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The papaya tree is not very exploitable on the international market because of the post-harvest decline 
of the fruits. In this study, we identified arbuscular mycorrhizal fungi (AMF) from the rhizosphere of 
papaya in two agroecological zones of Cameroon (Njombe-Pendja: NP and Yaounde: Y). Morphological 
studies on the density, the rate of root colonization, the diversity of AMF species were evaluated. 
Molecular identification of AMF was performed by sequencing the small subunit (SSU) 18S rDNA gene 
region from soil samples. These genes were amplified from the AML and NS2 primers. The total number 
of spores per 100 g of dry soil was significantly different (P<0.05) depending on the sites, ranging from 
391 in NP to 790 in Y sites. The frequency and intensity of root colonization was not significantly 
different in the two sites. Eleven (11) AMF belonging to seven (7) genera (Scutellospora, Gigaspora, 
Acaulospora, Entrophospora, Funneliformis, Glomus and Racocetra) were recorded. Two AMF species 
(T1: Scutellospora rosa and T6: Racocetra gregaria) were recorded at NP and absent at Y. The Shannon-
Wiener index revealed a low diversity of AMF species. Homogeneity of species was recorded. Molecular 
analysis reveals that the AMF species obtained have sizes of 250 bp. 
 
Key words: Arbuscular mycorrhizal fungi, Carica papaya L., fungal, molecular and morphological identification, 
rhizosphere. 

 
 
INTRODUCTION 
 
Cameroon, commonly known as ‘Africa in miniature’ has 
favorable ecological conditions for the cultivation of 
tropical fruit species. The papaya tree (Carica papaya L.) 
is one of the most cultivated fruit trees of the Caricaceae 
family (Lim, 2012) in this  country. It  is  a  very  important 

species from an economic point of view. It represents 
about 16% of the total production of tropical fruits in the 
world (FAOSTAT, 2019). C. papaya L. has very high 
nutritional and nutraceutical properties (Santana et al., 
2019). It is  an  important  source  of  vitamin  A,  ascorbic  



 
 
 
 
acid, minerals (iron, calcium, potassium, etc.), 
polysaccharides and proteins (Daagema et al., 2020). Its 
fruit is highly appreciated by consumers for its taste, 
visual quality, organoleptic properties, nutritional, 
therapeutic, digestive and dietary values (Bruneton, 
2009). It has a lifespan of 5 years with an economic life of 
2 years (N'da et al., 2008). Its world production is 
estimated at 13,016,280 tonnes/year (EUROSTAT, 2020).  

In Cameroon, C. papaya is grown mainly in humid 
forest with monomodal rainfall, more precisely in the 
Littoral zone (Njombe-Pendja) where the ecological 
conditions are ideal (equatorial-type climate; altitude: 20 
to 500 m; average temperature 30°C, rainfall 2350 mm, 
volcanic type soil). National papaya production is 
estimated at 700 tonnes over an area of 25 ha. Its still 
very low export (36 tonnes) (EUROSTAT, 2020) mainly 
concerns the dried forms of the product, despite the 
inclusion of this fruit in government strategies for the 
diversification of agricultural exports from Cameroon. The 
demand for this fruit on the international market is 
estimated at 17,519 tonnes/year against local production 
of around 38 tonnes/year (EUROSTAT, 2020). This low 
production, despite the very high demand, is linked to 
numerous biotic and abiotic constraints such as the rapid 
maturation of the fruit (Zhu et al., 2020), the lack of 
control of the favorable stage for harvesting the fruit 
(Greenwald et al., 1998), post-harvest handling (Elik et 
al., 2019), sensitivity to stress (water), parasitic and 
fungal diseases (Zhu et al., 2020), and uptake of soil 
mineral elements such as calcium (Hocking et al., 2016). 
In Cameroon, depending on the variety, some highly 
productive papayas unfortunately face increased post-
harvest loss, affecting production sometimes going to 
more than 50% yield loss (FAOSTAT, 2019). However, 
with the ever-increasing population (7.7 billion in 2020 to 
9.7 billion by 2050) (United Nations, 2020), it would be 
crucial to strengthen the papaya sector by intensifying 
production and improving the post-harvest quality of 
papaya fruits. The success of this challenge involves the 
soil microorganisms naturally associated with papaya. 
Furthermore, its cultivation requires continuous 
application of fertilizers for its development and 
continuous production (Nakasone and Paull, 1998), but 
the use of inorganic fertilizers in agricultural 
agroecosystems has generated environmental problems 
such as eutrophication of water bodies. This has sparked 
interest in the use of beneficial microorganisms such as 
arbuscular mycorrhizal fungi (AMF) to improve the 
productivity of this crop (Cuenca et al., 2007). Throughout 
the world, most papaya production comes from poorly 
structured units (home gardens, extensive fields, etc.) for 
which the farmer places little importance on  the  diversity  
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of microorganisms found in the rhizosphere. However, 
knowledge of the activity of these living organisms in the 
soil (microbes, roots of living plants, etc.), not only 
constitutes an important portion of total biodiversity, but 
also a plus on the yield and product quality for 
international trade (Decaëns et al., 2006). However, 
knowledge of these microorganisms constitutes part of 
the solution in reducing post-harvest losses and a 
decisive step in the perspective of developing papaya 
cultivation (Marcos et al., 2020). Among the most 
important soil microorganisms are AMF which form 
beneficial mutualistic associations between species of the 
Glomeromycotina (Spatafora et al., 2016; Davison et al., 
2018) and the roots of 80% of vascular plants (Smith and 
Read, 2008). They are considered essential for plant 
performance and nutrition (Sadhana, 2014; Powell and 
Rillig 2018) and are vital components of the soil in natural 
and agricultural systems. They are one of the most 
common and widespread groups of soil organisms and 
are symbionts of a majority of plant species. Therefore, 
AMF diversity and interaction with plants in certain 
ecosystems are not fully understood (Davison et al., 
2015). Nevertheless, some studies report the colonization 
of papaya by AMF (Sukhada, 1989; Trindade et al., 2006; 
Khade and Rodrigues, 2008a, 2009a; Sankaralingam et 
al., 2016). Among these studies, Trindade et al. (2006), 
Khade et al. (2009b), Rodríguez (2011), and Marcos et 
al. (2011) identified the species belonging to the genera 
Gigaspora, Glomus, Acaulospora, Racocetra, 
Dentiscutata and Funniliformis colonizing papaya, based 
on the morphological characters of AMF spores.  

Identifying AMF species that can be used in papaya 
cultivation is a future challenge. AMF can be useful in the 
development of effective methods to reduce post-harvest 
losses (Kamda et al., 2021). This concept is far from 
being applied in practice due to the lack of understanding 
of the functioning of AMF species (Scullion et al., 1998). 
In addition, the identification of AMF species in the 
papaya rhizosphere based on molecular methods is not 
much applied and yet very reliable since it can provide 
information on the exact type of AMF colonizing papaya. 
In Cameroon, few studies on this molecular approach 
concerning the communities of AMF species of papaya 
have been made (Azcón-Aguilar et al., 2003; Bouazza et 
al., 2015). Most of the studies were based on the 
morphological approach. The prospects for the 
exploitation of these AMF in the reduction of post-harvest 
losses of C. papaya L. fruits and the production of 
organic plants in Cameroon are still lacking. The aim of 
this study is to determine the diversity of AMF species 
associated with papaya (C. papaya L.) in two different 
agro-ecological zones of Cameroon. 
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Table 1. Characteristics of experimental sites where soil and root samples were obtained for culturing and molecular analyses of 
arbuscular mycorrhizal fungi. 
 

Sampling site 
Climatic 
zone 

Coordinates 
Altitude 

(m) 

Soils characteristics 

pH EC OrgC (%) N (%) C:N P (mg/kg) 

Njombe-Pendja Equatorial 4°35’N; 9°39’E 200-500 6.3 31.20 8.8 0.29 30 59.95 

Yaounde Equatorial 3°50’N; 11°31’E 750 5.5 5.70 2.37 1.16 20 6.37 
 

C:N: carbon nitrogen ratio; OrgC: organic carbon; EC: conductivity; Total N: total nitrogen; P: phosphorus. 
Source: Author’s results 

 
 
 

 
 

Figure 1. Sampled sites for arbuscular mycorrhizal fungi isolates of C. papaya L. in the 
monomodal rain forest and bimodal rain forest ecological zoned of Cameroon. 
Source: Institute of Agricultural Research for Development (IRAD, 2016) 

 
 
 
MATERIALS AND METHODS 
 
Study sites 
 
Two sites were selected to collect soil from the rhizosphere of C. 
papaya L. They were geographically separated and one represents 
the most exploited site (Table 1 and Figure 1). The two sites were 
located in two different agro-ecological zones: (1) the forest zone 
with the monomodal rainfall, and (2) the bimodal rain forest zone 
(Figure 1). 

Soil and root sampling 
 
Sampling was carried out in two different sites, one located in the 
humid forest zone with monomodal rainfall and the other in the 
humid forest zone with bimodal rainfall in Cameroon during the 
rainy season in March 2019. Plots sized 01 ha with approximately 
2,000 papaya plants.ha

-1
 (one year old) were marked in each site. 

The soil sampling method is that of Sieverding (1983). Indeed, for 
each site, an area of one hectare was subdivided into 100 
quadrants of  dimension 10×10 m each. In each of these quadrants,  



 
 
 
 
100 papaya plants were randomly counted. About twenty papaya 
trees were chosen. In the rhizosphere of each papaya tree, the 
sampling of soil and roots was carried out between 0 and 25 cm 
depth in the ground using a den. This method was also applied in 
the soil outside the rhizosphere (non-rhizosphere) of papaya (with 
corn as previous crop). The fine roots of the plants were collected 
at the same time at the rate of 2 g per plant. These roots were then 
mixed and the whole was preserved in 50% alcohol. 

 
 
Trap culture 
 
The trap culture was carried out in a greenhouse at the Regional 
Laboratory of Biological Control and Applied Microbiology of IRAD 
Nkolbison (Yaounde, Cameroon). Sorghum and cowpea 
(mycotrophic plants) were used as trap plants. They were grown on 
a previously disinfected low-nutrient substrate consisting of a 
mixture of Sanaga sand and black soil in the proportions 3:1 (V/V). 
Five-liter pots were filled. The mycorrhizal inoculum consisting of 
soil and roots from each soil sample was placed on the surface of 
the substrate in the pots. Sorghum and cowpea seeds were 
disinfected with an 8° bleach solution diluted to 10%, then rinsed 
thoroughly with sterile distilled water and pre-germinated in the 
dark. In each pot, four seeds were placed on the inoculum and the 
whole covered with substrate in order to limit the risk of 
dehydration. Five replicates were set up per plant soil origin. Trap 
plant species were chosen because they are well known as AMF 
host plants and are frequently used as trap crops (Ngonkeu, 2009). 

The pots were watered twice a week with deionized water and 
fertilized with 100 mL of Rorison's low phosphorus nutrient solution 
120.02 g/L MgSO4.7H2O, 238.04 g/L Ca (NO3)2.4H2O, 115.38 g/L 
KH2PO4, 3H2O, 12.500 g/L [Fe EDTA, 1.121 g MnSO4.4H2O, 1.421 
g H3BO3, 0.093 g (NH4)6Mo24.4H2O, 0.220 g ZnSO4.7H2O, 0.198 g 
CuSO4.5H2O]/L (Ngonkeu, 2009). Two weeks after sowing, the 
plants were thinned and two plants per species were retained. After 
6 (six) months (two cycles) of cultivation, watering was stopped and 
the pots were subjected to water stress for two weeks at room 
temperature in order to induce the massive production of spores 
(sporulation). At the end of two growth cycles (three months/cycle), 
plants were harvested and host plant roots collected for analysis of 
mycorrhizal colonization rates. 

 
 
Percentage of colonization of AMF of C. papaya L 
 
Percent colonization of C. papaya L. AMF root length was 
calculated by the grid intersection method (Ngonkeu, 2009) after 
elimination in 10% KOH for 15 min at 90°C and staining with blue 
Trypan (0.05%) for 30 min (Phillips and Hayman, 1970; Brundrett et 
al., 1996). Frequency of mycorrhization ‘F’ was calculated by F% = 
100 (N-no) / N, where ‘N’ is the number of fragments observed and 
‘no’ the number of these fragments with no trace of mycorrhization. 
‘F’ reflects the importance of the contamination. Intensity of 
mycorrhization ‘I’ was calculated by I% = (95n5 + 70n4 + 30n3 + 
5n2 + n1) / N, where n5, n4 …n1 denote, respectively the numbers 
of fragments noted 5, 4, ….1 (Trouvelot et al., 1986). AMF spores 
were isolated from the trapping soil by wet sieving and settling 
(Ngonkeu, 2009). The spores were identified according to 
taxonomic criteria (Schenck and Perez, 1990) and also using 
information from INVAM (http://www.invam.caf.wdu.edu/).  

 
 
Species diversity of AMF 
 

The diversity of AMF (Castillo et al., 2016) was evaluated through 
the species richness (S), the Shannon-Wiener diversity index (H') 
(Shannon-Wiener,  1948);   the  Pielou  fairness  index  (J’)  (Pielou,  
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1966), the Simpson dominance index (l), and the Simpson diversity 
index (Ds) (Simpson, 1949). Specific richness refers to the total 
number of species in a soil sample. The Shannon-Wiener diversity 
index takes into account both the particular species richness and 
the abundance of each species. Its expression is H’. Pi is the 
proportional abundance of the species (Pi = ni / N); ni is the number 
of individuals of a species in the sample; N is the total number of 
individuals of all species in the sample. 

 

H '= - ,  

 
where Pi is the proportion of species "i" to the total population, and 
S is the total number of species. The Shannon-Wiener index is 
often accompanied by the Pielou fairness index, which represents 
the ratio of H' to the theoretical maximum index in the stand H' max. 
J’ = H’/log(S), with H'max = log2S. This index can vary from 0 to 1; 
it is maximal when the species have identical abundances in the 
stand, and it is minimal when a single species dominates the whole 
stand.   

 

l= ; Ds=1-l . 

 
 
Molecular analysis 

 
Extraction of spore DNA from soil 

 
DNA extraction was performed at the Common Laboratry of 
Microbiology (LCM) IRD/ISRA/UCAD, Research Center of Bel-Air 
Dakar/Senegal. 0.5 g of soil from each treatment at both study sites 
were measure. The kits "FastDNA® SPIN Kit for Soil" designed for 
use with FastPrep® instruments from MP Biomedicals and "DNeasy 
Plant Mini kit " were used respectively. DNA extractions were 
performed according to the manufacturers' instructions. DNA 
extracts were quantified using a NanoDrope to assess the DNA 
concentration of the sample for immediate reading of the result. It 
measures the concentration and purity of DNA extracted with 1 µL 
of sample indicating an absorbance ratio at 260 and 280 nm. This 
260/280 ratio must be close to 1.8 to qualify the samples as pure. 
Values below 1.8 would indicate the presence of impurities or 
absorbing proteins around the same wavelengths. 

 
 
PCR amplification of 18S SSU rDNA region 
 
PCR amplification in both DNA extraction processes (from soil), 
small subunit (SSU) regions of rDNAs was respectively used as 
target regions for PCR experiments. The reactions were carried out 
in a final volume of 25 μL containing 5 μL of buffer (5X Green Go-
TaqReaction Buffer), 2 μL of dNTPs (10 mM of each dNTP), 0.125 
μL of Go-Taq DNA polymerase (2.5 Units /reaction), 1 μL of each 
primer (front and reverse) (20 pmol/μl) and 14 μL of sterile water. 
The first amplification of fungal DNA was performed using primer 
pair NS31 (5' TTG GAG GGC AAG TCT GGT GCC-3') and AML2 
(5'GAA CCC AAA CAC TTT GGT TTC C-3') (White et al., 1990). 
The PCR program was as follows, initial denaturation (94°C, 5 min), 
followed by 30 cycles of denaturation (94°C, 30 s), primer annealing 
(58°C, 1 min); elongation (72°C, 1min 20 s) and a final elongation 
(72°C, 10 min). A negative control without DNA was included in the 
experiment to serve as a PCR control. The molecular weight marker 
used is 100 bp. In order to verify the efficiency of the PCR, a 
negative control using sterile water was used in all the 
amplifications. The PCR products were visualized by electrophoresis 
on a 1% (w/v) agarose gel in 1X TAE (Tris Acetate EDTA) buffer, 
then photographed under UV light. 
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Figure 2. Densities of AMF spores in rhizospheric and non-rhizospheric soils at the two 
experimental sites. NPRh: Njombe-Pendja Rhizosphere;  YRh: Yaounde Rhizosphere; NPNRh: 
Njombe-Pendja No Rhizosphere; YNRh: Yaounde No Rhizosphere; T: control. 
Source: Author’s results 

 
 
 

Data analysis 
 
Data on spore density, mycorrhization rate and AMF diversity were  
subjected to analysis of variance (ANOVA). Means were compared 
using Tukey's and Ducan's tests (p<0.05) in R studio software, 
version 4.0.5. 

 
 
RESULTS 
 
Number of AMF spores per site 
 
AMF spores were present in all soil samples. Figure 2 
shows higher spore densities in non-rhizospheric soils 
than in rhizospheric soils at both sites. These densities 
are, respectively around 1009 and 435 spores per 100 g 
of dry soil in Njombe-Pendja and 836 and 813 spores per 
100 g of dry soil in Yaounde. The comparison of the 
different sites shows that, for the two types of papaya 
farms, the densities of AM fungus spores also varied 
according to the sites. Indeed, the highest densities were 
noted in Yaounde (813 spores/100 g of dry soil) and the 
lowest in Njombe-Pendja (435 spores per 100 g of dry 
soil). The total number of spores was not significantly 
different at the threshold (p<0.05) in the two study sites. 
However, a significant difference at the threshold 
(p<0.05) between the number of spores in the soils of the 
two sites and the negative control (soil/sand substrate) 
was observed. 
 
 

Number of AMF spores according to sites 
 
The comparison of the different sites shows  that,  for  the 

different types of papaya soil, the densities of AMF 
spores vary according to the sites (Figure 3). The highest 
densities were noted in Yaounde (>790 spores/100 g of 
dry soil) and the lowest in Njombe-Pendja (>391 spores 
per 100 g of dry soil) for small spores. The difference was 
not significant at the threshold (p<0.05) for medium and 
large spores in the two study sites. An abundance of 
small spores was observed in the different soil types of 
the two study sites. 
 
 
Mycorrhizal colonization of the roots of C. Papaya L.  
 
The natural presence of AMF in the roots of C. papaya L. 
was not significantly different in the different agro-
ecological zones (monomodal rainfall zone represented 
by Njombe-Pendja and bimodal rainfall zone represented 
by Yaounde). The frequency of colonization was between 
83.33 and 93.33%. The very low colonization intensity 
was between 12.3 and 27.13% (Figures 4 and 5). 
However, after six months of trap culture with Sorghum 
(Sorghum bicolor) and cowpea as host plants, the 
intensity of mycorrhization in the two sites varied between 
15 and 21% for rhizospheric soils and 12 and 15% for 
non-rhizospheric soils. The natural presence of AMF in 
the roots of C. papaya L. was not significantly different in 
the different agro-ecological zones. The frequency of 
colonization was between 83.33 and 93.33%. The very 
low colonization intensity was between 12.3 and 27.13% 
(Figures 6 and 7).  

The roots of C. papaya L. showed mycorrhizal 
structures in the form of vesicles, hyphae and spores 
(Figure 8). 
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Figure 3. Densities of AMF spores as a function of the size of rhizospheric and non-rhizospheric soils in the two 
experimental sites. Rhp: Rhizosphere spores of small size, Rhm: Rhizosphere spores of medium size; Rhg: 
Rhizosphere large spores, NRhp: No Rhizosphere small spores, NRhm: No Rhizosphere medium spores, NRhg: No 
Rhizosphere large spores; NP: Njombe-Pendja; Y: Yaounde; T: Witness. 
Source: Author’s results 

 
 
 

 
 

Figure 4. Frequency of papaya root mycorrhization. Rh: Rhizosphere; NP: Njombe-Pendja; Y: 
Yaounde. 
Source: Author’s results 

 
 
 
Morphological characteristics of AMF and community 
composition 
 
The morphological characters of the isolated spores were 

studied and the data obtained were compared with the 
original description of Schenck and Pérez (1990) and 
with those of the database of reference cultures 
published   on   the  website http://invam. caf.wvu.edu   to  
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Figure 5. Mycorrhization intensity of papaya roots. Rh: Rhizosphere; NP: Njombe-Pendja; Y:Yaounde. 
Source: Author’s results 

 
 
 

 
 

Figure 6. Mycorrhization frequencies of trapped soils (rhizosphere and non-rhizosphere) at both 
sites. Rh: Rhizosphere; NRh: Non Rhizosphere; NP: Njombe-Pendja; Y: Yaounde. 
Source: Author’s results 

 
 
 
identify them. Eleven (11) morphotypes of AMF were 
identified from the papaya rhizosphere based on 
morphological  characters    (Table    2).    The   identified 

morphotypes belong to 07 (seven) genera (Scutellospora, 
Gigaspora, Acaulospora, Entrophospora, Funneliformis, 
Glomus  and   Racocetra)   classified   into   four  families  
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Figure 7. Mycorrhization intensities of trapped soils (rhizosphere and non-rhizosphere) at both 
sites. Rh: Rhizosphere; NRh: Non Rhizosphere; NP: Njombe-Pendja; Y:Yaounde. 
Source: Author’s results 

 
 
 

    
 

Figure 8. Mycorrhizal structures of papaya root fragments 
stained with Trypan blue. a: hyphae; b: vesicles; c: spores. 
Source: Author’s results 

 
 
 
(Gigasporaceae, Glomeraceae, Scutellosporaceae and 
Acaulosporaceae). Among the morphotypes belonging to 
the genus Scutellospora, two have been identified at the 
species level (Scutellospora rosa and Scutellospora 
verrucosa). The genus Acaulospora was  represented  by 

two species (Acaulospora delicatea and Acaulospora 
tuberculata). The genus Glomus was represented by two 
species (Glomus manihotis and Glomus etunicatum). The 
genera Funneliformis, Racoceta and Entrophospora were 
each   represented  by   a  single  species  (Funneliformis  



640          Afr. J. Agric. Res. 
 
 
 

Table 2. Morphological characteristics of spores of AM fungal associated with papaya. 
 

Morphotype Colours Structures Size (µm) AMF Species 

T1 Orange-red Bulb suspensor ˃250 Acaulospora rosa 

T2 Yellow  Bulb suspensor and Hyphae suspensor ˃ 250 Gigaspora magarita 

T3 Hyaline Hyphae suspensor ˃ 125 Acaulospora délicatea 

T4 Yellow-brown Bulb suspensor and hyphae suspensor ˃ 250 Funneliformis mosseae 

T5 Hyaline Hyphae suspensor ˃ 125 Glomus spp. 

T6 Orange-red Hyphae suspensor and bulb suspensor ˃ 125 Racocetra gregaria 

T7  Hyaline Hyphae suspensor ˃ 45 Glomus manihotis 

T8  White Bulb suspensor and Hyphae suspensor ˃ 250 Scutellospora verrucosa 

T9 White Hyphae suspensor ˃ 45 Entrophospora colombiana 

T10 Yellow Bulb suspensor curved ˃ 125 Acaulospora tuberculata 

T11 Yellow Bulb suspensor ˃ 45 Glomus etunicatum 
 

Source: Author’s results 
 
 
 

 
 

Figure 9.  Arbuscular mycorrhizal fungi spores isolated from rhizosphere soil of C. papaya L. 
Source: Author’s results 

 
 
 

mosseae, Racoceta gregaria and Entrophospora 
colombiana, respectively). The genus Gigaspora was 
represented by one specy (Gigaspora margarita). 

The pictures of the spores of some species of AMF 
(arbuscular mycorrhizal fungi) isolated in the rhizosphere 
of papaya are presented in Figure 9.  

All the AMF spores identified in the two sites belong to 
the Glomeromycota phylum according to the new 
classification  of   Schüβler    and    Walker    (2010)   and 

Redecker et al. (2013). 
 
 
Specific richness  
 
AMF species richness, Shannon-Wiener diversity index, 
Simpson diversity index, Simpson dominance index, and 
Pielou fairness index in the rhizosphere of C. papaya L. 
were  assessed  in  each  site  (Tables 3 and 4). All these  
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Table 3. Morphospecies richness, diversity indices of AMF associated with the rhizosphere of C. papaya L. in differents soil types. 
 

Soil N H’ S J’ l Ds 

NRhNP 6921.493±4065.9003a 0.40305±0.0884a 2.6667±0.5773b 0.9677±0.0295a 1.2657±1.0687a 0.8734±1.0687a 

NRhY 7814.4374±4486.7570a 0.21090±0.4583a 3.6667±0.57735b 0.3041±0.8412a 7.7899±1.3492a 0.9221±1.3492a 

NP 3528.867±438.4371a 0.4317±0.0507a 9.0000±1.0000a 0.4528±0.0391a 2.73375±2.9833a 0.9972±2.9833a 

Y 7318.3875±5144.7906a 0.1418±0.0988a 4.0000±1.7325b 0.2437±0.1804a 3.0962±2.9538a 0.9999±2.9538a 

P 0.56ns 0.419ns 0.0004*** 0.234ns 0.279ns 0.279ns 
 

NRhNP: Non rhizosphere Njombe-Pendja; NRhY: Non rhizosphère Yaounde ; NP: Njombe-Pendja; Y: Yaounde; S, H’, N, Ds, l and J’ indicate 
morphospecies richness, Shannon-Wiener diversity index, Total  number of spores, Simpson diversity index, Simpson dominance index and Pielou 
fairness index, respectively. Means±Standard errors followed by the same letter in a column are not significantly different at P < 0.05 according to 
the Duncan test. P is the probability of the Fisher test. 
Source: Author’s results 

 
 
 

Table 4.  Morphospecies richness, diversity indices and evenness index of AMF associated with the rhizosphere of C. papaya L. in 
differents site. 
 

Site N H’ S J’ l Ds 

NP 5225.1803±3184.7276a 0.4174±0.0664a 5.83333±3.5449a 0.7103±0.2837a 0.0646±0.0957a 0.9353±0.0957a 

Y 7566.412±4325.9416a 3.8333±1.1690a 4.0000±1.7325a 0.7103±0.2739a 0.0389±0.0953a 0.9610±0.0953a 

P 0.31ns 0.082ns 0.219ns 0.113ns 0.652ns 0.652ns 
 

NP: Njombe-Pendja; Y: Yaounde ; S, H’, N, Ds, l and J’ indicate Species richness, Shannon-Wiener diversity index, Total  number of spores, 
Simpson diversity index, Simpson dominance index and Pielou fairness index respectively. Means±Standard errors followed by the same letter in 
a column are not significantly different at P < 0.05 according to the Duncan test. P is the probability of the Fisher test. 
Source: Author’s results 

 
 
 

parameters were not significantly different according to 
Duncan’s test (P < 0.05). The species richness was more 
significantly different (P < 0.001). Species richness was 
the same in all different soil types. The species richness 
of the species between the type of soils was the same. 
This reflects the homogeneity of species. On the other 
hand, the species richness of the species between the 
sites was different, which reflects the heterogeneity of the 
species between the sites. In addition, low species 
richness was observed in the soils of NP and Y. This is 
justified by the Shannon-Wiener index whose values tend 
towards zero (0) with, respectively (H'= 0.43 and 0.14) in 
the soil types of NP and Y and a high species richness 
observed at the site of Y. Despite this difference, the 
analyses revealed that there was no significant difference 
between the soil types and the study sites. Pielou's 
fairness index (J'), which measures the proportion of 
individual organisms within each species, is inequitable 
between species from different soils and study sites. 
Indeed, there was no significant difference between the 
indices of soil types and study sites. The indices tend 
towards zero with respectively 0.45 and 0.24 in the soils 
of NP and Y. The values of Ds tend towards 1, which 
shows that the sites are biologically diversified. 
 
 
Relative abundance 
 
The    relative    abundance   of    AMF   species   in    the 

rhizosphere of C. papaya L. in two agro-ecological zones 
of Cameroon is as shown in Figure 10. In humid forest 
with monomodal rainfall (NP), eight morphotypes of AMF 
(T1: S. rosa; T2: G. margarita, T4: F. mosseae, T5: 
Glomus spp., T6: R. gregaria, T8: S. verrucosa and T11: 
G. etinucatum) were isolated and identified. In humid 
forest with bimodal rainfall (Y) on the other hand, four (4) 
morphotypes specific to papaya trees (T2: G. margarita; 
T5: Glomus spp., T9: E. colombiana and T11: G. 
etinucatum) were isolated and identified. Four AMF 
morphotypes (T2: G. margarita, T5 Glomus spp., T9: E. 
colombiana, and T11: G. etinucatum) common to the two 
study sites were identified. Two morphotypes of AMF (T1: 
S. rosa and T6: R. gregaria) on the other hand were 
identified only in NP. This low species richness at NP and 
Y was confirmed by the Shannon-Wiener index where H' 
was 0.43 and 0.14, respectively. All the morphotypes 
represented in the rhizosphere of C. papaya L. in the 
Yaounde site were found in the NP site and those 
represented in the NP site were not all present in 
Yaounde. The T7 morphotype (G. manihotis) was 
represented in all soil types. 
 
 
Molecular characterisation of AMF 
 
Figure 11 shows the results of the amplification of the 18 
S small subunit (SSU) rDNA gene from papaya 
rhizosphere  soil  samples  using  AMF primers NS31 and  
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Figure 10.  Relative abundance of AMF species isolated and identified in the rhizosphere of C. papaya L. 
from the two study sites in Cameroon. 
Source: Author’s results 

 
 
 

 
 

Figure 11. PCR amplification of the 18 S gene fragment by primers NS31/AML2. M: Maker, 1: rhizosphere soil 
Njombe-Pendja from trapping; 2: rhizosphere soil Yaounde from trapping; 3: non-rhizosphere soil  Njombe-
Pendja; 4: non-rhizosphere soil Yaounde; 5,6: soil from CMA spore purification (NP and Y); 7: Younde direct 
rhizosphere soil; 8: Njombe-Pendja direct rhizosphere soil; 9: Control; T: PCR control. 
Source: Author’s results 

 
 
 
AML2. This amplification allowed us to clearly distinguish 
on the electrophoregram (Figure 11) a variable number 
depending on the soil type. These soil samples contain 
AMF belonging to Glomeromycotina. The size of the 
bands is 250 bp showing the presence of fungal 
communities in the soils of the different sites studied. 

DISCUSSION 
 
Spore density of AMF  
 
The rhizospheric soils of the different study sites showed 
a  high  density  of  AMF  spores (836 spores/100 g of dry  



 
 
 
 

soil) in humid forest with bimodal rainfall in the locality of 
Yaounde where the soils are acidic (pH = 5.5) and in 
humid forest with monomodal rainfall in the locality of 
Njombe-Pendja (435 spores/100 g of dry soil) where the 
soils are less acidic (pH= 6.1). The soils of this locality 
which are basic in nature have become less acidic due to 
the excessive use of chemical fertilizers.  

In addition, certain cultural practices such as 
monoculture lead to a decrease in spores density 
compared to crop rotation (Oehl et al., 2003; Mathimaran 
et al., 2007). Monoculture which is regularly practiced in 
the locality of Njombe-Pendja, justifies our results. 
Moreover, the low density of AMF spores could be 
explained by the excessive use of chemical fertilizers 
(NPK) which are applied in the locality of Njombe-Pendja. 
Sas-paszt et al. (2020) affirmed this in their work on the 
diversity of AMF in the rhizosphere of Solaris and Regent 
Vine plants treated with bioproducts. An abundance of 
small spores was observed in humid forest with 
monobinal rainfall than in humid forest with bimodal 
rainfall. This result is consistent with those of Johnson et 
al. (2013) and Bossou et al. (2019) who noted that the 
number of AMF spores is inversely proportional to their 
size. 
 
 
Roots colonization and community composition of 
AMF 
 
The colonization frequencies of papaya roots and soils 
(rhizospheric and non-rhizospheric papaya) were not 
significantly different in the two study sites. They were 
high in both sites and varied between 83.33 and 93.33% 
for papaya roots and between 81 and 85% for 
rhizospheric soils and 62 and 73% for non-rhizospheric 
soils. These results are similar to the findings of Khade et 
al. (2002) who reported high root colonization (78%) in 
papaya roots. Much colonization of the roots could be 
justified by the fact that the papaya crop has a root 
system characterized by the presence of a taproot and 
adventitious roots which allow them to draw their 
nutrients only from the superficial horizons. Thus, AMF 
allow root development so that they can improve the 
uptake of water and nutrients from the soil. This result is 
contrary to those of Chebet et al. (2021) and Jaizme et al. 
(2006) who obtained a low rate of mycorrhizal infection 
(43 and 15% to 31%, respectively) in papaya, who also 
obtained a relatively low colonization rate of papaya 
roots. This could be due to the fact that the mycorrhizal 
infection of plants varies significantly from one plant to 
another, and within the same species. 
 
 
Species richness and community composition of 
AMF 
 
Morpho-anatomical characterization techniques are 
mainly based on morphological traits such as spore  size,   
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color and mode of attachment of hyphae, and anatomical 
features such as the number and diameter of layers 
making up the spore membrane. Nowadays, this type of 
characterization remains widely used in studies on 
diversity (Wang et al., 2019; Vieira et al., 2020). The use 
of these techniques allowed us to identify 11 morphotypes 
of AMF in the rhizosphere of papaya grown in soils 
collected from two sites in Cameroon. These AMF 
morphotypes belong to 7 genera (Gigaspora, Racocetra, 
Scutellospora, Entrophospora, Glomus, Acaulospora, and 
Entrophospora) classified into four families 
(Gigasporaceae, Acaulosporaceae, Scutellosporeae and 
Glomeraceae). This result is similar with the number of 
morphotypes but different at the gender level from the 
work of Trindade et al. (2006) who had identified 11 
morphotypes of the papaya rhizosphere in Brazil 
belonging to the genera Acaulospora, Dentiscutata, 
Gigaspora, Glomus and Racocetra. It is contrary to the 
results of Sankaralingam et al. (2016) who had identified 
species of the genus Glomus and Acaulospora in the 
Rhizosphere of papaya. This specific richness was lower 
than that obtained for others such as squash cultivation in 
Benin and Cameroon by Mbogne et al. (2015), Bambara 
pea cultivation in Cameroon by Temegne et al. (2017), 
maize cultivation in Benin by Bossou et al. (2019), and on 
Vigna umguiculata in Senegal by Diop et al. (2021). 
Species richness would therefore vary from one crop to 
another. The four genera of AMF spores found during this 
study are identical to those identified by Mbogne et al. 
(2015) and Johnson et al. (2013), Bossou et al. (2019), 
and Diop et al. (2021). These four genera are generally 
those identified, in the rhizosphere of other cultures, by 
different microbiologists from the West African and 
central regions (Ngonkeu et al., 2013; Temegne et al., 
2017). The genus Glomus was represented in all the soils 
collected in the two study sites. This distribution of the 
genus Glomus is comparable to previous observations 
made in Cameroon (Ngonkeu et al., 2013, in Brazil 
(Samba-Mbaye et al., 2020; Teixeira et al., 2017; Vieira 
et al., 2020), Morocco (Sellal et al., 2016) and China 
(Song et al., 2019). The predominance of species of the 
genus Glomus in all sites suggests a better adaptation of 
this genus either to the most hostile conditions such as 
drought, salinity and other environmental stresses 
(Blaszkowski et al., 2018), or to a wide range of ecological 
niches (Houngnandan et al., 2009). Indeed, the Glomus 
genera would propagate much more by spores which are 
forms of resistance of AMF to difficult conditions while the 
Gigaspora and Scutellospora genera would propagate 
more with other types of propagules such as hyphae and 
extra mycelial fragments roots (Brito et al., 2012). It 
would also be due to the fact that its development cycle is 
not affected by repeated cultivation on land compared to 
those of minority genera such as Acaulospora, Gigaspora 
and Scutellospora (Oehl et al., 2003). The low species 
diversity would also be due to the fact that, in our study, 
the determination of the diversity index was made on the 
basis of  the morphological characterization of the spores 
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obtained after trapping culture. Indeed, the trap culture 
only partially reveals the diversity of AMF in the soil 
(Bever et al., 2001; Wubet et al., 2004). Moreover, some 
AMF species could not be revealed due to an established 
selective association between the host plant and the 
fungus (Kardol et al., 2006). 
 
 
Relative abundance  
 
In humid forest with monomodal rainfall (NP), seven 
morphotypes of AMF (T1: S. rosa; T2: G. margarita, T4: 
F. mosseae, T5: Glomus spp., T6: R. gregaria, T8: S. 
verrucosa, and T11: G. etinucatum) were isolated and 
identified. In humid forest with bimodal rainfall (Y) on the 
other hand, four (4) morphotypes specific to papaya trees 
(T2: G. margarita; T5: Glomus spp. T9: E. colombiana 
and T11: G. etinucatum) were isolated and identified. 
Two species of AMF (T1 and T6) were recorded at NP 
and absent at Y. This low difference in species richness 
in the two sites could be explained by the physico-
chemical properties of the soil at these sites. Indeed, the 
irregular spatial distribution of the spores of arbuscular 
mycorrhizal fungi and the complex structure of the 
constituents of the rhizosphere affect the density of the 
spores (Zhao et al., 2001). In the two types of soils (Y 
and NP), the mean values of the Shannon-Wiener and 
Pielou indices varied from 0.14 to 0.43, respectively. 
They were low in both soil types. This result is similar to 
those of Mbogne et al. (2015) who recorded a small 
difference in species richness of squash in Cameroon 
and Benin. From our studies, the genera Glomus and 
Gigaspora could be well designated for the production of 
inocula under the conditions of papaya cultivation in the 
study sites (Yaounde  and NP). 
 
 
Molecular characterization of AMF 
 
The amplification of the 18 S gene of the rDNA of the 
small subunit of the soil samples of the papaya 
rhizosphere was carried out using the pair of primers 
NS31 (5 'TTG GAG GGC AAG TCT GGT GCC- 3') and 
AML2 (5'GAA CCC AAA CAC TTT GGT TTC C-3'). The 
purpose of PCR is to separate the different fragments of 
nucleic acids in relation to their size. The primers used 
make it possible to amplify gene portions of size 1100 pb 
(Simon et al., 1992). Our results show that the soil 
samples contain AMF sized 250 pb. 
 
 
Conclusion 
 

Investigations on the mycorrhizal status of AMF in the 
rhizosphere of papaya in two agro-ecological zones of 
Cameroon (humid forest zone with monomodal rainfall: 
NP and the humid forest zone with bimodal rainfall: Y) 
revealed the presence of AMF in the different soils of  the  

 
 
 
 
two study sites. Papaya harbors arbuscular mycorrhizae 
with characteristic structures such as hyphae, vesicles 
and spores. The spores were morphologically different 
depending on the size, color, shape, presence or 
absence of the hypha and its mode of attachment to the 
spore. From these morphological criteria, eleven species 
of AMF (A. rosa, G. margarita, Acaulospora delicata, 
Funneliformis mosseae, Glomus sp., R. gregaria, G. 
manihotis, S. verrucosa, E. colombiana, A. tuberculata, 
G. etunicatum) belonging to the families Gigasporaceae, 
Acaulosporaceae, Glomeraceae and Scutellosporaceae 
were identified. A dominance of small-sized spores (> 45 
µm) of the genus Glomus was observed in the different 
soils of the two study sites. In Njombe-Pendja, which is 
the papaya cultivation area par excellence, two species 
S. rosa and R. gregaria are present but absent in 
Yaounde. The frequency of colonization was high (83.33 
and 93.33%) and the intensity of mycorrhization low (12.3 
and 27.13%) in the two study sites. Species richness was 
identical between soil types and differed between study 
sites. The species identified were inequitably distributed 
in the different soils and study sites, and biologically 
diverse between the study sites. The amplification of the 
18 S gene of the rDNA of the AMF of the different study 
soils indicates that these soils harbor AMF with sizes of 
250 bp. The choice of sites is a factor to be taken into 
account to promote the establishment of mycorrhizal 
symbiosis for profitable papaya cultivation. These AMF 
would contribute to the regulation and absorption of 
calcium during the fruit ripening process. Indeed, calcium 
would reinforce the rigidity of the fruit pulp which would 
contribute to the reduction of post-harvest losses and 
increase storage time for exploitation on the international 
market. 
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