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ABSTRACT 
 

This study aims to assess the diversity and prevalence of arbuscular mycorrhizal fungi (AMF) 
associated with cocoa trees in different agroforests of the agroecological zones of cocoa production 
in Togo. The substrates, consisting of soil samples, were collected from twenty-four (24) cocoa 
orchards belonging to four types of agroforests (< 10 years, 10 to 20 years, 21 to 30 years, and > 
30 years) in the three agroecological subzones of cocoa production (Agou peneplain, piedmonts, 
and plains and plateaus and mountains) of Togo. These samples were used to trap in pots the AMF 
spores associated with cocoa trees using sorghum (Sorghum bicolor) as a reference trap plant. The 
culture was maintained for 12 months in a greenhouse after which the densities and diversity of the 
spores were evaluated. The AMF spores extracted were identified based on morphological criteria. 
The results showed a great diversity of spores identified in the different agroforests. A total of thirty 
species of AMF belonging to sixteen genera and nine families (Acaulosporaceae, Ambisporaceae, 
Archaeosporaceae, Gigasporaceae, Claroideoglomeraceae, Dentiscutataceae, Diversiporaceae, 
Glomeraceae and Paraglomeraceae) were identified. Furthermore, the study revealed the 
predominance of the genera Rhizophagus, Acaulospora, and Gigaspora. However, the less 
frequent genera are represented by Entrophospora, Ambispora, Archaeospora, Cetraspora, 
Racocetra, Dentiscutata, Diversipora, and Paraglomus. The most frequent species were 
Claroideoglomus etunicatum, Acaulospora scorbiculata and Acaulospora sp. Results showed that 
AMF spore density varied from 16 spores/gram of soil in young plantations entering production and 
old plantations to 37 spores/gram of soil in mature plantations in production on the Agou peneplain. 
Finally, the highest AMF densities were recorded in agroforests less than 30 years old.  
This study has identified a great diversity of AMF associated with cocoa orchards in the different 
agroforests and some strains could be used as biofertilizers for sustainable cocoa production in 
Togo. 
 

 
Keywords: Theobroma cacao L.; agroforests; agroecological subzones; arbuscular mycorrhizal fungi; 

AMF density. 
 

1. INTRODUCTION  
 
Plant growth depends on interactions with the 
surrounding environment, particularly the soil and 
the microorganisms it harbors (Touré et al., 
2021). Among these microorganisms, Arbuscular 
Mycorrhizal Fungi (AMF) is the most widespread 
group with recognized beneficial effects on plant 
growth (Smith et al., 2011, Shi et al., 2013). 
AMFs are microbiota forming mutualistic 
symbioses between a plant and a fungus at the 
root level. These microorganisms are present in 
most ecosystems and are an important 
component of tropical soil microflora (Cardoso et 
al., 2006, Tchabi et al., 2008). These telluric 
fungi play an important role in the functioning of 
earth ecosystems, due to their ubiquity and direct 
involvement in essential processes taking place 
at the soil-plant interface. They enable plants to 
better adapt to their environment, particularly in 
ecosystems with a deficit of water and/or 
nutrients (Amani et al., 2003).  
 
In Togo, cocoa is one of the main agricultural 
exports and a significant source of income for 
producers. Over 90% of cocoa production in 
Togo is carried out by small-scale farmers (Djiwa 

et al., 2021). These farmers cultivate an average 
area of 26,356.66 ha for a national production of 
around 12,674.43 tons of merchantable cocoa 
per year with a low average yield of 506.83 kg/ha 
compared with a potential of 1,200 to 3,500 
kg/ha) CRA-F 2004). This low orchard 
productivity can be explained by the degradation 
of biodiversity, aging orchards, loss of soil 
fertility, as well as the effects of climate change 
such as drought, reduced and irregular rainfall, 
and shorter rainy seasons. These constraints are 
real handicaps to sustainable and efficient cocoa 
production. In these unfavorable conditions, 
AMFs offer an alternative for improving cocoa 
production, as they can be biological substitutes 
for synthetic chemical fertilizers and pesticides 
(Finlay et al., 2008). 
 
Several studies on the molecular identification of 
AMF (Redecker et al., 2000) have led to a better 
understanding of the link between AMF 
communities and various parameters, such as 
cropping systems and intensification of cropping 
practices (Jansa et al., 2002, Oehl et al., 2004), 
soil types, and soil depth (Oehl et al., 2005). 
However, studies on the diversity and 
identification of AMF in African ecosystems are 
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relatively limited Mathimaran et al., 2016, 
Gnamkoulamba et al., 2018) with a particular 
rareness in West African forest ecosystems 
(Zézéet al., 2007, Tchabiet al., 2008) more 
specifically in cocoa agroforestry systems. AMF 
can colonize the root cortex cells of over 80% of 
the earth's plants (Gnamkoulamba et al., 2018). 
In Togo, cocoa agroforests have been 
maintained with minimal disturbance for 
decades. Understanding how these relationships 
thrive can unlock a deeper appreciation for the 
intricate web of life they support. This knowledge 
will enable these AMFs to be conserved in 
germplasm banks or used in future research into 
soil defense and restoration. Consequently, 
assessing the diversity of AMF communities and 
understanding the factors that determine their 
distribution is a necessary condition for 
determining their beneficial effects in cocoa 
agroforests in Togo. The present study aims to 
investigate the mycorrhizal status of cocoa 
agroforests in different production subzones in 
Togo. 
 

2. MATERIALS AND METHODS  
 

2.1 Presentation of the Study Area 
 
The study was conducted in the forest 
agroecological zone, which represents the main 
cocoa production area in Togo. This zone is 
subdivided into three agro-ecological sub-zones: 
the Plateaux sub-zone, the Piedmonts and Plains 
sub-zone, and the Agou peneplain (Fig. 1): 
 

• Mountains and plateaux sub-zone: This 
sub-zone comprises the plateaux of 
Kouma, Danyi, Akposso, and Akébou, with 
an average altitude of 700 m, and the 
isolated mountains of Agou and Haïto. It 
enjoys a mountain climate with annual 
rainfall of 1,200-1,600 mm. Soils are ferritic 
or ferruginous with concretions. Vegetation 
consists of partially degraded forests and 
wooded and shrubby savannahs. 

• The piedmonts and plains sub-zone: This 
is represented to the east by the plains of 
the Kloto, Kpélé-Akata, and Amou 
prefectures, and to the west by the Litimé 
plain (west of the Wawa prefecture). These 
areas benefit from a mountain climate with 
annual rainfall of 1300-1600 mm. The soils 
are thick and ferritic. Vegetation consists of 
Sudano-Guinean forests alternating with 
wooded savannahs. 

• The Agou peneplain: This corresponds to 
the vast expanse of ferruginous soils on 

metamorphic rock that covers the whole of 
the Agou prefecture, except for the 
mountainous part. The climate is humid 
tropical, with annual rainfall of 900-1200 
mm. Vegetation consists mainly of wooded 
or Guinean savannahs and gallery forests, 
with artificial teak forests in places. 

 

2.2 Soil Sampling 
 
Soil samples were taken from the three 
agroecological sub-zones. In each 
agroecological sub-zone, samples were taken 
considering four agroforest types that represent 
the main stages of orchard evolution over time:  
 

• Young orchards entering into production (< 
10 years), 

• Mature cocoa trees in full production (10 to 
20 years), 

• Aging cocoa trees in production decline 
(21 to 30 years) 

• Old orchard (>30 years) 
 
In each parcel, five sampling points were chosen, 
following the diagonals of the parcel. At each 
sampling point, soil samples were taken under 
five cocoa trees. Under each tree, a soil sample 
(250-300 g) was taken from the 50 cm crown 
around the cocoa tree over a radius of 50 to 100 
cm. Samples from each parcel were mixed to 
form a composite sample for extraction and 
identification of AMF spores. Across all sites, a 
total of 24 composite soil samples were 
collected. Each plantation was geo-referenced 
using GPS and its age was recorded. 
 

2.3 Trapping and Multiplication of 
Arbuscular Mycorrhizal Fungi Spores 

 
AMF trapping was carried out in the greenhouse 
at the Station d'Expérimentations Agronomiques 
de Lomé (SEAL) over 12 months from August 
2020 to July 2021. Thus, sorghum (Sorghum 
bicolor) was used as the reference trap plant 
because its roots promote greater multiplication 
of mycorrhizal fungus spores (INRA, 2017). For 
each soil sample collected, two 5-liter pots were 
used, for a total of 48 pots for all samples. In 
each pot, 4 kg of substrate consisting of sea 
sand (1/3) and arable soil (2/3) collected at the 
SEAL were used. The substrate was sterilized at 
120°C for 2 hours. Initially, 3 kg of substrate was 
introduced into each pot. Next, 200 g of soil was 
inoculated into the substrate, onto which 
sorghum was sown at a rate of three grains/pot, 
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and then covered with the remaining 1 kg of 
composite substrate. Before sowing, the 
sorghum grains were sterilized with 90° alcohol 
for 1 minute and rinsed with distilled water. 
Replanting was carried out each time the plant 
reached senescence. These plants were watered 
daily throughout the development phase. 
 

2.4 Extraction and Morphological 
Identification of AMF Spores 

 

Spores were extracted at the Laboratoire des 
Sciences Agronomiques et Biologiques 
Appliquées (LaSABA), University of Kara,                   
using the wet sieving technique described by 
Gerdemann and Nicolson (Gerdemann                              
et al., 1963). 50 g of soil was suspended in          
water and placed on the top of a series of                    

three sieves superimposed from bottom                           
to top according to the increasing value of their 
mesh opening (32µm, 90µm, and 500µm). The 
soil was subjected to this series of sieves                 
under a jet of tap water, and the contents                       
of the last two sieves (90 and 32µm)                         
were poured into 50 ml flasks and centrifuged in 
a gradient of 70% sucrose solution (Oehl                       
et al. 2003) at 2,000 rpm for 5 min. The 
supernatant from each treatment was      
collected with a volumetric pipette and returned 
to the smallest sieve (32µm), then rinsed to 
remove residual sucrose solution and poured into 
pillboxes. The spores and spore clusters stored 
in the pillboxes were transferred to Petri dishes 
with grid bottoms before being observed and 
counted with a binocular magnifying glass              
(G = X40). 

 

 
 

Fig. 1. Soil sampling locations 
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For microscopic identification, healthy spores 
were mounted on glass slides and stained with 
glycerol mixed with Melzer's reagent (1:1 vol/vol, 
Brundrett et al., 1994). The spores were 
examined under a binocular microscope (G = 
X400) and identified based on the description 
and identification manual by Schenck et Pérez 
(1990), INVAM (International Culture Collection 
of Vesicular Arbuscular Mycorrhizal Fungi 
(http://invam.caf.wvu.edu/cultures/cultsearch.ht) 
and scientific publications on AMF classification 
(Palenzuela et al., 2008, Redecker et al., 2013, 
Błaszkowski et al., 2017, Crossay et al., 2018, 
Anand et al., 2022). 
 

2.5 Assessment of AMF Taxonomic 
Diversity  

 

Taxonomic diversity was assessed by calculating 
the following indices:  
 

• Species richness: refers to the number of 
species present in a given environment. 

• Shannon-Weaver index (H') (Krebs, 1985): 
 

  
 

Pi is the percentage abundance of an AMF 
genus (pi = ni/N), ni represents the number of 
individuals counted for the genus, N is the total 
number of individuals counted for all genera, and 
S is the total number of genera identified. The 
Shannon index is used to characterize species 
diversity in a community and ranges from 0 to 
Ln(S). 
 

• Piélou equitability index (E) (Pielou, 1977) : 
E = H'/ln(S) 

 

This index quantifies the regularity of species 
distribution within the community. Piélou's 
equitability index varies between 0 and 1.   

 
2.6 Statistical Analysis 
 
Data-t-on spore density, species richness, and 
AMF community diversity indices (Shannon-
Weaver and Piélou equitability indices) were 
analyzed by analysis of variance (ANOVA) using 
SPSS (Statistical Package for Social Sciences) 
software version 25.0. The different means were 
discriminated and compared using the Student-
Newmann-Keuls (SNK) test at the 5% threshold. 
Before analysis, mean AMF spore densities were 
normalized using the log10 (x + 1) transformation 
(where x is the mean spore density). 

3. RESULTS AND DISCUSSION 
 

3.1 Results 
 

3.1.1 AMF diversity in soils under cocoa 
trees in different agroforests in the 
three agroecological subzones 

 

A total of 30 AMF species, belonging to 16 
genera and 9 families, were identified in soil 
samples under cocoa trees (Table 1). The 
Rhizophagus genus was the most represented, 
with five species, followed by Acaulospora (four 
species), Gigaspora (three species), 
Scutellospora, Claroideoglomus, Funneliformis, 
Glomus, and Septoglomus (two species each) 
and finally the other genera, each represented by 
a single species (Table 1). 
 

3.1.2 Specific richness of AMF in soils under 
cocoa trees in different agroforests in 
the three agroecological subzones 

 

Irrespective of the agroecological sub-zone 
considered, the analyses revealed no significant 
differences (p > 0.05) in specific richness 
between the different agroforests (Fig. 3). 
However, in the Agou peneplain, the highest 
species richness was recorded in mature 
plantations in production (16 species). On the 
other hand, in the piedmonts and plains, the 
highest number of species was recorded in 
young plantations entering production (14 
species), while in the plateaux and mountains, 
the highest number of species was recorded in 
plantations between 10 and 30 years old (10 
species) (Fig. 4). 
 

Concerning the different AMF species, the most 
frequent are represented by Claroideoglomus 
etunicatum (24%), Acaulospora scorbiculata 
(23%), and Acaulospora sp (23%) (Table 2). The 
highest spores density was recorded for C. 
etunicatum (4 spores/gram of soil), followed by 
E. infrequens, G. microaggregatum, and R. 
intraradices (3 spores/gram of soil each). 
 

3.1.3 Specific richness of AMF in soils under 
cocoa trees according to the different 
agro-ecological sub-zones 

 

In the Agou peneplain, eleven (A. corbiculata, A. 
excavata, Acaulospora sp, E. infrequens, G. 
gigantea, C. etunicatum, Diversipora sp, F. 
mosseae, F. monosporus, G. microaggregatum, 
and R. intraradices) of the thirty species listed 
were found in soils under cocoa trees of all four 
agroforest types. However, only one species 
(Dentiscutata sp) was not found in this 
agroecological subzone (Table 3). 
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Table 1. Families, genera, and number of AMF species found in cocoa agroforests and their 
average frequencies 

 

Families Genera Number of species 

Acaulosporaceae Acaulospora 4 
Entrophospora 1 

Ambisporaceae Ambispora 1 
Archaeosporaceae Archaeospora 1 
Gigasporaceae Cetraspora 1 

Gigaspora 3 
Scutellospora 2 
Racocetra 1 

Claroideoglomeraceae Claroideoglomus 2 
Dentiscutataceae Dentiscutata 1 
Diversiporaceae Diversipora 1 
Glomeraceae Funneliformis 2 

Glomus 2 
Rhizophagus  5 
Septoglomus  2 

Paraglomeraceae Paraglomus 1 
Total number of species 30 

 
Table 2. Spores frequencies and densities of AMF species identified in cocoa orchards 

 

AMF species Frequency (%) Density (Number of 
spores/gram of soil) 

A. scorbiculata 23 2 
A. excavata 11 1 
A. colombiana 13 1 
Acaulospora sp 23 2 
Ambispora sp 4 1 
Archaeospora sp 4 1 
Cetraspora sp 20 1 
C. etunicatum 24 4 
C. claroideum 12 1 
Dentiscutata sp 3 1 
Diversipora sp 17 1 
E. infrequens 19 3 
F. mosseae 8 1 
F. monosporus 15 2 
G. gigantea 10 1 
G. candida 6 1 
G. Rosa 3 1 
G. clavisporum 4 2 
G. microaggregatum 16 3 
Paraglomus sp 6 2 
R. aggregatus 14 2 
R. clarus 8 1 
R. intraradices 15 3 
R. manihotis 6 1 
R. sinuosus 13 2 
S. calospora 3 2 
Scutellospora sp 3 2 
S. deserticola 4 1 
Septoglomus sp 4 1 
Racocetra sp 3 1 
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Fig. 2. Most frequent AMF spores in samples 
A = Rhizophagus spp; B = Gigaspora spp and C = Acaulospora spp 

 

 
 

Fig. 3. Specific richness of AMF in soils under cocoa trees from different agroforests in the 
three agroecological subzones. Significant differences are indicated by different letters 

(Student-Newman-Keuls test at 5% threshold) 
 
In the piedmonts and plains, nine species (A. 
scorbiculata, A. colombiana, Acaulospora sp, G. 
gigantea, C. etunicatum, Diversipora sp, G. 
microaggregatum, R. aggregatus, and R. 
intraradices) were found in the soils of all four 
agroforest types. Two species (G. rosa and S. 
calospora) were not found in the piedmonts and 
plains (Table 4). 
 
Finally, in the plateaux and mountain 
agroecological sub-zone, six species (A. 
scorbiculata, Acaulospora sp, E. infrequens, G. 
gigantea, C. etunicatum and G. 
microaggregatum) were found in the soils of all 

four agroforests. However, five species 
(Archaeospora sp, S. calospora, Scutellospora 
sp, Racocetra sp, Paraglomus sp) were not 
found in the plateaus and mountains (Table 5). 
 
3.1.4 AMF community diversity indices 
 
AMF community diversity was assessed through 
species richness, Shannon-Weaver Index (H'), 
and Piélou Equitability (E) indices for the different 
agroforests and agroecological subzones. 
Statistical analyses showed no significant 
differences (p > 0.05) in species richness, 
Shannon-Weaver Index (H'), and Piélou 
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Table 3. Specific richness of AMF in soils under cocoa trees in agroforests on the Agou 
peneplain 

 

AMF species < 10 years 
old 

10 à 20 years 
old 

21 à 30 years 
old 

> 30 years 
old 

Acaulosporaceae 
    

A. scorbiculata X X X X 
A. excavata X X X X 
A. colombiana X X 

 
X 

Acaulospora sp X X X X 
E. infrequens X X X X 

Ambisporaceae 
    

Ambispora sp X X - - 

Archaeosporaceae 
    

Archaeospora sp X X - - 

Gigasporaceae 
    

Cetraspora sp - - X X 
G. gigantea X X X X 
G. candida 

 
X - - 

G. rosa X X - - 
S. calospora X - - - 
Scutellospora sp - X - - 
Racocetra sp - X - - 

Claroideoglomeraceae 
    

C. etunicatum X X X X 
C. claroideum X X X - 

Dentiscutataceae 
    

Dentiscutata sp - - - - 

Diversiporaceae 
    

Diversipora sp X X X X 

Glomeraceae 
    

F. mosseae X X X X 
F. monosporus X X X X 
G. clavisporum 

    

G. microaggregatum X X X X 
R. aggregatus X X X - 
R. clarus X X 

  

R. intraradices X X X X 
R. manihotis X 

   

R. sinuosus X X X - 
S. deserticola 

    

Septoglomus sp - X - - 

Paraglomeraceae 
    

Paraglomus sp X X - - 

Total 22 24 15 13 
X : Présent ; - : Absent 

 
Table 4. Specific richness of AMF in soils under cocoa trees in piedmont and plain agroforests 
 

AMF species < 10 years 
old 

10 à 20 years 
old 

21 à 30 years 
old 

> 30 years 
old 

Acaulosporaceae 
    

A. scorbiculata X X X X 
A. excavata - X X - 
A.colombiana X X X X 
Acaulospora sp X X X X 
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AMF species < 10 years 
old 

10 à 20 years 
old 

21 à 30 years 
old 

> 30 years 
old 

E. infrequens X X X - 

Ambisporaceae 
    

Ambispora sp X - - - 

Archaeosporaceae 
    

Archaeospora sp X - - - 

Gigasporaceae 
    

Cetraspora sp - X X X 
G. gigantea X X X X 
G. candida - - - X 
G. rosa - - - - 
S. calospora - - - - 
Scutellospora sp X - X X 
Racocetra sp - - X X 

Claroideoglomeraceae 
    

C. etunicatum X X X X 
C. claroideum X X - - 

Dentiscutataceae 
    

Dentiscutata sp X X X - 

Diversiporaceae 
    

Diversipora sp X X X X 

Glomeraceae 
    

F. mosseae X - - - 
F. monosporus X X X - 
G. clavisporum 

   
X 

G. microaggregatum X X X X 
R. aggregatus X X X X 
R. clarus X - - X 
R. intraradices X X X X 
R. manihotis X - - - 
R. sinuosus X - X - 
S. deserticola - - X X 
Septoglomus sp - - X X 

Paraglomeraceae 
    

Paraglomus sp X - -  X 

Total 21 15 19 18 
X : Présent ; - : Absent 

 
Table 5. Specific richness of AMF in soils under cocoa trees in plateau and mountain 

agroforests 
 

AMF species < 10 years 
old 

10 à 20 
years old 

21 à 30 
years old 

> 30 years 
old 

Acaulosporaceae 
    

A. scorbiculata X X X X 
A. excavata X - X - 
A. colombiana 

  
X X 

Acaulospora sp X X X X 
E. infrequens X X X X 

Ambisporaceae 
    

Ambispora sp - - - X 

Archaeosporaceae 
    

Archaeospora sp - - - - 

Gigasporaceae 
    

Cetraspora sp - X X X 
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AMF species < 10 years 
old 

10 à 20 
years old 

21 à 30 
years old 

> 30 years 
old 

G. gigantea X X X X 
G. candida - - - X 
G. Rosa - - - X 
S. calospora - - - - 
Scutellospora sp - - - - 
Racocetra sp - - - - 

Claroideoglomeraceae 
    

C. etunicatum X X X X 
C. claroideum X X - X 

Dentiscutataceae 
    

Dentiscutata sp - - - X 

Diversiporaceae 
    

Diversipora sp - X X X 

Glomeraceae 
    

F. mosseae X X - X 
F. monosporus X - X X 
G. clavisporum X - 

 
X 

G. microaggregatum X X X X 
R. aggregatus X X X - 
R. clarus X X - - 
R. intraradices X - X - 
R. manihotis - - - - 
R. sinuosus X X X - 
S. deserticola - X X - 
Septoglomus sp - X - - 

Paraglomeraceae 
    

Paraglomus sp  -  -  -  - 

Total  15 15 15 17 
X : Présent - : Absent 

 
Table 6. Specific richness, Schannon-Weaver, and Piélou equitability indices of AMF 

communities in soils under cocoa trees in different agroforests 
 

Agroforest type Specific 
richness 

Shannon-Weaver 
index (H') 

Piélou equitability 
index (E) 

< 10 years old 19 ± 4 a 2,66 ± 0,03 a 0,78 ± 0,01 a 
10 à 20 years old 18 ± 4 a 2,61 ± 0,21 a 0,77 ± 0,06 a 
21 à 30 years old 16 ± 2 a 2,51 ± 0,06 a 0,74 ± 0,12 a 
> 30 years old 16 ± 2 a 2,38 ± 0,40 a 0,70 ± 0,07 a 
p-value 0,439 0,486 0,511 

Data are reported as means and standard deviations for the four agroforests. Means with the same letter are 
statistically identical at the 5% level 

 
Table 7. Specific richness, Schannon-Weaver, and Piélou equitability indices of AMF 

communities in soils under cocoa trees in the three agroecological sub-zones 
 

Agroecological sub-zones Specific 
richness 

Shannon-Weaver 
index (H') 

Piélou equitability 
index (E) 

Agou peneplain 18 ± 5 a 2,53 ± 0,30 a 0,75 ± 0,09 a 
Piedmonts and plains 18 ± 3 a 2,61 ± 0,18 a 0,77 ± 0,05 a 
Plateaux and mountains 16 ± 1 a 2,47 ± 0,22 a 0,73 ± 0,07 a 
p-value 0,633 0,717 0,710 

Data are reported as averages and standard deviations for the three agro-ecological production sub-zones. 
Means with the same letter are statistically identical at the 5% threshold 
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Fig. 4. AMF spore density in soils under cocoa trees in different agroforests of the Agou 
peneplain, piedmonts and plains, plateaus, and mountains. Significant differences are 

indicated by different letters (Student-Newman-Keuls test at 5% threshold) 
 
equitability (E) indices for either agroforests or 
agroecological subzones. However, for 
agroforests, the lowest values of these 
parameters were recorded in old plantations 
(Table 6). Similarly, for agroecological sub-
zones, plateaus and mountains recorded the 
lowest values (Table 7). 
 
3.1.5 AMF spore density 
 
After trapping, spores’ density varied from 16 
spores/gram of soil in young plantations entering 
production and old plantations to 37 spores/gram 
of soil in mature plantations in production on the 
Agou peneplain. The results of statistical analysis 
showed no significant difference (p > 0.05) 
between the spore densities of the different 
agroforests of Agou peneplain and plateau                 
and mountains. However, a significant difference 
(p < 0.05) was observed between the spore 
densities of agroforests in the piedmonts and 
plains. In the Agou peneplain, as well as in the 
piedmonts and plains, the highest spore 
densities were observed in agroforests less                
than 30 years old. On the other hand, in the 
plateaux and mountains, spore densities were 
highest in plantations between 10 and 30 years 
old. 
 

3.2 Discussion 
 
This study has revealed the diversity of AMF in 
cocoa agroforests in different production sub-
zones. The identification of AMF associated with 
cocoa trees enabled us to list a total of 30 
species belonging to 16 genera and 9 families. 
The most predominant genera were 
Rhizophagus (five species), Acaulospora (four 
species), and Gigaspora (three species), 
belonging to the Glomeraceae, 
Acaulosporaceae, and Gigasporaceae families 
respectively. The most frequent species are 
Claroideoglomus etunicatum (24%), Acaulospora 
scorbiculata, and Acaulospora sp (23%). The 
presence or absence of certain AMF species in 
the different agroecological sub-zones shows a 
probable influence of climatic differences and soil 
characteristics between agroecological sub-
zones (Thomson et al., 2015, Amani et al., 
2023). Amani et al., (2023) identified a total of 72 
AMF morphotypes belonging to 10 families, 17 
genera, and 49 AMF species, with a 
predominance of the genus Glomus in cocoa 
orchards in Côte d'Ivoire. Our results are similar 
to those of (Rojas et al., 2010) who identified 21 
AMF morphotypes in the rhizosphere of cocoa 
trees in the department of San Martin, Peru. 
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Llanos-Gómez (2023) identified 57 different 
morphotypes, classified into 9 genera with a 
higher abundance of the genera Glomus, 
Acaulospora, and Gigaspora in soils under cocoa 
trees in the Amazon region of Peru. The studies 
of (Luis-Alaya et al., 2023) revealed the presence 
of the families Paraglomeraceae, Glomeraceae, 
Claroideoglomeraceae, and Acaulosporaceae in 
Tarapoto plantations, while (Cuenca et al., 1996) 
observed the predominance of the 
Acauloporaceae, Glomeraceae, and 
Gigasporaceae families in Venezuelan cocoa 
orchards. In cocoa orchards in the 
Yamoussoukro region of Côte d'Ivoire, (Zako et 
al., 2012) identified nine AMF species belonging 
to the Glomus, Acaulospora, and Gigaspora 
genera. In Ecuador, in conservative cocoa crops, 
the genera Glomus, Acaulospora, Ambispora, 
Pacispora, Diversispora, Scutellospora, 
Racocetra, Entrophospora, Gigaspora, 
Intraspora, Paraglomus and Archaeospora were 
identified, while in semi-conservative cocoa 
crops, the genera Glomus, Acaulospora, 
Ambispora, Pacispora, Diversispora, 
Scutellospora, Racocetra, Entrophospora, 
Gigaspora, Intraspora, Paraglomus and 
Archaeospora were identified (Pacheco et al., 
2022). The predominance of the genera 
Rhizophagus, Acaulospora, and Gigaspora in 
cocoa agroforests shows their better adaptation 
to a wide range of conditions, even the most 
hostile, such as drought, salinity, and other 
environmental stresses (Houngnandan et al., 
2009). Furthermore, _ (Amani et al., 2023) 
suggested that species of the genus Glomus 
(Rhizophagus) and Acaulospora propagate 
preferentially by spores resistant to harsh 
conditions, while other genera such as 
Scutellospora and Gigaspora propagate with 
other types of propagules such as hyphae and 
extra-root mycelial fragments. 

 
Concerning the diversity indices of AMF 
communities in cocoa plantations, it emerges 
that the values obtained in the present study are 
similar to those obtained by (Cuenca et al., 1996) 
in Venezuelan cocoa plantations. On the other 
hand, the specific richnesses reported in this 
study in agroforests in the three agroecological 
subzones are low compared with those obtained 
by (Amoa et al., 2017) in plantain plantations in 
three agroecological zones (Abengourou, 
Azaguié, and Bouaflé) in Côte d'Ivoire (around 
28.50 to 253.50). Furthermore, (Amoa et al., 
2017) obtained Shannon and Piélou index values 
similar to those obtained in this study in these 
plantain plantations. 

Results on AMF spore density revealed that the 
number of spores varied from 16 spores/gram of 
soil in young plantations entering production and 
old plantations to 37 spores/gram of soil in 
mature plantations in production on the Agou 
peneplain. These values are higher than those 
reported by (Cuenca et al., 1996), which are 4 
spores/gram of soil in plantations less than 20 
years old and 2 spores/gram of soil in old 
plantations (> 30 years) in Venezuela. In Côte 
d'Ivoire, (Amani et al., 2023) showed that in 
cocoa plantations, the abundance of arbuscular 
mycorrhizal fungi spores ranged from 10.53 to 
31.24 spores/gram of soil, with an average of 
18.30 spores/gram of soil. Snoeck et al., (2010) 
found similar spore densities (16 to 36 
spores/gram soil) to those reported in our study 
in cocoa agroforests in Cameroon. Luis-Alaya et 
al., (2023) showed that in soils under cocoa trees 
in the San Martin region of Peru, spore density 
varied from 13.8 spores/100 grams of soil in 10-
year-old plantations to 131.8 spores/100 grams 
of soil in 3-year-old plantations. Vestberg et al., 
(2015) found that spore density varied between 
280 and 610 spores in 100/gram of dry soil in 
agricultural systems. In conservative and semi-
conservative cocoa plantations, (Pacheco et al., 
2022) recorded densities of 300 to 400 spores in 
100/g dry soil. The difference between our 
results and those quoted above could be due to 
the cultivation practices and edaphoclimatic 
conditions of the plantations, as well as the 
particular characteristics of the cultivation and 
management of the plantations (Luis-Alaya et al., 
2023).  
 

4. CONCLUSION 
 

This is the first study to assess the species 
diversity of arbuscular mycorrhizal fungi in cocoa 
plantations in Togo. The identification of AMF 
associated with cocoa trees within the framework 
of this study enabled us to list a total of 30 
species divided into 16 genera and 9 families. 
The most common species are Claroideoglomus 
etunicatum, Acaulospora scorbiculata and 
Acaulospora sp. The high diversity of AMF 
recorded in cocoa plantations opens the door to 
further in-depth studies on the importance of this 
fungal group in cocoa cultivation. 
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