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ABSTRACT

Piliostima reticulatum and Guiera senegalensis shrubs constitute “islands of soil fertility” in the
rhizosphere, with better availability of water and more intense biological activity in the Sudano-
Sahelian agro-ecosystems. There is, however, paucity of information on diversity of arbuscular
mycorrhizal fungi (AMF) fungi, which have a wide ecological range of associations with a variety of
vegetation. The  purpose  of  this  study  was  to  identify the  types  of  AMF  in  the rhizospheres of
P. reticulatum and G. senegalensis shrubs in Senegal. Soil samples were collected from around the
shrubs in Keur Matar Arame and Keur Ndary Ndiaye in 2019 after a rainy season.  Arbuscular mycorrhizae
fungi  spores were  isolated by the wet sieving method  and  identified  based  on  their morphological
characteristics (shape,  size,  colour,  attached  hyphae,  and  spore  ornamentation).  Four types of
AMF were identified, namely Glomus aggregatum, Sclerocystis rubiformis, Gigaspora margarita

and Scutellospora gregaria. In addition, the density of spores was more abundant in the soil outside
the shrub canopy compare to the soil beneath the shrub.

Key Words:   Gigaspora margarita, Glomus aggregatum, Sclerocystis rubiformis

RÉSUMÉ

Les arbustes Piliostima reticulatum et Guiera senegalensis constituent des « îlots de fertilité » dans
la rhizosphere des sols, avec une meilleure disponibilité en eau et une activité biologique plus intense
dans les agro-écosystèmes soudano-sahéliens. Cependant, Il y a peu d’informations sur la diversité
des champignons mycorhiziens arbusculaires (CMA) qui peuvent s’associer avec une large variété de
plantes. Le but de cette étude est d’identifier les types de CMA dans les rhizosphères des arbustes P.

reticulatum et G. senegalensis au Sénégal. Des échantillons de sol ont été collectés autour des
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arbustes à Keur Matar Arame et Keur Ndary Ndiaye en 2019 après la saison des pluies. Les spores de
champignons mycorhiziens arbusculaires ont été isolées par la méthode de tamisage humide et
identifiées en fonction de leurs caractéristiques morphologiques (forme, taille, couleur, hyphes attachés
et ornementation des spores). Quatre types de CMA ont été identifiés, à savoir Glomus aggregatum,
Sclerocystis rubiformis, Gigaspora margarita et Scutellospora gregaria. De plus, la densité des
spores était plus abondante dans les sols hors couvert que dans les sols sous-couvert des arbustes.

Mots Clés:  Gigaspora margarita, Glomus aggregatum, Sclerocystis rubiformis

INTRODUCTION

The Sudano-Sahelian region of West Africa,
like many other arid and semi-arid
environments, is characterised by perennial
woody shrubs (Diakhaté et al., 2016). Among
these shrubs, Piliostigma reticulatum (DC)
Hochst and Guiera senegalensis JF Gmel, are
the most common native shrubs found in
farmers’ fields, where they are traditionally cut
and burned as a means of field clearance
(Lufafa et al., 2008). Piliostigma reticulatum

and G. senegalensis improves soil quality and
promotes crop growth (Bright et al., 2017).
They are known as “islands of fertility, “also
termed “resource islands” under and near the
vegetation tufts (Wezel et al., 2000). These
“resource islands” created by the shrubs are
high in water availability and soil nutrients such
as nitrogen, phosphorus and potassium (Wezel
et al., 2000; Hernandez et al., 2015). It also
creates a favourable environment for microbial
population and diversity, hence resulting to high
decomposition of organic materials (Diedhiou
et al., 2009; Dossa et al., 2010).

According to Kizito et al. (2006) and
Diakhaté et al. (2013), Piliostigma reticulatum

and G. senegalensis surrounding micro-
environments showed a high level of water
availability and diversity of nematode
compared to soil outside their influence. They
also promote carbon sequestration in
intercropping systems (Bright et al., 2017) and
influence the diversity of arbuscular
mycorrhizal fungi  (AMF) in the soil (Maurer-
Troxler et al., 2006; Bender et al., 2016).

AMF play a key role in plant hydro-mineral
nutrition and health. Indeed, several studies

have shown the beneficial effects of the AMF
on the agro-ecosystems such as improving
crop growth, improving soil structure and
increasing plant resistance against biotic and
abiotic stresses (Gonzalez-Chavez et al.,
2009). However, to date, there has not been
systematic studies to ascertain the influence
of P. reticulatum and G. senegalensis shrubs
on the diversity of AMF. The objective of this
study was to characterise the diversity of AMF
in the rhizosphere of P. reticulatum and G.

senegalensis shrubs on the abundance of AMF
spores.

MATERIALS  AND  METHODS

Study area. This study was conducted during
November to December of 2019 in the peanut
Basin in Senegal. The region is semi-arid with
a north Sudanian to sahelian climate (Dacosta,
1989). Mean annual precipitation ranges from
540 to 750 mm, distributed from July to
October. The mean annual minimum and
maximum air temperatures range from 20 oC
from December to January and 34 oC from
April to June (Diedhiou et al., 2009). Basin
soils are sandy, classifying as Calcids and
mixed Haplic Ferric Lixisol (FAO, 2006),
locally named Dior and Deck-Dior (Badiane et

al., 2000). The vegetation of the basin is
shrubland with scattered trees (Diouf and
Lambin, 2001).

Within the study area, the G. senegalensis

site was to the west of the study area (in Keur
Matar Arame, 14o46’N, 16o51’W, in the
Diourbel region); whereas the P. reticulatum

sites were in the Southeast (in Keur Ndary
Ndiaye, 13o45’N, 15o47’W, in the Kaolack
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region). For at least 50 years, the area was in
crop rotation between peanuts and millet under
local farmer management. Guiera senegalensis

and P. reticulatum existed at Keur Matar, and
Keur Ndary Ndiaye at densities of 1833 and
1300 shrubs ha”1, respectively (Dossa et al.,
2012).

Sample selection.  The shrub plots were
divided into near or shrub cover (SC) and far
or out-cover (HC) to investigate AMF
diversities beneath the shrub canopy, which
includes both the shrub rhizospheric zone
versus soils outside the shrub canopy with no
direct influence from the shrub canopy
(Diedhiou et al., 2013). Soil samples were
taken from the rhizospheres beneath the
canopies (0-25 cm) of both shrubs plants.
Cores were collect from 15 points and the
samples were pooled to obtain representative
bulk samples.

The soil was passed through a 2-mm sieve
to eliminate large particles, homogenised,
placed in closed plastic bags, and stored in
the room temperature prior to the experiment.
Soils analysis and spores characterisation were
carried out in the LCM lab (Laboratoire
Commun de Microbiolgie/ IRD/ISRA/UCAD)
in the research center of ISRA in Bel Air (Dakar
/ Senegal).

Isolation and identification of AMF.  AMF
spores were isolated by wet-sieving and
sucrose centrifugation (Gerdemann and
Nicolson, 1963). Briefly, 100 g of soil from
each plant rhizosphere were suspended in
1000 ml water, stirred with a spatula stirrer
for 1 minute and the solutions were passed
through a sequences of sieves (400, 200, 50,
and 32 µm). The soil fraction in the last sieve
was collected in a beaker. Twenty-five milliliter
of spore suspensions were transferred into 50
ml centrifugations tubes and centrifuged with
25 ml of 60% sucrose solution for 2 minutes
at 1000 rpm. The supernatant was decanted
into a 32 ìm sieve, washed, and transferred to
Petri dishes. Quantification of spores was

carried out in petri dishes under a stereoscopic
microscope with 400 times magnification
(B³aszkowski, 2012). The spore density was
expressed as the total number of spores per
100 g of air-dried soil (McKenney and Lindsey,
1987).

Identification of AMF spores was carried
out by observing morphological characters
such as shape, size, colour, attached hyphae,
and spore ornamentation. For spore
identification, the database of AMF specimens
by INVAM (2018)  (West Virginia University,
Morgantown, USA) was used and described
as provided by Morton and Benny  (1990).

The diversity index was calculated
according to Shannon-Weaver for each soil
(SC and HC), using the formula:

Where:

ni represents the density of the spores of the
species i and N the total density of the spores
of all the species in a sample.

A low H value generally suggests a site with
few species and a few dominant species, while
a high H value suggests considerably more
species.

Statistical analysis. The data collected were
analysed using a one-way ANOVA. Fisher’s
test (LSD) was used to compare the means
(P<0.05). Linear regression was used to
clarify the influence of soil chemical
parameters on communities of AMF fungi.
Statistical analyses were performed using
XLSTAT software (Version 2013.1).

Principal Components Analysis (PCA) was
performed using Minitab 17 software, to
determine relationship between soil chemical
properties (C, N and P) and spores abundance.
Scores of samples in Axis 1 and Axis 2 were
further analysed using permutational
multivariate analysis of variance
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(PerMANOVA) (Anderson, 2001) to determine
the statistical significance of any treatment.

RESULTS

Abundance and diversity of AMF spores.
The abundance of AMF spores was
significantly higher (P<0.05) in soil without
the shrubs (P. reticulatum and G. senegalensis)
than the soils from the rhizosphere of the
shrubs (Table 1). Spore density also displayed
a similar parttern, with spores being more
diversified in the control soil (without the
shrubs) than in the rhizospheric soil of the
shrubs (Table 1).

Three morpho-species were found in the
rhizosphere of the shrubs (P. reticulatum and
G. senegalensis) and one more in the control
(without the shrubs) (Table 1). These species
belonged to three genera; with two species
belonging to the Glomeraceae family (Glomus

aggregatuma nd Sclerocy stisrubiformis), and
two to Gigasporaceae family (Gigaspora

margarita and Scutello sporagregaria) (Fig. 1).
Sclerocystis rubiformis was found exclusively
in the control (without the presence of the
shrubs).

With regard to the density, Glomus

aggregatum and Gigaspora margarita had a
relatively higher density of spores compared
to Sclerocystis rubiformis and Scutellospora

gregaria (Table 1). A comparison of the soils
showed that the Diversity Index was higher in
the soil outside the shrubs canopies (H = 1.00)
than in the soil beneath the shrubs canopies
(H = 0.71) (Table 1).

For P. reticulatum, the comparison of the
means also showed that the number of spores
of AMF was significantly higher in the control
(300 ± 84 per 100 g of dry soil) than in the
presence of the shrubs (201 ± 42 per 100 g of
dry soil) P<0.01.  A similar trend was observed
for G. senegalensis.

Soil chemical properties and abundance of
AMF.  It was clear that the abundance of AMF
spores was negatively correlated with the
quantity of soil organic C (r = -0.28, P< 0.001), T

A
B

L
E

 1
.  

N
um

be
r o

f s
po

re
s 

pe
r 1

00
 g

 o
f s

oi
l p

er
 fu

ng
al

 ty
pe

 a
nd

 s
oi

l t
yp

e 
(±

 s
ta

nd
ar

d 
er

ro
r)

S
hr

ub
s

   
   

   
   

   
   

T
re

at
m

en
ts

G
ig

a
sp

o
ra

  
  
  
  
  
  
G

lo
m

u
s 

  
  
  
  
  
  
  
  
  
S

cl
er

o
cy

st
i 

  
  
  
  
S

cu
te

ll
o

sp
o

ra
s 

  
  
   

   
M

ea
n 

   
   

   
   

   
S

pe
ci

es
   

   
   

 S
ha

nn
on

  
  
  
  
  
  
  
  
m

a
rg

a
ri

ta
a

g
g

re
g

a
tu

m
  
  
  
  
  
ru

b
if

o
rm

is
  
  
  
  
  
g

re
g

a
ri

a
   

   
   

   
   

   
   

   
   

   
nu

m
be

r
   

  I
nd

ex
 (H

)

P
. 

 r
et

ic
u

la
tu

m
SC

65
 ±

 3
0 

a
13

1 
± 

76
 a

0 
±

 0
 a

7 
±

 2
 a

20
1 

± 
87

 a
3

0.
71

 a
H

C
73

 ±
 2

4 
a

17
1 

± 
55

 a
54

 ±
 1

4 
b

3 
±

 2
 a

30
0 

± 
84

 b
4

1.
00

 b

G
. 
 s

en
eg

a
le

n
si

s
SC

43
 ±

 1
6

75
 ±

 2
5

0 
±

 0
 a

5 
±

 2
 a

12
3 

± 
42

 a
3

0.
71

 a
H

C
15

4 
± 

43
18

3 
± 

58
17

2 
± 

44
5 

±
 2

 a
52

4 
± 

93
 b

4
1.

00
 b

* 
=

  D
if

fe
re

nt
 le

tt
er

s 
w

it
hi

n 
a 

ro
w

 in
di

ca
te

 s
ig

ni
fi

ca
nt

 d
if

fe
re

nc
e 

be
tw

ee
n 

tr
ea

tm
en

ts
 a

cc
or

di
ng

 to
 th

e 
T

ur
ke

y 
te

st
 a

t P
 <

 0
.0

5 
di

ff
er

en
t



437Rhizosphere of Piliostima reticulatum and Guiera senegalensis shrubs

Figure 1.  Spore diversity in soil within and outside the influence of P. reticulatum shrub.  A:  Spore of
Scutellospora gregaria is found in all soils.  Its spores are large and visible to naked eye, black and
have a suspending bulb.  B:  Sclerocystis rubiformis is the species characteristic of soil outside the
influence of  P. reticulatum. The spores are inseparable cluster and brown.  C:  Spore of  Glomus

aggreagatum, is present in all soils.  It forms spores in brown clusters.  D:  Spore of Gigaspora

margarita is found in all soils.  The spores are medium-sized, whitish and yellowish with a suspending
bulb.

TABLE 2.  Chemical properties of the rhizospheric soils beneath the shrubs and the soil without the
shrubs in Senegal (± standard error)

Soil parameters          P.  reticulatum                              G.  senegalensis

                      Control (HC)             Rhizospheric            Control (HC)    Rhizospheric
             soil  (SC)                    soil  (SC)

Total C (mg C g-1) 2.50 ± 0.77 a* 4.00 ± 0.40 b 1.50 ± 0.14 a* 3.44 ± 0.48 a*
Total N (mg N g-1) 0.22 ± 0.01 a 0.36 ± 0.01 b 0.20 ± 0.01 a 0.40 ± 0.02 b
Total P (µg P g-1) 42.30 ±  3.23 a 59.50 ± 5.77 b 13.30 ± 0.33 a 95.0 ±  7.32 b
pH (H

2
O) 5.5 ± 0.1 a 5.5 ± 0.1 a 5.4 ± 0.1 a 5.2 ± 0.1 a

*= Means followed by different letter within a row indicate significant difference between treatments
(HC/SC) at P < 0.05

organic N (r = -0.47, P< 0.001) and available
P (r = -0.67, P< 0.01). The three elements (C,
P and N) had a negative influence on the
abundance of AMF spore (Table 2).

Multivariate analysis of all data showed a
strong clustering by soil location (P< 0.01)
(Fig. 2). Principal component analysis of the
abundance of the spore of AMF showed a
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Figure 2.  Principle component analysis of the abundance of AMF spore from soil beneath and outside the
shrubs canopy influence. HC = outside beneath of canopy, SC = beneath canopy C = carbon; P = phosphorus
and N = nitrogen.

Biplot (axes F1 and F2: 71.63 %)
1.5

1

0.5

0

-0.5

-1

-1.5
 -1.5                     -1                   -0.5                  0                     0.5                      1                   1.5

—
 a

xi
s 

F
2 

(1
7.

14
 %

) 
—

>

— axis F1 (54.49 %) —>

                                             Glomus

                                                         Gigaspora              Scutellospora

Sclerocystis P

N
C

distinct separation of clusters along the first
axis (54.5% of the total variance) based on
the soil chemical properties. The second axis
accounted for only 17.1% of the variability.
Samples were clustered separately between
data from beneath and outside the canopy
influence. Total N, P and C were negatively
correlated with the abundance of spores of
Glomus, Sclerocystis and Gigaspora (P< 0.01).

DISCUSSION

Diversity and abundance of AMF spores.
The density of AMF spores in the rhizosphere
of the shrubs (P. reticulatum and G.

senegalensis) was relatively low (on average
201 and 109 spores per 100 g of dry soil for
P. reticulatum and G. senegalensis,

respectively), compared to the AMF spores
from the control (on average 300 and 144

spores per 100 g of dry soil for P. reticulatum

and G. senegalensis, respectively). These
results are in accordance with those obtained
by Dabiré et al. (2007), who showed that the
absence of vegetation (bare soil) is hardly
conducive to the development of fungi; hence
the presence of a high quantity of spores
which is the form of resistance of fungi to
unfavourable environmental conditions.
Indeed, AMF being obligatory symbionts, need
host plants to maintain themselves in the soil.

The rhizhospheric soil had fewer spores
than the control soil (Table 1) perhaps because
of the presence of the shrubs, which
accelerated spore germination to rapidly infect
new roots and the mycorrhizae sporulate
continuously (Hamid and Renard, 2003).
Overall, the density of spores in rhizhosphere
of the shrubs was lower than that found in
plantations of Acacia holosericea and Acacia
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mangium in the southern and northern regions
of Sudan in Burkina Faso (Bâ et al., 1996);
and that of Acacia albida in different regions
from Senegal (Diop et al., 1994). The density
of Glomeromycota spores was generally higher
in the control in the present study than in
rhizhosphere of the shrubs (Table 1).

Using morphological identification, four
morphotypes were found in all soils (Table 1),
yet Diallo et al. (1999) found nine morphotypes
in the semi-arid regions of Senegal.
Morphological identification does not allow
assessment of the real diversity in terms of
fungal species. However, the morphotypes
were related to the genera Glomus, Gigaspora,

sclerocistys and Scutellospora. The
morphotypes of Glomeraceae family were
dominant in both soils (rhizosphere and
nonrhizosphere) and spores of the genus
Glomus were more abundant.

The predominance of Glomeracea has also
been reported in some studies based on AMF
morphotypes in various tropical soils (Bâ et

al., 1996; Diallo et al., 1999; Houngnandan et

al., 2009) and in certain agricultural soils of
temperate zones (Mathimaran et al., 2005).
Indeed, in the semi-arid zones in Senegal,
Glomus is numerically more important than
others genus (Diop, 1995; Diallo et al., 1999).
According to Bourou (2012), in arid areas of
Africa, the best-known AMF belongs to the
genus Glomus and Gigaspora. Indeed, the
genus Glomus is considered to be the most
associated with woody plants in dry areas of
Africa (Bouamri et al., 2006). Hatimi and
Tahrouch (2007) reported that Glomus was
the most ubiquitous AMF.

Our results have revealed that at
morphological level of the spores, there are
dismal differences in the composition of AMF
from rhizhosphere of the shrubs and in the
soil control. The same morphotypes are found
on both treatment conditions, but only in
different quantities. The absence of the shrubs
significantly (P = <0.05) favoured the
abundance of spores of AMF (Table 1). The
results confirm the assertion by Bogie et al.

(2018) that the beneficial effects of the shrubs
through hydraulic redistribution for the benefit
of the crops may not favor the presence of
AMF spores.

Sclerocystis rubiformis is a characteristic
species of the control. This species is not found
in the rhizosphere of the shrubs. Glomus

aggregatum has been reported from the
rhizosphere of palm-oil in Java (Widiastuti and
Kramadibrata, 1992) and Chrysophyllum

cainito (Destifani, 2013). Sclerocystis

rubiformis has been reported in Cordoba from
the rhizosphere of poacea (Lugo and Cabello,
2002). In Mexico, S. rubiformis has been
reported from the rhizosphere of cocos

nucifera in a coconut-growing area along the
coastline and the inland in the tropical forest
of Yucatan (Lara-Perez et al., 2020).
Gigaspora margarita on the other hand, has
been identified from the rhizosphere of Vigna

unguiculata in Senegal (Diop et al., 2021).
Scutetellospora gregaria has been also reported
from the rhizosphere of Borreria articularis

in west coast of India (Beena et al., 2001).

Soil chemical properties and diversity of
AMF.  This study has revealed that richness
and abundance in fungal are negatively
influenced by the richness of P, C and nitrogen
in the rhizosphere soil (Fig. 2). When the
concentration of  N, P, and C in the soil is
low, the richness of AMF increases.

The results of the PCA (Fig. 2) confirm
those of the Pearson correlation with regard
to the abundance of spores in relation to the
soil chemical properties. In addition, we found
that the variation in AMF community structure
according to soil type was mainly explained
by N, P and C levels. These results are
consistent with those of Cuenca and Meneses
(1996) and Isobe et al. (2007), who indicated
that the abundance and diversity of AMF
communities associated with cocoa, were
negatively correlated with the available P in the
soils. According to Johnson et al. (2013),
certain morpho-species are more sensitive to
available P and become less frequent and
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undetectable in soils with high level of available
P. The low species richness in both soils (with
and without shrubs)  could be due to limited
or non-existent sporulation in the soils of
certain species since many AMF species can
end their life cycle with sporulation only
towards the end of the wet season, to survive
during the dry season. Another reason is, the
previous crop grown in the sites was pearl
millet, which has a low mycorrhizal
dependency (Rao et al., 1985)

CONCLUSION

This study has shown that P. reticulatum and
G. Senegalensis shrubs are naturally associated
with a range of AM fungi in the soils of the
Sudano-Sahelian agro-ecosystems of  Senegal.
Four species (Glomus aggregatum, Sclerocystis

rubiformis, Gigaspora margarita and
Scutellospora gregaria) were identified in the
rhizosphere of the shrubs from two sites.
Glomus is the most represented genus;
followed by Gigaspora in the different soils.
Our results also revealed that AMF
communities were clustered according to soil
chemical properties (N, P and C). Future
research should focus on the use of soil these
AMF species in order to develop highly
effective and competitive inoculants for pearl
millet and groundnut cultivation in these
different and sites.
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