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cyanobacteria diversity and distribution in
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Abstract

Background: Cyanobacteria are among the first photoautotrophic component of soil microorganism communities
which play a key ecological role in nutrient cycles and soil productivity. However, the sustainability of these soil
biodiversity ecosystem services is increasingly compromised, especially in urban and peri-urban areas where soils are
heavily exploited and used for a wide range of human activities. The aim of this study is to assess the impact of
different types of human disturbances on cyanobacteria diversity and distribution in suburban soils of Marrakesh. Soil
and cyanobacteria sampling were carried out during two campaigns at six sites located along an anthropogenic
gradient from the least urbanized suburbs of Marrakesh to the highly anthropized suburban area. In the laboratory, soil
physicochemical characteristics were measured. The morphological identification of cyanobacteria species was based
both on microscopic observation and on soil cultures in solid and liquid Z8 media.

Results: The results showed a total of 25 cyanobacteria taxa belonging to ten genera, four families, and two orders
(Oscillatoriales 88% and Chroococcales 12% of taxa). Among the taxa identified, seven strains were isolated in soil
culture in nutrient media and purified in monoalgal culture. The highest cyanobacterial diversity was recorded in
irrigated soil with treated wastewater compared to the non-cultivated control soil. In Principal Component and Cluster
Analysis, suburban soils were subdivided into three groups depending on the chemical properties and cyanobacteria
composition. Cyanobacteria diversity was significantly associated with the soil moisture, total organic carbon (TOC),
PO4-P, NO3-N, and NH4-N contents.

Conclusions: While diversity and microalgal biomass were significantly lower in the soils affected by municipal and
mining solid wastes, the input of organic matter and nutrients from treated wastewater appears to be beneficial for the
increasing of the biodiversity of soil cyanobacteria. This survey provides a first inventory of the soil cyanobacterial
communities and shows their spatial variability and high sensitivity to the land-use practices and anthropogenic
disturbances on urban soil in Moroccan drylands.
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Introduction
Cyanobacteria are the oldest photoautotrophic component
of microbiota that include archaea, bacteria, microalgae,
microfungi, lichens, and protozoa ( Rivera-Aguilar et al.
2006; Maestre et al. 2011). They are a diverse group of
prokaryotes found in a wide array of aquatic and terres-
trial habitats and are well adapted to hostile environments
like extremely arid and dryland areas (Douma 2010).
Thanks to their numerous adaptations, they can colonize
unstable substrates and their presence can also improve
the environmental role and functions of the soil biocrust
through carbon sequestration and nitrogen fixation (Büdel
et al. 2016). They are pioneers on many nutrient-poor and
abiotically stressful substrates, creating stable organo-
mineral layers on which other species can subsequently
recruit and grow (Rossi and De Philippis 2015). Cyanobac-
teria are well known for their agronomic importance, act-
ing as one of the major determinants of soil fertility by
adding organic matter, nitrogen and phosphorus (Whitton
and Potts 2007; Singh et al. 2014; Rossi et al. 2017), redu-
cing the erosion of soil and thus favoring the settlement of
vascular plants (Lin et al. 2013). They may also contribute
to the suppression of phytopathogens (Prasanna et al.
2013) and produce substances (phytohormones, carbonic
acids, polysaccharides) that promote plant growth (Rodrí-
guez et al. 2006; Karthikeyan et al. 2007; Shariatmadari
et al. 2013) and improve soil aggregation and structural
stability (Song et al. 2005). Moreover, cyanobacteria are
best known for their adaptability to survive in polluted
and heavily polluted environments and their capacity to
degrade organic waste, various agrochemicals (pesticides,
herbicides) and remove heavy metals and other pollutants
(Vijayakumar 2012; Subashchandrabose et al. 2013; Singh
et al. 2014).
Although several recent researches have shown the

ecological functions and great biotechnological potential
of cyanobacteria as bio-resource in agriculture, soil eco-
system remediation, and environmental sustainability
(Singh et al. 2016; Bag et al. 2019; Rocha et al. 2020), the
ecosystem services of cyanobacterial soil diversity are
threatened by urban, agricultural and industrial land
uses. Indeed, the advancing urbanization and the in-
crease of domestic and agro-industrial effluents and
wastes have caused the deterioration of soil microbial
communities, including cyanobacteria (Sharma 2015).
The agricultural activities are places of intensive an-
thropogenic activity, including tillage and the application
of chemical fertilizers, pesticides, and herbicides. Such
human activities affect the physicochemical properties of
soils and thus could reduce the diversity of soil microal-
gae, including cyanobacteria (Mostafa and Helling 2002).
Furthermore, mining activities generate a large amount
of toxic waste (heavy metals) that is very unstable in the
soil. They are a major source of soil ecosystem

disturbance and cause considerable harm to vegetation
and soil microorganisms (El Alaoui et al. 2019).
Soil is a complex environment characterized by a wide

variety of microorganisms, chemical compounds, and
complex physical structure. It not only ensures terrestrial
biodiversity, but also provides habitat for a large number
of organisms (Bardgett et al. 2005; Briones 2014). Urban
soils and their biodiversity provide a variety of ecosystem
services, including nutrient cycling, depollution, fertility,
and carbon storage (Guilland et al. 2018). However, these
urban soil biodiversity functions are threatened by
urbanization, compaction, and pollution which cause ac-
cumulation of various contaminants, chemical compounds
and heavy metals, changes in humus content, organic car-
bon, and pH (Carrino-Kyker et al. 2011; Maltsev et al.
2017; Li et al. 2017). Urbanization processes in natural
landscapes have caused some changes in the biological
factor of soil formation and the creation of artificial eco-
logical systems (Rai et al. 2018; Wang et al. 2020).
Urbanization also results in the creation of specific bio-
topes with a species composition characteristic of living
organisms (Caruso et al. 2017; Joimel et al. 2017). This soil
habitats alteration is drastic and is increasing at an alarm-
ing rate, and has emerged as a major threat to the soil
microbial biodiversity (McKinney 2006). Although the re-
search on soil biodiversity has grown exponentially over
the last two decades, work has been concentrated on
natural environments and few investigations have been
carried out on urban soils (Joimel et al. 2017; Guilland
et al. 2018; Rutgers et al. 2019). More recently, the investi-
gation of microbial biodiversity in urban ecosystems has
gained interest as an important feature of ecological inves-
tigations. Prokaryotic microalgae are an indispensable part
of soil biodiversity and urban ecosystems, performing an
important regulatory function and play a key role as pri-
mary producers, in self-purification processes and support
the ecological stability (Shekhovtseva 2014; Maltsev et al.
2017). Other researchers suggest that their high sensitivity
to environmental stressors and their omnipresence and
short generation time also highlight their potential as
bioindicators of global change (Kannan et al. 2012;
Muñoz-Martín et al. 2019). Indeed, cyanobacteria and
eukaryotic microalgae (notably diatoms) have been
used as bioindicators of soil health in ecological mon-
itoring (Maltsev et al. 2017; Barragán et al. 2017;
Foets et al. 2021).
Reports on terrestrial algal communities including

cyanobacteria in urban habitats have gradually emerged
in the last two decades (Rindi and Guiry 2019; Doro-
khova et al. 2015; Maltsev et al. 2017; Rai et al. 2018).
Most of these studies were carried out in European,
Asian, the USA, and South American cities while few
works have been published in other continents such
Africa (Rindi 2007; Guilland et al. 2018). In the
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Northern part of Africa with larger arid and hyper-arid
landscapes, little is known about the soil cyanobacteria
communities that are still underexplored and where
their ecology remains little known. In Morocco, where
urbanization is growing in extent and intensity, no stud-
ies have been carried out on the abundance and diversity
of urban soil cyanobacteria and the human impact as-
sessment. The aim of this study is to investigate the
cyanobacterial diversity of peri-urban soils and evaluate
the impact of the human disturbances on their distribu-
tion along a rural-urban land use gradient in Marrakesh
arid area. We investigated the effect of different types of
disturbances and land use practices (non-cultivated rural
soil, non-cultivated soil from the palm grove of Marra-
kech, agricultural soil irrigated by groundwater, agricul-
tural soil irrigated by waste water, soil from public
dumps, soil contaminated by mine wastes) in order to
(a) assess their impact on soil physicochemical proper-
ties and the composition and diversity of urban soil
cyanobacteria and (b) understand their effect on the
ecology of soil cyanobacterial communities and deter-
mine the factors affecting the distribution and variability
of these microprokaryotes in response to the land use
practices.

Materials and methods
Study area
The study was conducted in Marrakesh peri-urban area
(southwestern of Morocco, Fig. 1) known for its arid cli-
mate and low rainfall during the wet season (150–300
mm) (Stour and Agoumi 2008). Temperatures show
large ranges of daily and seasonal variations. In winter,
the minimum temperature can drop below 0°C with an

average of 5°C. In summer, maximum temperatures of
48 to 50°C can be observed (El Khalil et al. 2013). The
area of Marrakesh is located on recent quaternary for-
mations (alluvium, alluvial loam, and red surface loam)
and on recent and partially fixed sand dumps (Hibti
2001). The natural vegetation cover is composed by the
jujube steppe, pistachio, date palm, and olive trees (El
Faïz 2002).
In recent years, the Marrakesh city (with almost 1 mil-

lion inhabitants) has undergone accelerated expansion
and urbanization. The development, in the peripheral
area, of different human activities and land use practices
(e.g., agriculture, industry, mines and quarries, tourist at-
tractions…) and the installation of sanitation infrastruc-
ture (wastewater treatment plant, landfill site) generate
strong pressures with a potential impact on suburban
soils. The study area was selected in the northern peri-
urban zone of the city (Fig. 1) characterized by different
types of disturbances. This area was chosen based on the
existence of an increasing urbanization gradient from
east to west in order to compare the cyanobacterial di-
versity between rural (least urbanized) and urban
anthropized soils.

Sampling sites and soil sampling
Six sampling sites were selected along an anthropogenic
gradient according to the current human activity, land
use, and cultivation practices. Soil samples were col-
lected in five potential disturbed sites and one least ur-
banized rural reference site (Fig. 1). The use of one
single site as a control area is justified by the homoge-
neous geochemical composition of the soil in Marrakech
area allowing the separation of anthropogenic impacts

Fig. 1 Location of sampling sites in Marrakech peri-urban area. S1: reference Site; S2: non-cultivated land—construction waste area; S3: Cultivated
land—groundwater; S4: non-cultivated land—former dump; S5: cultivated land—treated wastewater; S6: non-cultivated land mine wastes (the map of
Marrakesh city is carried out by El Khalil et al. (2013)
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from intrinsic variables. According to El Khalil et al.
(2013), the peri-urban and urban soils of Marrakech
present geochemical compositions that are generally
similar for many elements. Table 1 provides a de-
scription of the sampling sites, information on types
of human disturbance, land use, and potential pollut-
ing agents.
Eighteen soil samples (6 sites × 3 replicates per site)

were collected at the six sites on February 15 (cold and
humid period) and May 5 (warmer and drier period),
2016. In each sampling site, an area of 500–1000 m2 was
investigated to select three representative soil sampling
points, showing a range of biocrust colonization states
(Belnap et al. 2008). At each sampling point, one com-
posite soil sample was taken from the surface layer after
removal of moss, lichen, or vascular plants if any, as pre-
viously described by Garcia-Pichel et al. (2016). Each
composite sample consists of six small sub-samples of
10 cm2 in area and 0–5-cm deep, taken randomly with a
sterile spatula. Samples were collected in clean poly-
ethylene bags and maintained at 4°C until further ana-
lysis (Řeháková et al. 2011).

Soil physicochemical property measurements
In the laboratory, the soil samples were air-dried at
room temperature and sieved (< 2 mm) for physico-
chemical analysis (El Khalil et al. 2013). The soil analysis
was performed on the < 2 mm size fraction according to
NF ISO 10260 (1992). A conductivity meter (Cond 1970i
WTW GmbH, Weilheim, Germany) was used to meas-
ure the electrical conductivity. The pH was determined
using a pH meter (pH 1970i WTW GmbH, Weilheim,
Germany). Anne’s method (Aubert 1978) was used to

estimate total organic carbon (TOC). This method is
used to assess the organic matter content of soil sam-
ples. Available phosphorus was quantified by the Olsen
method (Olsen et al. 1954). The ammonium nitrogen
(NH4-N) and nitrate nitrogen (NO3-N) contents were
measured according to AFNOR (1975) and Devarda’s
alloy method (Liao 1981), respectively. The soil moisture
was measured gravimetrically according to the standard
method (AFNOR 2000). The soil samples were oven-
dried at 105°C for 48 h based on the oven drying
method. The chlorophyll a (chl-a) content of the soil
was determined by extraction with boiling ethanol (NF
ISO 10260, 1992).

Taxonomic identification of cyanobacteria
Morphological identification of cyanobacterial taxa was
performed using field samples and soil cultures on
enriched medium (Mansour and Shaaban 2010). A sus-
pension of each soil sample was obtained by dissolving 1
g of soil diluted 10 ml fold in sterilized distilled water. A
few drops of this suspension were instantly observed
under a research optical microscope (Motic BA210,
China, ×400 and ×1000 magnification) to do a prelimin-
ary identification of the cyanobacterial taxa. They were
then identified using recent monographs on cyanobac-
teria. (Anagnostidis and Komarek 1990; Komárek and
Anagnostidis 1998; Komárek and Anagnostidis 2005;
Komárek 2013).

Strain isolation and culture conditions of cyanobacteria
In order to identify cyanobacterial taxa that not be ob-
served in field material, enrichment cultures in solid and
liquid media were carried out as described by Hakkoum

Table 1 Description of sampling sites

Sampling sites Coordinates Altitude
(m)

Type of disturbance and land uses

S1:
Reference site

N : 31° 25.226′
W : 007°
50.240′

436 Reference site, located at 20 km east of Marrakesh, uncultivated land,
jujube steppe soil. Rural area without significant human activities.

S2:
Non-cultivated land—construction waste area

N : 31° 41.284′
W : 007°
59.823′

397 Non-cultivated land, site located on the palm grove of Marrakech.
Soil slightly disturbed by construction waste.

S3: Cultivated land—groundwater N : 31° 41.181′
W : 008°
01.924′

402 Cultivated land, Food and fodder crop fields. Soil fertilized and
irrigated by groundwater.

S4:
Non-cultivated land—former dump of
Marrakesh

N : 31°42, .170′
W : 008°
03.921′

405 Non-cultivated land, site located near the former public dumps
of Marrakech. Polluted soil by the discharges of municipal solid waste.

S5:
Cultivated land—treated wastewater

N : 31° 42.373′
W : 008°
04.312′

385 Cultivated land, Cereal and alfalfa fields and crops. Irrigated soil by
treated wastewater from the Marrakesh treatment plant.

S6:
Non-cultivated
land—mine wastes

N : 31° 42.906′
W : 008°
08.091′

372 Non-cultivated land, site located at 13 km northwest of Marrakesh in
the vicinity of the Draa Lasfar mine
(production of copper, cobalt, zinc, and lead). Soil contaminated by
solid mine wastes.
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et al. (2020). After sieving and grinding soil samples, a
series of 5 dilutions ranged from 10-1 to 10-5 were pre-
pared. Under aseptic conditions, 1 ml of the soil suspen-
sion of each dilution was inoculated in triplicate on solid
(1.5% agar) and then on liquid media. Z8 medium, ori-
ginally described by Kotai (1972), was used for the
cyanobacteria strain isolation. Although no single
medium will work for all species, the use of Z8 medium
has been widely used for the isolation and culture of sev-
eral cyanobacteria. Its selectivity for cyanobacteria iso-
lates can be improved by modified nutrient (especially
nitrogen) content and low-light incubation which limit
the growth of most other eukaryotic algae. Morover, the
omission of copper from trace element solution may be
the key to its ability to support the growth of cyanobac-
teria (Skulberg 1983). The cultures were maintained
under controlled conditions (temperature 26 °C ± 1,
light intensity 60 μmol/m-2/s, light-dark cycle of 15/9
h with continuous aeration) for 8 to 12 days. After the
growth of the cyanobacteria, a series of successive trans-
plants of the isolated strains on a new medium was car-
ried out to obtain a purified monoalgal culture. The
monoalgal strains were utilized for in-depth morpho-
logical identification of the species under light micros-
copy (Motic BA210, China) using the analysis of the
imaging software (Motic images+ 2.0).

Data analysis
The analysis of all soil parameters was done in triplicate
per sampling site. The results are given in mean ± stand-
ard error (SE). Two-way Analysis of Variance (ANOVA)
was performed to assess the significant effects of main fac-
tors (type of disturbance and sampling time) and their
interaction. Significant differences among these two fac-
tors were calculated at 5%. When the interaction between
factors was significant according to the ANOVA analysis,
post hoc comparisons with Tukey’s HSD test were used to
find differences between groups. The ANOVA analysis
was carried out using SPSS version 22.0 statistical soft-
ware (IBM Corp. 2013).
Multivariate analysis was made to identify correla-

tions between different groups of cyanobacteria and
soil properties using principal component analysis
(PCA). In the data matrix, the individuals are the
sampling sites (6); the variables are the cyanobacteria
taxa (25) and the physicochemical parameters (7).
The PCA ordinations were constructed from a dis-
tance matrix of environmental variables. Next, a
cluster analysis was carried out to establish a soil
typology and evaluate the degree of similarity of the
study sites. The analysis was performed using
XLSTAT 2016 version 18.02.01.27444; Addinsoft,
France.

Results
Soil physicochemical parameters
The two-way ANOVA revealed highly significant (p < 0.01)
effect of site (type of disturbance) and sampling time on soil
physicochemical parameters except pH and NH4-N with
non-significant effect of sampling time (Table 2). The spatial
variability of pH and NH4-N exceeded temporal variability.
All measured parameters were also significantly influenced
by the interaction of the two factors (total effect). The pH
values were significantly (p < 0.05) decreased with increasing
urbanization gradient. The soil pH values were significantly
(p < 0.05) more neutral at the strongly disturbed sites as
compared with the reference site. Electrical conductivity
showed a significant increase (p < 0.05) with increasing
urbanization gradient. The highest values were recorded in
the strongly anthropized soils, with 3175 and 2250 μS/cm in
the former dump and in vicinity of the Draa Lasfar mine site,
respectively., while the reference site (S1) showed the lowest
value (179.8 μS/cm). The soil moisture of the irrigated soils
(S3 and S5) was significantly higher than the other types of
land uses. In addition, at all sites, soil moisture values showed
a remarkable significant increase (p < 0.05) during the Febru-
ary campaign (up to 26.03% in S3), whereas it decreased dur-
ing the May campaign (up to 3.6% in S1), except in S6.
Agricultural irrigated (S3, S5) and landfill soils (S4) had a sig-
nificant (p < 0.05) higher concentrations of total organic car-
bon, ammonium and nitrate nitrogen, and available
phosphorus, while the lowest contents was observed at the
non-cultivated control site (S1) and the mine site (S6).

Chlorophyll a and soil algal biomass
The soil algal biomass, as assessed by chl-a content, was
significantly different (p < 0.05) between soils ranged
from 0.36 μg/.g at the mining soil to 39.36 μg/g-1 at irri-
gated soil with treated wastewater (Fig. 2). The chl-a
content was significantly (p < 0.05) higher at the irri-
gated soils (S3 and S5) and lower at the landfill (S4) and
mining soils (S6) compared with the reference site. The
two-way ANOVA showed a significant effect (p < 0.05)
of the sampling time on the chl-a of the undisturbed
soils (S1 and S2) (Fig. 2). However, at human disturbed
soils (S3, S4, S5, and S6), the spatial variability (disturb-
ance effect) of chl-a exceeds the seasonal variability.

Cyanobacterial diversity: morphological identification and
strain isolation
Using a culture-based approach, a total of 25 cyanobac-
teria taxa were identified in the soil samples (Table 3),
belonging to 2 orders, 4 families, and 10 genera (Fig. 3b,
c). The Oscillatoriales are the most diverse order with
88% of all taxa, followed by the Chroococcales (12%)
(Table 4). The species richness was significantly different
(p < 0.05) between soils (Fig. 3a). The highest species
number was observed in agricultural soils irrigated either
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by treated wastewater (S5, 12 taxa) or groundwater (S3,
10 taxa) while the lowest one was observed in landfill
soil (S4, 1 taxa) and mining soil (S6, 3 taxa). The two-
way ANOVA showed a significant effect (p < 0.05) of
the sampling time on the cyanobacterial diversity of the
agricultural soils (Fig. 3a). However, no significant effect

of sampling time on diversity was observed in heavily
anthropized soils. The three genera Phormidium (9
taxa), Pseudanabaena (4 taxa), and Leptolyngbya (4 taxa)
were the most represented (Fig. 3c). In order of occur-
rence, the common species present in most soil were
Phormidium crassivaginatum, Phormidium autumnale,

Table 2 Physicochemical properties of sampled soils

Parameter pH EC H TOC PO4-P NH4-N NO3-N

S1 F 9.04a±0.01 180.3f±1.80 6.55f±0.05 0.63f± 0.03 0.17f±0.00 0.02d±0.00 0.07b±0.00

M 8.03a±0.00 179.8f± 1.80 3.90f±0.01 0.43f± 0.03 0.16f± 0.01 0.01d±0.00 0.07b±0.00

S2 F 7.16d±0.00 517.5e± 52.50 15.47c±0.05 3.61c± 1.85 0.96d±0.12 0.02d±0.00 0.09b±0.01

M 7.64b±0.00 488.45e± 8.45 12.84c±0.02 2.22d± 1.11 0.82d±0.12 0.02d±0.00 0.08b±0.00

S3 F 7.29c±0.02 698.5d± 2.50 26.04a±0.31 5.26b± 0.00 1.03c± 0.06 0.10c±0.00 0.13a±0.00

M 7.65b± 0.07 667.5d± 2.50 19.70a±0.08 4.44c± 1.11 1.02c± 0.16 0.11c±0.00 0.10a±0.00

S4 F 7.33c± 0.02 3175a±5.00 8.07d±0.02 7.40a± 1.05 2.03a ±0.10 0.14a±0.00 0.17a±0.01

M 7.77b±0.00 3127.5a± 2.50 7.95e±0.03 6.66a± 1.33 1.58a± 0.01 0.16a±0 0.15a±0.01

S5 F 7.20d± 0.20 856c±4.00 18.58b±0.17 6.66a±0.00 1.28b±0.15 0.12b±0.00 0.15a±0.01

M 7.10c± 0.30 910c± 20.00 16.90b±0.01 5.55b± 1.11 1.19b±0.01 0.11b±0.00 0.13a±0.00

S6 F 7.54b±0.01 2250b± 10.00 7.50e±0.08 1.85d± 1.85 0.72e± 0.09 0.01d±0.00 0.03c±0.00

M 7.31c ± 0.17 2136.5b± 3.50 8.92d±0.02 1.66e± 0.83 0.41e± 0.04 0.01d ±0.00 0.05c±0.00

Significance

Total effect of disturbance (A) *** *** *** *** *** *** *

Total effect of sampling time (B) NS *** *** *** *** NS ***

A × B *** *** *** *** *** *** *

The values are denoted as mean ± standard error (n=3). Values with the same letters within each column indicate no significant difference (p<0.05) by Tukey test.
NS not significant, *p<0.05 significant differences, ***p<0.001 highly significant differences using two-way ANOVA and Tukey test, EC electrical conductivity in (μs/
cm), H humidity in (%); TOC: Total organic carbon in (% C); NH4-N: Ammonium nitrogen in (%); NO3-N: Nitrate nitrogen in (%); PO4-P: available phosphorus in
(mg/g soil). F: February; M: May. PO4-P available phosphorus in (mg/g soil), F February, M May

Fig. 2 Chlorophyll a concentration (μg/g soil) in soil microalgae. Data are means ± standard error (n = 3). Different letters indicate significant
differences (p < 0.05 by Tukey’s HSD test) between sampled sites. NS: not significant; *p < 0.05 significant difference; ***p < 0.001 highly
significant difference using tow-way ANOVA and Tukey test
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Synechocystis sp, and Aphanocapsa sp (4 sites), Lepto-
lyngbya sp, Oscillatoria rupicola, and Oscillatoria sancta
(3 sites) while Phormidium articulatum, Pseudanabaena
galeata, Leptolyngbya faveolarum, Leptolyngbya henning-
sii, and Lyngbya sp were represented only in few specific
soils (2 sites).
Among the 25 taxa identified, it is important to

note that for 6 taxa, morphological taxonomic identi-
fication has been stopped at the genus level. Other
modern identification techniques (molecular and poly-
phasic approach) are still needed to confirm the pre-
cise identity of these taxa. Seven species of soil

cyanobacteria were successfully isolated from the soils
investigated and cultivated in the laboratory. These
species were Phormidium articulatum, Pseudanabaena
balatonica, Lyngbya sp., Leptolyngbya faveolarum, Oscilla-
toria rupicola, Oscillatoria sancta, and Synechocystis
sp. (Fig. 4).

Multivariate Analysis
A principal component analysis (PCA) was performed
on a data matrix consisting of 7 variables (conductivity,
pH, soil moisture, available phosphorus, ammonium ni-
trogen, nitrate nitrogen, TOC) and 25 individuals

Table 3 Inventory of cyanobacteria taxa in the study sites

Taxa S1 S2 S3 S4 S5 S6

F M F M F M F M F M F M

Order/Oscillatoriales
F/ Phormidiaceae

Phormidium crassivaginatum An. et Kom. (PCRA) + + + + +

Phormidium articulatum Clau. (PART) + + + +

Phormidium attenuattum An. et Kom. (PATT) + +

Phormidium koprophilum An. (PKOP) +

Phormidium formosum (Bory.) An. (PFOR) +

Phormidium lusitanicum An. (PLUS) +

Phormidium autumnale (Ag.) Trev. (PAUT) + + + + + + + +

Phormidium chlorinum An. (PCHL) +

Phormidium sp1 (Psp1) + +

Pseudophormidium flexuosum An. and Kom. (PSFLE) +

F/Pseudanabaenaceae

Pseudanabaena minima An. (PMIN) +

Pseudanabaena balatonica Sche. And Kol. (PBAL) +

Pseudanabaena galeata Böch. (PGAL) + +

Pseudanabaena mucicola (Hub. and Naum.) Sch. (PMUC). +

Jaaginema quadripunctulatum (Bru.et Bis.) An. and Kom. (JQUA) +

Leptolyngbya faveolarum (Rab.) An. and Kom. (LFAV) + +

Leptolyngbya benthonica (Sku.) An. (LBEN) +

Leptolyngbya henningsii (Lemm.) An. (LHEN) + +

Leptolyngbya sp. (Lsp1) + + + +

F/Oscillatoriaceae

Oscillatoria rupicola Han. (ORUP) + + +

Oscillatoria sancta Kütz. (OSAN) + + + +

Lyngbya sp (Lsp. (LYsp) + + +

O/Chroococcales
F/Merismopediaceae

Synechocystis sp. (Ssp) + + + + + +

Synechococcus sp. (SYsp) + +

Aphanocapsa sp. (Asp) + + + + +

Number of taxa/site 5 4 9 6 10 6 1 1 12 5 3 2

(+) presence, F February, M May
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(species) distributed along the six investigated sites. A
PCA-ordination diagram is shown in Fig. 5. The vari-
ables were mainly associated with two axis (F1 and F2)
in which 49.08% of the total variance in the data was
found.
The first axis F1 with 29,52 % of total variance was strongly

associated on the positive side with soil moisture. The second
axis F2 with 19.56 % was positively associated with conduct-
ivity, ammonium nitrogen, nitrate nitrogen, TOC and avail-
able phosphorus contents. The PCA analysis results showed
that the group of taxa Phormidium crassivaginatum (PCRA),
Phormidium articulatum (PART), Phormidium attenuattum
(PATT), Phormidium autumnale (PAUT), Leptolyngbya sp.
(Lsp), Synechocystis sp. (Ssp), and Aphanocapsa sp. (Asp)
was highly associated to soil moisture. However, the taxa
Phormidium koprophilum (PKOP), Phormidium formosum
(PFOR), Phormidium lusitanicum (PLUS), Phormidium
chlorinum (PCHL), Pseudanabaena minima (PMIN), Pseu-
danabaena galeata (PGAL), Leptolyngbya faveolarum
(LFAV), Leptolyngbya benthonica (LBEN), and Leptolyngbya
henningsii (LHEN) showed the highest association to

ammonium nitrogen (NH4-N), nitrate nitrogen (NO3-N),
available phosphorus content (PO4-P), and total organic car-
bon (COT). Finally, the taxa Phormidium sp. (Psp), Pseudo-
phormidium flexuosum (PSFLE), Pseudanabaena balatonica
(PBAL), Pseudanabaena mucicola (PMUC), Jaaginema
quadripunctulatum (JQUA), Oscillatoria rupicola (ORUP),
Oscillatoria sancta (OSAN), Lyngbya sp. (LYsp), and Syne-
chococcus (SYsp) sp. (SYsp) showed the highest association to
pH and conductivity (EC).
In addition, a cluster analysis was used to separate

species into distinct groups according to environmental
factors. Three groups of taxa can be distinguished from
the dendrogram on the basis of the hierarchical cluster
(Fig. 6).
I. Taxa with a positive association just to soil moisture.

This first group includes the taxa of soil control (Refer-
ence site S1).
II. Taxa with the highest association to ammonium ni-

trogen, available phosphorus content, and total organic
carbon. This second group includes taxa of soils irri-
gated with groundwater and treated wastewater (S3 and
S5). This group includes cyanobacteria that appeared to
be more tolerant to polluted and fertilized soils and
positively associated with organic matter, TOC, available
phosphorus, NO3-N, and NH4-N.
III. Taxa with positive association to pH and conduct-

ivity. This third group includes soils of S4 and S6 pol-
luted by municipal and mine solid waste, respectively.
These soils show a very low diversity of cyanobacteria
including tolerant taxa to extreme environments (e.g.,
salty and heavily metal contaminated soils) such as Syne-
chocystis sp., Phormidium sp., Lyngbya sp., and Oscilla-
toria sp.

Fig. 3 Species richness (a), spectrum families (b), and spectrum genera (c) of cyanobacteria in the studied soils. Data are means ± standard error (n = 3).
Different letters (3a) indicate significant differences (p < 0.05 by Tukey’s HSD test) between sampled sites, NS: not significant; * p < 0.05 significant difference;
*** p < 0.001 highly significant difference using two-way ANOVA and Tukey test

Table 4 Importance of taxonomic level of cyanobacteria in
studied soils

Order Taxonomic level

Family Genera Species Total (%)

Oscillatoriales 3 7 22 88

O/Chroococcales 1 3 3 12

Nostocales 0 0 0 0

Total 4 10 25 100
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Fig. 4 Microphotographs of identified cyanobacterial strains. 1 Phormidium autumnale, 2 Phormidium crassivaginatum, 3 Pseudanabaena balatonica, 4
Phormidium articulatum, 5 Leptolyngbya faveolarum, 6 Lyngbya sp., 7 Synechocystis sp, 8 Leptolyngbya sp 1, 9 Leptolyngbya henningsii, 10 Jaaginema
quadripunctulatum, 11 Leptolyngbya benthonica, 12 Pseudophormidium flexuosum, 13, Phormidium attenuattum, 14 Phormidium koprophilum, 15 Phormidium
formosum, 16 Phormidium lusitanicum, 17 Pseudanbaena minima, 18 Pseudanabaena galeata, 19 Pseudanabaena mucicola, 20 Synechococcus sp., 21 Oscillatoria
sancta, 22 Oscillatoria rupicola, 23 Phormidium sp. scale bar = 10 μm

Fig. 5 PCA ordination analysis and projection of variables (physicochemical parameters and cyanobacteria taxa) and sampling sites (in blue) on
the factoriel level (1 × 2). The PCA ordinations were constructed from a distance matrix of environmental variables. The visually categorized 3
groups in the PCA plot based on the arrow direction and the geometric angles between them (the more variables are correlated, the more their
arrows point in the same direction; thus, the correlation coefficient is symbolized by the geometric angles between the arrow). Circles show
selected groups. Species abbreviations are given in Table 3
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The PCA results showed that the studied urban soils
were ordered along two gradients. A gradient of drought
represented by the first component (axis F1 represented
by soil moisture). A second gradient of pollution and soil
salinization represented by the second main component
(axis F2 represented by TOC, ammoniumacal, nitrate ni-
trogen, available phosphorus, pH, and conductivity)
highlighting the impact of human activities on the
spatial distribution of cyanobacteria.

Discussion
The cyanobacterial diversity is regulated by many envir-
onmental factors, including anthropogenic activities
across temporal and spatial scales (Büdel et al. 2016).
The soil physicochemical proprieties are considered as
one of the most important factors influencing compos-
ition and distribution of cyanobacterial communities.
The results of the PCA analysis showed that the soil
physicochemical properties along the increasing
urbanization gradient (site 1 to 6) were significantly in-
fluenced by different types of land use. Agricultural
practices (wastewater irrigation, fertilizers and organic
manure input), discharges of domestic and mining solid
waste induce a spatial variability in the soil moisture,
pH, conductivity, nutrients (N, P), and organic matter
(expressed as TOC) contents. Our results showed that
the chemical composition of anthropized soils was sig-
nificantly influenced compared to the soil control and
natural rural soils (Hakkoum et al. 2020). Thus, the irri-
gated agricultural soils were significantly more humid,
slightly acidic with higher TOC, organic matter, ammo-
nium and nitrate nitrogen, and available phosphorus

contents in comparison with non-cultivated soil (refer-
ence site). However, the soils affected by domestic or
mine solid waste were significantly driest, more sali-
nized, and probably contaminated with metals. These re-
sults are consistent with those of El Khalil et al. (2013)
who have measured significant concentrations of P2O5

and CaO in the urban soils of Marrakesh. They attrib-
uted these high contents to anthropogenic inputs of
phosphorus (P) and technic materials, mainly building
materials composed of cement and gypsum. They also
showed that soils collected from agricultural areas irri-
gated with urban wastewater and soils developed on rub-
bish dumps are the most contaminated by metals (e.g.,
Cu, Zn, and Pb). These results highlighted that the
chemical properties of Marrakesh suburban soils were
essentially influenced by the type of human practices,
which causes more changes in soil chemical composition
and structure in comparison with natural soils.
Previous studies have shown that human land uses

practices induce changes of the soil environmental vari-
ables such as moisture, pH, organic matter, and nutrient
contents which influenced cyanobacterial diversity and
distribution in urban soils (Trzcińska and Pawlik-
Skowrońska 2008; Alghanmi and Jawad 2018; Rai et al.
2018). However, the great majority of studies on soil
cyanobacterial communities have been carried out in
natural environment (Büdel et al. 2016; Muñoz-Martín
et al. 2019; Hakkoum et al. 2020) while those in urban
and suburban soils still rather rare especially in southern
Mediterranean drylands. Consequently, little is known
about the biological diversity of urban soils in these
areas. To the best of our knowledge, the present study

Fig. 6 Hierarchical clustering analysis using Ward’s method and Euclidean distance matrix. Clusters of accessions of cyanobacteria species groups
(a) and sampling sites (b) were formed on the basis of soil physicochemical similarity; the graph representing classification is a dendrogram of
similitude with standardized Euclidean distances representing the closest accessions in homogeneous groups
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constitutes the first attempt to investigate cyanobacterial
diversity and ecology in urban soil of Morocco and as-
sess the impact of different types of land use on their
composition and spatial variability. Our investigations
have revealed a diversity of 25 cyanobacterial taxa, dis-
tributed on two orders, four families, and ten genera. Al-
though morphological method based on culture-
dependent approach and light microscopy has several
limitations and are not always sufficient to validate
cyanobacteria identification (Komárek and Anagnostidis
1989; Kumari et al. 2009), it continues to be necessary to
identify cyanobacterial species, improve taxonomic reso-
lution, and even diversity coverage (Choi et al. 2017).
Nevertheless, the 16S rDNA sequencing method (as
culture-independent approach) remains the most de-
cisive and accepted tool (Patzelt et al. 2014) as it leads to
a more precise identification, and it can be used to study
both cultured and uncultured diversity (Rego et al.
2019). The benefit of this culture-independent approach
is to confirm the morphological identification and also
to identify other unculturable soil cyanobacteria species.
However, the disadvantage of the molecular method are
the systematic biases in DNA extraction or the 16S
primers that may miss taxa that can be revealed by the
culture approach (Klappenbach et al. 2000; Zielinska
et al. 2017). In this context, Rego et al. (2019) have
shown that culture-dependent method was able to re-
trieve taxa that were not detected in any of the pyrose-
quencing data. To accurately identify cyanobacterial
strains, an integrative approach (polyphasic approach)
should be considered (Komárek 2013). This approach
combines classical morphological methods with modern
molecular phylogenetic analyses to improve the coverage
of the cyanobacterial diversity and to retrieve both abun-
dant and rare members of the communities (Rego et al.
2019; Sommer et al. 2020).
Though we only used morphological identification and

culture-based method in this study, the cyanobacterial spe-
cies richness is relatively high and represents a substantial
knowledge of urban soil biodiversity in Moroccan and North
African drylands. A comparative analysis of the total cyano-
bacteria richness revealed a great similarity with other works
in various urban areas. Dorokhova et al. (2015) have found
14 taxa in the Northwestern Administrative District of
Moscow (Russia); Maltsev et al. (2017) have reported 21 taxa
in the soils of the Henichesk urboecosystems (Ukraine); She-
khovtseva (2014) has inventoried 7 taxa in urban ecosystems
of the city of Mariupol (Ukraine) and Rai et al. (2018) have
found 22 taxa in the soils of the city of Varanasi (India). In
the studied urban soils, the Oscillatoriales are the most di-
verse order, followed by the Chroococcales. The Nostocales
order (heterocytous forms) was completely absent. Řeháková
et al. (2011) noted that the Oscillatoriales are generally more
abundant in soils that contain relatively high concentrations

of organic matter. In contrast, the Chroococcales, as unicel-
lular or colonial microorganisms, do not require a stable sub-
strate with a high organic matter content. It has been found
that in urban soil, there are a large number of non-
heterocyst forms, because the urban pollutants negatively
affect the sensitivity of nitrogenase of nitrogen-fixing cyano-
bacteria; therefore, their reproduction is limited under such
conditions (Domracheva et al. 2013). Furthermore, due to
higher nitrate and ammonium nitrogen contents in irrigated
soils with treated wastewater, the nitrogenase activity of het-
erocytous cyanobacteria can be inhibited. Our results showed
that two families of Oscillatoriales (Pseudanabaenaceae and
Phormidiaceae) constitute the dominant part with more than
76% of all taxa. The Phormidiaceae (40%) was slightly more
abundant than Pseudanabaenaceae (36%). Blagodatnova
and Bachura (2015) have indicated that in the urban soils,
the cyanobacterial taxonomic structure is dominated by the
family of Phormidiaceae.
With regard to specific diversity, cyanobacteria in

studied urban soils consist mainly of coccoid forms of
the Chroococcales (Synechococcus, Aphanocapsa, Syne-
chocystis) and filamentous forms of the Oscillatoriales
(Leptolyngbya, Lyngbya, Oscillatoria, and Phormidium).
These cyanobacteria are able to construct slimy sheaths
and were most frequently found in the urban ecosystems
(Gerasimenko and Gorovtsov 2014). The cyanobacter-
ium Lyngbya was distinctly present in the soil irrigated
by treated wastewater and mining soil. This may be due
to the presence of denser sheaths that aid these cyano-
bacteria survive in disturbed soils (Gerasimenko and
Gorovtsov 2014). In the reference site and agricultural
soil, Leptolyngbya was extant. This cyanobacterium has
an ability to build very dense, robust films, that might
show the potential in bonding top layer of soil. The lit-
erature shows that this genus is dominant in non-
violated dry habitats (Alwathnani and Johansen 2011).
Phormidium autumnale was the most widely repre-
sented species in the studied urban soils. It is well
known that this species has a high tolerance to an-
thropogenic stress and can withstand extreme environ-
mental conditions (Gorovtsov et al. 2017). Whereas the
genus Jaaginema was typical for soils with an alkaline re-
action (Blagodatnova and Bachura 2015).
As in many soil worldwide, non-heterocytous filament-

ous cyanobacteria were major components of urban soils
in Marrakesh arid area. Indeed, these cyanobacteria have
a large ecological distribution and appear to be the most
frequent in the studied urban soils. Numerous taxa were
omnipresent and have been reported in at least four dif-
ferent sites. Among these species, we find Aphanocapsa
sp., Phormidium crassivaginatum, Phormidium autum-
nale, and Synechocystis sp. which were the most abun-
dant in all studied agricultural soils (S3 and S5). These
taxa are cosmopolitan and widespread in various types
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of soils (Song et al. 2005; Begum et al. 2008). In contrast,
heterocytous genera such as Scytonema, Tolypothrix,
Nostoc, and Cylindrospermum were only rarely present.
These species are known to be particularly sensitive to
human disturbances such as tillage, pollution, and pesti-
cides input, which are commonly applied in farmlands
(Zancan et al. 2006). This might be the reason for their
absence from the studied farmlands soils.
The results showed that cyanobacteria taxa exist in all

investigated soils, but they reveal significant differences
between soils with a significant diversity in irrigated
agricultural soils S3 and S5 (10 and 12 taxa, respect-
ively). This diversity could be explained by the high con-
tent of moisture, organic carbon, and nutrients. The
soils irrigated with treated wastewater or groundwater
had the maximum moisture content (18.58% and
26.04%, respectively) and were more concentrated in
TOC (6.66% and 5.26%), PO4-P (1.28 mg/g and 1.03
mg/g), NO3-N (0.15% and 0.13%), and NH4-N (0.12%
and 0.10%) compared to non-cultivated and unirrigated
reference soil. Well water irrigation (combined with
chemical and organic fertilizers) or treated wastewater
irrigation provides water, organic matter, and nutrients
such as nitrogen and phosphorus as well as other min-
erals to soil (Minz et al. 2011). Soils irrigated with waste-
water had been demonstrated to harbor 4.1% of organic
particles by weight, but these particles contained up to
41.7% of nitrogen and 47.8% of the total soil carbon, and
thus represented an important storage of energy and nu-
trient for microorganisms (AL-Jaboobi et al. 2014). Nu-
merous studies showed that these factors may have
beneficial effects on soil microbial and cyanobacterial
communities and provide favorable conditions for their
growth and diversity (Fathi and Zaki 2003; Gans et al.
2005; Mohan and Kumar 2019). Zancan et al. (2006) and
Lin et al. (2013) have demonstrated that cyanobacteria
also have capacity to enhance productivity in a variety of
agricultural situations as well as resilience to irrigation
with water of different qualities.
The highest cyanobacterial richness of the studied

urban soils occurred during the February campaign
unlike other microalgae (e.g., diatoms) which are more
diversified in May (Minaoui et al. 2021). This maximum
diversity of cyanobacteria in winter can be explained by
favorable soil physicochemical conditions (high soil
moisture, high TOC, ammonium and nitrate nitrogen,
and available phosphorus contents). These findings were
in harmony with the results obtained by Kobbia et al.
(1995) and Shanab (2006) who reported that the higher
soil cyanobacterial diversity may be attributed to the
high soil moisture, organic matter, and micronutrients
contents. Our results suggest that soil moisture, pH,
TOC, organic matter, nutrients (ammonium nitrogen,
nitrate nitrogen, and available phosphorus) contents and

conductivity were the major environmental factors that
drive cyanobacterial diversity and spatial variability in
peri-urban soils of Marrakech. Indeed, the soil moisture,
TOC, and nutrient contents were positively correlated
with cyanobacteria diversity. Soil moisture was often
considered as a limiting factor for cyanobacteria growth
and microalgal biomass in soils (Lin et al. 2013;
Mohamed and Abdel Hameed 2006). The high percent
of TOC and consequently the abundance of organic
matter detected in irrigated agricultural soils suggest
that treated wastewater and the organic fertilizer supply
can be significant sources of soil nutrient enrichment
(nitrogen, phosphorus, and other nutrients). Due to its
higher organic matter content, and consequently its
abundance of bacteria, irrigation with treated wastewater
can result in an increase in the activity of different soil
microbial processes, including nitrification (Minz et al.
2011; Ibekwe et al. 2017). However, Rai et al. (2018)
confirmed that nitrification and nitrogen oxidation are
affected by the relatively high pH of the urban soil,
resulting in a reduction in the inorganic nitrogen con-
tent (NO3-N) of urban soil as compared to rural soils.
Other researchers have suggested that the concentration
and quality of nutrients especially the availability of ni-
trates and phosphates are an important factor that favors
the diversity and growth of cyanobacteria in soil ecosys-
tems (Zancan et al. 2006).
Among soil properties, pH is a very important factor

in growth and distribution of cyanobacteria, which have
generally been reported to prefer neutral to slightly alka-
line pH for optimum growth (Lukešová 2001). The pH
values in all studied urban soils were higher than 7 and
this might partially explain the wide spread of the inven-
toried cyanobacteria. Another factor that affects the re-
partition of soil cyanobacteria is soil salinization
(expressed as soil conductivity). In the studied anthropo-
genic transect, the average values of electrical conductiv-
ity were ranged between 179.8 and 3175 μS/cm. Our
data showed that cyanobacteria diversity decreased with
increasing soil conductivity, specifically in mine and
landfill soils (S4 and S6). Salinity is known to diminish
the growth of cyanobacteria and to favour salt-tolerant
species (Whitton and Potts 2000; Rejmánková et al.
2004; Hokmolahi et al. 2017). In the former landfill soil
(site 4), the saltiest one, only one taxon Synechococcus
sp. was inventoried. This low cyanobacterial diversity
was also confirmed by the very low algal biomass
expressed as chl-a content. This could also be explained
by the nature and dominance of technical and anthropic
materials from waste resulting in the transformation of
natural soil into a “Technosol” (El Khalil et al. 2013) un-
suitable for the growth of cyanobacteria and microalgae.
Schwartz et al. (2015) reported that most soils in urban
environments, particularly anthropic and technical soils,
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are deficient in major nutritive elements such as N, P,
and K, highly compacted and anoxic hence are not well
adapted to microalgae growth. Likewise, in the mining
soil (S6), only three cyanobacteria species were found,
Phormidium sp., Lyngbya sp., and Synechocystis sp. This
mining soil was relatively saline (2250 μS/cm) and con-
tains Zn (602.55 mg/kg), Cu (216.36 mg/kg), and Pb
(343.92 mg/kg) (El Gharmali et al. 2004; Boujghad et al.
2019; El Alaoui et al. 2019). The extremely low cyano-
bacterial diversity and algal biomass (chl-a 0.36 μg/.g1)
measured in this disturbed site could therefore be the re-
sult of the high content of heavy metals. Trzcińska and
Pawlik-Skowrońska (2008c) confirmed that the diversity
of soil microalgae in areas polluted by heavy metals was
always very low. Our study suggests that most of the
cyanobacteria identified in this mine soil are cosmopol-
itan and ubiquitous species (Trzcińska and Pawlik-
Skowrońska 2008). A previous study demonstrated that
the unicellular cyanobacterium Synechocystis sp. had the
ability to accumulate Pb, Zn, and Cu (Rahman et al.
2011). Furthermore, some filamentous cyanobacteria
such as Lyngbya sp. and Oscillatoria sp. have the cap-
acity to resist to high content of Zn and Pb (Venter
et al. 2015). Generally, several cyanobacteria species are
able to grow in the presence of heavy metals as a result
of a variety of tolerance mechanisms. For example, bind-
ing to cell wall due to metal adsorption onto the cell
surface (wall, cell membrane, or external polysaccha-
rides) and binding to cytoplasmic ligands, phytochela-
tins, and metallothioneins and other intracellular
molecules (Keren et al. 2002; Chojnacka et al. 2005). An-
other mechanism is the sequestration and bioremoval of
heavy metals by synthesis of metal-binding compounds
such as phenolic compounds, organic acids, and proteins
(Mehta and Gaur 2005; Shanab et al. 2012).
Microalgae including cyanobacteria are physiologic-

ally heterogeneous, making any generalization about
their soil relations difficult (Fathi and Zaki 2003).
However, it is well known that changes in physico-
chemical characteristics and edaphic factors of any
soil, with some specific biological traits within the
cyanobacteria themselves, constitute the main factors
responsible for the abundance and diversity of soil
microalgae (Fathi and Zaki 2003; Shekhovtseva and
Mal’tseva 2015). Ultimately, this study demonstrated
that cyanobacteria composition and community diver-
sity varied significantly between the disturbed urban
soils depending on different land use practices and
water irrigation qualities. The strongly anthropized
and technical soils (polluted by urban and mine solid
wastes) record the lowest diversity of soil cyanobac-
teria and algal biomass. The cyanobacterial diversity
in urban soils decreases as the human disturbance
level increases. These first results suggest that

cyanobacteria, as other microorganisms, could be used
as an indicator of urban soil quality and their eco-
logical status.

Conclusion
This exploratory survey highlighted the effect of differ-
ent types of land use practices on suburban soil propri-
eties and cyanobacteria diversity and distribution along
an increasing urbanization gradient in Marrakesh arid
area. The physicochemical proprieties of suburban soils
are significantly modified by their mode of usage and
human activities. This survey provides a first inventory
(25 taxa) of the urban soil cyanobacterial communities
and shows their high sensitivity to the anthropogenic
disturbances in Moroccan drylands. It reveals significant
variations of cyanobacterial diversity and spatial variabil-
ity in response to different land use impacts. The urban
soils were characterized by urbanophilic/synanthropes
cyanobacterial species (i.e., species highly associated with
urban climate and human beings) such as Phormidium
autumnale, Lyngbya sp., Leptolyngbya sp., Jaaginema
sp., and Oscillatoria sp. Our results suggest that soil
moisture, pH, organic matter, nutrients N and P supply,
and conductivity were the major environmental factors
that drive cyanobacterial composition and distribution in
peri-urban soils of Marrakech. The cyanobacterial diver-
sity and microalgal biomass were significantly lower in
the anthropized soils affected by municipal or mining
solid wastes, while the input of organic matter and nutri-
ents from irrigation with treated wastewater appears to
be beneficial for the increasing the diversity of soil
cyanobacteria. In this first report, the inventory of urban
soil cyanobacteria was far from being complete in rela-
tion to existing potential. Further studies based on quan-
titative and molecular approaches are necessary to better
understand the soil cyanobacterial composition and spe-
cies responses to human disturbances and management
of urban spaces. Other surveys will be also necessary to
complete the soil cyanobacterial diversity and define
more precisely their ecological trends in other Moroccan
terrestrial arid environments.
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