E3S Web of Conferences 319, 01062 (2021) https://doi.org/10.1051/e3sconf/202131901062
VIGISAN 2021

Selection and valorization of arbuscular mycorrhizal fungi
isolated from phosphate sludge basins in promoting of citrus
and carob seedlings

Zakaria BAIZ "2, Mohammed ELGUILLI?, Khalid AZIM?, Jamila DAHMANI',and Younes ABBAS?

! Laboratory of Plant, Animal and Agro-industry productions, Ibn Tofail University, Kénitra
2 National Institute of Agricultural Research; Regional Center for Agricultural Research — Agadir, Morocco National
3 Polyvalent Laboratory, R&D, Polydisciplinary Faculty, USMS- Béni Mellal

Abstract. Accumulation of phosphate sludge (PS) generated from phosphate treatment
process in the open air represent an environment risk and a problem in terms of storage
capacities. The use of this by-products in agriculture, is an alternative recovery technique for
the phosphate. Moreover, selection of symbionts and their inoculation into the soil whether
in the nursery or at field were strongly encouraged. These inoculants were selected not only
for their impact on the plant, but also for their ability to persist in the soil at the expense of
the residual native microflora. This can be performed to the microorganisms which could
occur in the solid sludges deriving the exploitation of phosphates in a pilot site of Khouribga
area. In this context, the indigenous mycorrhizal resources have been exploited through
better exploration of the local floristic diversity and then a series of mycorrhizal fungi
selection and production tests have been made. The mycorrhizal complex was prepared and
their effect was tested in Citrus and carob plants growth in the nursery. Two mixtures of PS
were carried out: 10% (S2) and 40% (S5) for Citrus plants and 20% (S3) and 40% (S5) for
carob plants. The sandy soil of Maamora forest was used as a control (S1). The results
shown three dominant morphotypes were detected: Rhizophagus irregularis, Funnileformis
constrictum and Scutellospora calospora. The effect of the PS with the AMF-based inoculum
indicate that mycorrhizal inoculation of the substrates by a raw inoculum stimulates the
growth of plants specially S2, S5 and S3 for Citrus volkameriana, Carrizo citrange and carob
respectively. Based on these results, this combination between PS and mycorrhizal fungi
had a great effect on Citrus and carob plant in the nursery.

1 Introduction plant protection against environmental stresses [6]. AMF
are key components of the soil microbial community,
directly influencing the uptake of water and nutrients,
such as P. In addition, AMF take up P from soil solution
but cannot extract on their own the P of the PR; however,
when combined with PR-solubilizing bacteria, AMF can
translocate P from Rock P into their host plant [7]. The
AMF symbiosis also alters the chemical characteristics of
plant root exudates, altering associated microbial
communities in the rhizosphere [6, 8, 9]. The zone of
influence of mycorrhizae in the rhizosphere is known as
the mycorrhizosphere [10], and the morphological and
physical changes generated by the association of the AMF
symbiosis with the roots (which modify the conditions of
the surrounding soil and impact the microbial community)
are known as the mycorrhizosphere effect [11, 8]. As a
result, mycorrhizas promote plant growth under various
abiotic and biotic stress conditions [12, 13, 14, 15].
These symbiotic microorganisms help plants to obtain
nutrients which are very often limiting in the soil. By
improving the physiology of the plant, especially in
conditions of water and nutrient stress, the inoculation
technique represents a strong opportunity in dry areas to
increase agricultural and forestry production, while
improving soil fertility through a non-polluting practice

Phosphorus (P) is an essential macronutrient, the most
requested by the plant. It plays an important role in many
physiological activities such as cell division,
photosynthesis and the development of a good root system
and the utilization of carbohydrates [1], despite the fact
that phosphorus is largely and abundantly distributed in
the soil under its inorganic and organic properties, many
soils around the world are deficient in P due to the fact
that it is not readily accessible for both plant growth and
immobilization metal [2]. In soils, insoluble P compounds
can be solubilized by phosphatase enzymes, organic acids
and complexing agents produced by plants and
microorganisms [3]. Morocco, with its large share of the
world’s phosphate reserves, is the leading exporter of
phosphate and its derivatives. Enrichment process of
phosphate ores generate huge amounts of sludge and
flotation tailings deposited together (Phosphate sludge) in
basins over an area of several dozen hectares [4]. This
represents a significant environmental problem in the
country.

Additionally, arbuscular mycorrhizal fungi (AMF) are
well known to improve plant growth and P nutrition [5].
Colonization of roots by AMF increases root surface area,
improving plant nutrient acquisition, soil structure, and
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[16]. In this study, the aim is select and promote
mycorrhizal fungi isolated from phosphate sludge basins
in order to choose the better inoculum to be incorporate
into a substrate of culture based on solid sludge releases
for the growth of Citrus and carob plants.

2 MATERIALS AND METHODS

2.1 Study sites

This study was conducted in eight sampling points in the
solid sludges deriving of the exploitation of phosphates
ores in a pilot site of Khouribga area in Beni Mellal —
Khénifra region of Morocco. The geographical position
and physical and chemical soil characteristics of are given
in tablel and figure 1.

Table 1. Physicochemical proprieties of phosphate sludge.

Parameters Solid Phosphate sludges

pH du sol (in water) 8.22

EC (ms/cm) 0.35

N Total (%) 0.49

Mati¢re organique (%) 0.45

P disponible (%) 16.3

P Total (%) 10.22

K échangeable (%) 0.16
Argile (%) 28
Calcaire total (%) 42

Texture limon argileux

2.2 Vegetation at the studied sites

In addition to the taxonomic identity of fungi, habitat
information is as important as when selecting isolates for

practical use [17]. At pilot site, the most common plant
species were: Tamarix sp., Nicotiana glauca, Atriplex
halimus, Medicago Arabica and Acacia sp.

2.3 Sample collection

The sampling was conducted in Avril 2018.
Approximately 3 to 5 kg of soil around plants roots were
collected at site in 8 different points. To obtain a
representative sample for the entire site, depth soils of 10
to 70 cm were taken and homogenized. Additionally, for
arbuscular mycorrhizal spore extraction and physico-
chemical analyses, 3 kg sub-sample of homogenized soil
was taken to the laboratory.

2.4 Root clearing and staining

Fine roots were collected (One to 5 g) and maintained in
a glycerol/ethanol/distilled water (GEE) solution [18].
The ectomycorrhizae was first screened for the possible
presence under a sterecomicroscope. To reveal fungal
structures, roots were cleared in 10% KOH and stained
with 0.05% trypan blue in lactophenol [19]. Fragments
were cut into 1 cm of stained roots and crushed on slides
in a drop of polyvinyl alcohol-lacto-glycerol (PVLG: 8.33
g polyvinyl alcohol, 50 mL lactic acid, 5 mL glycerine and
50 mL water) [20]. Each slide contains 5 to 10 fragments
with 10 replications. As described by Trouvelot and al.
[21], the fragments were observed under a microscope
(10x and 40x magnification) to estimate the extent of
arbuscular mycorrhizal infection. The procedure
implicate scoring the proportion of cortex colonized by
the endomycorrhizal symbiont as follows: 0: no fungal in
fection, 1: trace of fungal infection, 2: less than 10% of
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Fig. 1. Geographic localization of sampling.
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fungal infection, 3: fungal infection ranging from 11 to
50%, 4: fungal infection ranging from 51 to 90% and 5:
fungal infection over 90%. These scores were used to
calculate mycorrhizal frequency (F %):

F = 100(N-n0)/N (1)

Where; N is the total number of observed fragments and
n0 is the number of fragments without mycorrhizae.

2.5 Extraction of AM fungus spores

The extraction of Glomalean spores from the soil was
determined by Gerdemann and Nicolson [22] method. 100
grams of soil were sieved on 500 to 50 um mesh sieves
and centrifuged in a water sucrose solution (50% w/v) for
10 min at 1500 rpm. Spores were counted and grouped
according to their morphological characteristics under a
stereomicroscope. The relative abundance and richness of
each fungal type were calculated per 100 g of dry soil.

2.6 Spore identification

Morphological characters: colour and spore size were
assessed in water under a stereomicroscope. Spores were
observed under a microscope to evaluate wall structures
and other specific attributes on permanent slides prepared
according to Azcon-Aguilar [23].

Morphological features, e.g. colour, size, wall
structure and hyphal attachment are the main parameters
for spore identification [24, 25]. Morphotypes were
classified to the genus level and to the species level when
possible.

2.7 Mycorrhizal Infectious Potential (MPN)

The mycorrhizal potential of rhizosphere soil samples
from different plant species was tested using the Most
Probable Number (MPN) technique [26].

2.8 Preparation of the inoculum (mycorrhizal
complex)

The selected AM fungi were then propagated on the roots
of barley plants (Hordeum vulgare L.) with 50 spores of
each morphotype against the root system of the
mycotrophic plant [27]. The substrate was used is a
mixture of sand and sterile sludge, respectively in the ratio
3: 1. After 2 months of cultivation, mycorrhizal barley
roots were evaluated for their mycorrhizal rate. Then the
barley seedlings were desiccated and the dry substrate was
completely collected and put in sachets to serve as an
inoculum for Citrus and carob plants in the nursery.

2.9 Greenhouse experiment

Mixtures based on the solid phosphates mud and the soil
of the Maamora forest were made according to the
concentrations which allowed better growth of the plants:
mixture S5 (40% of the phosphate mud + 60% of
Maamora soil), S2 (10% of phosphate sludge + 90%
Maamora soil) for Citrus and S3 (20% of phosphate
sludge + 80% Maamora soil), S2 (10% of phosphate
sludge + 90% Maamora soil) for the carob plants.

The Citrus rootstocks (Carrizo citrange and Citrus
volkameriana) and carob plants were transplanted into 2
kg pots containing the various mixtures with a 10 g / kg
strip of mycorrhizal inoculum (mycorrhizal complex)
based on selected AMF and which have been propagated

on the roots of barley plants (Hordeum vulgare L.) with
50 spores of each morphotype against the root system of
the mycotrophic plant [27] in a greenhouse according to a
block experiment full random. The plants were watered
every second day individually with the same quantity and
treated by pesticides against disease fortnightly in the
growth room (Greenhouse).

2.10 Measured parameters

Plant height, trunk diameter and leaf chlorophyll content
(SPAD values) were assessed. The leaf chlorophyll
content was determined using a portable chlorophyll
meter (SPAD-502, Minolta Co. Ltd., Osaka, Japan). The
relative growth was calculated in percentage for each
parameter:

RG% = [(St - S0)/ S0] x 100 2)
Where; RG the relative growth, SO is the initial size
and St is the final size.

2.11 Statistical analysis method

Data were analyzed by variance and covariance analysis.
Each data representing the average of three replicates.
Then the data belonging to the same group are considered
not different with the risk equal to 5%. The statistical
treatment of the results is carried out using a SPSS
Statistics 23 Software.

3 RESULTS

3.1. Natural mycorrhizae

In all samples, the organisation of mycorrhizae was the
same. Microscopic observations of stained roots showed
that Nicotiana glauca and Tamarix sp. formed abundant
endomycorrhizae. In some cases, the frequency and
intensity of mycorrhizal infection reached 100% for
Nicotiana glauca and Tamarix sp. and 32% for acacia sp.
(Tab. 2). Different endomycorrhizal structures were
observed, including hyphal coils that seemed to ramify
straight along the root cortex (Fig. 3) and oval vesicules
were present between the cortex cells.

3.2 Diversity of AMF spores

The number of spore morphotypes detected at each site,
according to shape, colour and size. All spores belonged
to the Glomineae order represented by the Glomaceae and
Acaulosporaceae families (Fig. 3). Morpho-anatomical
analysis of the different species of these fungi revealed the
presence of 3 dominant morphotypes: Rhizophagus
intraradices (Yellow-brown, elliptical with irregularities
and 90 um diam), Funnileformis constrictum (Brown, 60
um diam) and Scutellospora calospora (Formed
terminally on a bulbous subtending hypha; pastel yellow
to dark orange, 260 um diam).

3.3 Relative abundance of common AMF species

The results of this selection made it possible to realize that
the propagules harvested under Nicotiana glauca and
Tamarix sp. (Respectively 225 and 110 propagules / 100g
of soil) are significantly more efficient than those of other
plants (Fig. 4). So our study was focused on the
rhizosphere of these two plants in order to multiply and
mass produce these mycorrhizal propagules.
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Table 2. Number of spores per 100g of rhizospheric soil under
N. glauca and Tamarix sp.

Species Species Average F (%)
number of spores per
100g of soil
Nicotiana glauca 94+2a 100
Tamarix sp. 91+1a 100
Medicago Arabica 251D 28
Acacia sp. 35+2b 32

Fig. 2. Mycorrhizal mycotrophic of Nicotiana glauca plant root
(Gross 40x).

Fig. 3. Spores of Rhizophagus intraradices in mixture with
Funnileformis constrictum and Scutellospora calospora (Gross
40x).

Mycorrhizal Infectious Potential (MPN)
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Fig. 4. Mycorrhizal Infectious Potential of the various
rhizospheric soils studied.

3.4 Effect of mycorrhizal inoculum on the growth
of Citrus and carob seedling

The effect of raw mycorrhizal inoculum on the growth of
Citrus and carob seedling was determined. The relative
height growth of the Citrus volkameriana plants indicates
that the best growth was significantly observed in the S2
mixture with 10% of the phosphate sludge and
mycorrhizal inoculum (Table 3).

Additionally, no significant difference was noted for
the growth in diameter and chlorophyll index despite the
superior growth in the biomass of the plants of the S2
mixture (Table 3).

On the other hand, for Carrizo citrange plants, the
highest height growth was observed in the S5 mixture and
no difference was obtained for the relative growth in
diameter and in chlorophyll index SPAD (Table 3). This
difference was noted significantly in the dry weight of
shoots and roots. Otherwise, the relative growth and
biomass of the higher plants were noticed significantly in
mix S3 for the carob plants (Table 3).

The estimation of the progression of the air under the
curve was made using the trapezoidal method. For Citrus
volkameriana plants, the highest AUGPC was obtained in
the S2 mixture although no difference was observed (Fig.
5). In addition, AUGPC is slightly higher in the S5 mix
for Carrizo citrange plants and the significant difference
was observed in the SPAD chlorophyll index (Fig. 6). For
the carob plants, the AUGPC height is significantly
greater in the S2 mixture compared to the control mixture.
Otherwise, no difference was noticed for the other growth
parameters of these plants (Fig. 7).

4 DISCUSSION

Experimentation has shown that the solid phosphate
sludge, used here as a culture substrate, contains AMF
propagules capable of associating with the roots of the
plants studied. This soil therefore contains one or more
strains of AMF with 3 dominant morphotypes:
Rhizophagus intraradices, Funneliformis constrictum and
Scutellospora calospora.

The results of the effect of the phosphate sludge with
the AMF-based inoculum indicate that mycorrhizal
inoculation of the substrates by a raw inoculum stimulates
the growth of plants in the nursery. The growth
parameters of the plants of Citrus volkameriana and carob
plants were greater in the S2 mixture with 10% of the
phosphate sludge. Moreover, for the Carrizo citrange
plants the highest growths were observed in the S5
mixture with 40% of the phosphate sludge. The effect of
mycorrhization on plant height has been shown in various
species in nursery plants [28]. Aroca [29] reported that
Rhizophagus Intraradices significantly improved the
expression of plant genes encoding intrinsic plasma
membrane proteins (PIP) in roots and resulted in a
remarkable increase in shoot dry weight under drought
conditions. Additionally, two functional aquaporins of R.
intraradices were shown to be responsible for a
significant increase in the relative water content of the
roots of maize plants [30]. As P mobilization from soil
resources was strongly correlated with plant P contents,
this effect is likely to be indirectly caused by AMF media-
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Table 3. Effect of gross mycorrhizal inoculum from solid phosphate sludge on the growth of Citrus and carob plants in the nursery.

Species Mixtures | Relative growth Relative Chlorophyll Dry weight | Dry weight
in height (%) growth in index (SPAD) | of shoot (g) | of root (g)
diameter (%)
. S1 68.25b 124.74 a 4453 a 2.03b 0.98b
vol. ki;’::rj,ana S2 82.53 a 135.55a 50.31a 542a 4.63a
S5 3993 ¢ 120.40 a 39.86a 1.03 ¢ 0.76 b
. S1 135.18 a 137.77 a 38.13a 3.25ab 473 b
Carrizo S2 40.74 b 13434 a 22.9b 2.11b 1.05¢
cirange | g5 140.74 a 133.63 a 413a 4392 6242
S1 168.88 ¢ 11242 b 3922 a 4.66b 2.87b
Carob S3 364.66 a 146.76 a 37.52a 6.41a 340a
S5 208.88 b 145.65 a 3595a 1.36 ¢ 0.87 ¢
The means followed by the same letter in the same column do not differ significantly from each other according to the Tukey test at p
<0.05.
Citrus volkameriana |
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Fig. 5. Estimates of AUGPC of various parameters measured for
Citrus volkameriana plants; statistically significant differences
are indicated as P <(.05 from the control mixture.

Carrizo citrange
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Fig. 6. Estimates of AUGPC of various parameters measured for
Carrizo citrange plants; statistically significant differences are
indicated as P <0.05 from the control mixture.

ted improvements in plant nutrition [31]. The
amendments of the phosphate sludge add significant
concentrations of P not available. According to Hakkou
[4], solid phosphate sludge is quite rich in total P (14 to
16%). We therefore suggest that inoculation of substrates
with AMF increases the availability of P in mixtures in
order to promote plant growth.

Fig. 7. Estimates of AUGPC of various parameters measured for
carob plants; statistically significant differences are indicated as
P <0.05 from the control mixture.

Furthermore, and although it is believed that AMF do
not have saprotrophic abilities [32], it has been shown to
use nutrients derived from organic matter [33, 34] and
may also indirectly improve mineralization of organic
matter [35, 36, 37]. Some studies also suggest direct
uptake of organic N compounds from soil [38, 39, 40].

Citrus plants are necessarily dependent on
mycorrhizal colonization [41, 42] and so far this
dependence has been shown to be mainly related to the
nutrition of P. Phosphorus may be a limiting factor major
for plant growth because it is extremely immobile in soils.
Large amounts of the soluble form of P in fertilizers can
be immediately converted by reaction with soil calcium to
insoluble phosphate, which is not available to plants [43].
Mycorrhizal inoculation can influence the pH of the
rhizosphere, which can increase the absorption of P [44,
45]. Otherwise, mycorrhizal symbioses can increase the
spatial availability of P, extending the nutrient uptake
surface through the formation of mycorrhizal hyphae. The
distribution of hyphae in areas of soil where the roots are
absent and the greater contact of hyphae with the soil
largely contribute to the increase in nutrient uptake [46].
Phosphorus uptake per unit root length (influx) has been
shown to be faster in mycorrhizal plants than in non-
mycorrhizal plants [47], resulting in higher concentrations
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of P in the plants, shoots and roots, and therefore,
improving plant growth.

The difference between Cifrus rootstocks can be
related to the nutrient requirements of the plants and the
physicochemical parameters of each mixture as
mentioned in the previous chapters. In general, the
positive effect of AMF has not always been linked to the
high inputs of the phosphate sludge, other factors namely
the pH and the organic content of the mixtures should be
taken into account. This is evident in Citrus volkameriana
plants which prefer the S2 mixture with 10% sludge and
Carrizo citrange plants which prefer the S5 mixture with
40% phosphate sludge.

As previously demonstrated by Ouahmane [48] and
Manaut [49], a strong mycorrhizal dependence of carob
plants was observed under our conditions. Ouahmane [48]
also showed that the diversity of the AMF was recorded
the dominance of Glomeraceac (Rhizophagus
intraradices | irregularis) in the roots of carob tree. It has
been shown that AMF stimulate plant growth and nutrient
uptake [50]. This could explain the high growth which
was observed in the plans of the S3 mixture (20% sludge)
with the inoculum containing the mycorrhizal spores
including Rhizophagus intraradices.

5 Conclusion

In conclusion, the phosphate sludge resulting from the
different treatments and which is dumped in nature can be
reused if we think back to nature based solutions. Indeed,
better management of the microbial potential that sets in
following the different plant / microorganism
combinations is an extensive alternative which has shown
its effectiveness in this study. The solid sludge of
phosphates, despite their physicochemical characteristics,
harbor, after the installation of a certain number of plants,
one or more strains of AMF, the study of which has shown
the dominance of 3 morphotypes which have been
isolated and identified: Rhizophagus intraradices,
Funneliformis constrictum and Scutellospora calospora.
The mycorrhizogenic potential of the rhizosphere of two
species of target plants (Nicotiana glauca and Tamarix
sp.) supports our suggestion and suggests that certainly
the introduction at the level of these sites of plants with
greater mycorrhizogenic power can only be beneficial
either for its rehabilitation or the reuse of this sludge.
Also, it is useful to remember that, despite the time
allocated to the cultivation of the plants in the nursery, the
results of inoculation with the mycorrhizal complex
isolated from this sludge showed its effectiveness at least
in terms of the relative growth of the Citrus or carob
plants. It is sufficient to optimize the choice of an effective
growing medium based on the appropriate mixtures for
each type of culture.
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