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Abstract  The response of cowpea [Vigna unguiculata 
(Walp. (L.)] to inoculation with symbiotic microorganisms 
(arbuscular mycorrhizal fungus and rhizobium) was 
investigated on cultivated vertisoils (known locally as Dek) 
and arenosoils (known locally as Dior) in three geographic 
sites in Senegal. On the basis of soil physico-chemical 
characteristics, of most probable number (MPN) of 
indigenous rhizobia and of yields, a hierarchical analysis 
showed that the sites were grouped in three clusters. Some 
soils initially considered as Dek were grouped with Dior, so 
that all of Dior soils were grouped in the same cluster. No 
significant increasing in shoot biomass or yield was 
observed when cowpea was inoculated with fungi alone, 
whatever soil type. However, a significant or noticeable 
improvement in cowpea seeds production was obtained by 
rhizobium inoculation. It appeared that cowpea response to 
inoculation depended on geographical site and were often 
observed in sandy arenosoils (Dior type) or in loamy sand 
vertisoils (Dek type) with at least 15mgkg-1 of  available 
phosphorus level.  

Keyswords  Typology, Cowpea, inoculation, AM fungi, 
Rhizobia 

1. Introduction
Cowpea is a grain legume that plays a very important 

socio-economic role especially among rural populations. 
Through its seeds rich in proteins (25%), it is one of food 

sources available to rural population. Moreover, like other 
grain legumes, its cultivation also contributes to soil fertility 
restoration due to its high potential of biological nitrogen 
fixation [1; 2]. 

However, despite all these interests, the average yield of 
cowpea is less than 300 kg/ha but with considerable 
worldwide variations. For example in Africa, the average 
yields vary from 50 to 550 kg/ha depending on varieties, 
quantity of applied fertilizers, pesticides, cropping system 
(intercropping versus sole cropping) and agro-climatic 
conditions [3]. 

In Senegal, the fourth producing country in West Africa, 
the national yield is estimated at 543 kg per ha in the sole 
cropping systems [3]. These yields are considered low 
compared to a potential yield that can reach up to 1000 
kg/ha and 3000 kg/ha respectively for the Senegalese 
varieties Melakh and Mouride [3].These low yields are 
mainly related to a decrease of soil fertility namely in 
phosphorus (P) and in nitrogen (N). This is a result of an 
overexploitation of agricultural lands coupled with a lack of 
fallow. In response, the use of fertilizers and pesticides 
could help to raise the production of cowpea. However, the 
use of these inputs is limited in particular by their exorbitant 
cost, but also by their effects on the environment such as 
pollution and loss of biodiversity in the regions of intensive 
agriculture and the degradation of the most fragile 
agricultural systems [4]. 

Nevertheless, microbial biotechnologies could help to 
overcome these difficulties. Indeed, cowpea is a legume 
capable of forming a double symbiosis with nitrogen fixing 
bacteria, rhizobia, and mycorrhizal fungi to form 
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symbioses.  
In a mycorrhizal symbiosis, fungi ensure to their host an 

improvement of the hydro mineral nutrition [5; 6; 7; 8] and 
a protection against soil pathogens [9; 10]. In return they 
receive vegetal carbon in hexose form [11; 12] that are 
converted in trehalose and in glycogen [13], two forms that 
are unused by the plants. These microorganisms are used 
nowadays as bio fertilizers. However, their inoculation with 
plants often does not give the expected results particularly 
in field conditions [14]. In order to understand the causes 
that hinder the inoculation in the field, Verbruggen et al.[15] 
identified three factors: the compatibility of the species (to 
environment conditions), the capacity of the AM fungi to 
express their full potential in field and the influence of time 
and of the competition on the establishment of stable 
communities of inoculated fungi. In the same way, Johnson 
et al.[16] emphasized the importance of a local adaptation 
of the arbuscular mycorrhizal fungi and suggest identifying 
the soil factors that promote the symbiotic processes. One 
promising approach would thus be to establish a correlation 
between the performances of the inoculum potential and the 
conditions of the environment such as land use [17] and 
specially soil type and pH [18], as well as  the fungus 
capacity to be associated with a wide range of host plants 
[19]. These factors deserve a special attention because it is 
now known that some taxa of AM fungi can be specific to a 
host plant or to a habitat while others can be generalists [18; 
19].  

The nitrogen-fixing symbiosis is an association between 
the soil bacteria, rhizobia (generic term), and a leguminous 
plant. In nitrogen-deficient conditions, the rhizobia induces 
the formation of nodules at the root and stem level. In the 
nodules, the bacteria fixes atmospheric nitrogen (N2) and 
provides it to the host plant in assimilable form and in 
return the host plant provides to the bacteria a micro habitat 
exceptionally favourable and carbonaceous substances from 
the photosynthesis [20]. The inoculation of legume with 
nitrogen-fixing bacteria allows an increase of fixed nitrogen 
amount and of yield, an improvement of seeds’ quality of 
[21; 22] and a tolerance to the abiotic stresses [23]. 
However, the success of the nodulation of the legumes by 
the rhizobia in real environment is a process that depends 
on several soil factors such as pH, temperature presence of 
aluminium, manganese, phosphorus and calcium [24]. Very 
diverse population of cowpea rhizobia was described in 
Senegal in diverse ecological zones [25]. 

The ethnographic investigations revealed in anterior 
studies in Senegal [26] the importance of soil type in 
perception of agricultural soil potential. Thus it was shown 
that conventional physicochemical parameters (texture, CEC) 
apprehended through observation and land use by the 
populations behind to pedological denominations of 
typological variations and agronomic potential. Indeed, two 
major soil types are known, vertisoils and arenosoils. They 
correspond to the common names of Dior and Dek, the most 
cultivated soils in Senegal. 

The goal of this work was to study the cowpea response 

to inoculation with AMF fungi and rhizobia in the two soils 
types. 

2. Material and Methods 
Sites location and soils characteristics 

Three sites of study were chosen according to the rainfall 
gradient, Ouarkhokh and Darou Mousty (300-500 mm of 
rains per year), located in the Sahelian zone, and Dya 
located in the Sudano-Sahelian zone (500-700 mm of rains 
per year). On each site, four fields including two vertisoils 
(locally called Dek) and two arenosoils (locally called Dior) 
were studied in the experiment except in Dya where tree 
fields were studied (Table 1). These soils are the most 
representative in the studied zones. The Dek soil or sub-arid 
brown soils are loam to sandy loam soils relatively rich in 
organic matter and marked by a water regime of seasonal 
water logging. The Dek soils differ from the Dior by their 
richness in calcium (due to the limestone-marl sublayer) 
giving a better stability of the structure. The Dior is 
ferruginous tropical soils slightly leached. Because of their 
sandy texture and their low content in organic matter, they 
are chemically poor and acidify under the effects of a 
continuous cropping. They are easier to cropping than the 
Dek soils due to their low content in clay. 

Table 1.  Sampled sites and soil type of studied fields 

Sites Field Soil type  Soil number 

Dya 

1 Dek Dek 1 

2 Dior Dior 2 

3 Dek Dek 3 

Ouarkhokh 

4 Dek Dek 4 

5 Dior Dior 5 

6 Dior Dior 6 

7 Dek Dek 7 

Darou Mousty 

8 Dior Dior 8 

9 Dek Dek 9 

10 Dek Dek 10 

11 Dior Dior 11 

Plant material 
Cowpea Melakh variety selected by ISRA (Institut 

Sénégalais de Recherches Agricoles, Dakar, Senegal) for its 
fast growing cycle (60 days) was used in this study. It’s 
appreciated by farmers. 

Fungal material 
Two AMF species, Rhizophagus irregularis (Ri) and 

Glomus etunicatum (Ge) were tested on cowpea under field 
conditions. They were provided by Laboratoire Commun de 
Microbiologie IRD/ISRA/UCAD (LCM, Dakar, Senegal). 
To prepare the inoculum, maize plants were grown for four 
months on sterilized soil inoculated with AMF species 
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selected. The soil mixed with the mycorrhizal roots, hyphae, 
and spores was used as inoculum.  Before inoculation, the 
mycorrhizal parameters and density of spores in 100g of dry 
soil were determined for each AMF species. For 
Rhizophagus irregularis, the inoculum was characterized by 
13.5% of mycorrhizal intensities, 95% of frequencies of 
mycorrhization and 86 spores / 100g of dry soil of density. 
Inoculum of Glomus etunicatum (Ge) was characterized by 
5.08% of mycorrhizal intensities, 76.25% of frequencies 
and 53 spores / 100g of dry soil density. 

Bacterial material 
A bradyrhizobium strain LCM Nieara was inoculated in 

this study. It was provided by the Laboratoire Commun de 
Microbiology IRD-ISRA-UCAD (LCM). It’s indigenous 
strain isolated from nodules of cowpea plants in Senegal in 
previous studies. The inoculum was provided in Yeast 
Mannitol liquid form. The optical density measured at 600 
nm before inoculation was at about 109 cells per ml of 
culture. 

Most probable number (MPN) of native rhizobia  
Prior to inoculation, field soils was sampled to determine 

the most probable number (MPN) of indigenous rhizobia 
able to nodulate cowpea, estimated by serial dilution-plant 
infection count using siratro (Macroptilium atropurpureum) 
as trap host. Six successive ten-fold dilution series were 
followed with an initial dilution of 1:10[27]. Four test plants 
were inoculated with 1ml aliquots. Seedling tubes 
inoculated with 1 ml of sterile distilled water served as the 
control. Siratro seeds were scarified and surface-sterilized 
with concentrated sulphuric acid for 30 min. After treatment, 
the seeds were washed several times with sterile water to 
eliminate any trace of acid. The seeds were incubated to 
germinate in sterile Petri dishes containing 0.7% (w v-1) 
YM agar for 24-48 h in the dark and then transferred into 
tubes containing Jensen seedling slant agar for root 
nodulation trials [27]. Plants were grown under intermittent 
light (16 h/8 h, day/night) and scored for nodulation after 
six weeks of incubation [28]. MPN of indigenous rhizobia 
was determined by statistical tables [27]. 

Experimental design 
A randomized completely block design was used in all 

three studied sites. It was a square field of 24 m side 
divided in 25 randomized elementary plots with an area of 
16 m2. Each elementary plot included seven rows of seven 
seed holes each, representing a total of 49 seed holes. The 
distance between the lines and between the seed holes was 
60 cm. The elementary plots were separated from each 
other by one meter alleys. Each treatment was repeated five 
times and corresponding to five elementary plots. The 
different treatments were Rhizophagus irregularis (Ri), 
Glomus etunicatum (Ge), bradyrhizobium LCM Nieara (R), 
Mixture of the two fungi and bradyrhizobium (MR) and 
Control (T). 

Sowing and inoculation of cowpea 
Sowings were done after a first useful rain with two seeds 

per pocket. The singling was performed at the stage of first 
leaves. The inoculation was performed at sowing with 10 g 
of AMF inoculum and 10 ml of bacterial inoculum per 
pocket.  

Collection of plant samples 
Shoot and root biomass were sampled at the flowering  

stage (30 days after sowing). In each field, ten plants were 
randomly selected from each elementary plot, 50 plants per 
treatment. A total of 250 plants of the different treatments 
were sampled by field. Roots were then cut into small 
pieces placed in tubes containing 70%vv-1 alcohol before 
being stored in the cold (4°C). The shoot biomass of the 
plants from a same treatment were assembled and then 
dried in the oven at 80°C for one week. They were then 
weighed using an electronic balance. 

Collection and analysis of soils sample 
The soil was sampled before sowing. At each 

experimental plot, composed sample of 3 kg was collected in 
six different places from 0-40 cm of depth and homogenized 
to obtain a representative sample. The samples were 
analysed by the Laboratoire des Moyens Analytiques 
(LAMA) of Institut de Recherche pour le Développement 
(France). The percentages of coarse sand (CS), fine sand 
(FS), clay (Cl) and silt (S) were the physical characteristics 
determined. Besides these, total phosphorus (TP), available 
phosphorus (AP), total nitrogen (TN), available nitrogen 
(AN) and total carbon (C) were analyzed. 

Determination of the mycorrhization parameters 
Roots of plants sampled were stained according to the 

method of Philips and Hayman [29] to assess the rates of 
mycorrhization. In each field, 10 slides of 10 fragments each 
were made, representing a total of 100 pieces of roots per 
treatment. The microscopic examination allowed the rating 
of the fragments of stained roots on a scale of 6 classes 
ranging from 0 to 5 [30] which allowed assessing the degree 
of infection of each fragment. This procedure involved 
scoring the proportion of cortex colonized by the 
endomycorhizal symbiont as follows: 0: no fungal infection, 
1: trace of fungal infection, 2: less than 10% of fungal 
infection, 3: fungal infection ranging from 11 to 50%, 4: 
fungal infection ranging from 51 to 90% and 5: fungal 
infection over 90%. These scores were used to calculate:  

I% = (95n5 + 70n4 + 30n3 + 5n2 + n1) / total number of 
observed fragments 

Where n, fragments number; n5 = number of fragments 
rated 5; n4 = number of fragments rated 4; n3 = number of 
fragments rated 3; n2 = number of fragments rated 2; n1 = 
number of fragments rated 1. 

% F = (number of mycorrhizal fragments / total number 
of observed fragments) x 100 
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Harvesting 
The harvest was performed after pod maturity. In each 

field, the elementary plots were harvested separately. Thus, 
we have five (5) repetitions per treatment. The pods were 
dried and peeled then the seeds were weighed. 

Statistical analysis of data 
The data were processed using the software R version 

2.15.0. The data were first subjected to the test of Shapiro 
and homogeneity of variance. When the series respects the 
Normal law, the analysis of variance and the means were 
compared using the Newman Keuls test (P <0.05). Otherwise, 
a non-parametric test was applied. Mean values were 
compared with Wilcoxon test (P <0.05). The numerical 
classification using WARD algorithm was performed on 
individuals coordinates (soils) in the factorial plan of 
Principal Component of Analysis (PCA). 

3. Results 
Soil characteristics of the experimental sites 

The soils of the experimental plots were characterized 
before the experiment (Figure 1). The results of 
physico-chemical parameters analysis showed that the soil 
typology was more marked on the site of Dya 
(Sudano-Sahelian zone). On this site, the percentages in fine 
silt (FS), coarse silt (CS), clays (C), fine sands (FS), total 
nitrogen (TN), total carbon (TC), total phosphorus (TP), 
available phosphorus (AP) and N (NH4) were higher in Dek 
soils than in Dior soils. The latter were opposed to Dek soils 
with higher percentages in coarse sands. On the sites of 
Ouarkhokh and Darou Mousty (Sahelian zone), the 
typology was less pronounced. However the Ouarkhokh 
soils were differentiated from those of Darou Mousty by 
less acidic pH and a higher level of N(NO3) residues. 

 

Figure 1.  PCA analysis of physical and chemical characteristics of the sampled soils   
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Most probable number (MPN) of native rhizobia 
The estimation of rhizobia number per gram of soil 

showed that Dior soils were characterized by a population 
higher than that of the soil Dek (Figure 2). However, 
whatever soil type, there was variability in the same site. No 
rhizobia were detected in the soil Dek1. 

 
Figure 2.  Estimated population of native bradyrhizobia in Dek and Dior 
soils by MPN (Most Probable Number). No rhizobia were detected in the 
soil Dek1. 

Effect of inoculation on cowpea mycorrhization  
After 30 days of cultivation, the effect of inoculation on 

cowpea mycorhization was studied (Table 2). The results 
indicated that in Dya, in Dior 2 soils only the treatment with 
Glomus etunicatum (Ge) allowed increasing significantly 
the intensities of mycorrhization when this treatment was 
compared to the control. On Dek 3 soils, only treatments 
Glomus etunicatum (Ge), rhizobium LCM Nieara and 
mixed inoculum allowed increasing the intensities of 
mycorrhization of cowpea. The treatment with Rhizophagus 
irreguralaris (Ri) had no significant effects on cowpea 
mycorrhization.  

In Darou Mousty and Ouarkhokh, no significantly 
increasing of cowpea mycorrhization was found. 

Effect of cowpea inoculation on shoot dry biomass 
After 30 days of cowpea cultivation in Dya, no 

significant effect was noted on the shoot dry biomass of 
plants regardless of soil type (Table 3). However, a 
comparison between the soil types showed at least two 
times greater production in Dek soils than in the Dior. 
There was no difference when we compared the results of 
the two Dek fields. 

Table 2.  Effect of the inoculation of cowpea on the intensities of mycorrhization according to the soil type and the site 

Site Soil type 
Intensity of mycorhization 

T Ri Ge R MR 
Dya Dek 1 18,37a 22,33a 21,97a 22,74a 20,33a 

 Dior 2 29,910b 38,450ab 39,250a 35,510ab 32,120ab 
 Dek 3 15,48c 20,840bc 28,14ab 25,980ab 33,47a 

Ouarkhokh Dek 4 36,770a 34,060a 30,050a 37,960a 39,560a 
 Dior 5 30,030ab 33,090ab 34,850a 23,590b 33,710ab 
 Dior 6 38,950a 39,730a 42,810a 42,150a 44,310a 
 Dek 7 35,130a 40,850a 43,700a 40,600a 36,860a 

Darou Mousty Dior 8 25,300a 29,000a 32,770a 38,670a 28,570a 
 Dek 9 25,300a 29,000a 32,770a 38,670a 28,570a 
 Dek 10 25,300a 29,000a 32,770a 38,670a 28,570a 
 Dior 11 36,890a 37,510a 42,130a 37,010a 39,400a 

Values for each soil type followed by the same letter are not significantly different at P< 0.05 (Wilcoxon test).  

Table 3.  Effect of cowpea inoculation on shoot dry biomass in Dya, Darou Mousty and Ouarkhokh 

Site Soil type 
Shoot dry biomass (g) 

T Ri Ge R MR 

Dya Dek 1 45,706a 39,778a 38,426a 47,552a 48,212a 
 Dior 2 20,774a 27,574a 23,734a 23,6a 23,62a 
 Dek 3 47,448a 53,606a 61,722a 54,742a 60,218a 

Ouarkhokh Dek 4 47,36a 43,127a 33,866a 37,946a 53,28a 
 Dior 5 33,684a 26,324a 27,406a 37,88ab 51,732b 
 Dior 6 16,266a 14,687a 12,364a 14,834a 10,04a 
 Dek 7 28,582a 33,894a 40,914a 35,262a 32,24a 

Darou Mousty Dior 8 66,58a 109,254a 70,264a 88,617a 73,206a 
 Dek 9 134,888a 115,026a 134,17a 117,564a 159,428a 
 Dek 10 98,94a 95,014a 75,942a 103,948a 72,004a 
 Dior 11 24,694a 26,97a 25,472a 25,4a 38,544a 

Values for each soil followed by the same letter are not significantly different at P< 0.05 (non-parametric Wilcoxon test).  
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In Darou Mousty, the same trend was observed. No 
significant effects were noted between the different 
treatments compared to the controls whatever the soil type. 
However, lower production in Dior 11 soils compared to the 
Dek 9 and Dek 10 and the Dior 8 soils was observed. 

In Ouarkhokh, in Dior 5 soil the treatment mixed 
inoculum allowed to significantly stimulate the aerial 
biomass production of the cowpea. 

Effect of cowpea inoculation on seed yields  
In Dya, the cowpea inoculation with rhizobium LCM 

Nieara alone and in mixture with AM mycorrhiza improved 
significantly the seed production of cowpea in Dek 3 soil 
with an increase of 92.01% and 62.85%, respectively, 
compared to the control (Figure 3A). 

In Darou Mousty, on the Dek 9 soil, an increasing of 
65.75% and 68.57% of cowpea yield was obtaining with the 
rhizobium LCM Nieara and the mixed treatment, 
respectively (Figure 3B).  

On the site of Ouarkhokh, whatever the type of soil, 
inoculation with rhizobia alone or mixed with AMF had 
improved seed production (Figure 3C). Significant effects 
were recorded in soils Dior 6 with gains of 121.7% and 
138.66%, respectively, for the treatments LCM Nieara and 
mixed inoculum. In the Dek 4 soil, a significant increase of 
84.87% was obtained with rhizobium LCM Nieara. Positive 
but not significant effects were obtained on the Dior 5 and 
Dek 7 soils with rhizobium and mixed inoculum for 
increasing of 53.98% and 45.16%, and 98.7% and 74.02%, 
respectively. 
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Figure 3.  Effect of cowpea inoculation on seed yields. (A) in Dya, (B) in Darou Mousty, (C) in Ouarkhokh. Values for each soil followed by the same 
letter are not significantly different by non-parametric Wilcoxon test (P <0.05). Data for the Dior 2 soil is absent because of damaged production by insects.  
T, control; Ri, Rhizophagus irregularis; Ge, Glomus etunicatum, R, rhizobium LCM Nieara, MR, mixed inoculum of Rhizophagus irregularis and Glomus 
etunicatum. 

Effect of cowpea inoculation aerial biomass mineral content  
At the end of the cultivation (60 days after sowing) of 

cowpea in Dya, in the Dek 2 and Dior soils, the applied 
treatments did not affect mineral quality of aerial biomass, 
with exception to the rhizobium treatment on the Dior soil 
that allowed an improvement of 30.09% of phosphorus 
level (data not shown, supplementary table S1). On the Dek 
1, the treatments with Glomus etunicatum and rhizobium 
allowed a significant improvement in quantities of 
phosphorus also. These quantities go from 1,80 gkg-1 for the 
control plants to 2.57 gkg-1 with the Glomus etunicatum (Ge) 
treatment and to 2.9 gkg1with the LCM 3682 (R) treatment, 
to be increases of 42.77% and 62.77% respectively. 
Regarding the mixed inoculum treatment, it led to an 
increase of amounts of potassium in the aerial parts from 
6.85 gkg-1 to 9, 25 gkg-1, an increase of 35.03%. 

In Darou Mousty, on the soils Dek 1 and Dek 2, none of 
the applied treatments had positive effects on mineral 
quality (data not shown). Moreover, rhizobium and mixed 
inoculum treatments even led to a decrease of the levels of 
nitrogen, total carbon, phosphorus and potassium in Dek 2. 
We recorded a decrease of total nitrogen at 59% and 46.1% 
for treatments rhizobium and mixed inoculum; of 
phosphorus, at 35% and 33%; of carbon, 54.6% and 44, 
08%; of potassium, 45.98% and 18.7%, respectively. 

In the site of Ouarkhokh, no positive effects of the 
different treatments were noted in the Dior 2 soils (data not 
shown). The same observation was made on Dek 1. 
However, on this soil, the inoculation with the Rhizobium 
LCM Nieara strain allowed an increase in the level of total 
nitrogen of the leaves that go from 2.65% to 3.07%, an 
increase of 15.8%. On the other hand, the treatments did not 
increase the levels of total phosphorus in the aerial parts. In 
the Dior 1 soil, except the G. etunicatum (Ge), which 
allowed an increase of the phosphorus level of 21.8%, the 

other treatments had no significant effects on the other 
analyzed chemical elements. On the Dek 2, there is even a 
decrease of the levels of total nitrogen of 23%, 15.75% and 
28.18% for the treatments of G. etunicatum (Ge) and the 
mixture fungi-rhizobium (MR), R. irregularis (Ri), and 
rhizobium (R), respectively. On the other hand, in the case 
of phosphorus, the treatments with Ge and MR allowed an 
improvement of this element with an increase of 27.2% and 
218.72% respectively as compared to the control. 

4. Discussion 
Multilocational experiments conducted simultaneously in 

this study have allowed us to understand the effects of 
inoculation on the growth and yield of cowpea under 
various environmental conditions such as soil type, 
physico-chemical composition and rainfall in Senegal. The 
response to inoculation of cowpea in the two more 
cultivated soil types was studied on three sites.  

Overall, regardless of inoculation data, the results indicate 
a low aerial biomass and yields in Dior soils compared to 
Dek soils. This could be explained by the fact that the Dior 
soils are poorer than Dek soils in mineral elements. Indeed 
Dior soils are in high topographical position while Dek soils 
are in a closed depression zone forming a receptacle of 
runoff. Also Dior soils are characterized by a mineralogical 
cortege dominated by kaolinite, a mineral characterized by a 
low cation exchange capacity. This low cation exchange 
capacity and weak organic matter content combined with 
leaching caused by runoff could explain the low fertility in 
Dior soils. In contrast, the cation exchange complex (CEC) 
and the sum of exchangeable bases are higher in Dek soils 
due to their clay content and organic matter compared to 
Dior soils. This therefore results in a higher fertility in soils 
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Dek. 
Improving of seed production was obtained by 

inoculation, significantly when the rhizobium strain was 
inoculated in mixed inoculum with arbuscular mycorrhizal 
fungi in Dek 3, Dek 9, Dior 6 or in the Dek 4 soil where 
positive results were obtained with rhizobium alone. 
ANOVA analysis failed to diagnosis any interactions 
between soil type and the positive effect of inoculation in 
some soils (Table 4). Interestingly, the soils with positives 
inoculation effects were clustered into three distinguished 
groups on the basis of their physico-chemical, biological 
(MPN) characteristics and yields (Figure 4). One group was 

mixed by Dior 2, Dior 5, Dior 6, Dek 4 and Dek 7 soils (all 
showing significant or apparent inoculation positive effects), 
a second one, by the Dek1 and Dek 3, or a third, by Dior 8, 
Dek 9 and Dek10. Referring to the texture triangle (Jamagne, 
1967 cited by Tournebize[51]) revealed in fact that the soils 
Dek4 and Dek 7 fell into sandy soils(Dior) rather that into 
sandy loam (Dek). Inversely, the Dior 8 soil was grouped 
with loamy sand soils (Dek). Thus we can say that unlike 
previous work of Jankowski and Le Marec[26], local name 
does not always correspond to the conventional soil 
definition. The Dek 3 and Dek 9 soils have been 
distinguished. 

Table 4.  ANOVA analysis of factors effects  

Factor DDL Sum of squares Mean squares F Pr > F 

Site 2 430882,017 215441,009 30,839 < 0,0001 
Type de sol 1 1059400,642 1059400,642 151,648 < 0,0001 
Traitements 4 296235,705 74058,926 10,601 < 0,0001 

Site*Type de sol 2 116386,078 58193,039 8,330 0,000 
Site*Traitements 8 72849,797 9106,225 1,304 0,243 

Type de sol*Traitements 4 57120,145 14280,036 2,044 0,089 

 
Figure 4.  Dendogram relating the sampled soils on the basis of physico-chemical, biological (MPN) characteristics and yield. Asterisks design soils with 
positive (Dek3, Dek 4, Dior 6, Dek 9) or apparent (Dior 2, Dior 5, Dek 7) effects of inoculation.  
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In contrast, the results showed that the inoculation has no 
effect on the dry shoot biomass of cowpea regardless of the 
soil type and site, except in Dior 5. As observed in Dek 3, 
Dek 4 and Dior 6, Li et al.[31] showed also that fungi could 
repress a vegetative growth of plants and increase yield and 
level of phosphorus of wheat seeds. These authors explain 
such results by functional strategies of symbiotic fungi that 
depend on the growth stage of the host plants. Similar 
results were also noted by Lekberg and Koide [32]. 
According to these authors, these results could be explained 
by a limited plant growth, phosphorus level in soil, stresses 
such as drought, pest infestation, predation or competition 
or deficiency in other elements. Diem and Gauthier [33] 
noticed an increase in the amount of leaf phosphorus of 
inoculated Casuarina equisetifolia with Glomus mosseae, 
without an increase of the biomass and concluded that the 
soil nitrogen would be a limiting factor in the conditions of 
their experimentation. 

Many parameters such as genotypes and development 
stages of vegetal partners, environmental conditions 
(nutrient availability, light intensity) and the interaction 
between communities could affect response to inoculation 
[34; 35; 36; 37]. In this study in Senegal, soil conditions, in 
particular the nutrient availability, appear to be the main 
factor limiting the mycorrhization. Indeed, the results of the 
physicochemical analysis of the different types of soil 
revealed that Dek3 in Dya and the Dek9 in Darou Mousty 
exhibit higher phosphorus levels than the other fields and 
that they are noted the improvements of the yield. These 
results are consistent with earlier research which showed 
that the mycorrhization is depending on available 
phosphorus level in the soil and that a low content inhibits 
the mycorrhization [38; 39 ; 40] and increases the carbon 
cost of the symbiosis [41 ; 42]. This could lead to a neutral 
or negative response of the plants. Similar works revealed a 
decrease of the fungal mycelium growth when the 
availability of nitrogen and phosphorus falls below a certain 
threshold [43]. A decrease of fungi mycelium growth may 
result in decreasing of amount of absorbed phosphorus by 
the fungal way especially since it is correlated to the 
amount of extra radical hyphae produced by the fungus [6; 
44].  

The lack of positive response could also result from 
poorly adaptation of the fungal inoculum to the experiment 
conditions. Indeed, the inoculum strains used in this study 
are exotic and spores densities brought were low (86 and 53 
spores per 100 grams of soil, for R.irregularis and G. 
etunicatum respectively) compared to those of some local 
morphotypes like Gigaspora ssp(over 300 spores per 100 
grams of soil especially in Dek soils [45]). Recently 
research showed that when introduced arbuscular 
mycorrhizal fungi are poorly represented, they can easily be 
dominated by the soil indigenous fungi [15]. For that reason, 
Pellegrino et al.[46] suggest that the density of the applied 
inoculum should be strictly equivalent to that of the 
indigenous populations for successful inoculations in the 
field, hence the need to determine the densities of the 

populations of indigenous fungi in each soil type. 
Furthermore, small root fragments can be heavily colonized 
by several AM fungi belonging to several species [45]. 
Species belonging to the family of Gigasporaceae are 
largely dominant in the roots of cowpea (I. Diop, 
non-published data). They are deemed to be very efficient 
in the absorption of phosphorus through an extensive 
network of extra radical hyphae developed to explore a 
large soil volume than other species [47 ; 48 ; 49; 50]. 
These characteristics make them better competitors 
compared to the inoculated strains that would explain no 
positive response to inoculation. 

It appears from these studies that the positive results of 
cowpea inoculation could be explained by performances of 
inoculated rhizobium and positive interactions with native 
endomycorhizal fungus. These results were found in the 
Dek 3 and Dek 9 soils where phosphorus level was superior 
or equal to 15 mgkg-1 before cowpea plantation 
(Supplementary table S2) or in the Dior soils, except the Dior 
2 soil, characterized by a high native rhizobial population. 

In conclusion, the results of cowpea inoculation in a real 
environment in Senegal showed that the tested rhizobium 
alone allowed improving seed production. Nevertheless, the 
improvement is depending on geographical site and it is 
generally observed in sandy arenosoils (Dior type) and in 
loamy sand vertisoils (Dek type) with available phosphorus 
level of 15mgkg-1 at least.  
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