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ABSTRACT 
 

Two field trials were conducted during two winter growing seasons of 2016/2017 and 2017/2018, using drip irrigation 

system. The target of this study was to evaluate the response of Rhizobium-faba bean symbiosis system to rhizobacterial inoculation 

(Serratia  marcescens and Bacillus megaterium) and AM-fungi under graded levels of natural rock phosphate (15,30 and 45 kg 

P2O5/fed).The experimental design was arranged in a completely randomized block design with four replicates. The number and dry 

weight of nodules, N2-ase activity, plant height, dry weight of shoot and their contents of N, P and K ,the number of pods plant-1 and 

the number of seeds pod-1as well as 100-seed weight, the biological yield, seed yield and seed crude protein percentage were 

evaluated. The study was also concerned with the impacts of such microbial inocula and rock phosphate on dehydrogenase and 

phosphatase activities in soil rhizosphere. The obtained results elicited that the uninoculated plants were poorly nodulated. While, 

inoculating faba bean seeds with efficient Rhizobium exerted great improvement in nodulation status and N2-ase activity. The 

microbiological properties of rhizosphere soil, which expressed by dehydrogenase enzyme activity and the activity of phosphatases 

displayed higher response to applied biofertilizers. In fact, the splendid effect was observed with the use of inoculation approach 

(mixture of Rhizobium, Serratia, Bacillus and AM-fungi), which caused promotive impression in nodulation, the activity of 

rhizosphere soil enzymes, plant growth aspects and all faba bean yield charactersin relative to other combinations or plants 

inoculated with Rhizobium only. Irrespective of inoculation, there is an increase in nodulation status, all vegetative growth 

characters, the activity of rhizosphere soil enzymes and faba bean yield with increasing natural rock-phosphate rate from 60 to 180 

kg/fed(15 to 45 kg P2O5/fed).Hence, data confirmed the superiority of treatment comprising (Rhizobium conjugated mixture of 

PGPR's and AM-fungi)in combination with 30 or 45 kg P2O5/fed, which surpassed the other tested combinations and caused a 

significant augmentation in all studied faba bean parameters. While, inoculation with Rhizobium combined with PGPRs or AM-fungi 

and fertilized with 45 kg P2O5/fed came in the second rank. Obtained findings displayed a considerable evidence that inoculation of 

faba bean seeds with Rhizobium combined with a mixture of rhizobacteria may revealing a good practice for improving faba bean 

growth and yield characters and leading to healthier food, particularly when this practice supported by effective AM-fungi and 

natural rock phosphate (30 kg P2O5/fed). 

Keywords: Faba bean (Vicia  faba L.), Rhizobium leguminosarum, Serratia marcescens, Bacillus megaterium, Arbuscular mycorrhizal 

fungi (AM-fungi),Rock-phosphate and Sandy soil.  
 

INTRODUCTION 
 

Faba bean (Vicia faba L.) is a member of 

leguminous family which widely grown in winter season 

and contain a high amount of proteins and carbohydrates 

(Sepetoğlu, 2002). It is also economical lyre presents a 

strategic crop in terms of its income to the farmers. 

Furthermore, high nutrients, i.e. nitrogen, contents make it 

a green manure for soil fertility, human nutrition as a vital 

source of vegetarian protein, animal feeding as well as 

other industrial objectives. However, there was a 

considerable decline in faba bean cropping in Egypt. Thus, 

the cultivated area should be increased by expending in the 

newly reclaimed soil and cultivation of highly yield 

cultivars throughout application of best agricultural 

management including the soil mineral fertilization along 

with bio fertilization (El-Gizawy and Mehasen, 2009 and 

Ghazi, 2017). 

Biologically fixed nitrogen by Rhizobium-legume 

symbiosis is efficiently share forest ablish and clean the 

agricultural environment in a sustainable sound (Jensen 

and Hauggaard, 2003). Inoculation of legumes with 

effective and efficient competitive strains of Rhizobium in 

newly soils has been recommended. So that, an efficient 

biological nitrogen fixation could be consider as one of the 

main factors that should be available to cultivate legumes 

and to increase the fertility of newly reclaimed soils 

(Badawi et al., 2011 &Nikfarjam and Aminpanah, 2015). 

The fertilization with phosphorus (P) has various 

obstacles although it is found in abundant amount within 

cultivated soils as inorganic and organic forms. It is 

recognized to playa highly role in the growth and 

metabolism of leguminous plants and it considered the 

most important fertilizer needed for maximizing yield. 

Phosphorus is a constituent of nucleic acids and considered 

as high strong energy compounds, stimulates cell division 

and metabolic processes as well as enhances root growth, 

nodulation and N2-fixation (Zaidi et al., 2009 and Sharma 

et al., 2012).However, the immobilization of phosphorus 

through the processes of sorption and precipitation with 

other cations in the soils lead to increase the cost with low 

efficiency of soil P fertilization in the agro-ecosystems 

(Garg and Bahl, 2008 and Ghazi, 2017).Rock phosphates 

(apatite) are fertilizers amply recommended for soils with 

high Pfixation capacity because other more soluble sources 

are quickly fixed. However, rock-phosphates are extremely 

insoluble, particularly in alkaline soils, and a little more 

reactivity is always desired (Akintokum et al., 2003; 

Vassilev et al., 2006 and Vega, 2007). Phosphate 

solubilization process that potentially mediated by 

phosphate solubilizing microorganisms (PSMs) are widely 

occur in the cultivated soils and has a vital role in stimulate 

the availability of accumulated phosphates taking in mind 

the environment health as well as sustainability aspects. 

Such process that taken place by PSMs could also share 

into improve the growth of plants by many pathways other 

than P solubilization including the production of 

phytohormones and antagonism toward soil borne 

pathogens (Khan et al., 2014). 

Plant growth promoting rhizo bacteria "PGPRs" are 

numerous microorganisms that could potentially colonize 

the plant roots and reveal the ability in order to improve the 
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plant development as well as their productivity viamany 

exerted beneficial strategies (Das and Singh, 2014). Such 

strategies included in the direct enhancement of the plant 

growth could be represented by fixation of atmospheric 

nitrogen, siderophores production, availability of nutrients 

and release of phytohormones (Kloepper, 2003;Yang et al., 

2009and Santoyo et al., 2016). However, there are indirect 

strategies could be exerted by mean of PGPRs through 

biological restriction of phytopathogenic microorganisms 

or stimulation of self-defense by host (Kloepperet al., 

2004andLugtenberg and Kamilova, 2009).  

Recently, the fertilization using beneficial 

microorganisms to improve availability of phosphorus as 

well as micronutrients along with the improvement of their 

uptake has become a vital tool in crop cultivation. In this 

concern, Bacillus megaterium, which also referred as 

"phosphate dissolving bacteria (PDB)" was used as 

biofertilizer for improving P solubilization, in turn, 

absorption and producing antimicrobial agents against 

deleterious microorganisms(Kloepper, 2003 and Gururani et 

al., 2013). Also, Serratia marcescens is a species of Gram-

negative bacterium which characterized by production of 

antagonistic substances, i.e. extracellular enzymes, for 

degradation of chitinolytic comp on entmainly comprises 

pathogenic fungal cell walls and in ternpromotes the plant 

growth(De Queiroz and De Melo, 2006),biologically 

controlling plant pathogens(Tilak et al., 2006 and Verma et 

al., 2010) and availability of phosphates (Tripura et al., 2007 

and Badawi et al., 2011).  

Arbuscular mycorrhiza (AM)are continuously 

interacting with a wide range of soil microorganisms 

including PGPR, mycorrhiza helper bacteria and 

deleterious bacteria. Their interactions can have important 

implications in agriculture (Miransari, 2013). AM-fungi 

are known to be ubiquitous in agricultural soils and are 

believed to enhance P nutrition of plants by scavenging the 

available P due to the large surface area of their hyphae, 

and by their high affinity P uptake mechanisms. There are 

also documents of organic acid production by AM that 

could solubilize the insoluble mineral phosphates 

(Gyaneshwar et al., 2002).Many benefits have been 

resulted because of the symbiosis between AM-fungi and 

roots of hosted plants and widely spread in the natural 

environment including the improvement of nutrition and 

enhancement of nitrogen fixation (Antunes et al., 

2006),biological control of soil borne pests as well 

asstimulate the resistance to drought conditions (Liu et al., 

2012 and Hashem et al., 2014).   

Seed inoculation with some biofertilizers such as 

Rhizobium, Bacillus megaterium, arbuscular mycorrhiza and 

Serratia promoted the plant growth and yield of legume 

crops. Beneficial responses due to interaction of PGPRs with 

rhizobia have been reported previously (Verma et al., 2010 

and Badawi et al., 2011). However, AM-fungi and rhizobia 

are two of the most important plant symbionts.  

Mycorrhiza sbene fit the host through 

mobilization of phosphorus from nonlabile sources, 

whereas Rhizobium fixes N (Aysan and Demir, 2009 

and Tajiniet al., 2012).There were several cases in which 

AM-fungi and PGPR coinoculations supported each other 

in terms of the improvement of plant growth and nutrient 

uptake (Bisht et al., 2009; Bhromsiri and Bhromsiri,2010 

& Liu et al., 2012). They showed a positive and synergistic 

interaction between mycorrhizae and associated 

microorganisms that can improve plant nutrition, growth, 

reduce plant disease, and they are usually more effective 

when added together than alone. In this concern, results of 

Miransari, 2013 showed that the utilization of poorly 

soluble sources of phosphate were improved as a result of 

the synergistic interaction between AM-fungi and PDB.  

This investigation was carried out to study the 

response of Rhizobium-faba bean symbiosis system, 

growth and productivity to rhizo bacterial inoculation and 

AM-fungi under different levels of natural phosphorus in 

sandy soil. 
 

MATERIALS AND METHODS 
 

Two field trials were performed at the field of the 

Environmental Studies & Research Institute (ESRI), Sadat 

City University, Egypt, during winter seasons of 

2016/2017 and 2017/2018 under drip irrigation conditions 

in order to study the response of Rhizobium-faba bean 

symbiosis system, growth and productivity to rhizo 

bacterial inoculation and AM-fungiunder different levels of 

phosphate fertilization. The influence of such microbial 

inoculation and rock phosphate on dehydrogenase and 

phosphatase activities in soil rhizosphere also studied. 

Soil:  

The soil of experiment was sampled from the top 

20 cm layer of field, air-dried and sieved through a 2 mm 

screen. The main physiochemical characters of the 

experimental soil are shown in Table (1). 
 

Table 1. Some physiochemical characters of the soil 

Property 

Values 

Season  

2016/2017 

Season 

2017/2018 

Particle size distribution : 

Sand (%) 

Silt(%) 

Clay (%) 

Texture grade 

CaCO3 (%) 

Saturation percent (S.P %) 

pH (1:2.5,soil: water suspension) 

E.C (dS m
-1
, in the paste extract) 

Soluble cations and anions (meq L
-1
): 

Ca
++ 

Mg
++ 

Na
+ 

K
+ 

CO
=

3
 

HCO
-
3 

Cl
- 

SO
=

4 

Organic matter ( % ) 

Total soluble N (mg kg
-1
) 

Available-P (mg kg
-1
) 

Available-K (mg kg
-1
) 

*
DTPA-extractable (mg kg

-1
): 

Fe 

Mn 

Zn 

Cu 

 

88.60 

4.80 

6.60 

Sandy 

1.90 

21.30 

7.63 

1.82 

 

5.30 

4.92 

5.82 

2.14 

0.00 

5.82 

4.70 

7.66 

0.30 

15.55 

6.25 

66.40 

 

1.10 

0.32 

0.38 

0.17 

 

88.50 

4.60 

6.90 

Sandy 

1.82 

21.10 

7.70 

1.73 

 

5.41 

4.42 

5.33 

2.20 

0.00 

5.61 

4.56 

7.19 

0.33 

16.82 

6.70 

72.50 

 

1.14 

0.34 

0.36 

0.15 
* Di-ethylene tri-amine penta acetic acid    

 

http://www.answers.com/topic/gram-negative
http://www.answers.com/topic/gram-negative
http://www.answers.com/topic/bacteria
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2007.02282.x/full#b25
http://onlinelibrary.wiley.com/doi/10.1111/j.1472-765X.2007.02282.x/full#b29
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Microbial cultures: 

Rhizobium leguminosarum bv. Viciae (mixture of 

ARC 221 and ICARDA 441),rhizo bacterial, namely 

Serratia marcescens (strain WW4)and Bacillus 

megaterium var. phosphaticum (local isolate) and 

Arbuscular mycorrhizal fungi were kindly provided by 

Microbiol. Dept., Soils, Water and Environ. Res. Instit., 

Agricultural Research Center (ARC), Giza, Egypt. 

Inoculants preparation:  

Rhizobium was cultured in a yeast extract 

mannitol (YEM)broth medium (Vincent, 1970), while 

Serratia and Bacillus were grown in King‟s medium B 

(Atlas, 1995).  

Cultures were incubated at 28
o
C for three days on 

a rotary shaker until early log phase had been developed 

to 10
9 

viable cell ml
-1

.Mixed spores of Arbuscular  

mycorrhizal fungi genera (Glomus, Gigaspra and 

Acaulospora) were prepared after propagation and mixed 

with sterilized peatmoss as a carrier (200 spore/g). 

Experimental design:  

The experimental design was arranged in a 

completely randomized block design with four replicates 

with a plot area of 13.5 m
2
 including 6 rows 3m in length 

and 75cm in width. The following treatments were 

conducted: 

1- Uninoculated (received recommended NPK). 

2- Inoculated with Rhizobium (Rh.) + 15 kg P2O5/fed. 

3- (Rh.) + 30 kg P2O5/fed. 

4- (Rh.) + 45 kg P2O5/fed. 

5- (Rh.) +Serratia marcescens (S.) + 15 kg P2O5/fed. 

6- (Rh.) + (S.) + 30 kg P2O5/fed. 

7- (Rh.) + (S.) + 45 kg P2O5/fed. 

8- (Rh.) + Arbuscular  mycorrhizal fungi (AM-fungi) + 

15 kg P2O5/fed. 

9- (Rh.) + (AM-fungi) + 30 kg P2O5/fed. 

10- (Rh.) + (AM-fungi) + 45 kg P2O5/fed. 

11- (Rh.) + Bacillus megaterium (B.m) + 15 kg P2O5/fed. 

12- (Rh.) + (B.m) + 30 kg P2O5/fed. 

13- (Rh.) + (B.m) + 45 kg P2O5/fed. 

14-  (Rh.) + (S.) + (AM-fungi) + (B.m) + 15 kg P2O5/fed. 

15-  (Rh.) + (S.) + (AM-fungi) + (B.m) + 30 kg P2O5/fed. 

16- (Rh.) + (S.) + (AM-fungi) + (B.m) + 45 kg P2O5/fed. 

Seeds:  

Seeds of faba bean (Vicia faba, cv. Giza 40) were 

kindly supplied by Food Legume Research Program, 

Field Crops Research Institute, ARC, Giza, Egypt. 

Fertilization:  

Organic fertilizer (compost) at a rate of 10m
3
/fed 

kindly supplied by Soil, Water and Environ. Res. Inst. 

(SWERI), ARC, Giza, Egypt, was added to the 

experimental soil 10 days before sowing. The main traits 

of used mature compost are shown in Table (2). 

All treatments received potassium sulphate (48% 

K2O) at the rate of 50 kg/fed (24 kg K2O/fed).All 

inoculated treatments received 20 Kg N/fed in the form of 

ammonium sulphate (20.6% N) at sowing as an activator 

dose for bacteria, while the uninoculated treatment 

received 40 kg N/fed, which applied in three equal split 

doses after 15, 25 and 35 days from sowing. Phosphorus 

fertilizer was added to the uninoculated treatment as 

calcium superphosphate (15% P2O5) during soil 

preparation nat a rate of 200 Kg/fed (30 kg P2O5/fed). All 

inoculated treatments fertilized with rock phosphate (25% 

P2O5), which broadcasted and incorporated into the soil 

10 days before sowing at the rates of 15, 30 and 45 kg 

P2O5/fed equal 60, 120 and 180 kg rock phosphate/fed, 

respectively. 
 

Table 2. Characterization of the used compost 

Property Value 

Bulk density (kgm
-3

) 

Water holding capacity (%) 

pH (1:10 watery extract) 

EC (dS/m) 

Organic-C % 

T-Nitrogen % 

C/N ratio 

Total-P (%) 

Total-K (%) 

Soluble-N (mg kg
-1
) 

Available-P (mg kg
-1
) 

Available-K (mg kg
-1
) 

*
DTPA-extractable (mg kg

-1
): 

Fe 

Mn 

Zn 

Cu 

Total bacteria (cfug
-1

) 

Total fungi (cfug
-1

) 

Total actinomycetes (cfug
-1
) 

**
Dehydrogenase activity (mg TPF/100 g) 

***
Germination test of cress seeds (%) 

544.0 

189.4 

7.10 

2.95 

26.85 

1.61 

16.68 

1.12 

1.43 

665.4 

216.9 

715.2 

 

189.9 

39.2 

46.1 

5.9 

8 x 10
7
 

5 x 10
6
 

3.6 x 10
6
 

168.4 

86.0 
*Di-ethylene tri-amine penta acetic acid.    
**2,3,5 Tri-Phenyl-Formazan. 
***Cress seeds incubated for 48 hr. 
 

Inoculation:  

Seeds of faba were inoculated with gamma 

irradiated vermiculite-based inoculants of each bacterium 

(for a mixture of two Rhizobium strains and tested 

PGPR)at a rate of 600g inoculum/60 kg seeds. Mixed 

spores of AM-fungi were prepared after propagation, 

mixed with sterilized peatmoss as a carrier (200 spore/g), 

and then applied as a seed coating for surface sterilized 

faba bean seeds. The inoculants mixed with a sticker such 

as Arabic gum and uniformly coated on the seeds (70 

spore/seed) and then air dried for 2 hours before planting. 

Seeds of faba bean were sown into the hills on 1
st
 

and 5
rd 

November in 2016 and 2017 growing seasons, 

respectively, and then drip irrigation took place 

immediately. The growing faba bean plants were thinned 

to specify the plant density and the crop was kept clean 

by hand weeding two and three weeks after sowing. 

Analyses: 

The characterization of the used soil and compost 

was done as descripted by Piper (1950), Page et al. 

(1982), Iglesias-Jimenez & Perez-Garcia (1989) and Pare 

et al., 1997.Nitrogenase enzyme activity was executed as 

described by Hardy et al (1973). DHA-ase activity was 

assayed calorimetrically according to Page et al. (1982). 

Phosphatase enzyme activity was determined according 

to procedure described by Tabatabai (1982). 

The nitrogen, phosphorus and potassium were 

determined in the dried and digested plant materials 

according Page et al., 1982. Seed crude protein% was 
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expressed as a product of nitrogen % and 6.25 according 

to A.O.A.C (1990). 

Analysis of variance (ANOVA) was performed 

according to Snedecor and Cochran (1980) using LSD at 

level of 0.05 for differences comparison among the 

means. 
 

RESULTS AND DISCUSSION 
 

Faba bean nodulation status and N2-ase activity: 

Nodulation originated on the faba bean roots and 

N2-ase activity as affected by inoculation with Rhizobium 

either singly or combined with tested rhizobacteria 

(Serratia marcescens and Bacillus megaterium) and/or 

AM-fungi under different levels of natural phosphate in 

sandy soil are presented in Table (3). Uninoculated plants 

were poorly nodulated due to poor establishment of 

native rhizobia in experimental soils. Hence, the presence 

of native rhizobia of faba bean in the experimental soil is 

of inadequate number, having a low efficiency of 

nitrogen fixation. Inoculating seeds with efficient 

Rhizobium exerted great improvement in nodulation 

status and N2-ase activity in both seasons, indicating the 

necessity of using effective strains of Rhizobium to 

achieve a good nodulation, especially in areas where 

indigenous nodulation has been found to be inadequate. 

Badawi et al. (2011) & Siczek and Lipiec (2016) reported 

this observation. However, the combined application of 

Rhizobium conjugated with tested rhizobacteria or AM-

fungi showed a significant predictable improvement in 

nodulation and N2-ase activity of faba bean roots in 

relative to the uninoculated plants or plants inoculated 

with Rhizobium. Obviously, mixed inoculation treatment 

(Rhizobium + PGPR+ AM-fungi) surpassed the other 

treatments in both seasons. These results may be due to 

that biofertilizers produce some growth regulators, which 

may improve the nodulation status by hormonal 

stimulation besides N2-fixation (Tajini et al., 2012 and 

Byan and El-Shimi, 2014). 
 

Table 3. Nodulation status of faba bean plants as affected by bacterial inoculation and arbuscular mycorrhizal 

fungi under different rates of rockphosphate 

Treatments 

Number of  

nodules/plant 

Dry weight of nodules 

(mg/plant) 
N2-ase activity (mol 

C2H4/g d.wt nodules/hr) 

2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 

Uninoculated (Recom. NPK) 19.67 21.67 258.09 263.85 5.36 4.94 

Rhizobium (Rh.) 

15-P 

30-P 

45-P 

33.67 

40.00 

48.67 

42.67 

46.33 

52.00 

339.98 

397.43 

443.80 

352.15 

438.17 

449.54 

37.47 

41.16 

48.63 

34.50 

37.93 

47.10 

Rh. + Serratia (S.) 

15-P 

30-P 

45-P 

41.67 

50.33 

56.33 

50.33 

56.67 

61.67 

435.06 

453.86 

463.99 

467.12 

468.01 

487.17 

39.27 

45.03 

53.62 

36.15 

41.45 

49.38 

Rh. + (AM-fungi) 

15-P 

30-P 

45-P 

44.67 

54.67 

61.67 

49.67 

56.67 

58.33 

454.77 

465.17 

477.06 

458.19 

471.05 

483.21 

37.60 

50.38 

54.48 

34.62 

46.38 

54.40 

Rh. + Bacillus (B.m) 

15-P 

30-P 

45-P 

46.33 

54.33 

62.67 

52.00 

59.00 

62.00 

446.99 

471.33 

479.74 

458.53 

466.10 

478.95 

40.31 

46.70 

56.69 

36.43 

42.97 

52.14 

Rh. + S. + (AM fungi) + B.m 

15-P 

30-P 

45-P 

50.00 

59.67 

66.00 

55.33 

65.00 

67.00 

453.57 

474.03 

487.14 

474.38 

487.48 

491.53 

48.63 

53.00 

67.29 

44.77 

48.75 

61.89 

LSD at 5% 3.986 4.484 17.250 7.920 6.210 4.340 
Uninoculated treatment received 40 kg N/fed, 30 kg P2O5/fed (as superphosphate 15% P2O5) and 24 kg K2O/fed.  

All inoculated treatments received 20 kg N/fed and 24 kg K2O/fed. 

Rock phosphate (25% P2O5) was used as a source of phosphorus levels (15, 30 and 45 kg P2O5/fed) for all inoculated treatments.  

Rh.:Rhizobium leguminosarumS.:Serratia marcescens  AM-fungi: Arbuscular mycorrhiza   B.m:Bacillus megaterium. 
 

Irrespective of inoculation, the results in Table (3) 

showed that phosphorus fertilization improved the 

nodulation status and N2-ase activity in both seasons. The 

highest number and dry weight of nodules and N2-ase 

activity were obtained by adding 30 or 45 kg P2O5/fed as 

rockphosphate.  It is clear that the legumes responded well 

to rockphosphate and this reflects in producing strong root 

systems, increasing nodulation and biological N2-fixation.  

Hence, it is known that P is the most limiting factor 

for N2 fixation by Rhizobium-legume symbiosis (Aboel-

Soud et al., 2003 and Mohammed, 2004).These results 

might be attributed to phosphorus is an essential element 

for root development and stimulate cell division as well as 

required for the normal functioning of nitrogen fixing 

bacteria and has a favorable effect on the number and 

weight of the effective nodules formation on the root 

system. This finding is congruent with the investigation of 

(Knany et al., 2004 and Zarrin et al., 2007).Recently, 

Divito and Sadr as (2014) and Mouradi et al. (2018) added 

that nodules are highly sensitive to nutrient deficiency, 

with the hypothesis that plants grown under P-deficiency 

tend to reduce their nodule number rather than nodule 

mass, in this manner they facilitate oxygen diffusion into 

the nodule to assure effective N2-fixing. 

The data in Table (3) revealed that all inoculated 

treatments in the presence of different natural phosphorus 

levels (15, 30 or 45 kg P2O5/fed) were superior to 

uninoculated treatment. The higher nodulation status and 

N2-ase activity was obtained due to application of 30 or 45 

kg P2O5/fed, with relatively higher values in the case of 

faba bean inoculated with mixed inoculum (Rhizobium + 

rhizobacteria + AM-fungi) compared with other tested 
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combinations. The difference between the two phosphorus 

levels did not reach the level of significance. The 

associative action of such biofertilizers and phosphorus 

levels yielded the highest values of nodules number (59.67 

and 66.00 plant
-1
); nodules dry weight (474.03 and 487.14 

mg plant
-1

) and N2-ase activity (53.00 and 67.29µmol 

C2H4/g d.wt noduleshr
-1
) in the first season, respectively. 

During the second season, the corresponding higher values 

of nodules number were (65.00 and 67.00 phant
-1
), nodules 

dry weight (487.48 and 491.53mg plant
-1

) and N2-ase 

activity (48.75 and 61.89µmol C2H4/g d.wt nodules hr
-1

), 

respectively. These results could be explained as increasing 

phosphorus level up to 30 or 45 kg P2O5/fed, AM-fungi 

and rhizobacteria may enhance the Rhizobium bacteria to 

form more nodules due to increasing the level of supply in 

available form of nutritional elements. The promoting 

effects on nodulation and symbiotic performance might 

occur through the integration between the various 

mechanisms offered by mixing more than efficient 

rhizobacteria and AM-fungi, which act to enhance root 

proliferation and provide more infection sites to rhizobia. 

Many investigators confirmed the stimulating effect of 

PGPR and AM-fungi in creating a favorable habitat for 

improving nodulation pattern and biological N2-fixation 

(Aysan and Demir, 2009; Badawi et al., 2011; Tajini et 

al., 2012; Miransari, 2013). 

Dehydrogenase and phosphatase activities: 

In general, the measurement of soil enzymes activity 

is a good index of soil quality and can be used as indicative 

of the biological activity or biochemical process. DHA 

enzyme has often been used as a parameter to evaluate the 

overall microbial activity in soil. However, efficient 

acquisition and utilization of ++phosphorus requires 

ubiquitous class of enzymes known as phosphatases. They 

play an important role in the production, transport and 

remobilization of available phosphorus. 

In this context, rhizosphere soil enzymes 

(dehydrogenase and phosphatase activities) as affected by 

inoculation with Rhizobium either individually or 

interacting with tested PGPRs and AM-fungi under 

different levels of natural phosphorus in sandy soil are 

presented in Table (4). All tested enzymes were 

significantly affected by different treatments under study 

and behaved in a similar manner as in N2-ase activity. 

Irrespective of phosphate levels, a significant increase in 

DHA-ase and phosphatase (acid and alkaline) activities 

was observed upon in oculation. The uninoculated 

treatment showed lower values of DHA-ase activity (6.90 

and 7.49 µg TPF/g dry soil/day), alkaline phosphatase 

(30.45 and 32.42 µg P/g dry soil) and acid phosphatase 

(25.18 and 24.68µg P/g dry soil) in both seasons, 

respectively. Rhizobial inoculation increased the rate of 

DHA-ase and phosphatase activities. Siczek and Lipiec 

(2016) showed that Rhizobium inoculation induced a 

significant increase in a majority of enzymatic activities in 

the rhizosphere throughout the vegetative period of faba 

bean. However, the maximal rates of DHA-ase activity, 

alkaline phosphatase and acid phosphatase were obtained 

by a Rhizobium conjugated mixture of PGPR's and AM-

fungi treatment. The other tested treatments (Rhizobium 

conjugated with AM-fungi or with PGPR's) came in the 

second rank. This might have been due to increased 

microbial and root activities. In fact, the microbiological 

properties of rhizosphere soil, which expressed by 

dehydrogenase enzyme activity and the activity of 

phosphatases displayed higher response to applied 

biofertilizers. These results are in conformity with those of 

Hashem et al. (2014)and Vafadar et al.(2014) who 

confirmed that dual inoculation of PGPR and AM-fungi 

led to higher biological N2 fixation (BNF), DHA-ase and 

phosphatase(acid and alkaline) activities. 

 

Table 4. Effect of bacterial inoculation, arbuscular mycorrhizal fungi and different rates of rockphosphate on 

dehydrogenase and phosphatase activities in soil rhizosphere after 60 days from sowing 

Treatments 

Dehydrogenase activity 

(gTPF/g dry soil /day) 

Alkaline phosphate 

(g P/g dry soil) 

Acid phosphate 

(g P/g dry soil) 

2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 

Uninoculated (Recom. NPK) 6.90 7.49 30.45 32.42 25.18 24.68 

Rhizobium (Rh.) 

15-P 

30-P 

45-P 

11.93 

14.48 

15.70 

13.00 

15.70 

17.11 

40.30 

48.90 

49.84 

44.40 

53.60 

53.91 

31.10 

36.20 

44.40 

31.60 

38.00 

45.40 

Rh. + Serratia (S.) 

 

15-P 

30-P 

45-P 

12.33 

14.93 

15.90 

13.50 

16.20 

17.26 

44.30 

48.30 

52.50 

53.80 

56.50 

56.90 

34.80 

38.90 

46.60 

37.50 

42.80 

50.00 

Rh. + (AM-fungi) 

15-P 

30-P 

45-P 

12.72 

14.94 

16.20 

13.80 

16.20 

17.55 

52.80 

61.00 

69.20 

57.90 

64.30 

69.80 

39.00 

49.10 

56.40 

38.20 

52.80 

56.70 

Rh. +  Bacillus (B.m) 

15-P 

30-P 

45-P 

12.60 

15.07 

16.30 

13.70 

16.40 

17.66 

49.20 

57.00 

61.40 

57.20 

60.20 

66.30 

42.90 

53.20 

60.10 

44.80 

59.20 

61.90 

Rh. + S. + (AM-fungi) + B.m 

15-P 

30-P 

45-P 

16.69 

17.20 

17.92 

18.10 

18.70 

19.47 

52.20 

55.80 

61.90 

56.10 

61.40 

71.90 

58.40 

52.00 

60.30 

53.40 

61.10 

67.10 

LSD at 5% 1.181 1.278 4.180 6.300 10.920 2.143 
Uninoculated treatment received 40 kg N/fed, 30 kg P2O5/fed (as superphosphate 15% P2O5) and 24 kg K2O/fed.  

All inoculated treatments received 20 kg N/fed and 24 kg K2O/fed. 

Rockphosphate (25% P2O5) was used as a source of phosphorus levels (15, 30 and 45 kg P2O5/fed) for all inoculated treatments.  

Rh.:Rhizobium leguminosarumS.:Serratia marcescens  AM-fungi: Arbuscular mycorrhiza   B.m:Bacillus megaterium. 
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Irrespective of inoculation, the highest 

dehydrogenase and phosphatase activities were obtained 

under phosphorus levels (30 or 45 kg P2O5/fed as rock 

phosphate) in both seasons. Šarapatka (2002) reported 

that the carbon, total nitrogen and phosphorus content 

could serve as a basis for increasing both biological and 

enzymatic soil activities. However, it is often assumed, 

that inorganic fertilizers had relatively less effect on soil 

enzymes activity, particularly DHA-ase activity, than 

organic fertilizers (Macci et al., 2012).It is known that 

phosphatase activity is strongly regulated by P supply and 

production of phosphatase may play an important role in 

the regulation of P supply (Olander and Vitousek, 2000& 

Fouda, 2017). However, phosphorus deficiency often 

enhances extracellular phosphatase activity from plant 

roots, fungi and other microorganisms. Hence, there are a 

negative correlation between the available phosphorus 

content and both acid and alkaline phosphatase activity. 

The result substantiates the findings of Boudanga et 

al.(2015). 

Among the enzymes, DHA-ase showed the little 

bit different path during application natural phosphorus 

levels combined with biofertilizers. It varied from 11.93 

to 17.92 µg TPF/g dry soil/day in the first season and 

ranged from 13.00 to 19.47 µg TPF/g dry soil/day in the 

second one. Alkaline phosphatase ranged from 40.30 to 

69.20 µg P/g dry soil and from 44.40 to 71.90 µg P/g dry 

soil in both seasons, respectively. While, acid 

phosphatase varied from 31.10 to 60.30 µg P/g dry soil 

and from 31.60 to 67.10 µg P/g dry soil, respectively. 

However, the results clearly evident that the synergy of 

using 30 or 45 kg P2O5/fed and inoculation with 

Rhizobium either individually or combined with PGPRs 

or AM-fungi in increasing the activity of dehydrogenase 

and phosphatase, relative to the uninoculated treatment or 

inoculated treatments fertilized with 15 kg P2O5/fed. 

Treatment comprising (Rhizobium + PGPRs + AM-fungi) 

in combination with 30 kg P2O5/fed confirmed their 

synergistic interaction to enhance the activity of rhizo 

sphere soil enzymes. For instance, dehydrogenase 

enzyme activity (which is considered the reliable 

indicator of global biological activity in soil) was 

increased by 149.28 and 149.67% and the increase in 

alkaline phosphatase were 83.25 and 89.39% , while the 

increase in acid phosphatase were 106.51 and 147.57 % 

over that obtained under uninoculated treatment in both 

seasons, respectively. Apparently, rhizosphere 

phosphatase and dehydrogenase activity tends to be 

higher because of increased microbial numbers in the 

rhizosphere and the excretion of plant root enzymes. 

These enzyme activities associated with higher 

availability and uptake of nutrients, particularly 

phosphorus in plants (Šarapatka, 2002 and Dotaniya et 

al., 2014).These results are in the same line with previous 

studies confirming a positive impact of rhizobia with 

PGPR and AM-fungi activities on soil quality by 

increasing the activity of soil enzymes (Prasad et al., 

2012; Othman and Tamimi 2016& Mouradi et al., 2018). 

Plant growth: 

The plant growth characters including; plant 

height, shoot dry weight and its N, P and K accumulation 

as affected by Rhizobium inoculation with different 

PGPR's and AM-fungi under graded levels of natural 

phosphorus are given in Table (5). 
 

Table 5. Effect of bacterial inoculation and arbuscular mycorrhizal fungi on plant height, shoot dry weight and 

shoot N,P and K contents of faba bean plants grown under different rates of rockphosphate in sandy soil 

Treatments 
Plant height 

(cm) 

Shoot dry weight 

(g/plant) 

Shoot N-content 

(mg/plant) 

Shoot P-content 

(mg/plant) 

Shoot K-content 

(mg/plant) 

2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 

Uninoculated 

(Recom. NPK) 
55.06 51.78 19.98 20.36 608.30 597.80 74.50 80.10 215.80 220.10 

Rhizobium 

(Rh.) 

15-P 

30-P 

45-P 

32.85 

33.15 

37.68 

30.60 

30.59 

33.92 

13.62 

14.37 

15.99 

11.56 

13.45 

15.35 

496.22 

524.82 

543.11 

482.70 

527.10 

605.90 

55.40 

61.80 

63.89 

59.40 

67.00 

70.51 

132.80 

144.70 

164.47 

143.70 

156.80 

173.54 

Rh. +  

Serratia (S.) 

15-P 

30-P 

45-P 

46.27 

52.04 

56.67 

42.00 

48.69 

52.63 

15.49 

16.70 

21.53 

14.58 

17.15 

22.14 

495.96 

591.65 

624.20 

538.20 

642.30 

677.88 

56.80 

76.80 

75.90 

65.50 

74.60 

82.20 

171.30 

185.40 

258.70 

186.50 

200.70 

280.50 

Rh. + 

(AM-fungi) 

15-P 

30-P 

45-P 

41.85 

50.91 

53.66 

40.90 

49.99 

52.40 

14.50 

18.40 

23.06 

13.20 

19.24 

26.54 

511.62 

604.78 

626.80 

555.40 

656.80 

681.22 

67.70 

78.80 

101.50 

64.70 

85.10 

110.00 

169.90 

212.70 

300.50 

183.80 

266.20 

326.20 

Rh. +  

Bacillus 

(B.m) 

15-P 

30-P 

45-P 

49.39 

53.02 

58.27 

50.34 

57.26 

61.14 

13.34 

16.66 

20.87 

14.26 

15.46 

19.78 

485.53 

555.72 

612.70 

538.70 

603.40 

664.96 

62.30 

71.40 

81.90 

67.00 

76.80 

88.40 

178.20 

228.30 

290.30 

166.60 

247.40 

333.00 

Rh. + S. + 

(AM-fungi) 

+ B.m 

15-P 

30-P 

45-P 

49.82 

53.96 

59.28 

54.12 

59.67 

64.48 

18.61 

23.58 

25.75 

19.04 

26.78 

27.08 

548.44 

634.37 

660.50 

595.60 

688.70 

719.80 

67.60 

84.20 

106.80 

72.80 

90.90 

111.40 

256.60 

332.50 

424.80 

275.30 

361.10 

461.60 

LSD at 5% 7.550 6.880 1.930 2.110 32.430 17.590 8.570 5.130 91.950 35.410 
Uninoculated treatment received 40 kg N/fed, 30 kg P2O5/fed (as superphosphate 15% P2O5) and 24 kg K2O/fed.  

All inoculated treatments received 20 kg N/fed and 24 kg K2O/fed. 

Rockphosphate (25% P2O5) was used as a source of phosphorus levels (15, 30 and 45 kg P2O5/fed) for all inoculated treatments.  

Rh.:Rhizobium leguminosarumS.:Serratia marcescens  AM-fungi: Arbuscular mycorrhiza   B.m:Bacillus megaterium. 
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The present study clearly demonstrated that the 

uninoculated treatment (received a full dose of N,P and 

K) has been superior to Rhizobium inoculation treatment 

in all growth characters. As previously mentioned, 

bacterization of faba bean seeds with rhizobia combined 

with tested rhizobacteria and/or AM-fungi/fed can 

stimulate all plant growth aspects through enhancing 

processes such as nutrients uptake and controlling plant 

pathogens. These results were true in the two studied 

seasons. Accordingly, co-inoculation strategy seemed to 

be more valuable, with relatively surpassing of mixture 

treatment comprised (Rhizobium + Serratia + Bacillus + 

AM-fungi).This could be due to the essential role of 

Rhizobium in enhancing plant growth and N2-fixation, 

and then it was magnified as a result of co-inoculation 

with the mixture of PGPRs and/or AM-fungi as reported 

by (Zaidi et al., 2009;Tajini et al., 2012;Vafadar et al., 

2014&Kumar and Verma, 2017). They confirmed that the 

nitrogen fixers, phosphate-solubilizing fungi and PGPR 

when inoculated together colonized the rhizosphere and 

improve plant growth promotion by triggering plant 

growth hormones, enhance the nutritional capacity of the 

plants and confer stress tolerance in plants. 

Irrespective of inoculation, the results in Table (5) 

indicated that there is an increase in all vegetative growth 

characters with increasing phosphorus rate from 15 to 45 

kg P2O5/fed. For instance, top dressing sandy soil with 30 

or 45 kg P2O5/fed as rockphosphate increased all 

vegetative growth characters, relative to plants fertilized 

with 15 kg P2O5/fed. Such effects may be due to that 

phosphorus encourages the growth of the root system, 

nodulation and the fixation and utilization of N as well as 

its role in enhancing photosynthesis, carbohydrates 

metabolism and protein synthesis and this in turn 

increased the number of metabolites synthesized by the 

plants resulting increasing dry weight of its organs. These 

results are confirmed by those reported by Mohammed 

(2004),Byan and El-Shimi (2014) and Boudanga et al. 

(2015).Recently, Fouda (2017)added that supplied faba 

bean plants with P-fertilization might have improved and 

developed a good root system of plant and the capacity of 

root to absorb more N,P and K accordingly their contents 

increased. 

The results in Table (5) elicited that faba bean 

seeds inoculated with Rhizobiumin combination with any 

level of natural phosphorus showed lower values for all 

studied plant growth aspects compared to other 

inoculated or uninoculated treatments. It is clear that 

fertilizing with rockphosphate combined with tested 

biofertilizers showed a significant augmentation in all 

studied characters, particularly in the case of faba bean 

inoculated with Rhizobium and a mixture of rhizobacteria 

and AM-fungi, which surpassed the other tested 

combinations or recommended treatment. The associative 

action of rockphosphate and such biofertilizer treatment 

confirmed their synergisticinter action  in both seasons. In 

this context, co-inoculation with Rhizobium and PGPRs 

or AM-fungi combined with 45kg P2O5/fed or mixture 

inoculation treatment (Rhizobium conjugated mixture of 

PGPR's and AM-fungi) combined with 30 or 45 kg 

P2O5/fed caused a significant increase in all plant growth 

parameters over the single inoculation with Rhizobium 

fertilized with 45 kg P2O5/fed. The corresponding 

increases attained in plant height ranged from 42.41 to 

57.32 % and from 54.48 to 90.09 % and those of shoot 

dry weigh ranged from 30.52 to 61.04 % and from 28.86 

to 76.42%, in both seasons, respectively. While, increases 

in shoot N-uptake ranged from 12.81 to 21.61% and from 

9.75 to 18.80%, shoot P-content ranged from18.80 to 

67.16 % and from 16.58 to 57.99% and those of shoot K-

content ranged from 57.29 to 158.28% and from 61.63 to 

165.99%, respectively. It is evident that the applied 

phosphorus together with biofertilizers achieved many of 

the beneficial effects that are more attributed to one or 

more of PGP-related properties indicating an increase in 

root biomass and provides it with more branching and 

larger surface area, and then indirectly enhanced nutrient 

uptake capacity. These results are in conformity with 

those of Artursson et al. (2006), Shinde et al. (2008), El-

Gizawy and Mehasen (2009), Lugtenberg and Kamilova 

(2009)and Elkoca et al. (2010)who confirmed the 

synergistic effects of phosphorus combined with PGPRs 

and AM-fungi on the vegetative growth characters and its 

nutrient contents. They added that the plant growth 

consistently increased due to a wide variety of 

mechanisms such as increase inphytohormones 

production, the activities of enzymes and suppression of 

pathogens by producing antibiotics and siderophores.  

Faba bean yield parameters: 

Faba bean yield parameters as affected by co-

inoculation with rhizobia and tested rhizobacteria and/or 

AM-fungi under graded levels of natural phosphorus are 

present in Table (6). Results elicited that the response of 

all investigated yield parameters is in parallel to the 

vegetative growth stage. 

Irrespective of phosphorus addition, data showed 

again, an improvement in all faba bean yield parameters 

due to the stimulatory effect of inoculation with 

Rhizobium combined with rhizobacteria or AM-fungi. 

However, the promotive effect was further enhanced due 

to dual inoculation with both rhizobacteria and AM-fungi 

in relative to other combinations or plants inoculated with 

Rhizobium only.These increases in yield parameters as a 

function of inoculation may explain their prominent roles 

to their colonized plants in the improvement of N2-

fixation performance, supplying with growth promoting 

substances and increasing the nutrient status in the 

rhizosphere, which reflected on enhancing nutrient 

uptake, plant growth and consequently enhanced yield 

parameters. Many studies have confirmed that combined 

inoculation with Rhizobium and rhizobacteria and/or AM-

fungi improved most of the studied yield and yield 

attributes of legumes (El-Habbasha et al., 2007;Shinde et 

al., 2008; Verma et al., 2010; Badawi et al., 2011&Rakha 

and El-Said, 2013). 

Data in Table (6) revealed that number of pods 

plant
-1

, number of seeds pod
-1

 and 100-seed weight 

increased significantly with increasing application rate of 

phosphorus from 15 to 45 kg P2O5/fed in both growing 

seasons. These increases may due to phosphorus is 

considered as high strong energy compounds, stimulate 

cell division and metabolic processes as well as enhances 

root growth, nodulation, N2-fixation and faba bean yield 

characters. The promoting effect of phosphorus on yield 
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components of faba bean has been reported by many 

investigators(Knany et al., 2004; El-Habbasha et al., 

2007;Rakha and El-Said, 2013& Fouda, 2017).They 

found that the number of pods plant
-1

,100-seed weight 

and the number of seeds pod
-1

 of faba bean significantly 

enhanced as the P applied increased. They added that 

phosphorus plays a vital role in flower formation and fruit 

set and in processes such as sugar and starch utilization, 

photosynthesis, cell division and nodule formation. 

At a given interaction treatments, the data in Table 

(6) displayed that the existence of rockphosphate in 

conjugation with Rhizobium and rhizobacterial co-

inoculation or AM-fungi tended to enhance the faba bean 

yield parameters as compared to the plants inoculated 

with Rhizobium only. The results exerted that the synergy 

between plant growth promoting rhizobacteria (PGPR) 

and AM-fungi increased the fertilization efficiency. 

However, results ratify that the highest values of faba 

bean yield parameters were attained in the case of 

combination among the highest levels of rockphosphate 

(30 and 45 kg P2O5/fed) and Rhizobium in the presence of 

rhizobacterial inoculation and AM-fungi compared to all 

other combinations. The difference between the two 

higher rockphosphate doses could not reach the level of 

significance. The highest number of pods plant
-1

 (22.67 

and 24.00), number of seeds pod
-1

 (4.33 and 4.33) and 

hundred seed weight (g) (83.50 and 84.70), in the first 

season, occurred when the crop was amended with 30 or 

45 kg P2O5/fed along with Rhizobium, PGPRs and AM-

fungi inoculation.  In the second season, the highest 

number of pods plant
-1

were (23.00 and 24.67), while 

number of seeds pod
-1

were (4.56 and 4.70) and those of 

hundred seed weight (g) were (83.60 and 85.20). Other 

combination treatments fertilized by 45 kg P2O5/fed and 

the recommended treatment came at the second rank. It is 

evident that such combined treatment may act to improve 

sandy soil quality through affecting its chemical and 

biological features, production of specific activator 

compounds that have the ability to enhance nutrient and 

water availability leading to boost the nodulation,N2-

fixation and productivity of the faba bean. The result 

substantiates the findings of many researchers (El-

Habbasha et al., 2007; El-Gizawy and Mehasen, 

2009;Rakha and El-Said, 2013 and Metwali et al., 

2015)who found the superiority of plants which treated 

with phosphorous (30 or 45kg P2O5/fed) and inoculated 

with some biofertilizers such as (Rhizobium, Bacillus 

megaterium, AM-fungi and Serratia) in improving the 

number and dry weight of podsplant
-1

, number of 

seedsplant
-1

 and 100-seed weight.  
 

Table 6. Effect of bacterial inoculation and arbuscular mycorrhizal fungi on number of pods plant
-1
, number of 

seeds pod
-1
 and 100-seed weight of faba bean plants grown under different rates of rockphosphate in 

sandy soil 

Treatments 

Number of pods/ 

plant 

Number of seeds/ 

pod 

100-seed weight 

(g) 

2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 

Uninoculated (Recom. NPK) 19.00 19.67 3.22 3.50 71.83 74.41 

Rhizobium (Rh.) 

15-P 

30-P 

45-P 

16.33 

17.67 

17.67 

17.00 

18.30 

18.33 

3.00 

3.22 

3.33 

3.30 

3.70 

3.70 

67.60 

68.20 

71.40 

66.60 

68.10 

69.50 

Rh. + Serratia (S.) 

15-P 

30-P 

45-P 

19.33 

20.67 

22.70 

20.70 

22.70 

23.33 

3.33 

3.67 

3.44 

4.00 

4.22 

4.30 

78.70 

81.40 

82.80 

77.20 

80.20 

83.90 

Rh. + (AM-fungi) 

15-P 

30-P 

45-P 

17.33 

18.67 

20.00 

18.30 

19.30 

20.67 

3.67 

3.33 

4.00 

4.28 

4.30 

4.61 

76.20 

76.39 

79.00 

69.73 

74.80 

78.00 

Rh. + Bacillus (B.m) 

15-P 

30-P 

45-P 

17.00 

18.33 

21.00 

18.30 

18.70 

21.67 

3.33 

3.67 

4.33 

3.70 

3.78 

4.00 

78.40 

82.33 

81.00 

77.10 

79.70 

83.70 

Rh. + S. + (AM-fungi) + B.m 

15-P 

30-P 

45-P 

21.33 

22.67 

24.00 

22.00 

23.00 

24.67 

3.67 

4.33 

4.33 

4.30 

4.56 

4.70 

81.70 

83. 50 

84.70 

81.90 

83.60 

85.20 

LSD at 5% 1.300 1.740 0.960 1.150 4.670 9.480 
Uninoculated treatment received 40 kg N/fed, 30 kg P2O5/fed (as superphosphate 15% P2O5) and 24 kg K2O/fed.  

All inoculated treatments received 20 kg N/fed and 24 kg K2O/fed. 

Rockphosphate (25% P2O5) was used as a source of phosphorus levels (15, 30 and 45 kg P2O5/fed) for all inoculated treatments.  

Rh.:Rhizobium leguminosarumS.:Serratia marcescens  AM-fungi: Arbuscular mycorrhiza   B.m:Bacillus megaterium. 
 

Faba bean yield and seed crude protein: 

Biological yield, seed yield and seed crude protein 

of Rhizobium-faba bean symbiosis along the two 

consecutive seasons, as affected by application of 

rockphosphate and inoculation with PGPRs and AM-

fungi are given in Table (7).Results elicited that the 

response of such yield characters in both seasons parallel 

to the vegetative growth stage. It is evident that all 

biofertilization treatments affected faba bean yield and 

seed crude protein.  

In another meaning, when seeds co-inoculated 

with rhizobia and any of the tested rhizobacteria and/or 

AM-fungi the faba bean yield and seed crude protein are 

magnified in the two investigated seasons. However, the 

splendid effect was observed with the use of inoculation 

approach (mixture of Rhizobium, Serratia, Bacillus and 

AM-fungi), which caused promotive impression in all 
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faba bean yield characters in relative to other 

combinations or plants inoculated with Rhizobium. These 

positive results could be ascribed to the promotive effects 

of such biofertilizers, which contains beneficial 

rhizobacteria, AM-fungi, acted as plant growth promoting 

by adding some nutrients to the soil, which stimulate root 

development leading to enhanced vegetative growth as 

well as improve overall health of plant and consequently 

the productivity.  

Similar results were reported by other 

investigators (Bisht et al., 2009; Massoud and El-

Batanony, 2009;Bhromsiri and Bhromsiri, 2010 and 

Metwali et al., 2015).They found that the triple 

inoculation with Rhizobium, AM-fungi and associative 

bacteria, which supported each other, occasionally 

produces positive effects and develop activities involved 

in plant growth promotion and plant protection, which in 

turn profoundly enhanced the productivity of crops. 
 

Table 7. Effect of bacterial inoculation and arbuscular mycorrhizal fungi on biological yield, seed yield and seed 

crude protein of faba bean plants grown under different rates of rockphosphate in sandy soil 

Treatments 

Biological yield  

(kg/fed) 

Seed yield 

(kg/fed) 

Seed crude protein 

(%) 

2016/2017 2017/2018 2016/2017 2017/2018 2016/2017 2017/2018 

Uninoculated (Recom. NPK) 2394.96 2298.32 962.18 966.39 23.09 24.30 

Rhizobium (Rh.) 

15-P 

30-P 

45-P 

2004.20 

2142.86 

2197.48 

2042.02 

2155.46 

2184.87 

886.55 

907.56 

920.17 

882.35 

924.37 

936.97 

22.60 

23.00 

23.10 

23.60 

23.70 

23.90 

Rh. + Serratia (S.) 

15-P 

30-P 

45-P 

2121.85 

2462.18 

2554.62 

2142.86 

2394.96 

2726.89 

1004.20 

1029.41 

1058.82 

1029.41 

1053.62 

1092.44 

24.00 

24.10 

24.37 

24.00 

24.70 

24.75 

Rh. + (AM-fungi) 

15-P 

30-P 

45-P 

2235.29 

2264.71 

2478.99 

2184.87 

2378.15 

2521.01 

1054.62 

1084.03 

1239.50 

1130.25 

1134.45 

1302.52 

23.68 

24.00 

24.00 

23.90 

24.40 

24.47 

Rh. + Bacillus (B.m) 

15-P 

30-P 

45-P 

2079.83 

2243.70 

2352.94 

2142.86 

2352.94 

2453.78 

957.98 

966.39 

1016.81 

1012.61 

1050.42 

1055.82 

23.90 

24.08 

24.40 

24.50 

24.50 

24.71 

Rh. + S. + (AM-fungi) + 

B.m 

15-P 

30-P 

45-P 

2113.45 

2592.14 

2700.69 

2310.92 

2752.10 

2817.14 

1180.67 

1301.68 

1407.56 

1176.47 

1347.90 

1470.59 

24.90 

25.45 

25.90 

25.90 

26.00 

26.26 

LSD at 5% 119.750 79.410 185.760 211.540 0.451 0.407 
Uninoculated treatment received 40 kg N/fed, 30 kg P2O5/fed (as superphosphate 15% P2O5) and 24 kg K2O/fed.  

All inoculated treatments received 20 kg N/fed and 24 kg K2O/fed. 

Rockphosphate (25% P2O5) was used as a source of phosphorus levels (15, 30 and 45 kg P2O5/fed) for all inoculated treatments.  

Rh.:Rhizobium leguminosarumS.:Serratia marcescens  AM-fungi: Arbuscular mycorrhiza   B.m:Bacillus megaterium 
 

Irrespective of inoculation, data recorded in Table 

(7) show clearly that phosphate levels affected faba bean 

yield and seed crude protein. Meanwhile, results evident 

that the synergy of using higher doses of phosphorus (30 

and 45 kg P2O5/fed), relative to the plants treated with 15 

kg P2O5/fed. The positive effect of phosphorus 

fertilization might be due to its favorable effects in 

stimulating nodulation and the growth of the root system, 

consequently increasing the efficiency of the roots in 

absorbing various nutrients enhance the vegetative 

growth and necessary for building proteins and other 

compounds as well as has a measurable impact on crop 

quality and yield. Indeed, the soil P deficiency is one of 

the most significant abiotic factors limiting crop 

productivity. These results stand in accordance with those 

obtained by Abd Alla (2002), Ahmed and El-Abagy 

(2007), El-Habbasha et al. (2007)&Nik farjam and 

Aminpanah (2015).They found a positive linear response 

of faba bean yield to phosphorus fertilization due to its 

role in enhancing metabolic processes. Byan and El-

Shimi (2014),Fouda (2017) and Mouradi et al. 

(2018)added that legumes respond well to rockphosphate, 

which reflect on strong root systems, increased 

nodulation, and good growth; report less fungal problems 

as well as increased crop production and protein of faba 

bean seeds.  

Data regarding faba bean yield (estimated by 

biological yield and seed yield) and seed quality 

(estimated by seed crude protein) showed a significant 

interaction between natural phosphate levels and 

biofertilization treatments (Table 7). Data confirmed the 

superiority of mixture inoculation treatment combined 

with adding 30 or 45 kg P2O5/fed, which surpassed the 

other tested treatments. Such treatments recorded the 

greatest biological yield (2592.14 and 2700.69 kg/fed) 

and (2752.10 and 2817.14 kg/fed) and those of seed yield 

(1301.68 and 1407.56 kg/fed) and (1347.90 and 1470.59 

kg/fed), while seed crude protein recorded (25.45 and 

25.90%) and (26.00 and 26.26%) in both seasons, 

respectively. Other combination treatments and the 

recommended treatment came at the second rank. In this 

context, co-inoculation with Rhizobium and PGPRs or 

AM-fungi combined with 45 kg P2O5/fed or mixture 

inoculation treatment (Rhizobium conjugated mixture of 

PGPR's and AM-fungi) combined with 30 or 45 kg 

P2O5/fed caused a significant increase in all faba bean 

yield characters over the single inoculation with 

Rhizobium fertilized with 45 kg P2O5/fed. Such 

interaction treatments caused an increase in biological 

yield kg/fed ranged from 7.07 to 22.90 % and from 12.31 

to 28.94 %, while seed yield kg/fed ranged from 10.50 to 

52.97% and from 12.68 to 56.95%, and those of seed 



Abdel-Gawad, Sh. A.
 
and M. M. M. Aboel -Enin 

372 

crude protein ranged from 3.90 to 12.12% and from 2.38 

to 9.87% in both seasons, respectively. In fact, PGPRs 

and AM-fungi have been shown to greatly improve the 

productivity and quality of many legumes, when they co-

inoculated with rhizobia. Hence, the promotive effect of 

Rhizobium might be magnified by the presence of 

rhizobacteria, AM-fungi and applied rockphosphate, 

which they act to enhance pods weight plant
-1

 resulting 

from a number of pods plant
-1

 as well as the plant growth 

promoters could stimulate plant growth, absorption of 

nutrients and their efficiency, the metabolism of 

photosynthates and bio-protection against 

phytopathogens.  

Artursson et al. (2006), Ahmed and El-Abagy 

(2007), El-Habbasha et al. (2007),Bisht et al. (2009), 

Miransari (2013) & Rakha and El-Said (2013) confirmed 

the above results. They reported that seed inoculation 

with nitrogen fixers and phosphate solubilizing 

microorganisms combined with phosphate fertilizer 

caused the synergistic effect of alleviating the adverse 

effects of soil stresses on plant growth, produce plant 

hormones, increase the solubility of different nutrients by 

producing different enzymes as well as interact with AM 

fungi and improve the productivity and quality of many 

legumes. 

In conclusion, there is considerable evidence that 

the bacterization of faba bean seeds with Rhizobium 

combined with a mixture of rhizobacteria exerted 

considerable improvement in nodulation status, all 

growth aspects and yield characters, particularly when 

this practice supported by effective AM-fungi. Moreover, 

the combination between such biofertilization approach 

and natural rockphosphate (30 kg P2O5/fed) may be 

acting as a good practice for improving the most growth 

and yield characters and leading to healthier food, 

particularly under sustainable agricultural systems. 

Further studies are necessary for more data that are 

conclusive by using different faba bean varieties in multi-

locations under different soil conditions to confirm the 

results for successful large-scale use and to reach the 

level of recommendation. 
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يسخٌيبث يخذرجت ين اسخجببت انعالقت انخكبفهيت نهفٌل انبهذٍ ًانريسًبيٌو نهخهقيح ببنرايسًيكخيريب ًفطر انًيكٌريسا ححج 

 انصخر انفٌسفبحَ انطبيعَ فَ األراضَ انريهيت
 شـبم عبـذانهـو عبـذانجـــٌاد

1
يؤين يحًذ يصطفَ ابٌ انعنين  ً

2
 

 .يصر -انجيسة - سراعيتان انبحٌد يركس – ًانبيئت ًانًيبه األراضي بحٌد يعيذ -انسراعيت انًيكرًبيٌنٌجيب بحٌد قسى

 جبيعو االزىر –قسى انًحبصيم كهيو انسراعو 
 

 شخِ٘ٝٞاى َ٘سَِٞاى اىسبداث،ٍصش،خاله ٍذْٝت ،جبٍؼت  (ESRI)اىبٞئٞت ٗاىبح٘د اىذساسبث ٍؼٖذ بَضسػت أجشٝج حجشبخِٞ حقيٞخِٞ

اىؼالقت اىخنبفيٞت ىيف٘ه اىبيذٙ  اسخجببت حقٌٞٞ ٕ٘ اىذساست ٕزٓ ٍِ اىٖذف مبُ. اىخْقٞظ اىشٝب ّظبً ببسخخذاً ،6102/6102ٗ 6102/6102

 اىف٘سفبحٜشاىصخ ٍِ ٍخذسجت ٍسخ٘ٝبث ححج ببسٞيس ٍٞجبحٞشٌٝ( ٗفطش اىَٞن٘سٝضابىشاٝضبنخٞشٝب )سشاحٞب ٍبسسْٞس ٗٗاىشٝضٗبًٞ٘ ىيخيقٞح ب

اىؼش٘ائٞت ٍغ ٗج٘د أسبغ  /فذاُ( ححج ظشٗف األساضٚ اىشٍيٞت. ٗقذ مبُ حصٌَٞ اىخجشبت ٕٚ قطبػبث مبٍيت1أ6مجٌ ف٘ 51،  01،  01) اىطبٞؼٜ

ىيَجَ٘ع اىخضشٙ ٍٗحخ٘آ  اىجبف ،اى٘صُاىْببحبث اسحفبع ،شٗجْٞٞضٞخأّضٌٝ اىْ ،ّشبطٍنشساث. ٗحٌ حقذٝشاألػذاد ٗاالٗصاُ اىجبفت ىيؼقذ اىجزسٝت

ٍحص٘ه ،اىَحص٘ه اىبٞ٘ى٘جٚ،بزسة 011ـٗصُ اى ٗ ىنو قشُ اىبزٗس ٗػذدىنو ّببث  اىقشُٗ ػذد ٗمزىل ،ٍِ اىْٞخشٗجِٞ ٗاىف٘سف٘س ٗاىب٘حبسًٞ٘

ّشبط اّضٌٝ  ػيٚاىصخش اىف٘سفبحٚ ٗ تاىَٞنشٗبٞ بثاىيقبح بخأثٞشاث      أٝض ب ٍؼْٞت اىذساست ٗمبّج. ىيبزٗس اىخبً اىبشٗحِٞ ّسبت ٗ اىبزٗس

ٗصاُ اىجبفت ىيؼقذ )األػذاد ٗاأل اػطج اقو قٌٞ ىحبىت اىخؼقٞذ غٞشٍيقحتاى اىْببحبث أُ اىْخبئج أظٖشثاىذٖٝٞذسٗجْٞٞض ٗاىف٘سفبحٞض ىشٝضٗسفٞش اىخشبت.

اّضٌٝ اىْٞخشٗجْٞٞض. مَب  ّٗشبط اىخؼقٞذ حبىت مبٞشفٜ ححسِ اىبيذٙ ببىشٝضٗبًٞ٘ اىٚ ف٘هاىبزٗس حيقٞح أدٙ حِٞ فٜ.ّٗشبط أّضٌٝ اىْٞخشٗجْٞٞضاىجزسٝت(

 ىيقبحبث ػبىٞتاىف٘سفبحٞض،اسخجببت ّشبط ٗ ذٖٝٞذسٗجْٞٞضاى إّضٌٝ ْشبطب ٝؼبشػْٖب ،ٗاىخٜىشٝضٗسفٞش اىخشبت اىَٞنشٗبٞ٘ى٘جٞت اىخصبئص أظٖشث

اىسشاحٞب ٗاىببسٞيس فٚ ٗج٘د فطش ٘اىشٝضٗبٍٞ٘ ٍِ خيٞظ) اىَشخشمت ٍؼبٍيت اىخيقٞح سخخذاًال ٗاىفؼبه اىجٞذ اىخأثٞش ى٘حعٗقذ  .اىَضبفت اىحٞ٘ٝت

 سٝضٗسفٞش اىخشبت إّضَٝبث ّٗشبط األسخٞيِٞ ب٘اسطت اىؼقذ اىجزسٝتٍؼذه أخخضاه صٝبدة ، حشجٞغ ٗححسِٞ حبىت اىخؼقٞذ أدث اىٚ ٗاىخٜ ،اىَٞن٘سٝضا(

 ٗرىل ٍقبسّت بَؼبٍالث اىخيقٞح اىَشخشمت األخشٙ اٗ ببىْببحبث اىَيقحت ببىشٝضٗبًٞ٘ فقظ ٔٗجَٞغ اىقٞبسبث اىخضشٝت ٗاىَحص٘ه ٗبؼض ٍنّ٘بح

جَٞغ قٞبسبث ٗ خشبتاى سٝضٗسفٞش إّضَٝبث ،ّٗشبط قٞبسبث اىَشحيت اىخضشٝت ،ٗمو اىخؼقٞذ حبىت فٜ صٝبدة ْٕبكمبُ ، اىخيقٞح اىْظشػِ بصشف.

 اىْخبئج ٗببىخبىٜ،أمذث. /فذاُ(1أ6مجٌ ف٘ 51اىٚ  01ٍِ ) مجٌ/فذاُ 021اىٚ  21 ٍِاضبفت صخش اىف٘سفبث اىطبٞؼٚ  ٍؼذه صٝبدة ٍغ اىَحص٘ه

 ،ٗاىخٜ/فذا1ُأ6مجٌ ف51٘أ01ٗفٚ ٗج٘د فطش اىَٞن٘سٝضا( ٍغ اىخسَٞذ بــ ٍِ اىشٝضٗبًٞ٘ ٗاىشاٝضٗبنخٞشٝب ٍضٝج)ٍؼبٍيت اىخيقٞح اىَشخشمت  حف٘ق

ث ٍؼبٍالث جبء بَْٞب.اىَخخبشة جَٞغ قٞبسبث اىف٘ه اىبيذٙ فٜ ٍؼْ٘ٝت صٝبدة فٜ ٗحسببج اىَخخبشة األخشٙحف٘قج ػيٚ جَٞغ اىَؼبٍالث اىَشخشمت 

مذث ٕزٓ اىذساست ػيٚ أ. اىثبّٞت اىَشحبت فٜ /فذا1ُأ6مجٌ ف51٘ بـ سَذةٗاىَاىشاٝضٗبنخٞشٝب اٗ ٍغ فطش اىَٞن٘سٝضا اىخيقٞح اىَشخشمت ببىشٝضٗبًٞ٘ ٍغ

اىٚ صٝبدة  ٗاىخٚ أدثببسٞيس ٍٞجبحٞشٌٝ( )سشاحٞب ٍبسسْٞس ٗ ٝضٗبنخٞشٝباشاى خيٞظ ٍغ بىشٝضٗبًٞ٘ب اىبيذٙ ف٘هاىبزٗس حيقٞحَٕٞت ألأدىت مبٞشة  ٗج٘د

اىبيذٙ ححج ظشٗف اىخشبت  اىف٘ه ٗاّخبجٞت ٗاىَْ٘ حبىت اىخؼقٞذ ٗػَيٞت حثبٞج األصٗث اىج٘ٙ ححسِٞ مفبءة ػَيٞت اىخيقٞح, ٕٗزا أّؼنس ػيٚ

 ٗاسخخذاً، فأُ اىجَغ بِٞ ّٖج اىخسَٞذ اىحٞ٘ٛ ػالٗة ػيٚ رىل.بفطش اىَٞن٘سٝضا اىفؼبه ٍذػٍ٘ت اىََبسست ٕزٓ حنُ٘ ،السَٞبػْذٍباىشٍيٞت

جٞذ ىخحسِٞ اىَْ٘ ٗاألّخبجٞت ٗحؤدٛ اىٚ اىحص٘ه ػيٚ غزاء صحٚ ٗأٍِ، ال سَٞب فٜ ظو اىْظٌ اىضساػٞت  ػَوبَثببت  اىطبٞؼٚ اىصخشاىف٘سفبحٚ

األساضٜ ٍٗغ رىل، فئُ ٕزٓ اىْخبئج ٕٜ فٜ حبجت ىخنشاسٕب ببسخخذاً اصْبف ٍخخيفت ٍِ اىف٘ه اىبيذٙ فٜ ٍ٘اقغ ٍخؼذدة ٗححج ظشٗف اىَسخذاٍت. 

 اىَخخيفت حخٚ َٝنِ اىخ٘صٞت ببسخخذاٍٖب.


