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Abstract— With the broad aim of biologically improving 

P uptake by date palm, in this work we use the beneficial 

phosphorus solubilizing microorganisms like arbuscular 

mycorrhizal fungi (AMF) and phosphate solubilizing 

bacteria (PSB) characterized by a remarkable ability to 

solubilize phosphorus and tolerance to hard pedoclimatic 

conditions. For this study, a pot experiment was 

conducted under greenhouse condition to assess the effect 

of associations between mycorhizal fungus (Glomus 

mosseae) (M) with a range of ten bacterial strains (B).  

An essay of different treatments (control seedlings, 

seedlings inoculated by arbuscular mycorhizal fungi 

(AMF) and seedlings inoculated by a combination of PSB 

and AMF) showed the progressive evolution of microbial 

activity. 

The results indicated that the rhizosphere interactions 

between Glomus mosseae and PSB strains (Pseudomonas 

striata, Bacillus subtilis) significantly improved growth 

parameters including root dry weight (23,66%), root 

length (24%), leaf dry weight (67,7%), leaf length 

(26,9%), promote P mineralization in soil P (142,3%) 

uptake by date palm seedling as compared to control, and 

percent root colonization in date palm seedling was also 

recorded by the combined inoculation of Glomus mosseae 

and PSB strains (Pseudomonas striata, Bacillus subtilis). 

Keywords— Bacteria, date palm seedling, fungi, growth, 

inoculation, interaction. 

 

I. INTRODUCTION 

Phosphorus is an important key element in the nutrition of 

plants. Although phosphorus is present both in organic 

and inorganic forms in soils but its availability is limited 

to plants and mostly restricted due to complex formations 

with other nutrients (Sharma et al. 2013).  

The soils in Djerid region are calcareous in nature and due 

to the high pH much of phosphorus is not available for 

plant uptake and growth promotion (Mtimet 2016; 

Zougari et al. 2016).  However, to respond to the growing 

demands, in this region, to improve the absorption of 

phosphorus and compensate this poor availability of this 

element, it is necessary to manipulate phosphorus 

solubilizing microorganisms (arbuscular mycorhizal fungi 

and phosphorus solubilizing bacteria), which convert the 

insoluble forms of P to an accessible form by plants 

(ortho-phosphate) (Costa et al. 2015). Currently 

inoculation of these microorganisms have gained 

popularity (Parkash et al. 2011) to be used as biofertilizers 

instead of high input chemical fertilizers in crop 

production system (Kennedy et al. 2004). 

A synergistic relation between arbuscular mycorhizal 

fungi (AMF) and phosphorus solubilizing bacteria (PSB) 

had been observed (Fazli et al. 2015). These observations 

also showed that a combined application of Glomus 

fasciculatum and Azotobacter increase the concentration 

of P, K and N uptake by the mulberry (Morus nigra) leaf 

of 10, 16 and 5.8 %, respectively.     

Therefore, it seems more appropriate to consider this 

technique is more interesting. Indeed, it is becoming 

increasingly clear that influencing the microbial diversity 

of soil, it would be possible to improve fertility 

(Beauregard 2010). 

Several research results on soil microorganisms were 

published during the last decade, the factors influencing 

the growth of these microorganisms and the changes in 

their community are likely to act together and their 

combined effects are difficult to predict (Oehl et al. 2003; 

Castillo et al. 2006). Nevertheless, the work of Schrey et 

al. (2007) is in keeping with the small number of previous 

studies that have addressed the practical use of co-

inoculation with phosphate solubilizing bacteria (PSB) 

and mycorrhizal arbuscular fungi (AMF) in agriculture. 
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In Djerid region, no attempts have been made so far to 

investigate the effect of PSB and AMF inoculation on 

date palm crop. Therefore, the aim of the present study 

was to investigate the effect of AMF and PSB strains 

inoculation on growth, mycorrhization and P uptake of 

date palm seedling in the arid conditions. 

 

II. MATERIALS AND METHODS 

The material used in this work is the AM fungal spore and 

phosphorus solubilizing bacteria (PSB) of the host plant: 

Phoenix dactilifera L. (Date palm). 

The collection of a representative soil sample was taken 

from Jerid palm groves. AMF spores were isolated using 

the wet-sieving (125 and 45 µm) and decanting method 

described by Gerdemann and Nicolson (1963). Spores and 

spore clusters were transferred into Petri dishes and 

counted in three replications under binocular microscope 

with magnification of 40X and divided in groups in 

relation to morphological characteristics as shape, size, 

color, presence of structures like sporiferous saccule, 

subtending hypha. Although, the same morphotypes of 

mycorrhizal fungal spores (Glomus mosseae) were 

isolated in collaboration with Eastern cereal and Oilseed 

Research Centre (ECORC) Ottawa). Approximately 50 

spores were isolated and counted for each pot and stored 

at 4°C for a maximum of two days before pots 

application.  

The AMF colonization rate of date palm seedlings roots 

was determined using the magnified line-intersect method 

of McGonigle et al. (1990).      

Phosphate solubilizing bacteria (PSB) were 

collected from the rhizosphere of date palm. Samples of 

soil were suspended in phosphate buffer saline and s erial 

dilutions were spread on Pikovskaya’s (PVK) agar 

containing Ca3H2PO4 as the phosphate source. The 

bacterial isolates were characterized by conventional tests 

on API 20 E gallery, API 50CH gallery and on specific 

reactive media in collaboration with Environmental 

Health Laboratory (EHL) Tozeur. 

The ability of the bacteria to solubilize insoluble 

phosphate was qualitatively determined from the clear 

light zone surrounding colonies  (Figure 1) according to 

Edi-Premono et al. (1996) by the solubilization index = 

[ratio of the total diameter (colony + halo zone) to the 

colony diameter]. 

 
Fig.1: Halo zone around the colony on Pikovskaya 

(PVK) agar confirm phosphate solubilizing bacteria. (D: 

total diameter (colony + halo zone) and d: colony 

diameter). 

For the inoculums preparation the selected PSB strains 

were inoculated separately in 250 ml flasks containing 

100 ml of Pikovskaya’s broth. The flasks were kept in a 

growth chamber at 28°C on an orbital shaker at 120 rpm. 

After 7 days 1 ml of the broth culture was spread on 

Pikovskaya (PVK) agar plates to determine the microbial 

concentration. Finally, the bacterial cultures were adjusted 

to a concentration of approximately 108 cfu / ml (Murray 

et al. 2003).  

The soils of Djerid region were selected for cultivation of 

date palm seedlings grown in plastic pots under 

greenhouse conditions at the regional research center of 

oasis agriculture. Pots were filled with 3kg sterilized soils 

of Djerid region. Three replications were prepared for 

each treatment. 

the considered soils studied at all depths are generally 

characterized by coarse textures, slightly alkaline to 

alkaline pH values, very low cation exchange capacity 

(CEC); the percentage of active limestone is moderately 

high (Table 1). 

 

Table.1: Chemical and textural characteristics of the soils from Djerid region  

Depth 

(cm) 

pH EC 

(mmhos/cm) 

CEC 

(mmol (+)/kg) 

CaCO3 (% ) 

 

Texture 

class 

Total Active 

0-20 8.8 ±0.02 7.4 ±0.12 5.3 12.7 ± 1.01 7.3 ±0.09 SCL 

20-40 8.7 ±0.05 5.3 ±0.01 4.5 12.5 ±1.17 8.1 ±0.38 SL 

40-60 7.4 ±0.01 5.2 ±0.16 4.5 10.1 ±1.20 8.0 ±1.07 SL 

SCL: Sandy Cay Loam,       SL: Sandy Loam,        EC: electrical conductivity,       CaCO3: calcium carbonate 

 

The date seeds were disinfected with 3.5% NaOCl and 

then rinsed with distilled water 3 times after 10 min. The 

disinfected date seeds were transferred to incubator at 

28°C to accelerate pre-germination seed activities.   

The experiment includes the following treatments : 
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1- Control treatment (T): untreated soil   

       2- M: Spores of the AMF (Glomus mosseae) (50 

spores per pot) 

       3- Bi + M;   (Bi: (B1, B2, …, B10)) ; M: Spores of 

the AMF (Glomus mosseae) 

All date palm seedlings were harvested after 135 days and 

the growth parameters, such as  root length, root dry 

weight, leaf length and leaf dry weight were recorded. 

The roots were washed out with tap water to remove the 

soil particles. After drying for 48 hours at 60°C, the 

samples were weighted, grinded and further analyzed for 

phosphorus concentration and accumulation by date palm 

seedlings by the method as described by Pauwels et al. 

(1992).  

To determine root percentage colonization, the roots were 

cleared in 10% KOH, rinsed once with water, soaked in 

2% HCl and stained with Trypan blue solution. After 

rinsing three times with water, roots were stored in 

lactoglycerol. Percent colonization of various AMF 

structures and the overall association was determined 

under the microscope by the magnified intersections 

method (McGonigle et al. 1990)  

Soil samples were collected, from each treatment, 135 

days after inoculation. These soil samples were air dried 

ground and sieved through a 2 mm sieve. Soil samples 

were analyzed for assimilable P by the following 

procedures described by Pauwels et al. (1992). 

The statistical treatment of results is achieved through the 

STATISTICA Version 5 software, (Beaux et al. 1991). 

Analysis of variance of two factors by Fisher’s F test  is 

performed to verify the equality of the means of 

hypothesis risk threshold of 5%. It is supplemented by 

multiple comparisons of means by the Newman Keuls test 

when the equality of averages hypothesis is rejected, 

according to Dagnelie (1986). 

 

III. RESULTS  

3.1. Phosphorus solubilizing bacteria associated with 

date palm 

We isolated and purified a total of 10 bacterial strains 

from the rhizosphere of date palm seedling by repeated 

streak culture on PVK medium. Initially, all isolates were 

tested for their phosphate solubilizing activity using PVK 

medium.  

The most efficient and competitive phosphorus 

solubilizing bacteria are selected: B1: Pseudomonas 

horyzihabitans, B2: Pseudomonas aeruginosa, B3: 

Serratia liquefacien, B4: Pseudomonas striata, B5: 

Bacillus subtilis, B6: Citrobacter freundii, B7: Moraxella 

spp, B8: Serratia odorifera, B9: Non-fermenter spp and 

B10: Bacillus cereus )  

3.2. The determination of the bacterial effectiveness 

The phosphate solubilization index of the date palm 

seedling isolates varied from 2.4 to 4.3 (Figure 2).  

 
Fig.2: The phosphate solubilization index of the date 

palm seedling isolates (Bars with different letters 

represent statistical significant differences according to 

Newman Keuls test (p≤0.05). 

 

Bacillus cereus (B10) exhibited the highest phosphate 

solubilization index (4.3). 

Several early studies revealed that many phosphorus 

solubilizing bacteria are normally present in the soil. They 

can remove and release phosphorus from soil. 

3.3.  Phenotypic analysis  

The influence of combinations (Glomus mosseae (M) and 

PSB) on growth and phosphorus nutrition was studied 

nine months after inoculation 

3.3.1. Root length  

Test results showed that the inoculation of Glomus 

mosseae (M) and PSB strains influenced the root length 

of date palm seedlings as compared to the treatments 

having single or no inoculation. The maximum (31 cm) 

root length with 24% increase over control (T) and single 

inoculation (M) was observed. The treatments (B4+M; 

B5+M and B10+M) have somewhat higher values than 

the other treatments, but statistical analysis shows some 

stability of the root length for all treatments (Table 2). 

 

Table.2: Root length, root dry weight, leaf length and leaf dry weight as influenced by the inoculation of AMF (Glomus 

mosseae (M)) and PSB. 

 

Root length Root dry weight Leaf length Leaf dry weight  

B1+M 26,6 a 1,136 ab 29,1 ab 1,763 cd 

B2+M 26,6 a 1,312 a 28,2 b 2,121 bc 
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B3+M 28,2 a 1,174 ab 31,3 ab 2,009 c 

B4+M 30,9 a 1,372 a 32,8 a 2,520 a 

B5+M 31,2 a 1,388 a 32,9 a 2,677 a 

B6+M 29,0 a 1,339 a 31,3 ab 2,335 b 

B7+M 29,4 a 1,177 ab 30,4 ab 2,405 ab 

B8+M 29,6 a 1,209 ab 31,1 a 2,386 ab 

B9+M 27,6 a 1,341 a 25,0 c 1,961 c 

B10+M 31,2 a 1,434 a 31,5 a 1,994 c 

M 25,1 a 1,356 a 30,1 ab 1,779 cd 

T (Control) 25,4 a 1,031 b 26,1 bc 1,550 d 

(Values followed by different letters represent statistical significant differences according to Newman Keuls  test (p≤0.05)). 

 

3.3.2. Root dry weight  

The dual inoculation (AMF and PSB) increased root dry 

weight of date palm seedlings significantly (p≤0.05) over 

control (T). The maximum (1.42 g) root dry weight with 

37.9% increase over control was observed. 

The influence of combination (PSB (Bi and Glomus 

mosseae (M) ) on root dry weight was studied and the 

results showed that treatments (B10+M) gives the highest 

value, but there are no significant differences for the 

majority of treatments (Table 2).  

3.3.3. Leaf length 

Based on comparisons of treatments it’s fair to say that 

treatments ((B4+M; B5+M; B8+M and B10+M) give the 

highest values (Table 2), but the minimum leaf length of 

date palm seedling (25 cm) was noted in the combined 

inoculation (B9+M). The experiment showed that there 

are bacteria that are auxiliaries of mycorhization, so-

called “mycorrhiza helper bacteria”. While others have 

inhibitory activity on the development of mycorrhizae.  

3.3.4. Leaf dry weight 

The highest total dry weight was obtained when date palm 

seedlings were inoculated with AM fungi (Glomus 

mosseae) incorporated with bacteria B4 and B5 as 

compared to the control and other treatments. Plant 

inoculated with Glomus mosseae (M) plus bacteria B5 

was found to be two times greater of leaf dry weight than 

that of the control (T) 

The results showed that co-inoculation of fungus and 

phosphorus solubilizing bacteria (PSB), in comparison 

with single inoculation (M) and the control (T), of any of 

them caused a significant increase in leaf dry weight 

(Table 2). 

3.4. Mycorrhization of date palm seedling  

The majority of treatments generate a sizeable rate of 

mycorrhizal hyphae that exceeds 50% (Figure 3). 

 

Fig.3: Effects of treatments on mycorrhization rate; hyphal (      ), arbuscular, (      ) and vesicular (     ) in the roots of date 

palm seedling. (Bars with different letters represent statistical signicant differences mycorrhization rate hyphal (a,b,c); 

mycorrhization rate arbuscular (a’,b’,c’) and mycorrhizationrate vesicular (a”,b”,c”) according to Newman K euls test 

(P<0.05)). 

 

It is evident that the treatment (M+B7) is characterized by 

a limiting effect on the appearance and the development 

of fungal structures (hyphae, arbuscule, and vesicle). The 

minimum values of hyphal growth rate, arbuscular growth 

rate and vesicular growth rate were 41%, 14% and 13% 

respectively.   
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The present study demonstrated the benefits of 

combinations between M+Bi (Glomus mosseae (M)) and 

phosphorus solubilizing bacteria strains (Bi)) for growth 

of fungal structures in comparison with single inoculation 

(M). The bacterial community can change the result of 

mycorrhizal establishme. 

In addition, it was found that Glomus mosseae spores 

development was positively (R2= 0.69) correlated with 

PSB population (Figure 4)  

 
Fig.4: Correlation between spores density of the mycorrhizal fungus (Glomus mosseae ) and PSB population in date palm 

seedlings 

 

3.5.  Phosphorus content 

Based on comparisons of treatments it’s fair to say that 

the highest P uptake was recorded in the treatment of 

AMF inoculated with Pseudomonas striata (B4) and 

Bacillus subtilis (B5).The minimum P uptake was found 

in “B6+M” treatment.   

Based on Figure 5, some of the treatments have low 

phosphorus levels in comparison with treatment (M), 

which implies the ineffectiveness of these associations for 

biological uptake of this mineral element. 

 

Fig.5: Effect of different treatments on phosphorus content of date palm seedlings. (Bars with different letters 

represent statistical significant differences according to Newman Keuls test (p≤0.05).  

 

Interference and correlation of all these results showed 

several types of biological relationships between different 

microorganisms in their habitat (symbiosis, mutualism, 

antagonism). 

Arbuscular mycorrhizal (AM) associations have been 

shown to reduce damage caused by soil-borne plant 

pathogens.  

 

IV. DISCUSSION 

The dual inoculation with AMF and PSB is an important 

approach to decrease the use of chemical fertilizers and 

improve P supply for sustainable crop production. In our 

study, we inoculate ten strains of PSB with AMF and 

investigated its effect on different plant growth 

parameters. The synergistic effect of AMF and some PSB 

influenced P solubility and stimulated date palm roots to 

absorb nutrients from soil and thus enhanced the overall 

plant growth as compared to the treatments having single 

inoculation (M) and the control (T). The microbial 

activities stimulated nutrients uptake and plant growth 

may be due to hormones such as auxin or gibberellic acid 

production as stated by Minaxi et al. 2013; Kang et al. 

2012.   

f
e

c

f
ef

a

b

f f

e
d

de

0

50

100

150

200

250

300

350

400

P
h

o
sp

h
o

ru
s 

c
o

n
te

n
t 

(m
g

/k
g

)

Treatment

http://dx.doi.org/10.22161/ijeab/4.2.43
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                             Vol-4, Issue-2, Mar-Apr- 2019 

http://dx.doi.org/10.22161/ijeab/4.2.43                                                                                                                      ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                             Page | 586 

In this study, we observed a significant growth benefit of 

the synergistic association of date palm seedlings with 

AMF and some PSB. Our results showed that combined 

inoculation of plants with AMF and PSB resulted in 

increased AMF colonization, which is an important 

indicator of plant nutrition. The synergistic interaction of 

some PSB and AMF significantly increasing plant 

biomass, plant growth and amelioration of phosphorus 

uptake compared with untreated plants  (Osorio and Habte 

2001 and Kohler et al. 2007). While, we found that some 

PSB strains reduced AMF colonization in date palm 

seedling, consistent with observations made by Alqarawi 

et al. (2014) in Ephedra aphylla and Hashem et al. (2015) 

in Vigna unguiculata. 

The experiment showed that there are bacteria that are 

auxiliaries of mycorhization, so-called “mycorrhiza helper 

bacteria”. While others have inhibitory activity on the 

development of mycorrhizae. However, plants inoculated 

with (M+B3, M+B6 and M+B7) showed significantly 

lower mycorrhizal colonization than plants inoculated 

with (M+B1, M+B4, M+B5 and M+B10). This result 

matches those found by Garbaye and Bowen (1989) who 

demonstrated that the rhizosphere microflora could have a 

positive or negative impact on the mycorrhizal symbiosis, 

depending on the bacterial isolates.  

Several early studies revealed that many phosphorus 

solubilizing bacteria are normally present in the soil 

(Buchan 1983; Sidat et al. 1999). They are efficient in 

storing polyphosphate and can remove and release 

phosphorus from soil (Peix et al. 2003). 

The bacterial community can change the result of 

mycorrhizal establishment (Marschner et al. 2001). 

Arbuscular mycorrhizal (AM) associations have been 

shown to reduce damage caused by soil-borne plant 

pathogens. These results confirm those from other authors 

(Ben Kaled et al. 2003; Chabot et al. 1993 and Baquall 

and Das 2006).  

 

V. CONCLUSION 

To improve phosphorus uptake by date palm, this work 

was realized to study the biological alternatives 

(phosphorus Solubilizing Bacteri (PSB) and mycorrhizal 

fungus (Glomus mosseae)) in order to solve phosphate’s 

blocking assimilation characterizing soils in southern 

Tunisia. 

This work has also highlighted the presence of bacterial 

strains that have phenotypical and genetical divers ity. 

These bacteria seem to be adapted to the extreme 

conditions of the oasis. 

Phenotypic analysis showed that treatments (B4+M; 

B5+M and B10+M) have somewhat higher values than 

the other treatments. These results suggest a synergistic 

relationship between some phosphorus solubilizing 

bacteria and arbuscular mycorrhizal fungi that can 

enhance date palm productivity.  

According to the experimental results, it seems that co-

inoculation (B4+M and B5+M) of date palm seedlings , 

can have a very strong effect on the uptake of phosphorus 

from soil. The other treatments showed the 

ineffectiveness of these associations for biological uptake 

of this mineral element. 

The growth parameters, root colonization and phosphorus 

uptake responses of date palm seedlings to co-inoculation 

of AMF and PSB showed that they depend on a 

combination of fungal and bacterial strains. According to 

the results of this study, co-inoculation (B4+M and 

B5+M) significantly increased all parameters studied.  

Generally, interference and correlation of all these results 

showed several types of biological relationships between 

different microorganisms in their habitat (symbiosis, 

mutualism and antagonism). 

 

ACKNOWLEDGEMENT 

The authors acknowledge the support of Dr. yoland 

Dalpé, Research Scientist for Agriculture and Agri-Food, 

(Eastern cereal and Oilseed Research Centre (ECORC) 

Ottawa), for collaboration to identify spores of AMF. 

 

REFERENCES 

[1] Alqarawi, A.A., Abd-Allah, E.F., Hashem, A. 

(2014). Alleviation of salt-induced adverse impact 

via mycorrhizal fungi in Ephedra aphylla Forssk. J 

Plant Interact  9(1): 802–810. 

[2] Baquall, M.F. et Das, M.F. (2006). Influence of 

Biofertilizers on Macronutrient uptake by the 

Mulberry Plant and its Impact on Silkworm 

Bioassay. Caspian J Environmental Sci 4(2): 98-109.  

[3] Beauregard, M.S. (2010). phosphorus fertilization 

impacts soil fungal and bacterial diversity but not 

AM fungal community in alfalfa. Microb Ecol 59: 

379–389.  

[4] Beaux, M.F., Gouet, H., Gouet, J.P., Morghem, 

P., Philippeau, G., Tranchefort, J. et Verneau, M. 

(1991). Logiciel STATITCF. (ITCF. France, 

I.T.C.F. : Institut Technique des Céréales et des 

Fourrages). 

[5] Ben Khaled, L., Asunéion, G. et El Ouarraqi, 

A.O. (2003). Réponses physiologiques et 

biochimiques du trèfle (Trifolium alexandrinum L.) 

à la double association Mycorhizes- Rhizobium sous 

une contrainte saline. Agronomie, EDP Sciences 

23(7): 571-580.   

[6] Buchan, L. (1983). Possible biological mechanism 

of phosphorus removal. Water Sci Technol 15: 87-

103. 

http://dx.doi.org/10.22161/ijeab/4.2.43
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                             Vol-4, Issue-2, Mar-Apr- 2019 

http://dx.doi.org/10.22161/ijeab/4.2.43                                                                                                                      ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                             Page | 587 

[7] Castillo, M.S., Vélez, M., Rosas, J.C. et 

Trabanino, R. (2006). Producción y composición 

de los cultivares Mulato I y II de Brachiaria híbridos 

inoculados con Micorriza y Trichoderma harzianum. 

Ceiba 47:25-32.  

[8] Chabot, R., Antoun, H. et Cescas, M.P. (1993). 

Stimulation de la croissance du maïs et de la laitue 

romaine par des microorganismes dissolvant le 

phosphore inorganique. Can J Microbiol 39: 941- 

947.  

[9] Costa, E.M., Wellington, L., Silvia, D., Oliveira-

Longatti, M. et Fatima, M., Souza, D. (2015). 

Phosphate-solubilising bacteria enhance Oryza 

sativa growth and nutrient accumulation in an oxisol 

fertilized with rock phosphate. Ecol Eng 83 : 380-

385.  

[10] Dagnelie, P. (1986). Théorie et méthodes 

statistiques. 2nd ed. Gembloux, Belgique: Presses 

agronomiques. 

[11] Edi Premono, M., Moawad, A.M. et Vlek, P.L.G. 

(1996). Effect of phosphate-solubilizing 

Pseudomonas putida on the growth of maize and its 

survival in the rhizosphere. Indonesian Journal of 

Agricultural Science 11: 13-23.  

[12] Fazli, Y., Kulani, E. et Khezri, K. (2015). PMMA-

grafted silica aerogel nanoparticles via in situ 

SR&NI ATRP: Grafting through approach. 

Microporous and Mesoporous Materials  214: 70–79. 

[13] Garbaye, J. et Bowen, G.D. (1989). Stimulation of 

ectomycorrhizal infection of Pinus radiara by some 

microorganisms associated with the mantle of 

ectomycorrhizas. New Phytol.112: 383-388. 

[14] Gerdemann, J.W. et Nicolson, T.H. (1963). Spores 

of mycorrhizal Endogone species extracted from soi 

by wet sieving and decanting. Trans Brit Mycol Soc 

46: 235-246 

[15] Hashem, A., Abdallah, E.F., Alqarawi, A., 

Aldubise, A. et Egamberdieva, D. (2015). 

Arbuscular mycorrhizal fungi enhances salinity 

tolerance of Panicum turgidum Forssk by altering 

photosynthetic and antioxidant pathways. J Plant Int 

10 (1): 230-242.                                                                                                                                                                                     

[16] Kang, S.M., Khan, A., Hamayun, M., Hussain, J., 

Joo, G.J., You, Y.H., Kim, J.G. et Lee, I.J. (2012). 

Gibberellin-producing Promicromonospora sp. 

SE188 improves Solanum lycopersicum plant 

growth and influences endogenous plant hormones. J 

Microbiol 50: 902–909. 

[17] Kennedy, I.R., Choudhury, A.T. et Kecskés, M.L. 

(2004). Non–symbiotic bacterial diazotrophs in 

crop–farming systems: can their potential for plant 

growth promotion is  better exploited. Soil Biol 

Biochem 36: 1229-1244.  

[18] Kohler, T.A. et Timothy, A. et al. (2007). 

Settlement Ecodynamics in the Prehispanic Central 

Mesa Verde Region. In: Lipe WD, Morris JN, 

Kohler TA, editors. Modeling Socionatural Systems  

1st ed:, USA, pp. 61–104.  

[19] Marschner, P., Yang, C.H., Lieberei, R. et 

Crowley, D.E. (2001). Soil and plant specific effects 

on bacterial community composition in the 

rhizosphere. Soil biology and biochemistry 33: 1437 

– 1445. 

[20] McGonigle, T.P., Miller, M.H., Evans, D.G., 

Fairchild, G.L. et Swan, J.A. (1990). A method 

which gives an objective measure of colonization of 

roots by vesicular-arbuscular mycorrhizal fungi. 

New Phytol. 115: 495-501.  

[21] Minaxi, J.S., Chandra, S., Nain, L. (2013). 

Synergistic effect of phosphate solubilizing 

rhizobacteria and arbuscular mycorrhiza on growth 

and yield of wheat plants. J Soil Sci Plant Nutr 13, 

(2) : 511-525. 

[22] Mtimet, A. (2016). Les sols tunisiens à l’épreuve de 

la durabilité : de la gestion à la gouvernance. ISBN 

978-9938-14-730-8. 

[23] Murray, P., Baron, E., Jorgensen, J., Pfaller, 

M.A. et Yorken, R.H. (2003). Susceptibility testing 

methods yeast and filamentous  fungi, manual of 

clinical microbiology 8th ed. Vol. 2 American 

Society Microbiology press Washington DC. 

[24] Oehl, F., Sieverding, E., Ineichen, K., Mader, P., 

Boller, T. et Wiemken, A. (2003.) Impact of land 

use intensity on the species diversity of arbuscular 

mycorrhizal fungi in agroecosystems of Central 

Europe. Appl Environ Microbiol 69: 2816-2824.  

[25] Osorio, N.W., Habte, M. (2001). Synergistic 

influence of an arbuscular mycorrhizal fungus and P 

solubilizing fungus on growth and plant P uptake of 

Leucaena leucocephala in an Oxisol. Arid Land Res 

Mgmt 15: 263–274. 

[26] Parkash, V., Sharma, S. et Aggarwal, A. (2011). 

Symbiotic and synergistic efficacy of 

endomycorrhizae with Dendrocalamus strictus  L. 

Plant Soil Environ 57(10): 447-452.  

[27] Pauwels, J.M., Van Ranst, E., Verloo, M. et 

Mvondo, Z.A. (1992). Methods of analysis of major 

elements in the plant. Pedology Laboratory Manual: 

Soil and plant analysis methods. Equipment, 

management of glassware and chemical products (in 

French). 1st ed. AGCD, Dschang-Bruxelles. 

Agricultural publications  

[28] Peix, A., Rivas, A., Mateos, P.F., Martinez-

Molina, E., Rodriguez-Burrueco, C. et Velazquez, 

E. (2003). Pseudomonas rhizosphaerae sp. nov., a 

http://dx.doi.org/10.22161/ijeab/4.2.43
http://www.ijeab.com/


 International Journal of Environment, Agriculture and Biotechnology (IJEAB)                             Vol-4, Issue-2, Mar-Apr- 2019 

http://dx.doi.org/10.22161/ijeab/4.2.43                                                                                                                      ISSN: 2456-1878 

www.ijeab.com                                                                                                                                                                             Page | 588 

novel species that actively solubilizes phosphate in 

vitro. Int J Syst Evol Microbiol 53: 2067 – 2072. 

[29] Schrey, S.D., Salo, V., Raudaskoski, M., Hampp, 

R., Nehls, U. et Tarkka, M.T. (2007). Interaction 

with mycorrhiza helper bacterium Streptomyces  sp. 

AcH 505 modifies organisation of actin cytoskeleton 

in the ectomycorrhizal fungus  Amanita muscaria (fly 

agaric). Curr Genet 52: 77–85.  

[30] Sharma, S.B., Sayyed, R.Z., Trivedi, M.H. et 

Gobi, T.A. (2013). Phosphate solubilizing microbes: 

sustainable approach for managing phosphorus 

deficiency in agricultural soils. Soil Sci Plant Nutr 

44: 617–625. 

[31] Sidat, M., Bux, F., Kasan, H.C. (1999). 

Polyphosphate accumulation by bacteria isolated 

from activated sludge. Water SA 25: 175-180. 

[32] Zougari, B., Issami, W., Msetra, A., Yoland, D. et 

Lounes-Haj Sahraoui, A. (2016) Monitoring the 

evolution of the arbuscular mycorrhizal fungi 

associated with date palm. Journal of New Sciences. 

31(12): 1822-1831 

http://dx.doi.org/10.22161/ijeab/4.2.43
http://www.ijeab.com/

