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Diversity of arbuscular mycorrhizal fungi
associated with cocoa (Theobroma cacao L.)
agroforestry systems in Togo

ABSTRACT

The aim of the present study was to assess the diversity and prevalence of arbuscular mycorrhizal fungi
(AMF) associated with cocoa agroforests in Togo. Soil samples were taken from 24 orchards in four types
of cocoa agroforest (< 10 years, 10 to 20 years, 21 to 30 years and > 30 years) in three agroecological
subzones (Agou peneplain, piedmonts and plains and plateaus and mountains). The AMF spores
extracted were identified on the basis of morphological criteria. The study revealed the presence of 30
AMF species divided into 16 genera and 9 families, with a predominance of the genera Rhizophagus (5
species), Acaulospora (4 species) and Gigaspora (3 species). The most frequent species were
Claroideoglomusetunicatum, Acaulosporascorbiculata 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,
whatever the agro-ecological sub-zone, the highest AMF densities were recorded in agroforests less than
30 years old.

The wide diversity of AMF recorded in cocoa agroforests opens the door to further, more in-depth studies
on the importance of this fungal group in cocoa cultivation.
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1. INTRODUCTION

Plant growthdepends- on interactions with the surroundingenvironment, particularly the soil and the
microorganisms it harbors [1]. Amongthesemicroorganisms, ArbuscularMycorrhizal Fungi (AMF) are the
mostwidespread. group withrecognizedbeneficialeffects on plant growth[2-3]. AMFs are microbiota forming
mutualistic symbioses between a plant and a fungus at root level. Thesemicroorganisms are present in
mostecosystems and are an important component of tropical soilmicroflora[4-5]. Thesetelluric fungi play
an important role in the functioning of earthecosystems, due to theirubiquity and direct involvement in
essential processestaking place at the soil-plant interface. They enable plants to betteradapt to
theirenvironment, particularly in ecosystemswith a deficit of water and/or nutrients[6].

In‘Togo, cocoais 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 [7]. 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
[8]. This loworchardproductivity can beexplained by degradation of biodiversity, agingorchards, loss of
soilfertility, as well as the effects of climate change such as drought, reduced and irregularrainfall, and
shorter rainyseasons. Theseconstraints are real handicaps to sustainable and efficient cocoa production.
In thiscontext of unfavorable conditions, AMFoffer an alternative for improvingcocoa production, as they
can bebiological substitutes for syntheticchemicalfertilizers and pesticides [9].




Several studies on the molecular identification of AMF [10]have led to a better understanding of the link
between AMF communities and various parameters, such as cropping systems and intensification of
cropping practices [11-12], soil types [13], soil depth [14]. However, studies on the diversity and
identification of AMF in African ecosystems are relatively limited [15-16]with a particular rareness in West
African forest ecosystems [17-5]more specifically in cocoa agroforestry systems. Given that AMF can
penetrate and colonize the root cortex cells of over 80% of earth plants [18]and that cocoa agroforests in
Togo are maintained by planters for several decades with low levels of disturbance, it is essential to know
the composition and mycorrhizal potential of these ecosystems. 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 aim of the present study is to investigate the mycorrhizal status of cocoa agroforests in-different
production subzones in Togo.

2. MATERIAL AND METHODS

2.1. Presentation of the study area

The studywasconducted in the forestagroecological zone, whichrepresents the main cocoa production
area in Togo. This zone issubdividedintothree agro-ecologicalsub-zones: the plateaux sub-zone, the
piedmonts and plains sub-zone and the Agoupeneplain (figure 1):

e Mountains and plateauxsub-zone: This sub-zone comprises ‘the plateaux of Kouma, Danyi,
Akposso and Akébou, with an average altitude of-700 m, and the isolatedmountains of Agou and
Haito. It enjoys a mountainclimatewithannualrainfall of 1,200-1,600 mm.Soils are ferralitic or
ferruginouswithconcretions. Vegetationconsists. of -partiallydegradedforests and wooded and
shrubbysavannahs.

e The piedmonts and plains sub-zone: This isrepresented 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
Wawaprefecture). These areas:;benefitfrom: a mountainclimatewithannualrainfall of 1300-1600
mm. The soils are thickferralitic. Vegetationconsists of Sudano-
Guineanforestsalternatingwithwoodedsavannahs.

e The Agoupeneplain; This corresponds to the vast expanse of ferruginoussoils on metamorphic
rock thatcovers . the. whole. of the Agouprefecture, except for the mountainous part. The
climateishumid: tropical, withannualrainfall of 900-1200 mm.Vegetationconsistsmainly of wooded
or Guineansavannahs and. galleryforests, withartificialteakforests in places.

2.2. Soil sampling
Soilsamplesweretakenfrom the threeagroecologicalsub-zones. In  eachagroecologicalsub-zone,
samplesweretakenconsidering four agroforest types thatrepresent the main stages of orchardevolution
over time;

e Young orchardsenteringinto production (< 10 years),

e Mature cocoatrees in full production (10 to 20 years),

e Agingcocoatrees in production decline (21 to 30 years)

e Old orchard (>30 years)
In eachparcel, five sampling points werechosen, following the diagonals of the parcel. At each sampling

point, soilsamplesweretakenunder five cocoatrees. Under eachtree, a soilsample (250-300 Q)
wastakenfrom the 50 cm crown around the cocoatree over a radius of 50 to 100 cm.



Samplesfromeachparcelwere mixed to form a composite sample for extraction and identification of AMF
spores. Across all sites, a total of 24 composite soilsampleswerecollected. Each plantation wasgeo-
referencedusing GPS and itsagerecorded.
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Figure 1 : Soil sampling locations

2.3. Trapping and multiplication of arbuscularmycorrhizal fungi

AMF trappingwascarried out in the greenhouse at the Station d'Expérimentations Agronomiques de Lomé
(SEAL) over a 12-month periodfrom August 2020 to:.July 2021. Thus, sorghum (Sorghum bicolor)
wasused as the reference trap plant becauseitsrootspromotegreater multiplication of mycorrhizal fungus
spores (INRA, 2017). For eachsoilsamplecollected, two 5-liter pots wereused, for a total of 48 pots for all
samples. In each pot, 4 kg of substrateconsisting of seasand (1/3) and arable soil (2/3) collected at the
SEAL wereused. The substratewassterilized at 120°C for 2 hours. Initially, 3 kg of
substratewereintroducedintoeach pot. 'Next,,, 200 g of soilwereinoculatedinto the substrate, onto
whichsorghumwassown at a rate of three grains/pot, thencoveredwith the remaining 1 kg of composite
substrate. Beforesowing, the sorghum grains weresterilizedwith 90° alcohol for 1 minute and
rinsedwithdistilled water. Replantingwascarried out each time the plant reached senescence. These plants
werewatereddailythroughout the development phase.

2.4, Extraction and morphological identification of AMF spores

Spores wereextracted at the Laboratoire des Sciences Agronomiques et BiologiquesAppliquées
(LaSABA), University  of Kara, using the wetsieving technique described by [19]. 50 g of
soilweresuspended in water and placed on the top of a series of threesievessuperimposedfrombottom to
top according to the increasing value of theirmeshopening (32um, 90um and 500um). The
soilwassubjected to, thisseries of sievesunder a jet of tap water, and the contents of the last twosieves (90
and 32pm) werepouredinto 50ml flasks and centrifuged in a gradient of 70% sucrose solution [20]at 2,000
rpm, for 5 min. The supernatantfromeachtreatmentwascollectedwith a volumetric pipette and returned to
the smallestsieve (32um), thenrinsed to removeresidual sucrose solution and pouredintopillboxes. The
spores and spore clusters stored in the pillboxesweretransferred to Petri
disheswithgridbottomsbeforebeingobserved and countedwith a binocularmagnifying glass (G = X40).

For microscopic identification, healthy spores weremounted on glass slides and stainedwithglycerol mixed
withMelzer'sreagent (1:1 vol/vol, Brundrett et al., 1994). The spores wereexaminedunder a binocular
microscope (G = X400) and identified on the basis of the description and identification manual bySchenck
et Pérez [21], INVAM (International Culture Collection of VesicularArbuscularMycorrhizal Fungi
(http://invam.caf.wvu.edu/cultures/cultsearch.htm) and scientific publications on AMF classification [22-23-
24-25-26)).



2.5. Assessment of AMF taxonomicdiversity
Taxonomicdiversitywasassessed by calculating the followingindices:

e Speciesrichness:refers to the number of speciespresent in a givenenvironment.

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

s
H'=-Y pilog,|pi)

i=1

Pi is the percentage abundance of a nematodegenus (pi = ni/N), ni represents. the. number of
individualscounted for the genus, N the total number of individualscounted for all genera and'S the total
number of generaidentified. The Shannon index isused to characterizespeciesdiversity in a.community and
ranges from 0 to Ln(S).

o Piélouequitability index (E) (Pielou, 1977): E = H'/In(S)

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

2.6. Statisticalanalysis

Data-t-on spore density, speciesrichness and AMF communitydiversityrindices (Shannon-Weaver and
Piélouequitability indices) wereanalyzed by analysis of variance (ANOVA) using SPSS (Statistical
Package for Social Sciences) software version 25.0. The differentmeanswerediscriminated and
comparedusing the Student-Newmann-Keuls (SNK). test at the:5% threshold. Prior to analysis, mean AMF
spore densitieswerenormalizedusing 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, divided:into 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 Septoeglomus (two species each) and finally the other genera, each represented by a single
species (Table 1).

Table 1; Families, genera and number of AMF species found in cocoa agroforests and their average
frequencies.

Families Genera Number of species

Acaulospora 4
Acaulosporaceae
Entrophospora 1

Ambisporaceae Ambispora 1



Archaeosporaceae Archaeospora 1

Cetraspora 1

Gigaspora 3
Gigasporaceae

Scutellospora 2

Racocetra 1
Claroideoglomeraceae Claroideoglomus 2
Dentiscutataceae Dentiscutata 1
Diversiporaceae Diversipora 1

Funneliformis 2

Glomus 2
Glomeraceae

Rhizophagus 5

Septoglomus 2
Paraglomeraceae Paraglomus 1
Total number of spieces 30

Figure 2:Most frequent AMF spores in samples
A = Rhizophagusspp ; B = Gigasporaspp and C = Acaulosporaspp

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 (Figure 4). 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 plateaus and mountains, the highest number of species was
recorded in plantations between 10 and 30 years old (10 species) (Figure 4).



Concerning the different AMF species, the most frequent are represented by Claroideoglomusetunicatum
(24%), Acaulosporascorbiculata (23%) and Acaulosporasp (23%) (Table 2). The highest spore 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).
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Figure 3:Specificrichness« of. AMF - in soilsundercocoatreesfromdifferentagroforests in the
threeagroecologicalsubzones. Significantdifferences are indicated by differentletters (Student-Newman-
Keuls test at 5% threshold).

Table2:Spore frequencies and densities of AMF speciesidentified in cocoaorchards

Density (Number of

AMF species Frequency (%) spores/gram of soil)
A scorbiculata 23 2
A. excavata 11 1
A. colombiana 13 1
Acaulosporasp 23 2
Ambisporasp 4 1

Archaeosporasp 4 1



Cetrasporasp 20 1

C. etunicatum 24 4
C. claroideum 12 1
Dentiscutatasp 3 1
Diversiporasp 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
Paraglomussp 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
Scutellosporasp 3 2
S. deserticola 4 1
Septoglomussp 4 1
Racocetrasp 3 1

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 of the thirty species listed (A. corbiculata, A. excavata, Acaulosporasp, E.
infrequens, G. gigantea, C. etunicatum, Diversiporasp, F. mosseae, F. monosporus, G. microaggregatum
and R. intraradices) were found in soils under cocoa trees of all four agroforest types. However, only one
species (Dentiscutatasp) was not found in this agroecological subzone (Table 3).



In the piedmonts and plains, nine species (A. scorbiculata, A. colombiana, Acaulosporasp, G. gigantea, C.
etunicatum, Diversiporasp, 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 plateau and mountain agroecological sub-zone, six species (A. scorbiculata, Acaulosporasp,
E. infrequens, G. gigantea, C. etunicatum and G. microaggregatum) were found in the soils of all four
agroforests. However, five species (Archaeosporasp, S. calospora, Scutellosporasp, Racocetrasp,
Paraglomussp) were not found in the plateaus and mountains (Table 5).

Table3:Specificrichness of AMF in soilsundercocoatrees in agroforests on the Agoupeneplain

< 10years 10 a 20 years 21 &4 30years

AMF species > 30 years old

old old old
Acaulosporaceae
A. scorbiculata X X X X
A. excavata X X X X
A. colombiana X X X
Acaulosporasp X X X X
E. infrequens X X X X
Ambisporaceae
Ambisporasp X X - -
Archaeosporaceae
Archaeosporasp X X - -
Gigasporaceae
Cetraspora sp - - X X
G. gigantea X X X X
G. candida X - -
G. rosa X X - -
S. calospora X - - -
Scutellosporasp - X - -
Racocetrasp - X - -

Claroideoglomeraceae



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

Dentiscutatasp - - - -
Diversiporaceae

Diversiporasp 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
Septoglomussp - X - -
Paraglomeraceae

Paraglomussp X X - -

Total 22 24 15 13

X : Présent :=: Absent

Table4;Specificrichness of AMF in soilsundercocoatrees in piedmont and plain agroforests

<10years 1l0a20years 2l1a30years > 30years

AMF species old old old old

Acaulosporaceae
A. scorbiculata X X X X

A. excavata - X X -



A.colombiana
Acaulosporasp

E. infrequens
Ambisporaceae
Ambisporasp
Archaeosporaceae
Archaeosporasp
Gigasporaceae
Cetrasporasp

G. gigantea

G. candida

G. rosa

S. calospora
Scutellosporasp
Racocetrasp
Claroideoglomeraceae
C. etunicatum

C. claroideum
Dentiscutataceae
Dentiscutatasp
Diversiporaceae
Diversiporasp
Glomeraceae

F. mosseae

F. monosporus

G. clavisporum

G. microaggregatum



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
Septoglomussp - - X X

Paraglomeraceae

Paraglomussp X - - X

Total 21 15 19 18

X : Présent ; - : Absent

Table5:Specificrichness of AMF in soilsundercocoatrees:in plateau and mountainagroforests

T N mm
Acaulosporaceae

A. scorbiculata X X X X
A. excavata X - X -
A. colombiana X X
Acaulosporasp X X X X
E. infrequens X X X X
Ambisporaceae

Ambisporasp - - - X
Archaeosporaceae

Archaeosporasp - - - -
Gigasporaceae

Cetrasporasp - X X X

G. gigantea X X X X



G. candida

G. Rosa

S. calospora
Scutellosporasp
Racocetrasp
Claroideoglomeraceae
C. etunicatum

C. claroideum
Dentiscutataceae
Dentiscutatasp
Diversiporaceae
Diversiporasp
Glomeraceae

F. mosseae

Tn

. monosporus

. clavisporum

O o©

. microaggregatum

Py

. aggregatus

R. clarus

R. intraradices

R. manihetis
R..sinuosus

S. deserticola
Septoglomussp
Paraglomeraceae

Paraglomussp

Total

X : Présent - : Absent



3.1.4. AMF communitydiversity 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
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).

Table 6: Specific richness, Schannon-Weaver and Piélou equitability indices of AME communities in soils
under cocoa trees in different agroforests.

Agroorestiype SPee S eSEr el S
<10 years old 19+4a 2,66 £ 0,03 a 0,78+ 0,01 a
10 &4 20 years old 18+4a 261+0,21a 0,77 £ 0,06 a
21 a 30 years old 16+2a 2,51 + 0,06:a 0,74+0,12 a

> 30 years old 16+2a 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- Specific Shannon-Weaver  Piélou equitability
zones richness index (H") index (E)
Agou peneplain 18+5a 253+0,30a 0,75+ 0,09 a
Piedmontsiand plains 18+3a 2,61+0,18a 0,77 £ 0,05 a
Plateaux and mountains 16+1a 247+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.

3.1.5.AMF spore density

After trapping, 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.
The results of statistical analysis showed no significant difference (p > 0.05) between the spore densities
of the different agroforests of Agou peneplain and plateaus 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
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Figure 4 : AMF spore density in soilsundercocoatrees in differentagroforests of the Agoupeneplain,
piedmonts and plains, plateaus and mountains. Significantdifferences are indicated by differentletters
(Student-Newman-Keuls test.at 5%:threshold).

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 Claroideoglomusetunicatum (24%),
Acaulosporascorbiculataand Acaulosporasp (23%). The presence or absence of certain AMF species in
the "different agro-ecological sub-zones shows a probable influence of climatic differences and soil
characteristics between agro-ecological sub-zones [27-6]. [6] 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 Cote d'lvoire. Our results are similar to those of [28] who identified 21 AMF
morphotypes in the rhizosphere of cocoa trees in the department of San Martin, Peru. [29]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
[30]revealed the presence of the families Paraglomeraceae, Glomeraceae, Claroideoglomeraceae and
Acaulosporaceae in Tarapoto plantations, while [31] observed the predominance of the Acauloporaceae,
Glomeraceae and Gigasporaceae families in Venezuelan cocoa orchards. In cocoa orchards in the
Yamoussoukro region of Cote d'lvoire, [32] identified nine AMF species belonging to Glomus,



Acaulosporaand 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 [33]. 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 [34]. Furthermore, [6] 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 [31] in Venezuelan_ cocoa.plantations. On
the other hand, the specific richnesses reported in this study in agroforests in theithree agroecological
subzones are low compared with those obtained by [35] in plantain plantatiens in three agroecological
zones (Abengourou, Azaguié and Bouaflé) in Cote d'lvoire (around 28.50 to 253.50). Furthermore, [35]
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 thanthose reported by [31] Cuenca and
Meneses (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 Céte d'lvoire, [6] 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. [36] found similar spore densities (16 to
36 spores/gram soil) to those reported in our study in.cocoa agroforests in Cameroon. [30] 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. [37] found
that spore density varied between 280, and. 610 spores 100/gram dry soil in agricultural systems. In
conservative and semi-conservative cocoa plantations, [33] recorded densities of 300 to 400 spores 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 to the particular characteristics of
the cultivation and management of the plantations ([30].

4.3. Conclusion

This is the first study.to assess the speciesdiversity of arbuscularmycorrhizal fungi in cocoa plantations in
Togo. The identification.of AME. associatedwithcocoatreeswithin the framework of thisstudyenabled us to
list a total of 30 speciesdividedinto 16 genera and 9 families. The mostcommonspecies are
Claroideoglomusetunicatum, Acaulosporascorbiculata and AcaulosporaSp. The high diversity of AMF
recorded in cocoa plantations opens the door to further in-depthstudies on the importance of thisfungal
group in«eacoa cultivation.
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