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ABSTRACT

Impacts of metal pollution on arbuscular mycorrhizal fungi (AMF) in rhizopheric soils of date palms in urban and
peri-urban areas were studied. The objective was to assess the impact of rhizospheric soil contamination. Various
chemical species of heavy metals on the AMF spore density associated with date palms were evaluated. A collec-
tion of date palm rhizospheric soil samples from eight sites including three boulevards, three gardens and two dis-
tinct areas of the Marrakesh palm grove was under study. These samples were used for counting endomycorrhizal
fungal spores, for estimating mycorrhization state of root system and for physico-chemical analyses. A five-stage
sequential extraction scheme was used to evaluate the fractionation of some heavy metals like lead (Pb), cadmium
(Cd), copper (Cu), zinc (Zn) and iron (Fe). Pearson’s correlation coefficients between AMF spore’s density and
metal species were determined and a multiple linear regression was tested to predict AMF spore density from the
chemical species content of soil. A mycorrhizal dependency of date palm was indicated, since a high frequency
from 61 to 98% and a middle intensity from 10 to 47% of root colonization by AMF were recorded. The spore
density from all sites was found in increasing order of boulevards, garden then palm groves. A significant cor-
relation between AMF spore density and some metal species rhizospheric soil content was recorded; negative for
sulfide-bound lead (» =-0.81) and zinc (r = -0.70) and for exchangeable fraction copper (Cu), (» = -0.79) whereas
it is positive for exchangeable fraction zinc (» = 0.70). AMF spore density predictions from sulfide-bound Zinc and
exchangeable fraction copper exhibited a good fit, with higher R? value (0.91, p = 0.002). Since Date palm has a
mycotrophic nature, the sustainability of the microbial populations associated with their roots might be ensured by
modifying some chemical forms of heavy metals like sulfide-bound zinc and exchangeable fraction copper.

Keywords: Phoenix dactylifera L., arbuscular mycorrhizal fungi, heavy metal speciation.

INTRODUCTION

In urban areas, soil is the main support of hu-
man activity. It is used as a support for construc-
tions and infrastructure (buildings, roads, pipes,
cables, etc.), a substrate for plants, a support for
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industrial, agricultural or domestic activity, a re-
ceptacle for the rejection and burial of waste, as
well as an intermediary controlling the quality of
atmospheric air and water (Craul 1999; Morel et
al., 1999). These activities induce changes in soil
and, in some cases, production of new soils from
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various wastes and by-products of human activi-
ties (William et al., 1997; Wong et al., 2006). Hu-
man activities are also responsible for different
organic or metal pollutants that contaminate the
soil (Wong et al., 2006; Ge et al., 2000; Schwartz
et al., 2001; Banat et al., 2004; EI Khalil et al.,
2008). The metallic trace elements (MTE) are
part of these pollutants and are highly toxic non-
degradable elements as well as continually added
to the soils by various activities: in agriculture by
the application of sewage sludge or in the metal-
lurgical industry (Thimy et al., 2009). The con-
centration and type of heavy metals influence phy-
totoxicity, and in some cases plant growth may be
reduced (Shah et al., 2007; Salt 2009; Singh et al.,
2003). The metals in soils can be found in soil so-
lution, on exchange sites, occluded into soil oxide
material, incorporated into organic plant litter or
in the lattice structure of primary and secondary
soil minerals (Cottenie and Verloo 1984; Rao et
al., 2007). The speciation of heavy metals exerts
strong influences on the mobility, bioavailability
and toxicity of heavy metals in contaminated soils
(Ure and Davidson 2002; Hass and Fine 2010).
Due to its physico-chemical and biological com-
position, soil constitutes an environment for the
growth and development of many living organ-
isms (Calvet et al., 2003). Mycorrhizal fungi are
a major component of soil microflora and have
major roles in the biogeochemical cycles of the
elements and in plant mineral nutrition. In pol-
luted sites, the fungal population is confronted
with the effects of metal micro-pollutants leading
to the reduction of its biodiversity and its func-
tioning (Lyval et al., 1997; Cairney 1999; Entry
et al., 2002) since metals directly influence the
germination of mycorrhizal fungal spores (Ly-
val et al., 1994). The roots of more than 80%
of vascular plant species are present or likely to
develop mycorrhizal structures that improve the
uptake and transfer of essential elements to the
plant (Duponnois et al., 2012). Thus, any decline
in fungal diversity may lead to the reduction of
plant biodiversity (Van der Heijden et al., 1998).
In Morocco, palm groves are experiencing sev-
eral problems of degradation under the action of
anthropogenic activities and climate change (Oi-
habi et al., 1991; Jaiti et al., 2008; Meddich et al.,
2015). Date palm occupies a large area of 44 000
ha with about 4.4 million feet or an average densi-
ty of 100 feet/ha (Oihabi et al., 1991). These areas
have regressed by 70% since the beginning of the
20th century. In their study, El Khalil et al. (2008)

have reported that urban and peri-urban soils in
Marrakesh may contain significant levels of tech-
nic materials that are potential vectors of metal-
lic trace elements. These technic inputs could be
the source of physical, chemical and biological
changes that can affect the soil structure and its
functioning (Craul 1999; Wong et al., 2006; San-
chez et al., 2002) as well as cause its degradation
and transformation into anthropized soil (Craul
1999; Schwartz et al., 2001). The study of the di-
versity and abundance of mycorrhizal fungi in the
Kettara site north of Marrakesh has shown that
this diversity is strongly affected by soil pollu-
tion (EI Faiz et al., 2015). Similarly, Bennisse et
al. (2004) showed that in the site Drad Sfar Mar-
rakesh, bacterial abundance is highly influenced
by the metal pollution in this site and that bacte-
rial diversity is not affected by this pollution. The
main objective of the current study was to assess
the impact of rhizospheric soil contamination via
various chemical species of heavy metals on the
AMEF spore density associated with date palms in
different areas of the city of Marrakesh.

MATERIALS AND METHODS

Soil and roots sampling

The study area is located in Marrakesh, the
top tourist destination of Morocco. The choice
of sites has considered the date palm state and
the anthropogenic activity Figure 1. Both of the
soil and the plant root systems were collected at
the same time from the rhizosphere of date palm
in six urban and two peri-urban areas, see Fig-
ure 1. In each area, samples were collected at 15
sampling points, around the date palm trunk at a
depth of 10 to 40 cm and homogenized to obtain
a representative sample for each area. Each soil
sample was composed of root fragments of at
least five adult trees randomly selected and the
distance between two samples was at least 1 m.
The soils were then dried in the open air at room
temperature and then sieved to 2 mm, avoiding
any type of contamination between the samples to
perform physico-chemical analyses, heavy metal
contents and enumeration of AMF spores.

Physico-chemical analyses of soils

Soil pH was measured with a pH meter using
a mixture of 10 g soil and 20 ml distilled water.
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Figure 1. Locations of the study sites in Marrakesh Morocco. The P1 location is characterized with
agricultural activities based on irrigation with waste water of associated crops. The P2 location contains
wild palm trees and no agricultural activities. The gardens G1, G2 and G3 benefits from constant irrigation
and maintenance. The boulevards BV1, BV2 and BV3, are characterized by no irrigation or maintenance
but with anthropogenic activities (traffic, wastes, etc.). Coordinates are from Google Earth, 2020.

Soil electrical conductivity was determined on
1/5 soil-water extract with a conductivity meter
(Crison instrument, Barcelona, Spain) by a stan-
dard procedure and expressed as ps-cm (Rodier
et al., 1984). The total carbonate calcium content
(CaCO,) of soils was quantified by an acid (HCI)
dissolution followed by measurement of the vol-
ume of CO, evolved using a Bernard Calcimeter.
The total organic carbon, the major component of
soil organic matter was determined using Anne’s
method based on potassium dichromate as de-
scribed by Aubert (1978). Total Kjeldahl nitrogen
was determined by distillation, after mineraliza-
tion by concentrated sulfuric acid in the presence
of the selenium catalyst (Rodier et al., 1984). The
assimilable phosphorus was evaluated using the
colorimetric method (molybdenum blue) with a
spectrophotometer according to the Olsen method.

Chemical speciation of heavy metals in soils

Total metal concentrations were determined
after soil mineralization according to the AF-
NOR NF X 31-151 standard. One gram of each
sample was calcined at 550 °C for four hours
and sustained an attack by hydrofluoric acid (5
ml). After evaporation of the acid, the residue
obtained was solubilized with a mixture 1:3 of
HCI/HNO,. The chemical speciation of metals in
soils was determined according to the protocol
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described by Sposito et al. (1982). Five-stage
sequential extraction scheme was used to evalu-
ate the fractionation of lead (Pb), cadmium (Cd),
copper (Cu), zinc (Zn) and iron (Fe) in soils. The
experimental conditions adopted were potassium
nitrate (KNO,) for the exchangeable fraction to
be extracted; water (H,0) for soluble forms; sodi-
um hydroxide (NaOH) for organic-matter-bound
forms; EDTA for carbonate-bound and HNO,
for sulfide-bound forms, see Table 1. The super-
natant of each fraction was filtered on Whatman
filters (0.45 um) and acidified with nitric acid 1%
as well as analyzed by flame atomic absorption
spectrometry at the regional Laboratory of the
National Drinking Water Agency of Marrakesh.

Isolation of mycorrhizal fungi
and mycorrhization state

Infectivity parameters of mycorrhizal fungi

Examination of the mycorrhization state of the
root system was carried out using the method de-
scribed by Trouvelot et al. (1986). For AMF colo-
nization assessment, the roots were cut into 1 cm
long segments, cleared in KOH solution (10%
w/v, at 90 °C) for 45 min, acidified with lactic
acid for 10 min at room temperature, stained with
trypan blue solution (0.01%, w/v) for 20 min at 90
°C and finally bleached with lactic acid — glycerin



Ecological Engineering & Environmental Technology 2024, 25(5), 154-166

(1:1 by volume) (Phillips and Hayman 1970). For
each sample, 100 randomly selected root seg-
ments were used. The roots were mounted on mi-
croscope slides (10 segments per slide) and were
examined one by one under a compound micro-
scope (BX51, Olympus Co. Tokyo, 400 x magni-
fication) to determine if any AMF structures were
present and to estimate the proportion of the root
segment colonized by AMF divided by the total
number of root segments examined. The amount
of AMF was estimated according to (Brundrett
1981) from absent (class 0) to very high (class
5): 1) trace of mycorrhizal infection; 2) less than
10% of fungal infection; 3) about 11% to 50% of
fungal infection; 4) about 51% to 90% of fungal
infection; 5) over 91% of fungal infection. These
scores were used to calculate:
e mycorrhizal frequency (F%), which reflects
the extent of fungal colonization and was cal-
culated as:

F =100 x (N -n)/N (1)

where: N is the total number of observed seg-
ments and 7, is the number of segments
without mycorrhizae.

e mycorrhizal intensity (M%), which expresses
the per cent of root length colonized by fungi
and was calculated as:

M = 95n, + 70n, + 30n, + 5n, +n)/N (2)

where: ng, n,, n,, n,and n,are, respectively, the num-

bers of segments scored 5, 4, 3, 2 and 1.

Isolation of mycorrhizal fungi spores

As described by Gerdeman and Nicolson
(1963), fungal spore extraction was carried out
from the rhizospheric soil of each site. One hun-
dred grams of dry soil was wet sieved on 800
to 50 pum mesh sieves. The soil retained by the
last two sieves (50 and 200 pum) is recovered for
spore extraction (Brundrett 1996). Eight grams of
sieved soil are suspended in 8 ml of distilled wa-
ter. After centrifugation (for 5 min at 2000 rpm),
the supernatant is eliminated as it contains the
light debris including the dead spores. The pel-
let is resuspended in 8 ml of the sucrose solution
(60%) and centrifuged for 10 min at 2000 rpm.
The spore-containing supernatant is filtered un-
der vacuum on Whatman filters (0.45 pm). The
spores retained by the filter are recovered using a
fine brush and stored in tubes containing distilled

water until they are used in the enumeration.
Spores were counted on lined filter paper using
a microscope (BX51. Olympus Co. Tokyo) at
100xmagnification. The richness of any form of
fungal spores was calculated per 100 g of dry soil.

STATISTICAL ANALYSIS

Statistical analyses were performed using
SPSS statistical software for Windows version
10.0.5 (SPSS 1999). To test distributions of soil
physico-chemical proprieties, spore density and
metal fractions between the three study sites (palm
groves, boulevards and garden), the one-way
ANOVA test for multiple group comparisons was
used. The Tukey HSD test as a post-hoc was used
for multiple means comparisons. This a posteriori
stepwise test compares pairs of means, control-
ling the comparison-wise alpha error at a defined
level. Pearson’s correlation coefficients between
mycorrhizal fungi spore density and metal species
were determined. Stepwise multiple linear regres-
sion analyses were used to determine relationship
between spore density (independent variable) and
metal fractions (dependent variables); a model
was developed for each combination of metal spe-
cies and density of mycorrhizal spores. All treat-
ments were carried out in triplicate, and the values
are given as means + standard errors. Differences
were considered to be significant when the P value
was less than or equal to 0.05.

RESULTS

Physico-chemical characterization of soils

Here are the physico-chemical properties of
the soil samples that were collected: Table 2. The
range of pH values is 7.7 to 8.6, which is quite al-
kaline. From one site to another, the soil electrical
conductivity (EC) varies greatly; however, Bou-
levard B2 had the highest EC at 2406 ps-cm’,
while Garden 3 had the lowest EC, which did not
surpass 300 ps-cm'.

The other sites showed intermediate values.
Concerning the calcium carbonate content, the
analyses showed that the lowest values were re-
corded in garden 3 and palm grove 2 which are
1291 mg-g' and 55.32 mg-g!, respectively.
In turn, a relatively high content was record-
ed at sites P1, B1, B2, B3 and J1. A potential
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explanation for this accumulation could involve
the higher anthropogenic activity. There were
also small differences in the amounts of total or-
ganic carbon which were slightly higher at the
Boulevard 1 site at 2.3% than at the others sites.
The lowest value, 0.39%, was from Garden soils.
The carbon-to-nitrogen ratio was significantly
lower at Palm grove and Boulevard 2 soils than in
other sites. The levels obtained for total phospho-
rus and available phosphorus vary from one site
to another. Thus, the maximum values recorded
for the total phosphorus are noted at Garden 2 site
with 123.31 mg/g, while for available phosphorus
the maximum values were recorded at Boulevard
2 site with 0.40 mg-g"'. For the other sites, both
forms of phosphorus generally remain weak, es-
pecially at Garden 3 site with 0.06 mg-g'. Total
nitrogen values ranged from 0.01% in Garden soil
to 0.19% and 0.20% respectively in Boulevard
and Palm grove soil.

Mycorrhizal status and spores counting

The microscopic observations have shown
that all examined roots of date palm were inten-
sively colonized by mycelia and vesicles. The
root colonization model clearly belongs to the
Arum type (data not shown). Mycorrhizal status
depended significantly on the sampling site, see
Figure 2. Indeed, the mycorrhizal infection fre-
quencies and intensities range from an average of
61 in P2 to 98% in G3 and 10 in P2 to 48% in P1
respectively. The lowest mycorrhizal intensities
were recorded in soil with the same total organic

carbon content in soil which recorded 10% in P2
and 18% in G1 respectively. Maximum similarity
of mycorrhizal frequency was recorded between
all sites except for the site P2 61% characterized
by the highest power of hydrogen (pH = 8.6).
Among the eight studied sites Figure 3, the rhi-
zospheric soil from palm groves had maximum
spore density between 113 and 80 spores per
100 g dry soil in P1 and P2, respectively, while
boulevards had the least mean spore density and
had recorded 13 spores per 100 g soil. The spore
density of the three gardens ranged between 37
and 38 spores per 100 g dry soil. Spore density
from several sites was found in increasing order
of boulevards, garden then palm groves.

Determination of the total content of
metals and evaluation of their speciation.

The average contents of metallic trace ele-
ments in the soil samples calculated on 3 samples
per station are presented in Table 1:

e Pb — the average contents obtained are around
77.33 mg-kg'. The maximum value is re-
corded at the boulevards level which is 137.53
mg-kg'.

e (Cd - the limit values for Cd contents range be-
tween 0 and 9.153 mg-kg!. The highest aver-
age values are recorded at the boulevards.

e Cu — the average Cu contents in the different
stations vary between 0.6 and 61.33 mg-kg!
with a slight increase in the average value at
the boulevard stations.
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Figure 2. The percentages of infected root pieces and the percentages
of colonized root length in different study sites
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Table 1. Mean spore density (per 100 g dry soil) and metal species content between sites.

Study area Palm groves Boulevards Gardens F p-value
Specification

Spore density 97.02 38.3° 171¢ 34.7 0.001 ™

Pb_KNO, 07.8° 07.7° 33.6° 167.3 0.000 ™

Pb_H,0 15.2° 2762 08.1° 85.5 0.000 ™

Lead Pb_NaOH 07.4 % 00.0 02.5 4.53 0.075

Pb_EDTA 2592 37.0° 4192 0.94 0.450 s

Pb_HNO, 04.1° 19.62 12.3° 9.64 0.019°

Pb_Residual 07.0° 56.7 @ 06.1° 45.1 0.001 "~

Cd_KNO, 262 35 3.0° 1.2 0.351

Cd_H,0 312 2.3°® 1.9 101 0.017"

Cadmium Cd_NaOH 0.0° 162 0.0° 1288.1 0.000 "

Cd_EDTA 0.9° 0.9° 0.9° 0.51 0.628 s

Cd_HNO, 0.9° 142 0.7° 6.95 0.036 "

Cd_Residual 0.8° 162 0.5° 73.6 0.000 ™

Cu_KNO, 09.1° 33.82 38.4° 14.7 0.008

Cu_H,0 52.32 61.32 4962 3.7 0.105 s

Metals forms | Copper Cu_NaOH 2.6 0.60° 05.42 10.4 0.017 "

Cu_EDTA 06.02 3.46° 06.6 ® 1.0 0.433 s

Cu_HNO, 03.42 02.72 03.02 1.4 0.339 s

Cu_Residual 03.72 04.12 02.52 2.3 0.200 "

Zn_KNO3 38.92 15.0° 06.0 ° 17.7 0.005

Zn_H,0 21.1° 59.72 07.2°¢ 5.7 0.051"

Zine Zn_NaOH 01.6° 6.3 20.32 79.5 0.000 ™

Zn_EDTA 11.1 20 03.6° 23.22 9.1 0.022°

Zn_HNO, 11.0° 21.02 12.6° 19.8 0.004 ™

Zn_Residual 09.5° 11.82 1262 1.0 0.428 s

Fe_KNO, 30.0° 57.22 19.7° 8.9 0.023°

Fe_H,O 111.5° 202.92 183.5° 0.7 0.551 s

Iron Fe_NaOH 04.0° 15.52 15.32 0.6 0.580

Fe EDTA 196.8 ° 115.1¢ 364.0° 1.6 0.290 s

Fe_HNO, 22742 1872.6° 18402 0.5 0.644 s

Fe_Residual 111.5° 2666.6 2 3050.6 @ 0.3 0.753 s

Note: Mean values within the same row followed by different letters (a, b, c) are significantly different (*) using
Tukey HSD test as a post-hoc test when ANOVA indicated significant differences (p<0.05). Means followed by the
same letter did not differ significantly. (ns — not significant *p <0.05, **p <0.01, ***p<0.001).

e 7n: the highest average levels are obtained at
the boulevards with a maximum limit value of
123.33 mg-kg'.

e Fe: unlike the other elements studied and
whatever the station iron has high values.

The Gardens have recorded the lowest aver-
age values of the total ETMs content studied. The
analysis of the ETMs of the different sites showed
significant contents of Pb, Cd, Cu, Zn and Fe in to-
tal form X-MLT, followed by the soluble form X-
H,O, then the exchangeable form X-KNO, whereas
the other forms remained lower. For the total form

X-MLT, the comparison between the contents of
the existing ETM in the soil samples of each site
showed very high contents at the level of the bou-
levards compared to the other sites. Similarly, the
mobile forms X-KNO, and X-H,O of Pb, Cd, Cu,
Zn, and Fe also showed higher contents at the bou-
levards, except for Pb-KNO, and Cu-KNO, which
showed important values at garden level. On the
other hand, the contents are very high for the Zn-
KNO, form in the palm groves. For the other or-
ganic fractions X-NaOH, carbonates X-EDTA,
sulfide X-HNO, and residuals, the distribution of
ETMs showed low grades in all the sites, especially
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Table 2. Pearson correlation coefficients between spore density and soil heavy metal species

Metal species X-KNO, X-H,0 X-NaOH X-EDTA X-HNO, X-Residual
Lead -0.153 -0.439" N/A N/A -0.817" -0.656m
Cadmium N/A 0.541m - 0.663" N/A - 0.460" -0.528"
Spore Copper -0.799 N/A 0.099" N/A N/A N/A
density
Zinc 0.704' -0.451m -0.397" 0.040 -0.700° N/A
Iron -0.372m N/A N/A N/A N/A N/A

Note: X — Pb, Cd, Cu, Zn, and Fe. *, ns — statistically significant at the probability level 0.05 and non-significant

respectively. N/A — non-applicable.

in Cd-NaOH which takes zero values at the level
of gardens and palm groves (Table 1). The contents
of Pb-H,0, Pb-HNO,, Pb-MLT, and Pb-Residual in
the rhizospheric soils of the boulevards are signifi-
cantly higher compared to the two other sites. For
Cadmium, significant differences were observed
for the distribution of the concentrations of the
five forms, namely those of Cd-H,O, Cd-HNO,,
Cd-MLT, Cd-NaOH, and Cd residual, indeed the
rhizospheric soils of the boulevards are more con-
taminated than the other sites. With the exception of
Cd-H,0, the concentration of the other four forms
is equal between the palm groves and the prospect-
ed gardens. In turn, for Copper, three forms present
significant differences, namely those of Cu-KNO,,
Cu-MLT, and Cu-NaOH. Also, the rhizospheric
soils of the boulevards are more contaminated than
the other sites. Furthermore, significant differences
were observed for the distribution of concentrations
of all forms of zinc. Likewise, the rhizospheric soils
of the boulevards are contaminated compared to
other sites. On the other hand, only the contents of
rhizospheric soils in Fe-HNO, and in Fe-MLT are
not significantly different in the studied sites. The
other forms have significant differences, indeed
the rhizospheric soils of the boulevards are always
more contaminated than the other sites.

Influence of heavy metal fraction
contents on Mycorrhizal spore density

Table 2 shows the correlation coefficients be-
tween heavy metal fractions content and spore
density. The results show that spore density is
negatively and significantly correlated with the
sulfide bound lead (Pb-HNO,: r = -0.817; p =
0.001), sulfide bound zinc (Zn-HNO,: r = -0.723;
p = 0.021) and copper exchangeable form soil
content (Cu-KNO,: r =-0.782, p = 0.022). How-
ever, the obtained results indicate a significant
positive correlation in spore density with zinc
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exchangeable form soil content (Zn-KNO,: r =
0.650, p = 0.041). No correlations were found for
other chemical forms (Table 2). The linear regres-
sion equation explains the variability observed
in the abundance of spores considering the con-
tribution of the predictor variables (Pb-HNO; or
Pb-MLT or Pb-NaOH). The results suggest that
85.5% of the spore abundance is explained by the
concentration of Pb-HNO, and that 64.6% of the
spore abundance is explained by the concentra-
tion of Pb-MLT. It can be concluded that the rhi-
zospheric contents of Pb-HNO, and Pb-MLT con-
tribute significantly (p <0.001 and p <0.05) to the
density of spores (Figure 2). Similarly, for cop-
per, the linear regression equation explains the
variability observed in the abundance of spores
taking into account the contribution of the predic-
tor variables (Cu-KNO, or Cu-MLT). The results
suggest that 61.1% of the abundance of spores is
explained by the concentration of Cu-KNO, and
60.9% of this abundance is explained by the con-
centration of Cu-MLT. The rhizospheric contents
of Cu-KNO, and Cu-MLT contribute significantly
(p <0.05) the density of the spores (Figure 2). For
zinc, the linear regression equation explains the
variability observed in the abundance of spores
taking into account the contribution of the predic-
tor variables (Zn-HNO, or Zn-KNO; or Zn Resid-
ual). The results suggest that 49.0% of the spore
abundance is explained by the concentration of
Zn-HNO;, and 49.5% of the spore abundance is
explained by the concentration of Zn-KNO,. The
Zn-Residual form does not have a significant cor-
relation; however, Zn-MLT has a low correlation
with the abundance of spores. It can be concluded
that the rhizospheric contents of Zn-MLT and
Zn-HNO; contribute significantly (p <0.05) the
abundance of spores (Table 2). Figure 4 shows
a scatter plot of the multiple linear regression of
the predicted mean number of spores per 100 g of
dry soil as a function of metal species content. This
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multiple linear regression model was developed to
predict AMF spore density using four metal species,
and an R2 level of 0.91 (p = 0.01) was achieved,
with a standard error of £12%. Thus, predictions of
spore density from sulfide-bound zinc and the ex-
changeable fraction of copper showed a good fit,
with a higher R2 value (0.91).Salinity measures
the total amount of soluble salts (minerals) in the
soil and it is an important consideration for man-
agement of healthy soil. Basically, too much salt
makes it harder for crops to pull water and nutrients
into their roots, and at very high levels it can stunt
root growth. The values shown in the figure are
the mean values of root samples from each study
site assessed three times. Error bars indicate the

Table 3. Soil physicochemical properties

standard error of mean: P — palm groves, BV — bou-
levards, G — gardens. The data labeled with differ-
ent letters are significantly different (p <0.05) using
the Tukey HSD test. The values shown in the figure
are the mean values of spores from each study site
assessed three times. The data labeled with different
letters are significantly different (p <0.05) using the
Tukey HSD test.

DISCUSSION

The pH soil affects mineral nutrient soil qual-
ity and much of microorganism activity. In the
current study, the pH of soil samples has shown a

Sites oH EC Ca CO, TOC CIN PO, * i N
(uS.cm™) (mgg”) (%) ratio (mgg") (mgg") (%)

P1 80%0.0° 753 + 24,6 @ 21.3+0.02 1.92+01° |[882| 0.13+00°¢ | 73.84+52° | 0.18
P2 86+0.0¢ 1126 6.0 = 55+0.0f 18601 | 450 | 027400 | 37.13+26° | 0.14
BV1 77+00° 1127 £9.0 18.8+0.1° 205+0.02 |533| 037+0.0%® | 62.04+04° |0.20
BV2 78+0.0° 2420 +64.3 2 19.9+0.1° 1.94+0.0° |262| 040+0.0° 77.30+9.9° | 0.19
BV3 | 7.9%0.0° 1112 + 62 122+0.3° 1.78+0.0¢ | 50.0 | 024+00% | 71.89+43° | 0.03
G1 79+00° 1233 £ 1222 189+02¢ 1.86+0.0% | 418 | 0.33+£0.0% | 59.98+0.9° | 0.02
G2 83+0.0° 518 + 17.6 @ 13.4+0.0¢ 1.82+00¢ |[451 | 027+0.0% | 1224+942 | 0.02
G3 83+0.0° 225+1.0° 13+0.0° 166+00¢ | 25 | 0.06+00" 4542 +12° | 0.01

Note: P—palm groves, BV —boulevards, G — gardens. Values are mean + standard errors of one triplicate. Different
letters a, b, ¢, d, e, fand g indicate significant differences between study sites according to the Tukey HSD post-hoc
test (p < 0.05). Means followed by the same letters did not differ significantly. EC — electric conductivity; CaCO,—
total carbonate calcium content; TOC — total organic carbon; C:N ratio — carbon to nitrogen ratio; PO,* — available
phosphorus; TP — total phosphorus; TN — total nitrogen.
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Figure 3. The mean number of spores per 100 g dry soil by studied
sites: P — palm groves, BV — boulevards, G — gardens
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Figure 4. Scatter plots of the multiple linear regression of the predicted mean
number of spores per 100 g dry soil based on the content of metal species

variation from 7.7 to 8.6, which indicated soils
basic nature (pH value above 7.5). Except for
Palm grove 2 and Garden 2 and 3, the pH of soil
in all other sites was within the optimal range for
the development of fungi 5.5-8.0 (Zorpas et al.,
2003). Several factors that disturb the EC value of
the soil include temperature, amount of fertiliz-
ers, salinity, moisture level, irrigation and types
of soil (Hawkins et al., 2017). Experimental re-
sults showed that the soil EC is directly related to
the nutrient concentration and inversely related to
the depth of the soil (Othaman et al., 2019). The
conductivity study of soil samples has shown
variation in conductivity values between 225
us-cm™! to 2420 ps-cm’!, these values suggest a
non-saline to very slightly saline soil. In boule-
vard BV?2 site, soils have significant high level of
salinity compared to other sites, which may in-
crease their electrical conductivity. At salinity
above to 2000 ps-cm™, roots of larger plants may
have difficulty accessing nutrients and water and
above to 4000 ps-cm™, roots are physically dam-
aged and may die. In their study, Chebaane et al.
(2020), soils in different date palm plantations
presented a high salinity rate up to 7600 ps-cm™.
The free CaCO, ranged from 1.3 to 21.3%. Table
3 indicates that these soils are moderate to high
calcareous in nature. CaCO, was found highest in
Palm grove P1 followed by Boulevard BV2 and
was comparatively lowest in P2 and G3. The soil
total organic carbon was found low to moderately
high range (1.66 to 2.05%). Soil organic carbon is
a measurable component of soil organic matter.
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Organic matter makes up only 2—10% of the mass
of most soils and plays an important role in the
physical, chemical and biological function of ag-
ricultural soils. The mobility of mineral elements
is strongly influenced by soil parameters in par-
ticular pH, mineral element and organic matter
content (Leyval et al., 1994; Radi et al., 2021).
According to Tremel-Schaub and Feix (2005), the
mineral elements enter the constitution of the sol-
id phase of the soil. They can be linked weakly to
the soil particles by electrostatic bonds (ex-
changeable forms). They can also be relatively
strongly linked to the soil by ionic molecular type
bonds (organic complex) or forms organo-metal-
lic complexes (inorganic speciation). While some
species are more labile than others (Cd and Zn),
others are very stable (Cu and Pb) and easily form
organic complexes with Fulvic acids (Prasad
1999). The increase in the content of one species
of the same metal may induce the increase in the
intensity of soil contamination. The presence of
one heavy metal may affect the availability of an-
other in the soil and hence plant. In other words,
antagonistic and synergistic behaviors exist
among heavy metals (Chibuike and Obiora 2014).
With the exception of Pb-EDTA. the five lead
species differ significantly according to their rhi-
zosphere content (Pb-H,O, Pb-HNO, and Pb-Re-
sidual). In contrast, five forms of Cadmium differ
significantly from those of Cd-H,O, Cd-HNO,,
Cd-MLT, Cd-NaOH, and Cd-Residual. In fact,
with the exception of Cd-H,O. the concentration
of other forms remains equal between palm
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groves and gardens. For copper, three forms show
significant differences, namely those of Cu-KNO,,
Cu-MLT, and Cu-Residual. Similarly, significant
differences were observed in the distribution of
concentrations of all forms of zinc. On the other
hand, only the soil content rhizosphere in Fe-KNO,
differs significantly according to the study sites.
Other forms have no significant difference. In fact,
the contents of these forms are higher in the rhizo-
sphere soils of the boulevards than in the other
sites of the palm groves and gardens. Heavy metals
accumulate in living organisms and have short and
long-term toxic effects (Salt 2009). In addition, the
toxicity of an element is related to its chemical
form (to its speciation) as well as environmental
factors (Babich 1980). Among the organisms that
are affected by heavy metals are mycorrhizal fungi
(Ouatiki et al., 2022; Raklami et al., 2021 ). The
latter colonize the cortex of the roots and develop
an extraradicular mycelium. Their role is decisive in
increasing the interface between plants and the sur-
rounding soil and the transfer of mineral elements
(P and N) as well as toxic metals, such as (Cu and
Zn). Mycorrhizal fungi are also susceptible to met-
al pollution (Leyval et al., 1997; Cairney 1999; En-
try et al., 2002). A decline in fungal diversity can
reduce plant biodiversity in a terrestrial ecosystem
(Van der Heijden et al., 1998). El Faiz et al. (2015)
showed that inoculation with isolated mycorrhizal
fungi from mining soils resulted in a significant in-
crease in the growth of the Cana indica seedlings
by contribution to control plants. In fact. the pres-
ence of fungi in the rhizosphere of the mining soils
had induced a promoter effect of plant growth and
resistance to toxicity. (Ouatiki et al., 2022). The
abundance of spores and the infectious potential of
the mycorrhizal fungus vis-a-vis the roots of the
date palm are affected by water stress (Meddich et
al., 2021; Raklami et al., 2021) and by metal pollu-
tion (Leyval 1995). A weak mycorrhizal symbiosis
has been found in the Palm Grove P2 and Garden
1. This result can be explained by the rarity in these
sites of mycorrhizal fungi. In turn, other sites have
a significant symbiosis. In contrast, the number of
spores is very low in the boulevards and important
in the gardens and very important in the palm
groves. Besides, the increase in ETM content is
also noted in the boulevards. On the other hand,
palm groves and gardens have low levels. ETM
may indeed have toxic effects on Macs (Gadd
1993) leading to a decrease in spore density and
the infectious potential of mycorrhizal fungi
(Leyval 1995). Recent studies of the effects of

heavy metal pollution on colonization and mycor-
rhizal function, the adaptive mechanisms of AMF
to polluted soils have been detailed by several au-
thors (Leyval, et al., 2002; Meharg et al., 2003;
Gohre et al., 2006; Hildebrandt et al., 2007). In-
deed, the conducted study is based on the correla-
tion between the concentration of the heavy metals
species and the abundance of spores. Thus, gener-
ally when the content of heavy metals increases the
abundance of spores decreases. This is the case for
boulevards, where the obtained results showed a
low abundance of spores and a high ETM content.
However, the increase in this abundance is noted in
the soils of gardens and palm groves. which are
characterized by a low level of ETM. This can be
explained by the great pollution that exists at the
level of the boulevards acting directly on the pro-
duction and abundance of spores and on the spe-
cific richness (Ortega-Laro et al., 2007; Mohamed
Radi et al., 2021). The results of the study of the
correlations between the concentration of seven
forms of heavy metals and the abundance of spores
vary according to the shape and content of the met-
al in the soil. In fact, two forms of Lead (Pb-HNO:
r=0817; p=0.013 and Pb-MLT: r = -0817; p =
0.013) were negatively correlated with spore abun-
dance. Thus, when the content of these two forms
of lead increases, the abundance of spores decreas-
es, as ETM may indeed have toxic effects on AMF
(Gadd. 1993; Tahiri et al., 2021). In study sites.
two forms of copper were negatively correlated
with spore abundance (Cu-KNO,: r = -0799; p =
0.017) and (Cu-MLT: r = -0810; p = 0.015). Both
forms have a direct and detrimental effect on spore
abundance. Similar studies also noted that Cu en-
ters the cytosol. Preferentially accumulates in fun-
gal vacuoles and spores (Gonzalez-Guerrero et al.,
2008). Further work on preferential accumulation
of Cu in spores has also recently been demonstrat-
ed by the microscopic detection of some blue-
green spores in the extra-radical mycelium of G.
intraradices (Ferrol et al., 2009). Excess Cu is
transferred to vacuoles, where it can be stored from
the cytosol and to specific fungal structures (spores
and vesicles) and then, it would alter these struc-
tures because it limits core metabolic functions
(Ferrol et al., 2009). For zinc, a single form (Zn_
HNO;,: »=-0700; p = 0053) was negatively corre-
lated with spore abundance. The same results were
obtained by Boyle and Paul (1988), which showed
a negative correlation between zinc concentration
and root colonization by AMF in industrial sludge-
treated soils. However, regardless of the site
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studied, the results obtained for cadmium and iron
show that the abundance of spores is not signifi-
cantly correlated with these metals. Unlike the
other studied elements (Pb, Cu, Zn), iron has very
high levels in soil samples. In contrast. cadmium
known for its high toxicity and its facility to be bio-
accumulated in organisms is less concentrated in
these samples. These two elements were not cor-
related with spore abundance. Similar results were
observed by Leyval (1994). He showed that the
percentage of germination of the AMF spores was
not negatively correlated with the total metal con-
centration in soils or with cadmium available and
evaluated by chemical extraction. Heavy metals
can reduce and eliminate root colonization by
AMEF, as well as germination of their spores. The
total number of spores, the size and the diversity of
mycorrhizal populations decreased significantly in
the soil with increased concentration of heavy met-
als (Del Val et al., 1999; Radi et al., 2014). The
scatter plot of the multiple linear regression shows
that AMF spore density is significantly correlated
with sulfide-bound zinc and the exchangeable frac-
tion of copper showed a good fit, with a higher R2
value (0.91). Thus, higher concentrations of these
fractions may reduce spore density. Gonzalez-
Guerrero (2005) studied the morphogenetic re-
sponse of Glomus intraradices hyphae using carrot
roots in the presence of several Cu concentrations.
He observed that Cu induced significant changes in
fungal morphogenesis, especially at the cytoplas-
mic wall and reduction of sporulation. In contrast,
at low Cu concentrations, he found an increase in
hyphal length, while at higher concentrations in
this element, the growth of the extra — radical - my-
celium was localized and severely limited. Similar
results were obtained for the extra-radical myceli-
um of G. intraradices in response to excess Cd, Pb,
Zn, and low pH (Bago et al., 2004; Pawlowska et
al., 2004). Other studies suggest that fungi may, in
some cases, slow down the transfer of trace ele-
ments from the soil to the plant, especially when
soil trace element levels are elevated on a polluted
site. Mycelium may decrease the uptake of metals
in root tissues (by cell wall binding, polyphosphate
grains, organic acids, and metallothionein -type
peptides in mycelium) (Prasad 1999). However,
the decrease in the toxicity of heavy metals by col-
onization of MA fungi may vary to a large extent,
depending on the concentration of metal in the soil.
symbiosis and plant growth conditions (Leyval et
al., 1997; Weissenhorn et al., 1995; Hildebrandt et
al., 1999). Leyval et al. (1994) showed that the
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spores isolated from polluted soils gained a toler-
ance highlighted under conditions where metals
are more readily available. However, the mecha-
nisms involved in this increased tolerance to heavy
metals in polluted soils remain to be elucidated and
the role of mycorrhizae formed by these fungi on
the transfer of metals to plants.

CONCLUSIONS

The objective of this study was to study the
impact of anthropogenic activities via metallic pol-
lution on the variability of Arbuscular Mycorrhizal
Fungi (AMF) associated with date palm, includ-
ing AMF infectivity and spore density in the urban
and peri-urban soils of Marrakesh. The study of the
speciation of heavy metals (Cd, Cu, Fe, Pb, and
Zn) in soil samples shows that their contents vary
depending on the sampling site and the chemical
form of each metal. For example, heavy metal
content generally increases in boulevards by re-
filling at other sites studied. The low frequencies
and intensities of mycorrhization recorded in the
boulevards can be explained by diffuse pollution
of heavy metals, mineral elements and micropol-
lutants. The latter have a detrimental effect on my-
corrhizal fungi with a decrease in spore abundance
and the infectious potential of soils. This decline in
fungal diversity may have negative consequences
for the growth of date palm plants.
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