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Abstract: Mycorrhizal symbioses, which are widespread in various terrestrial ecosystems, constitute a very important research
topic for many biologists. Arbuscular mycorrhizal fungi (AMF), belonging to the phylum Glomeromycota, take their name from
their characteristic structures: arbuscules. Spores represent the main structures allowing the morphological identification and
characterization of AMF. The spores directly extracted from soil samples were identified under an optical microscope. The
diversity of AMF in maize rhizospheres in Bouaflé and Niell¢ areas was highlighted. Thus, 12 genera of AMF divided into 8
families have been identified. Spores of two families of endomycorrhizae (Glomeraceae and Acaulosporaceae) have been
described. The spores of the Glomeraceae family represented by 4 genera Glomus, Funneliformis, Septoglomus and Rhizophagus
are globose to subglobose, 45 to 200 um in size. The spores have a single wall composed of 3 to 4 parietal layers. The outer layers
stain with Melzer's reagent. The suspensory hypha often characterized by the presence of constriction, light brown in color is the
extension of layer 2. Morphologically, the spores of Acaulosporaceae represented by a single genus Acaulospora, are
distinguished by the globose to subglobose shape. The spores are whitish, pale yellow, golden yellow to orange-brown in color
and 90 to 200um in diameter. The subcellular structure of spores consists of a spore wall (outer wall) and two inner walls. The
outer and inner walls of the spores consist of three parietal layers. The outermost layers are evanescent, hyaline whitish,
orange-brown to pale yellow. The layers of the inner wall are adherent to each other appearing as a single layer. The surface of
the spores, populated with projections of different shapes resembling often rudimentary hyphae, show scars and ornamentations.
This study gives the essential of the status of AMF and revealed the morphometric and structural characteristics of some AMF.
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exchanges [2, 3]. The symbiotic structure in this interaction,
commonly called mycorrhiza, mixed structure is the place of
exchange between the two partners [4]. Mycorrhizal symbiosis is
an important innovation in the evolution and adaptation of plants
to their terrestrial living environment. It has allowed plants to
better adapt to their environment, especially in ecosystems with a
water and/or mineral deficit [5]. Mycorrhizal symbiosis exists in
several forms such as arbuscular mycorrhizae, ectomycorrhizae,

1. Introduction

Mycorrhizal symbioses, which are widespread in various
terrestrial ecosystems, constitute a very interesting research
subject for many biologists. Mycorrhizal interaction is a
long-lasting association between species of mycorrhizal fungi
and plant roots [1], characterized by reciprocal nutritional
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orchid mycorrhizae and heath mycorrhizae. In nature, arbuscular
mycorrhizae are the most widespread symbionts [6]. Arbuscular
mycorrhizal fungi (AMF), belonging to the phylum of
Glomeromycota, take their name from their characteristic
structures, the arbuscules [7]. They are the most common
mycorrhizal symbionts and form associations with over 80% of
both temperate and tropical terrestrial vascular plants [8]. AMF
appeared probably millions of years ago [9, 10]. These
micro-organisms are obligate symbionts which, from an
anchorage point in the root, develop hyphae allowing them to
exploit the soil, profile and infect other roots. They form asexual
spores individually or in clusters from the extra-root hyphae in
the soil to ensure their progeny [11, 12]. These spores are of
different shapes (glomoid or acaulosporoid) and also have walls
whose thickness and color vary depending on the species. The
size of AMF can vary from a few tens of micrometers to half a
millimeter. According to taxonomists and biologists, spores
represent the main structures allowing the morphological
identification and characterization of AMF [13]. Also, the
morphological diversity and density of AMF spores are strongly
influenced by various factors such as the age of the spore, the
physicochemical characteristics of the soil, pedo-climatic
variables, the presence of bacteria and human activities [14, 15].

The study of AMF systematics has developed based mainly
on the morphology of spores [14, 15]. The morphological
characterization of mycorrhizal fungal spores is an important
means for the description of spores. It’s based on the
description of spores by observing the color, size; parietal
structures that are the number of cell wall layers, the thickness
of the cell wall and the presence of characteristic structures
specific to each taxon, germination shield, hypha or
suspensory bulb and sporogenous cells [16-18].

AMF currently represent 5 orders and 14 families within the
Glomeromycota phylum [19]. For example, gigasporoid AMF
have been rearranged into multiple families and genera due to
differences in spore wall structure, germination shield shape and
pigmentation, and germ lobe structures [20, 21]. Acaulosporoid
and entrophosporoid AMF have also been rearranged recently for
differences in spore formation and morphology [22]. Finally, the

glomoid AMF, which are more widespread in nature and group
together the largest number of species within the Glomeromycota
phylum, have been attributed to distinct phylogenetic clades for
which spores can be produced alone or in clusters in soil. [23].
Glomoid AMF represents the morphologically most important
species. They show a very great difference in the characteristic
structures of the spore wall, the pigmentation, the structure of the
wall and the type of closure of the hyphae at the base of the
spores [23, 24].

However, due to the differences, the morphological
characterization of AMF is necessary to highlight all the diversity
at the level of arbuscular mycorrhizal fungi. In previous works,
the diversity of AMF according to morpho-metric characteristics
is highlighted. [13, 18, 19, 25-27].

As part of a complex research project on AMF diversity,
fungal spores were extracted from soils directly from the
sampling sites. The objective is to describe the arbuscular
mycorrhizal fungi belonging to the Glomeraceae and
Acaulosporaceae families, isolated from maize rhizospheres on
the basis of morphometric and structural analyzes of the spores.

2. Material and Methods
2.1. Soil Sampling Areas

Soil samples were collected from the areas of Bouaflé
(Marahou¢) and Niellé (Tchologo) in Cote d'Tvoire chosen
according to a pedo-climatic gradient (Table 1). In each of the
zones, soil samples were collected from maize rhizosphere of
five randomly chosen localities (Figure 1). The physicochemical
characteristics of the soil samples from each of the areas
determined in previous work are presented in Table 2. The soil
samples were taken from a depth of 0-20 cm in the stratum using
an auger. Three soil samples were collected at the foot of
different maize plants chosen at random. These three samples
were then homogenized to form a composite sample. 500 g of
soil were sampled, packed in plastic bags and then transported to
Abidjan and kept at the Unit of Pedagogy and Research (UPR) in
Genetics of University Félix HOUPHOUET-BOIGNY (UFHB).

Table 1. Characteristics of the study areas: Bouaflé and Niellé.

Bouaflé (Marahoué)

Niellé (Tchologo)

Tropical climate of the Baoulé type characterized by four seasons (2

Tropical climate of the Sudano-Guinean type characterized by

Climate rainy seasons and 2 dry seasons) and 1300 mm of rain on average per ~ two seasons (1 rainy season and 1 dry season) and an annual
year rainfall varying between 1000 and 1200 mm
Mesophilic forest of the Guinean domain, which is considered to be the ~ Sub-Sudanese sector of the Sudanese domain. The vegetation is
Vegetation fundamental type of semi-deciduous forest. There is a mosaic of characterized by dry open forests and wooded, treed and shrubby
forests and savannah savannas.
Plateaus and plains with an average altitude of 250 meters. However Plains and plateaus (Mount Gnangbabka) with altitudes varying
Relief there are some elevations including Mount Lotanzia (652 m) of the from 200 to 500 m, and with a mountain range (Mount
Baoulé mountain range Ouamelhoro)
Moderately desaturated ferralitic clay-sandy dominance characterized
Soil by a shallow humus horizon rich in organic matter, weakly acidic and  The soil in this area is predominantly clay and sand.
well structured
Hydrography  the Bandama River and many tributaries which dry up in the dry season  the Bandama River and tributaries
Temperature The average annual temperature is 26°C. Relative humidity, it The average annual temp eratu.re s 26‘4.0(: (24.7°C-29.5°C). The
L monthly average relative humidity varies between 35 and 79%.
and humidity =~ averages around 75%

Insolation values range up to 273.8 hours (month of January).

Source: [29]
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Table 2. Physical and chemical characteristics of sampled area soils.

Sampled Area  pH C N C/N P CEC Ca™ Mg™ K Na*
BOUAFLE 6.38+0,3 1,01+0,4 0,10+0,0 10,40+£0,8 60,17+16,2  7,20+3,4 1,27+0,5 0,73+0,1 0,10+£0,01  0,11+0,08
NIELLE 6,35+0,2  1,60+0,7 0,14+0,0 10,92+0,9 117,30+50,4 12,1844,7 3,11£1,9 0,63+0,1 0,11+£0,01  0,15+0,1

NB: pH = hydrogen potential, C = organic carbon, N = total nitrogen, C/N = "organic carbon to total nitrogen" ratio, P = available phosphorus, CEC = cation
exchange capacity, Ca®" = calcium ion, Mg®* = magnesium ion, K™ = potassium ion, Na" = sodium ion.
Source: [26]
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Figure 1. Location of soil sample collection areas in Ivory Coast.

NaCl. AMF spore density is estimated for each area in spores

2.2. Extraction and Enumeration of AMF Spores per gram of soil.

The spores were extracted using the wet sieving method 5 5 Identification and Morphological Analysis of AMF
[28]. Ina 1 Litre beaker, a 100 g soil sample was suspended to Spores

separate fungal propagules from soil particles. After 10 to 30
seconds of settling, the suspension was returned to a series of AMF spores extracted from each soil sample were
four sieves superimposed in descending order of mesh  mounted on a microscope slide in two permanent mounting
diameters 500, 200, 90 and 45 pum. This operation was media: 1) polyvinyl glycerol (PVLG) without prior staining
repeated three times. and 2) PVLG stained with Melzer's reagent. The spores were
The sieve with a mesh diameter of 500 um was used to  then observed under a Leica version 3.4.0 microscope
eliminate the waste that is the root fragments as well as the  (Gx40). Identification and analysis of AMF spores were
large particles of sand. The selected contents of the sieves with ~ performed based on the characteristics of general appearance
a diameter of 200, 90 and 45 pm mesh were distributed  (size and color), parietal structures (number of walls, number
separately in centrifugation tubes containing a 50% sucrose  of parietal layers, cell wall thickness) and the characteristic
solution. The mixture was centrifuged at 2000 rpm for 10 min.  structures specific to each genus (germination shield,
The supernatants of the three tubes were collected separately  sporiferous saccule, suspensory bulb (hypha), sporogenous
in the 200, 90 and 45 pm sieves. The spores contained in each ~ cell). The spores observed were identified, described and
sieve were rinsed with tap water to remove the sucrose and  analyzed using the recommended manual, the International
collected in a Petri dish 9.5 cm in diameter, the bottom of  Culture Collection of Vesicular — Arbuscular Mycorrhizal
which is lined with squared filter paper and moistened with  Fungi [30].
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2.4. Species Richness and Diversity Indices

Biological diversity indices, classic indicators in ecology,
were calculated on the basis of the numbers of AMF spores
obtained according to the morphometric and structural
characteristics. It is:

1) Specific richness (N): refers to the total number of AMF

species observed in a soil sample.

2) The Shannon index: allows diversity to be expressed by

taking into account the total number of species and the
abundance of individuals within a species.

H'H' = =Y, pi.In(pi)

pi= . where ni is the number of individuals of species i, N

is the total number of individuals.
3) Simpson's index is used to calculate the probability that
two randomly selected individuals in a given
environment are of the same species.

1 ni(ni-1)

D=1 S N(V-1)

n;. Number of individuals of a given AMF species.

N: Total number of individuals.

S: Total number of AMF species.

4) The Piélou index, also called the equal-distribution index,
represents the ratio of H' to the theoretical maximum
index in the stand (Hmax).

Hr Hr

R — —
Hrmax log2 (S)

These indices were calculated in order to understand the

structuring of AMF communities observed in each of the areas.
2.5. Statistical Analysis

Statistical analyzes were performed with RStudio software
(2022.07.14+554 "Spotted Wakerobin" Release for Windows).
The density and diversity data were subjected to an analysis of
variance with one classification criterion (sample area). These
analyzes made it possible to highlight the existence or not of
significant differences between the study areas. The
Student-Newmann-Keuls and Turkey tests at the 5% threshold
were used to compare the values of the diversity data.

3. Results
3.1. AMF Spore Density

The results of the spore observations after wet sieving show
that the two study sites contain spores in the soils taken
directly from the maize fields. The average densities obtained
by locality are 2.6440.31 spores/g of soil for the locality of
Bouaflé and 1.96+0.27 spores/g of soil for Niellé¢ (Table 3).
The analysis of variance reveals that these densities of the two
localities differ significantly at the alpha risk of 5% with
p-value=0.0201. Mycorrhizal spores appear to be
heterogeneously distributed throughout the study area.

Furthermore, positive correlations were observed between
spore densities and carbon, nitrogen and magnesium contents.
On the other hand, spore densities were negatively correlated
with phosphorus, calcium, potassium and sodium contents. A
negative and significant correlation was observed between
spore densities and pH (Table 4).

Table 3. Comparison of CMA spore densities of sampling areas.

Fisher test
Sampling areas Spore density (spores per gram of soil) -
F p-value
BOUAFLE 2.64+031a 2 811093 0.0201
NIELLE 1.96 +0.27 ab ] ]
Spore density values followed by the same letter are not significantly different at 5% level
Table 4. Correlation between AMF spore density and soil chemical factors.
pH C N C/N P CEC Ca™ Mg** K* Na*
Spore density -0,3%** 0,1 0,1™ 02" -0,1™ -0,05™ -0,1™ 0,09" -0,1™ -0,2™

ns: not significant; **: significant correlation at 5% threshold

3.2. AMF Spore Diversity

The assessment of diversity takes into account specific
richness, which is the total number of species observed and
diversity indices. The identification under a microscope
made it possible to highlight 10 genera of AMF in the soil
samples of Niell¢ and 8 genera of AMF in those of Bouaflé
(Figure 2).

Most genera were found in all collection areas. The analysis
of variances of the diversity indices observed in the soil
samples of the zones showed no significant difference.
Similarly, the analysis of species richness showed no

significant difference between the two sampling localities
(p-value>0.05). Table 4 indicates that the soil of the
rhizospheres of Niell¢ presents the greatest diversity with an
average index of Shannon H'yj=1.47+0.13 while the
samples of soils of Bouaflé only present 1.2140.09. The
gender distribution is less equitable in the soil samples from
the two study localities with Piélou indices (r) of 0.30+0.02
and 0.36+0.03 respectively for Niellé and Bouaflé.

However, the Simpson indices (D) have values very far
from 1 (D is between 0.28+0.04 and 0.35+0.01). These values
indicate that fungal diversity is very low in the rhizosphere of
the study areas (Table 5).
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Figure 2. Frequency of species observed from the two sampling areas.

Table 5. CMA diversity indices of sampling areas.

Sampling area Shannon index (H') Simpson's Index (D) Pielou index (R) Species richness
BOUAFLE 1,21+0,09 0,34+0,02 0,30+0,02 4,6+0,4

NIELLE 1,47+0,13 0,28+0,04 0,36+0,03 5,6+0,6

p-value 0,45297" 0,18859" 0,45297" 0,5322ns

ns = non-significant difference; the analyzes are carried out at the risk a =5%.

The abundance of AMF seems to be influenced by the
physicochemical characteristics of the sampling areas.
Positive correlations were observed between the abundance of
Glomus sp and pH as well as magnesium and potassium
contents. The abundances of Funneliformis sp and Pacispora
sp were positively correlated with pH and physicochemical
characteristics and negatively with magnesium and sodium
contents. The abundances of Septoglomus sp, Acaulospora sp
and Gigaspora sp appeared to be negatively correlated with
pH and potassium content.

On the other hand, the abundances of Scutellospora sp and
Cetraspora sp were negatively correlated with pH and carbon
and magnesium contents. The abundance of Rhizophagus sp is
positively correlated with pH, potassium and sodium contents
and negatively with other contents (Table 6).

3.3. Morphometric and Structural Study of AMF

AMF spores identified have different characteristics.
Within the same family or the same genus, the species
observed differ for several parameters.

3.3.1. Glomeraceae

(i). Glomus

The AMF spores belonging to the genus Glomus identified
differ according to the sampling areas. In Bouaflé area, the
spores observed are globose, sometimes ovoid, orange-yellow,
orange-brown, light brown to dark brown and ranging in size
from 45 to 200 pm.

Table 6. Correlation between AMF species abundance and soil chemical characteristics.

AMTF species pH C N C/N P CEC Ca*" Mg* K Na*
Glomus sp 0,8 -0,4 -0,9 0,6 -0,4 -0,4 -0,4 0,6 0,6 -0,6
Funneliformis sp 0,4 0,0 0,3 0,2 0,8 0,8 0,8 0,2 -0,2 -0,2
Septoglomus sp -0,4 0,8 0,9 0,0 0,8 0,8 0,8 0,0 -0,9 0,0
Rhizophagus sp 0,5 -1,0 -0,5 -0,5 -0,5 -0,5 -0,5 -0,5 0,9 0,5
Acaulospora sp -0,8 0,4 0,3 -0,4 -0,4 -0,4 -0,4 -0,4 -0,3 0,4
Gigaspora sp -0,4 0,8 0,9 0,0 0,8 0,8 0,8 0,0 -0,9 0,0
Scutellospora sp -1,0 -1,0 0,0 -1,0 -0,5 -0,5 -0,5 -1,0 0,9 1,0
Cetraspora sp -0,5 -0,5 0,9 -0,5 0,5 0,5 0,5 -0,5 0,0 0,5
Pacispora sp 1,0 1,0 0,0 1,0 0,5 0,5 0,5 1,0 -0,9 -1,0

They are present in the soil in a solitary state or in

aggregates and develop at the end of the hyphae. The
observation of spores stained with Melzer shows that they

have a single spore wall composed of two, three or four
different parietal layers. These observations showed identified
spores are mature.
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Spore wall layer 1 (C1PS) forming the spore surface is
mucilaginous, evanescent hyaline. It reacts best to Melzer's
reagent staining brown, yellowish brown, pale yellow and red.
Layer 1 is sometimes difficult to observe because it
deteriorates, with the age of the spores, the washing of the
spores during the extraction or because of bacterial activities.

Layer 2 of the spore wall (C2PS), light brown to dark brown
in color, smooth and permanent, is thicker than layer 1. It is
stratified with two to three layers, consisting of very thin
lamellae.

Layer 3 of the spore wall (C3PS), flexible, thin or thick, is
colored brown or purplish red in Melzer's reagent. It is
attached to layers 1 and 2 and has laminations.

Layer 4 of the spore wall (C4PS), pale yellow to golden
yellow, is composed of several laminated sublayers. This
formation is observed in mature spores and is absent in young
spores.

The spore suspensory hypha is uniquely pale yellow to
golden yellow in color, straight or curved in a funnel shape
and slightly constricted at the base of the spores. The
suspensory hypha is sometimes characterized by the presence
of constriction at the point of attachment of the spore. The
layers of the underlying hyphal wall are a continuation of
layers 1 and 3 or 1 and 2 of the spore wall depending on the
species (Figure 3).

Figure 3. AMF spores of the genus Glomus observed under an optical
microscope (G40x) in PVLG.

Glomus spl (A); Glomus sp2 (B); Glomus sp3 (C); Glomus sp4 (D), (C1PS:
layer] of the wall; C2PS: layer2 of the wall; C3PS: layer3 of the wall; C4PS:
layer4 of the wall; HS: suspensory hypha; PH: hyphal wall).

(ii). Septoglomus

AMF spores of the genus Septoglomus observed are
globose brown to dark brown in color and vary in size from 45
to 90 um in diameter. They are present in aggregates or alone
on hyphae. Observation of spores stained with Melzer's
reagent revealed that they have a single wall composed of

three different parietal layers.

Layer 1 of the spore wall (C1PS) is mucilaginous, hyaline,
thin lighter golden yellow in color. This layer usually
deteriorates as the spore’s age or because of bacterial activities.
Layer 2 of the spore wall (C2PS), thicker than layer 1, is
brown to dark brown in color. Layer 3 of the spore wall
(C3PS), is membrane, very thin and difficult to observe. The
spore wall is made up of microcavities due to bacterial
activity.

The suspensory hypha is a single hyaline to golden yellow
constricting in the form of a funnel at the base of the spores.
The hyphal wall is formed by the extension of layers 1 and 2.
The base of the hypha is closed by a septum formed by the
spore wall 3 (Figure 4).

2
CIPS \,}

Figure 4. AMF spores of the genus Septoglomus observed under an optical
microscope (G40x) in PVLG.

Septoglomus spl (A), Septoglomus sp2 (B), Septoglomus sp3 (C),
Septoglomus sp4 (D). (C1PS: wall layerl; C2PS: wall layer2; C3PS: wall
layer3; HS: suspensory hypha)

(iii). Funneliformis

AMF belonging to the genus Funneliformis produce
glomoid, individual spores of yellow, brown to dark brown
color and size 90 um in diameter. Some AMF spores are
orange-brown in color. The surface of the spores exhibit
irregular shapes of the ornamentations of nuclei. The spores
observed develop at the end of the hyphae. They have a single
wall composed of two to three different parietal layers. The
colorless layer 1 of the spore wall (C1PS) disappears with the
age of the spores. Layer 1 of some spores is hyaline to sub
hyaline, evanescent to semi-persistent.

Layer 2 of the spore wall (C2PS), thicker than layer 1, is
yellow, light brown to dark brown. On the other hand, other
AMF spores are sub hyaline.

Layer 3 of the spore wall (C3PS) is membrane and very
difficult to observe. Some stumps orange-brown to dark
orange-brown in color, thinly stratified and crowded with
concave circular to ovoid pits (Figure 5).
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The funnel-shaped spore suspensory hypha is highly
pigmented; most pronounced from the base of the spore and
gradually becomes hyaline to golden yellow. The spores are
closed by a strong and straight septum at their base at the level
of the suspensory hypha (Figure 5).

3.3.2. Acaulosporaceae

Acaulospora

Spores belonging to the genus Acaulospora are formed in
isolation in the soil. The spores observed are globose to sub
globose, whitish, pale yellow, golden yellow to orange-brown
and 90 to 200 pm in diameter. The subcellular structure of the

spores consists of a spore wall (outer wall) and two inner walls.

The outer spore wall consists of three different parietal layers.
Layer 1 of the spore wall (C1PS), evanescent, hyaline, whitish
to pale yellow, is thin. Layer 2 of the spore wall (C2PS),
thicker than layer 1, is pale yellow, golden yellow to
orange-brown. This layer has laminations, the number of
which varies with age. Layer 3 of the spore wall (C3PS),
membrane, orange-brown to pale yellow is generally difficult
to observe. This layer is inflexible when it separates from
layer 2 of the spore wall.

Figure 5. AMF spores of the genus Funneliformis observed under an optical
microscope (G40x) in PVLG.

Funneliformis spl (A), Funneliformis sp2 (B), Funneliformis sp3 (C),
Funneliformis sp4 (D). (C1PS: wall layerl; C2PS: wall layer2; C3PS: wall
layer3; HS: suspensory hypha, PS: spore wall).

Spore wall and the inner walls are separated by a middle
wall. This median wall is hyaline, orange-brown to pale
yellow.

The inner wall 1 (Pil) of the spores, hyaline, orange-brown
to pale yellow, consists of two to three different layers (C1Pil,
C2Pil, C3Pil) which separate easily from the spore wall.
These layers separate slightly in some AMF spores of the
genus Acaulospora, but they may adhere to each other and
appear as a single layer that is difficult to observe.

The inner wall 2 (Pi2) of the hyaline, orange-brown to pale

yellow spores is flexible and consists of two to three different
layers (C1Pi2, C2Pi2, C3Pi2).

The surface of the spores observed is densely populated
with projections of various shapes resembling often
rudimentary hyphae. AMF spores of the genus Acaulospora
are characterized by the presence of scars and ornamentations
(Figure 6).

4. Discussion

Soils are complex and particular environments composed of
a great diversity of microorganisms.

Analysis of soil samples from maize plantations was carried
out with the aim of understanding the distribution and density
of arbuscular mycorrhizal (AMF) fungi as well as the
relationship between soil physicochemical parameters,
diversity and abundance of AMF. Isolation of AMF spores
showed variability in density between sampling areas. The
average density of spores observed in the soils of the sampling
areas (2.64+0.31 spores per gram of soil in Bouaflé and
1.96+0.27 spores per gram of soil in Niell¢) can be explained
both by the characteristics of the litter, in particular the
biomass and the physicochemical characteristics of the soils
considered. The physicochemical properties of the soil are
known to affect AMF population and therefore the spore
density [19]. In the present study, the soils were slightly acidic
(pH = 6.3), which could be a factor influencing the density of
AMF spores. Some authors have reported that soil pH can
influence the proliferation of AMF spores in the rhizosphere
of crop areas, and that acidic or slightly acidic soils harbor a
low number of AMF fungal propagules [31]. This influence of
pH on spore density has also been observed in ginger
rhizospheres from northern India [32].

Figure 6. AMF spores of the genus Acaulospora observed under an optical
microscope (G40x) in PVLG.

Acaulospora spl (A), Acaulospora sp2 (B), Acaulospora sp3 (C),
Acaulospora sp4 (D). (C1PS: layerl of the wall; C2PS: layer2 of the wall,
C3PS: layer3 of the wall, Pil: inner wall 1, Pi2: inner wall 2).



8 Germain Droh et al.:

Morphometric Characterization of Endomycorrhizal Fungi (Glomeraceae and Acaulosporaceae) from the

Bouaflé and Niellé Areas in Cote d'Ivoire

Mineral element contents and climatic conditions appeared
as factors influencing the density of AMF spores [33, 34].
AMF spore density was significantly and negatively
correlated with the pH of sampled soils. Negative correlations
were demonstrated between the density of AMF spores and
the capacity for exchangeable cations as well as the contents
of phosphorus, sodium, calcium and potassium. This trend has
also been reported by the work of Bossou in Benin [35]. The
negative correlation could be explained by the fact that during
the establishment of the mycorrhizal symbiosis with the roots
of the plants, several AMFs are inhibited when the mineral
contents of the soil are high, the latter attach themselves to the
mycelium of the AMFs, and they only reach the root of the
plant in small quantities [36].

Moreover, positive correlations were observed between the
density of AMF spores and the contents of carbon, magnesium
and nitrogen.

The low densities of AMF spores recorded in the soils of
Ferké and Niellé can be explained by the presence of
saprophytic organisms such as endophytic fungi of the
genus Neotyphodium. These fungi parasitize the spores of
AMF [37, 38].

The satisfactory sampling effort revealed on the basis of the
morphometric and structural characteristics of the spores
seventeen genera of AMF. This specific richness is much
higher than that observed without the work of certain Ivorian
authors. These authors have revealed over the past five years,
five genera of AMF in the rhizospheres of maize (Zea mays)
and groundnut (Arachis hypogaea) [39], 7 genera in cocoa
rhizospheres (Theobroma cacao) [40, 41], eleven genera in
the litter of the forest-savanna area [34] and 17 genera in the
maize rhizosphere (Zea mays) [26]. It is also superior to that
obtained by the work of Bossou [35] who revealed 4 genera of
CMA in the rhizosphere of maize (Zea mays) in Benin and by
sesame [42] whose work showed six genera of AMF in the
rhizospheres of the olive tree (Olea europaea) in Morocco.
However, Bouaflé area has the lowest specific richness. This
diversity of AMF genera could be explained by the fact that
soil sample collection areas were expanded. On this basis, the
diversity indices are acceptable regardless of the area chosen.
Thus, an average Shannon index of 1.47 is observed in Niellg,
1.21 in Bouaflé. These values indicate that AMF communities
are more or less diversified depending on the study areas. In
addition, the lowest values of the index show that there was
not much variation in an area and this is in agreement with the
results of the work of several authors [43-45].

Values of the Simpson index very far from 1 (D between
0.28+0.04 and 0.35+0.01) particularly in the areas of Niellé in
addition to the specific richness, confirms that fungal diversity
is low in maize rhizospheres in the areas studied.

Like the density of spores, the abundance of AMF species
appeared to be impacted by the physicochemical
characteristics of the soil. Positive and negative correlations
were observed between the physicochemical characteristics of
the soil and the AMF. This observation is highlighted by the
work of other authors [33, 34, 46].

This work led to the identification of two major families,

the Glomeraceae represented by the genera Glomus,
Septoglomus, Funneliformis and the Acaulosporaceae
represented by a single genus Acaulospora. However, spores
of both families are easily distinguished from spores of all
other known Glomeromycota families due to the type of spore
formation, spore color, and spore wall structure. The genus
Glomus comprises orange-yellow, orange-brown, light brown
to dark brown spores ranging in size from 45 to 200 um in
diameter, underlying hyphae curved in the form of a funnel
and constricted at the base of the spores and a single wall
composed of three to four parietal layers [47]. The genus
Septoglomus comprises brown to dark brown globose spores
ranging in size from 45 to 90 um in diameter, single hyaline to
golden-yellow suspensory hyphae constricting in a funnel
shape at the base of the spores, and a single wall composed of
three different parietal layers [13]. The genus Funneliformis
comprises spores which can be easily distinguished from all
other species of the Glomeraceae by the combination of color,
size of the spore structure and hyphae. The spores are yellow,
brown, and orange-brown to dark brown in color, 90 um in
diameter. They also show more pronounced pigmented
funnel-shaped underlying hyphae, a curved septum at the base,
and irregular, more evenly distributed pit ornamentation. The
spores have a single wall composed of three different parietal
layers [27].

The genus Acaulospora consists of whitish, pale yellow,
golden yellow to orange-brown spores, 90 to 200 pm in
diameter. The surface of the spores is characterized by the
presence of an ornamental scar and also populated by
projections. AMF spores of the genus Acaulospora have two
walls; an outer wall and an inner wall each consisting of three
layers [48, 49].

It is appropriate to remember that there is a relationship
between the physicochemical characteristics of the soil and
the arbuscular mycorrhizal fungi (AMF).

5. Conclusion

This study is initiated in order to evaluate the diversity of
arbuscular mycorrhizal fungi (AMF) in maize rhizospheres
and to highlight the relationship between the physicochemical
characteristics of the soil and the AMF. Considering the fact
that the soils were sampled following the pedo-climatic
gradient, one could more logically expect a diversity of AMF
communities. However, the density of AMF spores differed
between sampling areas. The highest average density
estimated at 2.64+0.31 spores per gram of soil was recorded in
the Bouaflé sampling areas. Positive and negative correlations
were observed between the physicochemical characteristics of
the soil and the total density of AMF spores. These results
would make it possible to speculate on the existence of the
influence of the physicochemical characteristics of the soil on
the density of AMF spores. Morphological studies of AMF
spores have revealed 12 genera of AMF. The Niell¢ area
records the highest specific richness. The physicochemical
parameters of the soil also influenced the diversity of AMF
genera. There is a strong relationship between the
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physicochemical parameters of the soil and the diversity of
AMF genera. The Shannon, Simpson and Pielou diversity
indices showed no significant difference and varied little
according to the sampling areas. This analysis reveals a low
fungal diversity in the maize rhizospheres of the areas studied.

This work has improved knowledge on the morphometric
and structural characteristics of AMF of the Glomeraceae and
Acaulosporaceae families.

Other studies, integrating soil bacterial communities, litter
quality and known to influence AMF, should be conducted to
strengthen the explanation of the distribution of AMF in the
different rhizospheres of Cote d'Ivoire.
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