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Abstract 
The present study determines the morphological spore’s diversity and the agronomic potential of indigenous arbuscular 
mycorrhizal fungi from cowpea rhizosphere in the Adamawa region of Cameroon. There for, soils samples were collected in nine 
sites, distributed in three Divisions. Then, soils from each Division were mixed for a single composite soil sample. Arbuscular 
mycorrhizal fungus spores were trapped in pots on these soils using three host plants, cowpea, soybean and maize. Maize and 
soybean rhizosphere spores were characterized by Tobolbaï et al. (2018) and Richard et al. (2021) respectively. At plants maturity, 
after the evaluation of mycorrhization, the spores of cowpea rhizosphere were isolated and characterized. Four different treatments 
were formulated from the spores collection obtained from each host plant rhizosphere: T1 for spores from soybean, T2 for spores 
from cowpea, T3 for spores from maize, T4 for the mixture of the three treatments and one negative control T0. The agronomic 
performances of these treatments were tested in field conditions on cowpea plants in Dang locality. Results analysis showed that 
the rate and degree of mycorrhization varied between 11.66-53% and 27.77-48.66%, respectively; soils spore charge and diversity 
fluctuate between 145-285% and 3-5%, respectively. Improvements in growth and yield parameters are better with T2 and T3 
treatments and weaker with T1 and T4. The data obtained vary from 50.55-63 cm for the size, 36.57-52.37g for the dry biomass, 
17-30 for the number of pods, 165-205 for the number of seeds, 30.88-35.22g for the weight of seeds per plant and 165-204 kg for 
the theoretical yield per hectare. T2 and T3 treatments are therefore recommended for sustainable cowpea production in this part of 
Cameroon. 
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Introduction 
In poor soils, mycorrhizal fungi have the potential to increase 
plant production. The exploration of a larger soil volume and 
the possibility of primary minerals solubilization by 
mycorrhizae allow better plants phosphate nutrition 
(Landeweert R, et al, 2001) [1]. This improvement in inorganic 
elements acquisition also concerns N, K, Mg, Na, S, B, Br, Cl, 
Cu, Cr, Cs, Co, Fe, Mo, Mn, Ni, Si, Zn (Caris C, et al, 1998) 
[2]. Likewise, it has been shown that mycorrhizal associations 
could play a significant role in organic matter decomposition 
and the mineralization of plant debris (Lambers H, et al, 2008) 
[3]. Many other studies have demonstrated a bio-protective role 
of mycorrhizae, a reduction or even an inhibition of the 
negative effect of some phytoparasitic agents (Duponnois R, 
et al, 1994) [4]. In addition, a significant improvement in soil 
structure has been often noted in the presence of mycorrhizae 
(Lovelock CE, et al, 2004; Wright S, et al, 1998) [5-6]. On the 
other hand, cowpea is one of the oldest plants cultivated by 
man, and is called the “meat of the poor” in areas of Africa 
where its cultivation is practiced in association with millet and 
sorghum (Alzouma, 1995) [7]. The nutritional value of this 
plant lies in its richness in vegetable protein: 20 to 25% of its 
dry weight. A food composed of 25% cowpea and 75% 

cereals (millet, rice or maize) meets human daily needs. In 
Cameroon and in the Adamawa region in particular, most of 
the work on cowpea symbiotic microorganisms is essentially 
based on Rhizobia or on commercial mycorrhizae. The 
objective of this work is to investigate on the morphological 
spore’s diversity and the agronomic potential of mycorrhizal 
fungi on cowpea production in this part of Cameroon. 
 
Material and Methods 
1. Climate and relief of the study area 
The work was carried out in the Adamawa region of 
Cameroon, in the period from June 2016 to October 2018. 
This region is located in the ecological zone 2, known as high 
Guinean savannah (Djoufack-Manetsa V, 2011) [8]. The 
climate is Sudano-Guinean, characterized by two seasons: a 
rainy season from April to October and a dry season from 
November to March. The soils are ferralitic, and red in color. 
 
2. Soil collection and spores isolation 
Soil samples were taken in nine localities distributed in three 
Divisions of the region. Soils from different localities were 
mixed per Division to obtain a single composite samples. 
Soils from these localities were also used by (Tobolbaï R, et 
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al, 2018) [9] and (Tobolbaï R, 2018) [10] to respectively assess 
the morphological diversity of spores of arbuscular 
mycorrhizal fungi associated with corn and soybeans in this 
region.  
 
3. Soils samples physico-chemical properties  
The Soil samples properties have been evaluated using 
Palintest 5000 Photometer Kit. The evaluated characteristics 
included sand content, silt, clay, pH, conductivity, organic 
carbon (CO), organic matter (OM), phosphorus (P), 
Magnesium (Mg2 +) and the Calcium (Ca +). These analyzes 
have been realized at Soil-Water-Plant Analysis Laboratory of 
the Chadian Institute of Agronomic Research for 
Development. 
 
4. Spores trapping  
The spore trapping was carried out according to the method 
described by (Brundrette et al, 1996) [11]. For this aim, 
cowpeas, soybeans and maize were cultivated on soil samples 
to increase spore population for a successful isolation 
exercise. Each pot had a capacity of 2 liters and five were used 
per composite soil sample type. The plants in culture were 
placed on a support and protected from the wind. Watering 
was achieved by exposure of the test to rainwater. At maturity, 
the roots and the soil substrate were sent to the Laboratory for 
analyzes. The growing medium (soil) was used for spore’s 
isolation that has been carried out according to the method of 
(Gerdemann and Nicolson, 1963) [12]. 
 
5. Evaluation of cowpea plants mycorrhization  
Mycorrhization rate 
The rate of roots mycorrhization was determined according to 
the following formula: 
 

T (%):  x100 with N number of fragments observed 
and N0 number of non-mycrhized fragments, (Arias RM, et 
al, 2012) [13]. 
 
Degree of mycorrhization 
The degree of mycorrhization was evaluated by assigning 
each observed root fragment a class score between 0 and 5 
according to the colonization estimation of the root cortex by 
arbuscular fungi: 0 = No infection, 1 = Trace of infection, 2 = 
less than 10%, 3 = 10 to 50%, 4 = 51 to 90%, 5 = More than 
90%. 
 

Deg (%):  where n5, n4, n3, n2 and 
n1 are the numbers of roots noted from 1 to 5, (Sghir F, et al, 
2013) [14]. 
 
6. Arbuscular mycorrhizal fungi spore’s estimation  
Mycorrhizal spore charge in soils 
The soils mycorrhizal spore charge was evaluated according 
to the following formula: 
C (%):  where N is the number of spores counted and 100, 
the amount of soil used for their isolation (Sghir F, et al, 
2013) [14].  

 
Diversity of mycorrhizal fungi pores in soils 
Soils mycorrhizal spore diversity was estimated according to 
the following formula: 
 
Div: 

 
(Arias RM, et al, 2012) [13].  
 
7. Phenotypic and structural characterization of spores 
The spore’s shapes were determined according to the observed 
phenotypes; the colors were determined according to the 
standard INVAM color chart, while the size was determined 
according to the method of (Walker, 2008) [15]. The spores 
were then mounted between slide and coverslip in the 
compound Polyvinyl alcohol-Lactic Acid-Glycerol (PVGL) 
and the Melzer's reagent (V: V / 1: 1) to reveal the structure of 
the different walls of the spores (Koske RE, Tessier B, 1983) 
[16]. The genera were determined according to the method of 
Morton and Benny, (Morton B, Benny GL, 1990) [17]. The 
initial descriptions of the species and the data provided by 
(INVAM, 2017) [18] were used to determine the species. 
 
8. Production of mycorrhizal fungi inoculum 
The microbial Biofertilizer (inoculum) production consisted of 
a massive multiplication of the spores by cultivating them 
under cowpeas, soybeans and corn in 2-liter pots. The growing 
medium is a mixture of sand and soil (v: v / 2: 1) and the 
mixture has been sterilized. The pots were protected from 
potential contamination from the ground and wind, and were 
sprayed directly with rainwater. At maturity, the cultivation 
soil with the roots were used to formulate crude biofertilizer 
composed of arbuscular mycorrhizal fungi spores and 
mycorrhized roots. 
 
9. Treatments formulation 
Four different treatments were constituted. The arbuscular 
fungi species composition of the different formulations was 
maintained as encountered under natural conditions. The 
various formulated inoculum were thus as follows: T0: 
negative control (no treatment applied); T1: Set of spores 
trapped with soybean, T2: Set of spores trapped with cowpea, 
T3: Set of spores trapped with corn, T4: Mixture of spores 
resulting from traps with the three plants. 
 
10. Experimental set-up for field experiments 
To assess the impact of the formed biofertilizers on cowpeas 
plants productivity, an experimental field test was carried out 
in the locality of DANG. The experimental set-up is a 
completely randomized block, with 4 treatments and a 
negative control, each being repeated 3 times. An 
experimental plot covers an area of 45 m2 on which there are 
1200 cowpea plants separated from each other 50 cm on the 
line and 70 cm among the lines (density = 37 plants / m2). 
Figure 1 illustrates the experimental device used.
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Fig 1: Experimental setup in the field 
 
11. Field application of endomycorrhizal inoculum 
The application of the endomycorrhizal inoculum to the 
cultures was carried out twice. Firstly, the seeds were directly 
coated with mycorrhizal biofertilizer during the sowing 
period, and secondly, the plants roots were infested with 
mycorrhizal biofertilizer after 4 weeks of development. 
Normally, applying the biofertilizer twice is not necessary; but 
may be beneficial in the way of a higher chance of successful 
inoculation. 
 
12. Evaluation of growth and yield parameters of cowpea 
plants 
Growth parameters were taken after three months of 
development. The plants were harvested and dried in shade 
conditions for 90 days, at the Agronomic Research Institute 
for Development, Wakwa Ngaoundéré Regional Centre. A 
total of twenty plants were used to evaluate each parameter: 
Size, total biomass, number of pods, weight of pods, number 
of seeds, weight of seed and seed yield per hectare. The 
weights were measured using a precision electronic scale. The 
formula used by (Tobolbaï R, 2018) [10] was used to determine 
the yield per hectare:  
YSH = (WANS/1000) × 90000 Where 90 is the theoretical 
number of plants per hectare, WNS is the weight of the 
average number of seeds per plant in grams. 

13. Statistical analyses 
The data were statistically analysed using the 
"Statgraphic.5.0" program which performs analysis of 
variance (ANOVA). The results average from different 
localities were separated using the least significant difference 
(LSD) at the threshold of the indicated probabilities. 
 
Results 
1. Soils sample physicochemical properties  
Table 1 indicates that the soils of Faro et Deo (pH = 4.32) are 
more acidic while those of Vina are less acidic (pH = 5). The 
soils of Vina Division are more clayey (56.19%) compared to 
those of the other two Divisions, Mbéré (40.44%), Faro et Déo 
(42.47). Regarding organic matter, the highest value is one of 
Faro et Déo (0.112%), followed by that of Mbéré (0.105%) 
and it is in Vina that the lowest value is recorded (0.095%). 
Regarding fertilizer parameters, the phosphorus content is 
higher in Vina Division (94 ppm), lower in Faro et Déo (17 
ppm) and intermediate in Mbéré (26 ppm). Conversely, it is 
the Faro et Deo samples (560 ppm) which are richer in 
potassium, while those of the Vina are poorer (330 ppm); the 
value recorded in the Mbéré (450 ppm) is intermediate.  

 
Table 1: Physico-chemical characteristics of soil samples 

 

 pH Sand Silt Clay Cond O.C O.M P (pmm) K (ppm) Mg2+ 
Vina 5 20,28 23,52 56,19 212 0,055 0,095 94 330 185 

Mbéré 4,92 35,89 23,66 40,44 271 0,061 0,105 26 450 95 
Faro et Déo 4,32 48,74 10,78 42,47 152,1 0,065 0,112 17 560 125 

 
Cond: conductivity, O.C: Organic Carbone; O.M: Organic 
Maters, P (ppm): available phosphorus, K (ppm): Available 
potassium, Mg2+: Magnesium. 
 

2. Mycorrhization rate 
The rate of mycorrhization varies between the three Divisions 
(Figure 2) (P = 0.0000). The highest rate was observed in Faro 
et Déo (53%), unlike that recorded in Vina (11.66%) which is 
lower. The value recorded in the Mbéré is intermediate 
(23.55%). 

 
P=0, 0000, F=2394, 60 

 

Fig 2: Mycorrhization rate 
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3. Degree of mycorrhization 
The degree of mycorrhization is variable among the Divisions, 
(P = 0.0000). The highest value was obtained in Faro and Déo 
(48.68%), and the lowest in Mbéré (27.77%). The value of the 
Vina Division is intermediate (33.5%). 
 

 
P = 0.0000, F = 137.66  
 

Fig 3: Degree of mycorrhization in the different division 
 
4. Soils spore’s charge 
Figure 3 shows the variation of spore charge between the 
différents Division (P = 0.0000). It emerges that the soils of 
Vina (285%) and those of Faro et Déo (285%) have similar 
and significantly higher sporal charge than that of Mbéré 
(145%). 

 
P=0,0000, F=159,88 
 

Fig 4: Spore load of soil samples from different Departments 
 
5. Arbuscular mycorrhizal fungi spore diversity 
The analysis of Figure 5 reveals that there is no significant 
difference (P = 0.1250) between the spore diversity of the soil 
samples from the different Departments, Vina (5%), Faro and 
Déo (3%) and Mbéré (3%). 

 

 
P=0,1250, F=3 

 

Fig 5: Spore diversity of arbuscular mycorrhizal fungi in the three division 
 

6. Characterized spores 
The morpho-anatomical characterization of the spores 
revealed the presence of 5 different specimens divided into 3 

genera: Diversispora epigae, Glomus (G. constrictum, G. 
maculosum and G. manihotis), and Rhizophagus intraradices. 
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Fig 6 
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7. Distribution of mycorrhizal fungi specimens in the study 
area 
Table 2 shows the distribution of arbuscular mycorrhizal 
fungal spores in the study area and indicates that the spores 
were not uniformly distributed in the three Division. Glomus 

constrictum is the most abundant specimen, Vina (986), Faro 
et Déo (611) and Mbéré (760), followed by Rhizophagus 
intraradices (Vina: 3; Faro et Déo: 6; Mbéré: 11). Glomus 
maculosum is the least representative (Vina: 1; Mbéré: 2). 

 
Table 2: Distribution of arbuscular fungal spores in the three Departments 

 

 Vina Faro et Déo Mbéré 
G. constrictum 986 611 760 
G. maculosum 11 0 2 
G. manihostis 1 5 2 
R. intraradices 3 6 11 

D. epigae 46 2 0 
H’ 0,99 0,095 0,64 

 
8. Effects of treatments on cowpea plants growth  
Table 3 shows that all the treatments have significantly (P = 
0.0001) improved the size of cowpea plants in the field. The 
best effects were recorded with the T2 (63 ± 1.3) and T3 (62.1 
± 3.82) treatments, while the T1 treatment shows a lower 
performance. Regarding the biomass, the best increase was 
obtained with the T2 treatment (52.37 ± 3.96), while the 
effects of T4 (36.57 ± 2.93) are significantly (P = 0.0006) 
lower. Data obtained with T1 (40.18 ± 3.10) and T3 (41.32 ± 
4.28) are similar and intermediate to those of T2 and T4. 
 

Table 3: Effects of treatments on cowpea plants growth 
 

Localities Sizes Biomass 
T0 46,47±2,45a 34,11±2,35a 
T1 55,75±3,05c 40,18±3,10c 
T2 63±1,3d 52,37±3,96d 
T3 62,1±3,82d 41,32±4,28c 
T4 50,55±2,9b 36,57±2,93b 

P-value 0,0001 0,0006 
F-value 21,38 12,78 

 
9. Effects of treatments on pods and seeds yield 
Table 4 shows that all the four treatments have significantly 
(0.0001) induced an increase in cowpea plants pods number in 
field. Plots that received the T2 (30 ± 2) and T3 (27 ± 2) 
treatments showed a significantly higher number of pods 
compared to plots that received the others treatments. The 
numbers of pods obtained with T1 (17 ± 4) and T4 (17 ± 3) 
treatments are similar and lower. Regarding the number of 
seeds, it is always the T2 (205 ± 6) and T3 (204 ± 5) 
treatments which show a better performances, (P = 0.0000); 
the smallest improvement is the one noted with T1 treatment 
(165 ± 4). 
 

Table 4: Effects of treatments on pods and seeds yield 
 

Localities Pods number Seeds number 
T0 9±2a 100±5a 
T1 17±4b 165±4b 
T2 30±4c 205±6d 
T3 27±2c 204±5d 
T4 17±3b 185±5c 

P-value 0,0001 0,0000 
T-value 22,04 221,89 

10. Effects of treatments on seeds weight and yield per 
hectare 
The weight of the seeds varied significantly (0.0014) with the 
treatments (Table 5). It is the T2 treatment (35.22 ± 1.38) 
which is more efficient in improving the weight of the seeds 
compared to the other treatments while T1 (31.71 ± 1.31) is 
the least efficient. The same trend is observed with the yield 
per hectare where T2 (223.2 ± 2.8) and T3 (222.4 ± 4.9) give 
better results compared to the other treatments, (P = 0.0000). 
The T4 treatment (207.8 ± 4.4) shows the smallest 
improvement. 

 
Table 5: Effects of treatments on seed weight and yield per hectare 

 

Localities Seeds weight Yield per hectar 
T0 24,55±1,31a 146,5±3,1a 
T1 31,71±1,31b 214,1±2,1c 
T2 35,22±1,38d 223,2±2,8d 
T3 34,14±2,79c 222,4±4,9d 
T4 30,88±2,34b 207,8±4,4b 

P-value 0,0014 0,0000 
T-value 10,42 241,64 

 
Discussions 
Our results establish that the rate of mycorrhization varies 
between 11.66-53%, and the degree of root colonization, 
27.77-48.68%. These data are lower than those of (Ogou A, et 
al, 2018) [24] who reported mycorrhization rates between 41-
65.67% under soybeans in Togo; at the contrary, these results 
are close to those of (Tobolbaï R, et al, 2018) [9] who obtained 
mycorrhization rates of 20.5% and a mycorrhization degree of 
15.38% in maize rhizosphere in Northern Cameroon. Our 
values are superior to those of (Nadjilom Y, et al, 2019) [25] 
who recorded a mycorrhization rate between 4.33-7.33%, a 
mycorrhization degree between 0.8-2.9 percent under rice in 
Chad, as well as those of (Richard T, el al, 2021) [26] who 
reported a mycorrhization rate between 1.33-4.6%, a 
mycorrhization degree of 1.22-3.95% with soybean in 
Cameroon. 
The soil samples spore charge fluctuates between 145-285%. 
These values greatly exceed those of (Ouallal I, et al, 2018) 
[27] who obtained a spore number less than 100 in the 
rhizosphere of argan tree in south-western Morocco; in 
contrast, these data are similar to those of (Gnamkoulamba A, 
et al, 2018) [28] who recorded spore numbers varying between 
100 and 400 under rice in Togo. The species diversity of 
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arbuscular mycorrhizal fungi is between 3-5%. These values 
are very low compared to those of (Yuriko P, et al, 2018) [29] 
who reported a diversity of 21 species of arbuscular 
mycorrhizal fungi in the tomato rhizosphere in Calakmul, 
Mexico.  
The prevalence of Glomus in our study site is similar to the 
data reported by Kariman (KH, et al, 2005) [30] who showed 
that the genus Glomus was the most representative in the 
rhizosphere of sugar cane in Iran. The predominance of this 
genus in cultivated land may be justified by its ability to 
establish a hypha network more quickly or to sporulate 
rapidly. (Voetes L, et al, 2006) [31] explains that Glomerales 
rapidly form anastomoses between different mycelial branches 
of the same genotype or of a similar genotype. This gives 
these fungi the ability to establish an interconnected network 
after mechanical disturbance such as ploughing. 
The effects of the treatments on the growth and yield of 
cowpeas indicate that the size fluctuates between 50.55-63 
cm, the biomass varies from 36.57-52.37 cm, the number of 
pods, from 17-30, the number seed from 165-205, seed weight 
of 30.88-35.22, yield per hectare of 165-204 kg/h. The ability 
of arbuscular mycorrhizal fungi to induce increased growth 
and yield parameters in cowpea plants may be justified by the 
fact that they establish mutually beneficial interactions with 
the roots of most terrestrial plants (Strullu DG, 1991; Van 
DHMGA, et al, 1998a) [32-33]. In return for the carbohydrates 
obtained from the host plant, arbuscular mycorrhizae boost the 
hydro-mineral nutrition of plants and particularly in 
phosphorus (Bolan NS, 1991) [34], improves resistance to 
drought (Hardie K, Leyton L, 1981) [35] and minimize the 
negative impacts caused by pathogens (Duponnois R, et al, 
1993; Duponnois R, Cadet P, 1994; Abdalla ME, Abdel-
Fattah GM, 2000) [36-4 and 37]. Mycorrhization also increases the 
adaptation of plants in an environment polluted by heavy 
metals (Leyval C, Joner EJ, 2001) [38] and pollution of organic 
matter (Joner EJ, Leyval C, 2003) [39]. (Duponnois R, Garbaye 
J, 1990) [40], have demonstrated that there are positive 
interactions between mycorrhizal fungi and soil bacterial 
flora. In addition, mycorrhizal fungi develop a network of 
mycelial hyphae, which expands the volume of soil explored 
by the host plant, thus allowing it to improve its hydro-mineral 
nutrition (Rhodes LH, Gerdemann JW, 1975) [41]. 
 
Conclusion 
This work determines the morphological spore’s diversity and 
agronomic potential of indigenous arbuscular mycorrhizal 
fungi from cowpea rhizosphere in the Adamawa region of 
Cameroon. The results analyses reveal the presence of five 
different arbuscular mycorrhizal fungi specimens grouped into 
three genera: Diversispora epigae, Glomus (G. constrictum, 
G. maculosum, and G. manihotis) and Rhizophagus 
intraradices. The genus Glomus is the most representative and 
Glomus constrictum is the most representative while G. 
maculosum is the rarest. Field testing of treatments 
performances, formulated from these spores showed positive 
effects with all the treatments; T2 and T3 treatments are more 
efficient than T1 and T4 treatments. Therefore, T2 and T3 
treatments can be recommended for an ecological cowpea 

production in the Adamawa region of Cameroon. 
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