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In Mali, studies on arbuscular mycorrhizal fungi (AMF) characterization and diversity are still few, 
despite the important roles played by these microorganisms in plant growth and in degraded soils 
restoration. Sorghum is one of the staple food grains in Mali and as such plays a key role in food 
security in Mali. This study aims to determine diversity of AMF strains associated to sorghum in 
Sikasso region soils in Mali. For this, soils were sampled using sorghum plants in different fields of this 
region, which served as substrates for trapping AMF. These soils have been studied separately. Results 
gotten revealed 21 AMF morphotypes left between 6 genera (Glomus, Scutellospora, Gigaspora, 
Acaulospora, Entrophospora, Sclerocystis) of three families (Glomeracea, Gigasporacea, 
Scutellosporacea). Four of these morphotypes have been identified. 
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INTRODUCTION 
 
In Sub-Saharan Africa, climatic changes associated with 
anthropogenic pressure, have led to disappearance of 
woody plant cover. This degradation seriously affects 
diversity and abundance of symbiotic soil microflora 
(Diouf and Sougoufara, 2002). However, these symbiotic 
microorganisms play a fundamental role in soil fertility 
restoration and maintenance, in protection against certain 
telluric pathogens and in mineral nutrition of plants. In this 
area, mycorrhizal fungi, especially those with arbuscular 
mycorrhizal fungi (AMF), have been shown to be 
effective. AMF are naturally present in soils of natural 
ecosystems or agro-ecosystems (Oehl et al., 2004) and 
has established a compulsory symbiosis with more than 

200.000 cultivated plants (Smith and Read, 2008). They 
have been widely described in tropics (Lambers et al., 
2006) and have improved plant growth by better removal 
and transfer of nutrients, especially phosphorus (Finlay, 
2008). Phosphorus is one of the most important elements 
that significantly affect plants growth and functioning and 
can represent up to 0.2% of its dry weight (Smith et al., 
2011). 

The decrease in soil fertility and consequently that in 
sorghum yields 0.2 to 1.1 tons per hectare in the 
Sahelian zone could be optimized to 3 or even 4 tons 
with fertilization (Vaksmann et al., 2008; Dembélé et al., 
2011). Inoculation of plants with  performing  strains AMF  

 
*Corresponding author. E-mail: souleymanekone65@yahoo.fr. Tel: (00223) 76378956. 

   

Author(s) agree that this article remain permanently open access under the terms of the Creative Commons Attribution 

License 4.0 International License 

http://creativecommons.org/licenses/by/4.0/deed.en_US
http://creativecommons.org/licenses/by/4.0/deed.en_US


224          Afr. J. Environ. Sci. Technol. 
 
 
  

 
 

Figure 1. Location of study sites in Sikasso region. 
Scale: 1 / 300,000,000 

 
 
 
 (Fitter, 2012) has been considered to increase plant yield 
and reduce the use of chemical fertilizers that pollute the 
environment (Mummey et al., 2009). 

In Mali, studies driven on AMF characterization and 
diversity remains scarcely used for microbial ecology. To 
our knowledge, the first investigations in this area were 
carried out in a study in the Sudanian zone in Mali on the 
positive influence of the age of fallow where the total 
number of mycorrhizal spores per unit of soil was noted 
(Sidibé and Yossi, 1997). However, it must be recognized 
that these fungi biology is complex and their identification 
represents a challenge for plant symbiosis. Despite this, 
knowledge accumulated in morphology and anatomy 
terms would allow a variety of AMF to be identified. 

In the country, sorghum is one of the staple food grains 
in Mali (Bazile et al., 2004). These cereals occupy 75% of 
cultivated areas and the share of sorghum in the 
production of dry cereals, which mobilizes around 80% of 
rural populations, was 35% in 2003 (CILSS, 2002; Sarr, 
2010). Moreover, Mali is the second country in the world 
to meet most of its food needs with sorghum and millet 
(Bazile et al., 2008). The objective this study was to 
determine diversity of AMF strains associated to sorghum 
in Sikasso region soils, Mali. 
 
 
MATERIALS AND METHODS 

 
Study area 

 
The study was conducted in Sikasso region, located in extreme 
south of Mali between 12°30 ′ north latitude and 8°45 ′ west 
longitudes. It covers an area of 71790 km2 or 5.8% of national 
territory. It has 7 circles (Sikasso, Bougouni, Kadiolo, Kolondieba, 
Koutiala,  Yanfolila,    Yorosso),    3    urban    communes  (Sikasso, 

Bougouni, Koutiala), 144 rural communes, including Kolondieba 
and 1831 villages. An average annual temperature of 27°C is 
observed between April and May and an average of 24°C between 
December and January. These sites belong to the humid Sudanian 
zone in the North between the 750 mm isohyets in the North and 
1150 mm in the South and the Guinean zone between the 1150 
mm isohyets in the North and 1400 mm in the South (CSA., 2007) 
and the soil fertility leached tropical ferruginous soils, eroded 
ferralitic soils and mineral hydromorphic soils in lowlands (MATCL., 
2012). This makes the region "the granary" of the country. 
Agricultural productions are indeed important, such as cereals and 
fruits (notably mangos). Cotton, which is the 1st export product of 
the country, is chiefly developed (National Institute of Statistics, 
2010). 
 
 
Study sites 
 
The study comprises 12 sites: Keleya, Solo, Koumantou, 
Chobougou in Bougouni circle, Sinsimba, Boye, Kébila, Samba in 
Kolondièba circle, Guélébougoula, Dougoukolobougou, Titiéna and 
Niéna in Sikasso circle (Figure 1).  
 
 
Soil sampling 
 

At each site, 1 kg of soil was sampled during the dry season of 
2014 at eight different points in surface horizons (0 to 30 cm), with  
an auger of 5 cm diameter in a sorghum field and a composite soil 
sample was constituted for each field. The composite samples have 
been put in bags and these bags were labeled, and then taken to 
the laboratory.  
 
 
Trapping of arbuscular mycorrhizal fungal under sorghum 
plants 
 

Trapping method (Walker, 1992) was used for the AMF diversity 
study in the different sites. It consisted of growing sorghum in 
polyethylene  pots  of  2.23 cm3,  previously washed and disinfected  
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Figure 2. Relative abundance of spores on different genera of AMF isolated after trapping in greenhouse on sorghum cultivation soils. 

 
 
 
with bleach, containing 2.1 kg of growing medium. Work has been 
done in greenhouse with one day/night temperature: 30°/25°C, 
photoperiod: 16 h. Three sorghum seeds were sown in each pot. 
Three pots have been considered by soil, making a total of thirty six 
pots. Plantations were daily watered with demineralized water at 
field capacity (14%, vol/weight). After 4 months cultivation, culture 
soils were removed for determination of AMF diversity.  
 
 
Spore extraction 
 

It was carried out according to wet sieving method described by 
Gerdemann and Nicholson (1963). It involved a sample of 100 g dry 
soil. Four repetitions have been considered for each soil. 
 
 
Morpho-anatomical characterization of AMF spores 
 
The morphology of the spores is the basis of their identification. For 
that, spores size, shape and color, their solitary or grouped nature, 
their clusters dissociable nature or not, presence or absence of 
sporogenic cell on spores were noted by discriminating spores 
extracted from each soil under microscopic. Data obtained were 
compared with original description by Schenck and Pérez (1990) 
and that of database of reference cultures published on the website 
(http: //invam.caf.wvu.edu, August 2016). 
 
 
Preparation of the blades 
 

Spores morphologically identical were removed using a pipette and 
then placed on a microscope slide containing each of these ends 
on a drop of distilled water. Two drops of PVLG solvent (polyvinyl 
alcohol, lactic acid, glycerol) (Koske and Testier, 1983) were placed 
at right end of the slide to allow observation of spore external 
morphology. Two drops of PVLG + Melzer v/v reagent (Morton, 
1988) were placed at the left end to study membrane layers. At 
each end of slide containing drops of solvent, one to several similar 
spores were deposited and then  gently  covered  with  a  coverslip. 

Microscopic observation of spores 
 
Spores were observed under an optical microscope with 
enlargement 10 (G X 10). After observing external morphology, 
using forceps, a pressure was gently applied above coverslip, 
covering PVLG solvent added to Melzer reagent pending bursting 
spores. Owing to the solvents, internal membranes of spores 
emerged after rupture. 

 
 
RESULTS 
 
Extracted AMF community structures 
 
AMF spores morphology and anatomy observation 
enabled identification of 21 morphotypes for all 12 sites 
(Figure 2). These morphotypes belong respectively to six 
genera, Gigaspora, Scutellospora, Glomus, Sclerocystis, 
Entrophospora and Acaulospora; distributed in three 
families namely Gigasporaceae, Glomeraceae, and 
Acaulosporaceae. The comparison with the genera 
composition and the relative abundances of these genera 
in soils collected directly from the field shows the same 
genera composition in the soils before and after trapping. 
The structure of the different AMF communities also 
remains quite similar (Figure 3). 
 
 
Relative abundance of different morphotypes from 
trapping soil 
 
Glomus genus is most represented and most diversified 
with 15 morphotypes (65% of species observed). One of 
this   genus   morphotypes   was   identified   using  these  
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Figure 3. Relative abundance of spores on different genera of AMF associated with sorghum at study sites. 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

DISCUSSION  

Face 4. Morphology (a) and membrane structure 
(b) of Glomus coronatum spores.  

Face 7. Morphology (a) and membrane structure 
(b) of Gigaspora rosea spores. 
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(b) of Scutellospora gregaria spores 

Face 6. Morphology (a) and membrane structure 

(b) of Scutellospora heterogama spores  

 
 

Figure 4. Morphology (a) and membrane structure (b) of Glomus coronatum spores. 

 
 
 
morpho-anatomical characters as Glomus coronatum 
(Figure 4a and b), and the other fourteen unidentified 
were named Glomus spp. These are Glomus spp1 to 
Glomus spp14. The genera Scutellospora and Gigaspora 
are each represented by two morphotypes, 10% of each 
species were obtained. Two species of Scutellospora 
genus have been identified on account of their morpho-
anatomical characters as Scutellospora gregaria and 
Scutellospora heterogama (Figure 5a, b and 6a, b). The 
morpho-anatomical characters of Gigaspora genus 
identified  one   of   the  two  morphotype  like  Gigaspora 

rosea (Figure 7a and b). The other unidentified 
morphotype was named Gigaspora sp. Acaulospora, 
Entrophospora and Sclerocystis generas; each 
represented by a single morphotype or 5% of species. 
These generas have been respectively named 
Acaulospora sp., Entrophospora sp. and Sclerocystis sp.  
 
 
DISCUSSION  
 
This  study  showed  a  diversity  of  AMF associated with 
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Figure 5. Morphology (a) and membrane structure (b) of Scutellospora gregaria spores.  
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Figure 6. Morphology (a) and membrane structure (b) of Scutellospora heterogama spores.  

 
 
 
sorghum in the 12 soils of Sikasso in Mali. The genus 
Glomus is the most represented in all sites with 15 
morphotypes (65%). Such a result has been noted in 
different natural and agro-ecological environments in 
West Africa as well as in Ivory Coast (Anguiby et al., 
2019), in Togo (Gnamkoulamba et al., 2018), in Benin 
(Aguegue et al., 2017), in Senegal (Diop et al., 2015), 
and in India (Ajaz et al., 2017). Indeed, it has been 
reported that the genus Glomus predominates in terms of 
presence in ecosystems due to its adaptability and 
stability in tropical environments and various conditions 
(Lenoir et al., 2016b; Bencherif et al., 2015). 

Spores are differentiated in the soil and in the roots 
(case of the genus Sclerocystis). They are used as a 
reference structure for the morpho-anatomical 
identification  of   species.  These   spores   are  generally 

round in shape, with a thick wall formed of several layers 
of different textures and connected to the filamentous 
network by a suspensory hypha. 

The diversity observed in present study, comprising 21 
morphotypes of 6 genera (Glomus, Gigaspora, 
Scutellospora, Acaulospora, Rhyzophagus and 
Entrophosphora) is greater than that of four genera 
(Glomus, Gigaspora, Scutellospora, and Acaulospora) 
obtained under the Cheese and Makorés in a Botanical 
garden in Ivory Coast (Anguiby et al., 2019) from 10 
specimens, but  lower than that of seven genera 
(Acaulospora, Claroideoglomus, Entrophospora, 
Funneliformis, Gigaspora, Glomus and Rhizoglomus) 
observed under different rice cropping systems in Togo 
(Gnamkoulamba et al., 2018) which brought in 25 
species.  With  15  morphotypes  (Diop  et  al., 2015) also  
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Figure 7. Morphology (a) and membrane structure (b) of Gigaspora rosea spores. 

 
 
 
obtained in Senegal. These results are consistent with 
those of other authors regarding the existence of a 
diversity of AMF in soils of agro systems in West Africa. 
Indeed, the African west soils contain a big/great diversity 
AMF that can be identified, thanks to the morphology of 
their spores (Dalpé et al., 2000). In addition, these fungi 
are subservient to plants and do not exhibit host 
specificity; hence the diversity observed here in Mali and 
elsewhere in Sub-Saharan Africa. 
 
 
Conclusion  
 
In the Sikasso region of Mali, sorghum is naturally 
associated with a great diversity of arbuscular 
mycorrhizal fungi, identified in 21 morphotypes from six 
genera and three families. The genus Glomus was the 
most represented and diverse with fifteen morphotypes. 
Further work can be done by sequencing the strains in 
the collection. 
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