus deserticola, 6 —

Funneliformis verruculosum, 7 — Scutellospora nigra, 8 — Glomus constrictum, 9 — Funneliformis constrictum,
10 — Rhizophagus fasciculatus, 11 — Acaulospora sp., 12 — Acaulospora bireticulata

DISCUSSION

Due to the restrictions imposed on cannabis
production in many countries, researches on this
plant are very scarce. This study is one of the few
studies focused on investigating the interactions of
cannabis with soil biological components. The re-
sult highlighted a significant richness of the soil of
two cannabis varieties with mycorrhizal structures
(spores) belonging to different genera and families.

According to Aubin and his collaborators
(2016), the identification of cannabis-related
mycorrhizal strains would allow a more in-depth
analysis of the behavior of different species. The
identification of spores would also make it pos-
sible to characterize the AMF community com-
position in association with this species of par-
ticular benefits and to study the complementarity
or competitiveness between strains for resources
or any other significant interaction. Plant spe-
cies have different mycorrhizal dependencies,
therefore different colonization levels and adap-
tation strategies to the environment. In addition,
the biological mechanisms by which the specif-
ic richness of plants and their composition are
regulated are still poorly known (Bationo et al.,

32

1986). According to the descriptions of Beaulieu
and Doucet in 2013, cannabis has a taproot 15 to
30 cm in length with a tightly limited develop-
ment capacity and linked to the structure of the
soil. These criteria influence the development
and productivity of cannabis in biomass and
seeds. In an effort to reduce stress related to root
physiology, resorting to the use of mycorrhizae
in cannabis is not only a more environmentally
friendly method, but it also optimizes root ef-
ficiency and the uptake of nutrients and water
(Kakabouki et al., 2021).

One of the few studies, Citterio and his co-
workers, in 2005, noted changes in growth and
heavy metal accumulation in the roots of Canna-
bis sativa in presence of mycorrhizal fungus. The
results showed that Glomus mosseae induced a
reduction in biomass yield correlated with an in-
crease in root colonization by mycorrhizae. The
same study showed considerable improvement
in metal translocation from root to shoot in Can-
nabis sativa L. The possibility of increasing the
accumulation of metals in the shoots is very in-
teresting for phytoextraction purposes, it helps
to better exploit soil components, specifically
for plants with high biomass production and low
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Figure 2. Endomycorrhizal species isolated from the Critical rhizosphere: 1 — Acaulospora sp., 2 — Glomus
macrocarpum, 3 — Funneliformis geosporum, 4 — Glomus macrocarpum, 5 — Rhizophagus intraradices, 6 —
Glomus deserticola, 7 — Acaulospora morrowiae, 8 — Funneliformis geosporum, 9 — Glomus macrocarpum, 10 —
Scutellospora fulgida, 11 — Acaulospora excavata, 12 — Glomus pellucidum, 13 — Glomus versiforme 14 — Glomus
fasciculatum 15 — Gigaspora candida, 16 — Glomus deserticola, 17 — Glomus ambisporum, 18 — Glomus claroideum

metal translocation as cannabis. In another crop,
Glomus plays an important role in the overall nu-
trient cycle of ecosystems (Schiifler, 2001) and
(Sharma & Yadav., 2013).

Aubin demonstrated in 2016 that mycorrhi-
zal application resulted in significant effect on
the yield and development of industrial hemp.
Moreover, although the effect was not statistical-
ly significant, the average grain yield of the plots
inoculated with mycorrhizae was higher than the
yields of the control plots.

Besides cannabis, most plants are able to form
a cross-relationship with mycorrhizal fungi. This

symbiotic relationship has a beneficial effect on
plant growth and performance and on soil health.
Mycorrhizae contribute through their networks
of filaments to increase the absorption of mineral
nutrients (available phosphorus) and water and
also to strengthen the vigor of the plant and its re-
sistance to biotic and abiotic stresses (Gianinazzi
et al., 2010). The orientation towards the positive
exploitation of beneficial fungi is a very useful
tool to prevent the appearance of pests and diseas-
es that can affect the cultivation of cannabis and
to improve the health of the plant and its yield.
(Msairi et al., 2021).
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CONCLUSION

Mycorrhizae is a widely accepted beneficial
relationship between plant roots and certain ben-
eficial soil fungi. The analysis of cannabis soil
in the Taounate region has revealed a significant
diversity of mycorrhizal spores. These structures
are identified and related to different genera and
families. The presence of this type of fungus at
the rhizospheric soil level can be considered as a
good sign that can be exploited in more advanced
research aiming to improve the performance of
the cannabis root system.

Acknowledgements

Authors thank National Agency of Medicinal
and Aromatic Plants (ANPMA) and Laboratory for
Plant, Animal and Agro-industrial Production, Fac-
ulty of Science, Ibn Tofail University for providing
laboratory facilities to carry out the experiments.

REFERENCES

1. Afsahi K. 2015. Are Moroccan cannabis growers
able to adapt to recent European market trend?’
International Journal of Drug Policy, International
Journal of Drug Policy, 26, 327-329. https://doi.
org/10.1016/j.drugpo.2014.11.012

2. Aubin M.P,, ILemay I., Lalonde O., Bouchard A.,
Trépanier M., Akpakouma A. 2016. Impact de 1'uti-
lisation des mycorhizes a arbuscules sur I’accés aux
¢léments nutritifs du chanvre et sur la rentabilité
de la production [Impact of the use of arbuscular
mycorrhizae on access to hemp nutrients and on
production profitability], 1-26. http://www.cdbgq.
net/wp-content/uploads/2017/01/rapport_final pa-
daar cdbq.pdf

3. Bationo A., Mugbogho S.K., Mokwunye A.U.
1986. Agronomic evaluation of phosphate fer-
tilizers in Tropical Africa. U. Mokwunye et al.
(eds.), Management of Nitrogen and Phosphorus
Fertilizers in Sub-Saharan Africa. Martinus Ni-
jhoff Dordrech, Netherlands, 283—-318. https://doi.
org/10.1007/978-94-009-4398-8 10

4. Beaulieu M., Doucet F. 2013. La graine de chanvre
biologique. Un guide de production pour 1’Est-du-
Québec. Gouvernement du Québec. Dépdt 1égal
Bibliothéque et Archives nationales du Québec
[Organic hemp seed. A production guide for East-
ern Quebec. ©Government of Quebec. Legal de-
posit Library and National Archives of Quebec].
https://www.agrireseau.net/agriculturebiologique/
documents/guide%20production%20graine%

34

20chanvre%20bio 1%C3%A9duit.pdf

5. Bever J.D., Westover K.M., Antonovics J. 1997.
Incorporating the soil community into plant pop-
ulation dynamics: the utility of a feedback ap-
proach. Journal of Ecology, 85, 561-571. https://
doi.org/10.2307/2960528

6. Bourassa M. 1972. Cannabis: marijuana, haschich,
T. H.C. Revue Prospectives, 8(2), 88-98. URL =
https://core.ac.uk/download/52989883.pdf

7. Citterio S., Prato N., Fumagalli P., Aina R., Massa
N., Santagostino A., Berta G. 2005. The arbuscu-
lar mycorrhizal fungus Glomus mosseae induces
growth and metal accumulation changes in Can-
nabis sativa L. Chemosphere, 59(1), 21-29. https://
doi.org/10.1016/j.chemosphere.2004.10.009

8. Gerdemann J.W., Nicolson T.W. 1963. Spores of
mycorrhizal endogone species extracted from soil
by wet-sieving and decanting method. Transact.
British Mycological Society, 46, 235-245. https://
srv2.freepaper.me/n/wSnblbeX1cYJInqGzqgagLA/
PDF/3a/3a70a9cecd93997cal f0deb7db2beb79.pdf

9. Gianinazzi S., Gollotte A., Binet M.N., Van Tuinen
D., Redecker D., Wipf D. 2010. Agroecology: the
key role of arbuscular mycorrhizas in ecosystem
services. Mycorrhiza, 20, 519-530. https://doi.
org/10.1007/s00572-010-0333-3

10. INVAM. 2017. Species descriptions from reference
cultures. International Culture Collection of (Vesic-
ular) Arbuscular Mycorrhizal Fungi. Morgantown:
West Virginia University, Davis College of Agricul-
ture, Natural Resources and Design. http://fungi.in-
vam.wvu.edu/the-fungi/species-descriptions.html.

11. Kakabouki I., Mavroeidis A., Tataridas A., Kous-
ta A., Efthimiadou A., Karydogianni S., Katsenios
N., Roussis I., Papastylianou P. 2021. Effect of
Rhizophagus irregularis on Growth and Qual-
ity of Cannabis sativa Seedlings. Plants, 10(7),
1333. https://doi.org/10.3390/plants10071333

12.Karas J.A., Wong L.J.M., Paulin O.K.A., Mazeh
A.C., Hussein M.H., Li J., Velkov T. 2020. The
Antimicrobial Activity of Cannabinoids. Antibi-
otics (Basel), 9(7), 406. https://doi.org/10.3390/
antibiotics9070406

13. Labrousse A., Romero L. 2001. Rapport sur la situ-
ation du cannabis dans le Rif marocain (Juin-aotit
2001), Observatoire frangais des drogues et des toxi-
comanies (OFDT) [Report on the cannabis situation
in the Moroccan Rif (June—August 2001), French
observatory for drugs and drug addiction (OFDT)],
available at http://www.ofdt.fr/ BDD/publications/
docs/epbxalhc.pdf

14. Msairi S., Chliyeh M., Artib M., Elgabardi S.,
Selmaoui K., Ouazzani Touhami A., Benkirane
R., Douira A. 2020. Effect of Endomycorrhizal
Inoculum on the Growth and Protection of Ol-
ive Plants Against Phytophthora palmivora. Tree



Ecological Engineering & Environmental Technology 2023, 24(5), 30-35

15.

16.

17.

18.

19.

Planters’ Notes, 63(1), 19-28. URL= https://www.
researchgate.net/publication/342039398 Effect
of Endomycorrhizal Inoculum on the Growth
and_Protection_of Olive Plants Against Phy-
tophthora palmivora#fullTextFileContent

Paliwoda D., Mikiciuk G. 2020. Use of Rhizosphere
Microorganisms in Plant Production - A Review
Study. Journal of Ecological Engineering, 21, 292—
310. https://doi.org/10.12911/22998993/126597

Redecker D., Schiissler A., Stockinger H., Stiirmer
S.L., Morton J.B., Walker C. 2013. An evidence-
based consensus for the classification of arbus-
cular mycorrhizal fungi (Glomeromycota). My-
corrhiza, 23(7), 515-531. https://doi.org/10.1007/
s00572-013-0486-y

Schenck N.C., Smith G.S. 1982. Responses of six
species of vesicular-arbuscular mycorrhizal fungi
and their effects on soybean at four soil tempera-
tures. New Phytologist, 92(2), 193-203. https://doi.
org/10.1111/j.1469-8137.1982.tb03376.x

Schiipler A., Schawrzott D., Walker C. 2001. A new
phylum, the Glomermycota: phylogeny and evolu-
tion. Mycological Research, 105(12), 1413—-1421.
https://doi.org/10.1017/S0953756201005196

Sharma A., Yadav M. 2013. Isolation and character-
ization of vesicular arbuscular mycorrhiza from barley

fields of jaipur district. International Journal of Agri-
cultural Science and Research, 3(1): 151-156. http:/

20.

21

22.

23.

www.tjpre.org/publishpapers/2-50-1357716427-13.
Agri%20Isolation%20.full.pdf

Van Der Heijden M.G.A., Klironomos J.N., Ur-
sic M., Moutoglis P., Streitwolf-Engel R., Boller
T., Wiemken A., Sanders I.R. 1998. Mycorrhizal
fungal diversity determines plant biodiversity,
ecosystem variability and productivity. Nature,
396(6706), 69—72. https://serval.unil.ch/resource/
serval:BIB_ 2B45C4CA31A8.PO01/REF.pdf

. Walker C. 1983. Taxonomic concepts in the En-

dogonaceae: spore wall characteristics in species
descriptions. Mycotaxon, 18, 443-455. https://
www.researchgate.net/profile/Christopher-Walk-
er/publication/290126258 Taxonomic con-
cepts_in the Endogonaceae II A fifth morpho-
logical wall type in endogonaceous_spores/
links/56a3864408aeef24c589a41f/Taxonomic-con-
cepts-in-the-Endogonaceae-II-A-fifth-morphologi-
cal-wall-type-in-endogonaceous-spores.pdf
Walker C. 1992. Systematics and taxonomy of the
arbuscular endomycorrhizal fungi (Glomales)- a
possible way forward. Agronomie, EDP Sciences,
12(10), 887—-897. https://hal.archives-ouvertes.fr/
hal-00885447/document

Walker C., Vestberg M. 1998. Synonymy amongst
the arbuscular mycorrhizal fungi: Glomus claroi-
deum, G. maculosum, G. multisubstenum and G. fis-
tulosum. Annals of Botany, 82(5), 601-624. https://
doi.org/10.1006/anbo.1998.0714

35



