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Abstract: Pea (Pisum sativum L.) is a nutritious leguminous rich source of protein. It plays an important role 
in crop rotation and contributes efficiently to soil fertility. Despite these nutritional, symbiotic and agronomic 
characteristics, pea cultivation areas are in regression and yield remain low. Abiotic and biotic constraints as 
well as the optimization of symbiotic nitrogen fixation are the main factors affecting the pea crop development. 
This work aimed to study the effects of inoculation with rhizobia having high potential solubilization of 
inorganic phosphorus on pea production under edapho-climatic stress conditions. Inoculation with rhizobia 
and phosphorus fertilization trials were performed in vitro at the laboratory and in vivo in fields at two 
experimental stations for three successive crop seasons characterized by contrasted precipitations regimes. 
The inoculation with both selected strains of Rhizobium (TAC and 12362) increased significantly the biomass 
nodular and improved the phosphorus content and phosphorus use efficiency (PUE) of pea plants. The 
phosphorus application induced symbiosis efficiency and increased nodulation and biomass production of pea. 
Regardless of the treatment, a highly significant effect of the season and site on the variability of pea 
production was recorded. Inoculation with rhizobia could substitute nitrogen and phosphorus chemical 
fertilizers for economic, ecological and sustainable agriculture. 
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1. INTRODUCTION 
 
Phosphorus is one of the major crucial elements 

for the growth and development of plants (Rosas et al., 
2006). Plants absorb phosphates from the soil solution 
under two main forms of inorganic anions, which are 
H2PO4

- (under acidic conditions) and HPO4
2- (under 

alkaline conditions) (Benadis et al., 2014). Phosphorus 
is a little mobile element in the soil (Park et al., 2011). 
However, its availability in soil is low (Marschner et 
al., 2011) constituting a limiting factor for the growth 
of plants (L’taief et al., 2011; Hmissi et al., 2015; 
Kouki et al., 2016); for this reason, it was necessary to 
apply phosphate fertilizers (Zaman-Allah et al., 2006; 
Abdi et al., 2014). In this context, several researches 
have been carried out to better understand phosphorus 
availability mechanisms in soil (Attar et al., 2012; 
Latati et al., 2014; Tajini & Drevon, 2014) and 

phosphorus use efficiency (PUE) in order to sustain 
food production and minimize environmental impact 
(Sandana & Pinochet, 2014). In agricultural soils, the 
dissolution of inorganic phosphates is closely related 
to the activity of microorganisms in soil which is more 
intense in the rhizosphere owing to the presence of a 
large number of microorganisms in the soil (bacteria, 
fungi and algae) (Richardson, 2001; Oehl et al., 2001; 
Sundara et al., 2002; Hmissi et al., 2015). Although the 
solubilization of phosphates is associated with a 
medium pH decreasing, certain chemoautotrophic 
bacterial strains derive their growth energy from the 
oxidation of certain chemical elements with the 
production of acids (Hinsinger, 2001). The bacterial 
strains of the genus Rhizobium, Bradyrhizobium, 
Sinorhizobium and Pseudomonas are known for their 
high phosphorus solubilization potential (Rosas et al., 
2006; Schulze et al., 2011).  
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In the Mediterranean regions, several studies 
were discussed and focused on the genus Rhizobium in 
symbiosis with several legumes such as beans (Bargaz 
et al., 2012; Abdi et al., 2014; Kouki et al., 2016) and 
chickpea (L’taief et al., 2009; Hmissi et al., 2015). 

However, the production of pulses in these 
regions is largely dependent on the availability of water 
and nutritive elements such as nitrogen and phosphorus 
(Sifi, 1995; L’taief et al., 2009; Bargaz et al., 2013).  

Pea (Pisum sativum L.) is a well-adapted 
legume to the edapho-climatic conditions of Tunisia. It 
is a very rich source of protein needed for human 
nutrition (Ali et al., 2008). Pea is widely grown in 
various bioclimatic parts of the country. The annual 
cultivated areas are in the order of 23,000 ha, 70% of 
this surface is destined for green consumption and 30% 
is dedicated to the production of dry seeds (DGPA. 
Ministry of Agriculture, 2014).  

The production of pea is, however, considered 
low, which can be explained by several abiotic factors 
such as phosphorus deficiency and water stress. This 
low production is one of the major problems impeding 
the development of this crop in Tunisia. 

The objective of our investigation is to study the 
effects of inoculation by symbiotic bacteria supposed 
phosphorus solubilizer, phosphate fertilization and rain 
regime on the production of biomass, the phosphorus 
content and phosphorus use efficiency of peas in two 
different regions of Tunisia in order to recommend 
more ecological solutions for farmers. 
 

2. MATERIAL AND METHOD 
 

2.1 In vitro Assay of phosphorus 
solubilization on solid and liquid Pykovskaya 
(PVK) medium and solubilization index   

 
The two selected bacterial strains of the genus 

Rhizobium (TAC and 12362) are placed in vitro in 
Petri dishes containing a tricalcium solid phosphate 
medium Ca3(PO4), prepared according to the method 
of Pikovskaya (1948). Medium cultures were 
incubated in an oven at 28°C. The observation under 
magnification revealed the presence of halo light 
around the bacterial colonies after 7 days of incubation.  

The liquid phosphatic medium is similar to the 
PVK medium except that it is without agar. The 
rhizobial colonies are transferred to Erlenmeyer flasks 
containing the phosphate medium, which are then 
placed in the oven on a shaker at 150 rpm and a 
temperature of 28 °C for incubation. 

The solubilization index (SI) of the inorganic 
phosphorus is calculated according to Berraquero et 
al., (1976) as follows: SI = Halo diameter (mm)/colony 
diameter (mm). SI <2.00 (weak solubilization); 2.00 ≤ 

SI <4.00 (medium solubilization) and SI ≥ 4.00 (high 
solubilization). The optical density (OD) is performed 
on a spectrophotometer at 630 nm. The optical density 
and pH measurements are performed for 72 hours. 

 
2.2 Site and experimental design  
 
The trials were conducted during three crop 

years (2012-2013, 2013-2014 and 2014-2015), located 
in two different regions of northern Tunisia and 
belonging to two stations of the National Institute of 
Agricultural Research of Tunisia (INRAT). The first is 
at Oued Beja, Beja governorate (Latitude 36, 44° N, 
Longitude 9.11° E), the second is located at Kef 
(Latitude 36.10° N, Longitude 8.42° E). The 
bioclimatic stage of Beja is the lower sub-humid while 
Kef station is of the semi-arid type to cold winter. 
These surveys are characterized by irregular and 
contrasting annual rainfall during the three successive 
cropping seasons (Figure 1). The rainy season extends 
from September to June. The average temperature is of 
the order of 19° C and the soil is of clay texture (Table 
1). 

 
Table 1. Physicochemical characteristics of the soil in the 

superficial horizon (0-20 cm) in the two sites studied 
Measured parameters Oued Béja Kef 
Clay (%) 60 26 
Organic matter (%) 2.5 1.41 
pH 7.5 7.91 
Total nitrogen (%) 2.77 1.9 
Phosphorus (mg/kg) 52 16.53 

 
The pea variety used is Lincoln because of its 

adaptation to the edapho-climatic conditions of 
Tunisia. Pea crop was carried out in a field of each of 
both stations with a seeding density of 60 seeds per m². 
Trials were conducted according to the random block 
device with three repetitions and six treatments. Each 
treatment is represented by an elementary parcel with 
an area of 8 m² (4 m x 2 m) consisting of 4 lines with a 
spacing of 0.5 m. The first treatment (control) consists 
of un-inoculated pea plants where phosphorus was not 
applied. The second consists of a superphosphate 
supply (45%) at the rate of 200 kg per hectare of P2O5. 

The third and fourth treatments consist of an 
inoculation with Rhizobium sp., and with the native 
strain (S1) TAC of Tunisian origin and the reference 
strain (S2) 12362 of French origin, chosen from the 
rhizoteca of the Science Laboratory and Agronomic 
Techniques of INRAT, for their performances in 
solubilization of phosphorus. The last two treatments 
(5th and 6th) include plants inoculated and fertilized 
with phosphorus. Seed inoculation is carried out by 
sowing at a rate of 100 ml per elementary parcel. The 
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liquid inoculums used contains more than 109 bacteria 
per gram. Weeding was done manually. In order to 
avoid any contamination, the control and phosphate 
elementary plots were sowed before the inoculated 
plots. At the flowering stage, sampling was done 
manually with 12 plants per treatment (with 4 plants 
harvested per repetition for each block). These plants 
were then separated into aerial parts, roots and nodules. 
The roots were washed thoroughly with water and 
wiped with filter paper. 

The nodules are detached from their roots; the 
dry matter of different plant organs were weighed after 
drying in an oven at a temperature of 60° C for 72h. 
The phosphorus dosage was determined by 
colorimeter using 5 g of finely ground dry matter from 
the aerial and root part of the plant. 

 
2.3. Data analysis 
 
The data were analyzed statistically by 

averaging and calculating standard errors. ANOVA 
was performed for each measured variable. The means 
were compared using Duncan's test on the basis of least 
significant differences at 0.05 probability level 
(P<0.05) to test differences between treatments. The 
data were subjected to a multi-variate analysis using 
the General Linear Model (GLM) method, including 
three fixed factors (site, year and treatment) in order to 
evaluate the effect of each factor and their interaction. 
The software package used for all these statistical 

analyze is SPSS (version 20.0; SPSS Inc., Chicago, IL, 
USA). 

 
3. RESULTS  

3.1. Solubilization of phosphorus 
 
The results obtained show that the diameters of 

the halos formed by two rhizobia strains (S1 and S2) 
vary from 2.17 to 3.02 mm (Table 2). The optical 
density and the pH vary on the PVK liquid medium 
from 0.05 to 0.47 and from 5.7 to 6.4, respectively 
(Figure. 2). This means that strains S1 and S2 are more 
acidic to the medium than the control. Moreover, the 
calculation of the solubilization index (SI) of inorganic 
phosphorus has revealed that strain S2 (12362) has a 
solubilization potential of inorganic phosphorus on a 
Ca3(PO4)2 higher than PVK solid medium of the order 
6.05 compared to that of strain S2 (TAC) (Table 2). 

 
3.2. Growth of aboveground and root 

biomass 
 
The results obtained at the Oued Beja station 

showed significant differences compared with that of 
Kef station under the different recorded regimes 
(Figure 3 and Figure 4). A significant increase in the 
biomass of the aerial and root parts was recorded in 
response to the addition of phosphate fertilizer added 
to the inoculation by the bacterial strains TAC (S1)  

 
Figure 1. Annual rainfall distribution for the two sites studied (Oued Beja and Kef). 

 
Table 2. Halo diameter and solubilization index of phosphorus on PVK-based medium Ca3HPO4 for the two bacterial 

strains TAC (S1) and 12362 (S2). 
 

Strains Halo diameter (mm) Phosphorus solubilization index 
S1 2.17± 0.17 4.35±0.33 
S2 3.02±0.08 6.05±0.17 

The values presented are the means ± Standard error (n = 4) according to the Duncan test (P˂0.05). 
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                                                     A                                                     B 

 
Figure 2. Variation in optical density (A) and pH (B) after incubation on the PVK liquid medium according to the 
Rhizobium strain tested. (T: control, S1: strain TAC, S2: strain 12362). 
 
A: Oued Beja 

 
B: Kef 

 
Figure 3. Effect of phosphorus fertilization and inoculation with Rhizobium on dry matter production of aerial part (g DM.Pl-
1) at flowering stage for Lincoln pea variety. Results of three crop seasons (2012-2013, 2013-2014 and 2014-2015) conducted 
in two experimental sites of INRAT characterized by contrasted precipitation regimes, (A) Oued Beja and (B) Kef. T: control 
treatment; P: supply of 200kg phosphorus per hectare. S1: treatment inoculated with TAC strain; S2 treatment inoculated 
with 12362 strains; P+S1: phosphorus supply combined with inoculated TAC strain; P+S2: phosphorus supply combined 
with inoculated 12362 strains. Data are the means ± Standard Error of 3 replicates per treatment. 
 
and 12362 (S2) during the three studied campaigns 
(Figures 3, 4). It appears that a marked effect of 
phosphorus on pea growth was expressed by a better 

production in the biomass of the aerial and root parts 
and which is significantly affected (P˂0.01) by the 
site effect and the annual rainfall (Table 3).  
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A: Oued Beja  

 
B: Kef 

 
Figure 4. Effect of phosphorus fertilization and inoculation with Rhizobium on dry matter production of roots (g DM.Pl-

1) at flowering stage for Lincoln pea variety. Results of three crop seasons (2012-2013, 2013-2014 and 2014-2015) 
conducted in two experimental sites of INRAT characterized by contrasted precipitation regimes, (A) Oued Beja and (B) 
Kef. T: control treatment; P: supply of 200kg phosphorus per hectare. S1: treatment inoculated with TAC strain; S2: 
treatment inoculated with 12362 strains; P+S1: supply of phosphorus combined with inoculated TAC strain; P+S2: supply 
of phosphorus combined with inoculated 12362 strains. Data are the means ± Standard Error of 3 replicates per treatment. 
 

3.3. Growth of nodular biomass 
 
The variations of the nodular biomass as a 

function of the treatments recorded during the three 
campaigns in the two stations (Oued Beja and Kef) are 
illustrated in figure 5. In the two studied sites, an inter-
annual and highly significant variation of nodular 
biomass was noted for phosphorus and inoculated 
treatments compared to that of the control (Figure 5). 
Inoculation treatments with Rhizobium strains 
combined with phosphorus intake have the highest 
nodule biomass at the Kef site compared to Oued Beja 
(Figure 5). Nodular growth appears to be dependent on 
moisture conditions and is greater under the rainfall 
regime recorded during the two years 2013-2014 and 
2014-2015. However, this effect is weak in the Oued 
Beja station (Figure 5). Inoculated treatments (S1 and 
S2) induced an improvement in nodular growth in the 
Kef station compared to that of Oued Beja (Figure 5). 
It was found that nodulation is significantly affected 
(P˂0.01) by site effect and annual rainfall (Table 3).  

3.4. P content and phosphorus use efficiency 
(PUE) 

 
The phosphorus content and its distribution in 

the aerial and root parts of peas vary considerably 
according to the annual rainfall and experimental 
station (Tables 4 and 5). Regardless of site, the 
obtained results showed that the amount of 
phosphorus in the aerial part is greater relative to that 
of the roots (Tables 4 and 5).  As well as, it shows a 
great spatial variability of the plot cultivated in peas 
in the Oued Beja station compared to that of the Kef 
station (Tables 4 and 5). Thus, it appears that the 
phosphorus content in the aerial and root parts is 
significantly affected (P˂0.01) by the site and the 
annual rainfall regime effects (Table 3). 

The effect of P supply and inoculation with 
rhizobia on absorption and utilization efficiency of 
phosphorus in relation to dry matter production and 
nitrogen fixation were examined in Lincoln variety 
pea with different treatments during flowering stage 
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under open field conditions (Table 6). Phosphorus use 
efficiency (PUE= Arial biomass / Phosphorus 
content) is more important in Oued Beja station 
comparing to Kef station during the both lasted crop 
seasons (2013-2014 and 2014-2015). The results 

showed that at Oued Beja station PUE is slightly 
improved by phosphorus supply and the inoculation 
by the both of rhizobia (S1: TAC and S2:12362). 
While at Kef station, the PUE was lower and 
significantly affected by the climatic conditions. 

 
A: Oued Beja 

 
B: Kef 

 
Figure 5. Effect of phosphorus fertilization and inoculation with Rhizobium on node growth (g DM Pl-1) at flowering 
stage for Lincoln pea variety. Results of three crop seasons (2012-2013, 2013-2014 and 2014-2015) conducted in two 
experimental sites of INRAT characterized by contrasted precipitation regimes, (A) Oued Beja and (B) Kef. T: control 
treatment; P: supply of 200kg phosphorus per hectare. S1: treatment inoculated with TAC strain; S2: treatment inoculated 
with 12362 strains; P+S1: supply of phosphorus combined with inoculated TAC strain; P+S2: supply of phosphorus 
combined with inoculated 12362 strains. Data are the means ± Standard Error of 3 replicates per treatment. 
 

Table 3. Effects of different factors (site, year and treatment) on the parameters studied. 
Parameters Site effect, 

F calculated 
Year effect, F 

calculated 
Treatment effect, F 
calculated 

Site × year, F 
calculated 

Aerial biomass 55.57** 91.76** 0.60 NS 37.97** 
Root biomass 42.73** 46.25** 0.41 NS 12.72** 

Nodular biomass 78.99** 8.34** 4.01** 7.40** 
Aerial part Phosphorus 
content  85.83** 20.18** 0.62 NS 20.08** 

Roots Phosphorus content  
PUE 

85.92** 
342.66** 

8.29** 
58.87** 

0.58 NS 
0.25NS 

5.50 ** 
66.99** 

**: highly significant at P <0.01, NS: not significant.  
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Table 4. Spatial and temporal variation of the phosphorus content (mg g-1 MS) of the aerial part of the Lincoln variety of pea 
grown in two experimental stations (Oued Beja and Kef) during three cropping seasons (2012-2013, 2013-2014 and 2014-2015). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Values are means ± Standard Error (n=3) according to Duncan’s multiple range test (P˂0.05). *Significant at P < 0.05; NS: not significant.  
 

4. DISCUSSION 
 
The use of phosphate solubilizing bacteria as 

bacterial inoculants plays an important role in plant 
nutrition through the increase in phosphorus uptake 
by the plant. In the present study, the variability of the 
diameters of the halos formed by two Rhizobium 
strains (S1 and S2) is an indicator of the ability of 
strains to solubilize inorganic phosphorus. As, the 
solubilization index (SI) of inorganic phosphorus (Pi) 
confirms the ability of two selected strains (S1 and 
S2) nodulating pea to solubilize inorganic phosphorus 
(Berraquero et al., 1976). 

Optic density results suggest that these bacteria 
are able to produce organic acids during their growth. 
In this context, Yi et al., (2008) indicates that the 
solubilization of different sources of phosphorus by 
gram-negative bacteria is mainly due to the production 

of organic acids. Lin et al. (2006) demonstrated that pH 
decrease is a critical factor in phosphate solubilization 
that is dependent on the production of organic acid and 
protons. Similar results have been observed by Chung 
et al., (2005) who showed that the high solubilization 
of tri-calcium phosphate Ca3(PO4)2, FePO4 and AlPO4 
on PVK liquid medium was observed with bacterial 
strains extracted from the rhizosphere of different 
species such as green onion (Allium fistulosum L.), 
chilli pepper (Capsicum annuum L.), sesame 
(Sesamum indicum L.) and rice (Oryza sativa L.). 
Similarly, Marra et al., (2011) showed that most of the 
bacterial strains of the genus Bradyrhizobium 
nodulating cowpea and Rhizobium tropici CIAT 899T 
nodulating the bean have a high potential for inorganic 
phosphorus solubilization especially on the solid 
medium PVK based on tri-calcium phosphorus 
Ca3(PO4)2. 

 
Table 5. Spatial and temporal variation of the phosphorus content (mg.g-1 DM) of the root part of the Lincoln variety of pea grown in 

two experimental stations (Oued Béja and Kef) during three cropping seasons (2012-2013, 2013-2014 and 2014-2015). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Values are means ± Standard Error (n=3) according to Duncan’s multiple range test (P˂0.05). *Significant at P < 0.05; NS: not significant. 
 

Sites treatment  2012-2013  2013-2014 2014-2015 
 control 15.4± 2.70a 24.74±7.22a 8.42±0.93a 
 P 9.25±0.98a 14.11±1.83a 8.63±1.76a 

Oued Béja  S1 15.67±1.20a 17.60±3.65a 7.62±0.83a 
 S2 11.70±1.73a 15.78±1.80a 8.78±3.10a 
 P+S1 11.20±1.65a 17.37±1.59a 8.01±1.37a 
 P+S2 11.36±1.58a 20.03±4.90a 9.69± 0.10a 
 F calculated 1.4 NS 0.84 NS 0.17 NS 
 control 1.30 ± 0.46a 3.89±0.71c 5.56±2.13a 
 P 2.32± 0.70a 7.41±1.21abc 10.28±3.16a 

Kef S1 1.11± 0.23a 5.31±0.16bc 6.16± 0.96a 
 S2 1.12±0.32a 7.30±2.70bc 8.18±2.18a 
 P+S1 2.55±0.69a 11.72±2.02a 10.29±4.80a 
 P+S2 2.33±0.49a 9.35±1.28ab 9.26±1.66a 
 F calculated 1.73 NS 3.11* 0.54 NS 

Sites Treatment 2012-2013 2013-2014 2014-2015 
 control 0.62±0.11a 0.54±0.06a 0.40±0.07a 
 P 0.43±0.04a 0.65±0.11a 0,40±0.11a 
Oued  S1 0.56±0.09a 0.64±0.05a 0.40±0.06a 
Béja  S2 0.53±0.06a 0.46±0.13a 0.39±0.06a 
 P+S1 0.43±0.04a 0.49±0.06a 0.47±0.05a 
 P+S2 0.53±0.07a 0.50±0.06a 0.45±0.07a 
 F calculated 0.95 NS 0.61 NS 0.18 NS 
 control 0.12±0.02bc 0.23±0.03a 0.23±0.06a 
 P 0.18±0.03abc 0.32±0.06a 0.26±0.04a 
Kef S1 0.05±0.05c 0.38±0.11a 0.28±0.08a 
 S2 0.15±0.02abc 0.30±0.11a 0.23±0.03a 
 P+S1 0.27±0.04a 0.47±0.05a 0.26±0.06a 
 P+S2 0.23±0.06ab 0.41±0.07a 0.31±0.03a 
 F calculated 3.27* 1.05 NS 0.31 NS 
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Growth of aboveground and root biomass results 
suggest that the phosphate fertilizer could be substituted 
by biological fixation via the two strains of Rhizobium. 
Thus, Inoculation with both selected strains plays the role 
of PGPR (Plant growth Promoting Rhizobacteria) and 
their use as biofertilizers. Furthermore, Chabot et al, 
(1996 ab) concluded that inoculation with two strains of 
Rhizobium leguminosarum selected for their phosphate 
solubilization ability has been shown to improve root 
colonization and growth promote and to increase 
significantly the phosphorus content in maize and lettuce. 
Similar studies of pea (Akhtar et al., 2003), beans (Abdi 
et al., 2012, Zaman-Allah et al., 2007) have shown that 
vegetative growth is dependent on rhizobia inoculation, 
the variety and application of phosphate fertilization. As, 
several soil microorganisms, including bacteria, improve 
the supply of phosphorus to plant as a consequence of 
their capability for inorganic phosphate solubilization 
(Richardson, 1994). Similarly, other studies on the beans 
inoculated with the Rhizobium Tropici strain (CIAT899), 
have shown that the application of phosphorus increases 
the leaf area, the total biomass of the dry matter, nodular 
and root biomasses of the plant (Olivera et al., 2004, 
Kouki et al., 2016). In addition, phosphate treatment 
combined with inoculation with rhizobia nodulating bean 
further contributed to improved biomass growth in aerial 
and root parts compared to the control (Abdi et al., 2014; 
Bargaz et al., 2012). In addition, recent studies have 
reported that phosphorus may play a key role in the 
transfer of energy required for growth and improved plant 
productivity (Ribet & Drevon 1996, Hmissi et al., 2015). 

Growth of nodular biomass results corroborate 
with those obtained by Kouki et al., (2016) and Hmissi 
et al., (2015) who showed that inoculation with 
Rhizobium strains contributes significantly to the 
improvement of nodular biomass and the increase in the 
number of nodules. Other previous studies of legume 
symbiosis-rhizobia have addressed the requirement for 
nodulation and nodular growth for phosphorus (Drevon 
& Hartwig 1997, Ribet & Drevon 1996, Abdi et al., 
2014). This could be explained by the strong positive 
correlation between phosphorus availability and 
nodulation involving a series of interactions between the 
host plant and the bacterium (Lynch et al., 1991). 
Kaouas et al., (2005) also revealed that phosphate 
nutrition affects nodule formation and the functioning of 
symbiosis. 

Phosphorus content indicates that phosphorus 
mobility from the roots to the aerial part is rapid. On the 
other hand, a better solubilization of the inorganic 
phosphorus of the soil is ensured by the strains of 
Rhizobium S1 and S2. This is confirmed by the 
previously calculated phosphorus solubilization index 
that is of the order of 4 and 6 for S1 and S2, respectively. 
Indeed, absorption and assimilation of phosphorus are 

dependent on rainfed conditions. Our results suggest 
that P plays an important role in symbiotic fixation 
through an effective translocation of P to the leaf. Thus, 
when P supply was applied alone or combined with 
rhizobium strain to pea plant, dry matter production 
reasonably high through an effective translocation of the 
absorbed P to the leaf. Dry matter production and 
nitrogen symbiotic fixation are strongly controlled by P 
absorption ability rather than phosphorus utilization 
efficiency (PUE). At Kef station, the low absorption 
ability of phosphorus during short flowering stage is 
mainly due to poor root development. Our findings 
showed that P increases symbiotic nitrogen fixation by 
stimulating plant growth rather than exerting a direct 
effect on nodule initiation, growth and development 
(Adu-Gyamfi et al, 1989; Sandana & Pinochet, 2014). 

In this context, studies of legumes grown on a 
regional scale using climate and environmental data 
have shown a strong correlation between soil moisture 
status and nutrient availability (Sifi, 1995; Akhtar et al., 
2003, L’taief et al., 2009). Our study also confirms the 
results of several studies that have shown the 
importance of microbial activity in the bioavailability of 
inorganic phosphorus to plants (Abdi et al., 2012; 
Hmissi et al., 2015; Kouki et al., 2016). In the same time, 
a higher P solubility may facilitate leaching of 
fertilizers, in this case phosphorus, from permeable soils 
during rainy seasons, as some scientists recently showed 
(Lacatusu et al., 2019, Paltineanu et al., 2021)  

 
5. CONCLUSION 
 
This Study showed that the two rhizobia strains 

isolated from pea roots had a high solubilization 
capacity of phosphorus with a solubilization index 
greater than four. The judicious choice of the strains 
selected (TAC: S1) and (12362: S2) allowed an increase 
in aerial, root and nodular biomass as well as in the 
number of nodules for both fertilization and inoculation. 
The increase in the number of nodules is generally 
limited by several factors that are cited as the presence 
of native strains highly competitive for the nodulation of 
pea as is the case of the TAC strain which has a better 
inoculation potential than the 12362 strain.  

Variation in total pea biomass and solubilization 
of phosphorus are mainly influenced by rainfall. 
Between the three stations studied, the tested modalities 
of production factors (phosphate fertilization and 
bacterial inoculation) led to a significant spatial 
variability in the dry matter yield potential of the various 
pea organs (aerial part, roots and nodules). In addition, 
inter-annual variations in yield were greater than the 
observed effects of the factors tested. Despite, the 
seemingly limited effects of inoculation, it is acceptable 
to conclude in the first analysis that inoculation of peas 
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with Rhizobium strains (S1 and S2) could substitute 
phosphate fertilizer to improve pea production, the 
phosphorus content absorbed by the plant and 
particularly root development. 

Moreover, it is essential to confirm these early 
trends as well as it would be necessary to study deeply the 
mechanism of solubilization of phosphate and to well 
understand the interactions existing on the solubilization 
in the rhizosphere, in particular with the edaphic factors 
(pH and limestone contents). In addition, it would be 
indispensable to study, their effects on the bioavailability 
of phosphorus and other nutrients necessary for the 
nutrition of the plant. Further, studies should be 
undertaken to compare the symbiotic performance of 
Rhizobia strains nodulating pea (under phosphorus 
deficiency) with regards to the climatic conditions of the 
region to promote pea cultivation and increase symbiotic 
nitrogen fixation as well as grain yields. 
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