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THE impact of a combination of methylotrophic bacteria either as seed treatment 
(Methylobacterium nodulans) or foliar application (Methylobacterium mesophilicum) and 

Rhizobium leguminosarum biovar viciae for control of Rhizoctonia root rot under greenhouse 
and field conditions was studied. A mix of rhizobial inoculation (RI) + ⅓ N + M. nodulans 
significantly decreased the percentage of pre, and post-emergence damping off and caused a 
significant increase of survived plants, also enhanced crop parameters and yield followed by 
(a mix of RI + ⅓ N + M. mesophilicum), and Rizolex-T treatments. Meanwhile, the same 
treatments resulted in increases in NPK contents. All treatments showed an excess in peroxidase 
and polyphenol oxidase activities as well as for phenolic contents, the considerable increase 
was related to a (mix of rhizobial inoculation (RI) + ⅓ N + M. nodulans). All tested rhizobial 
and methylobacterial strains produce IAA, HCN, and ammonia, they also, were resistant to 
Ampicillin, and Colistin antibiotics and susceptible to Tetracycline. Eventually, results indicated 
that the integration of methylotrophic bacteria and Rhizobium in addition to a one-third amount 
dose of nitrogen fertilization decreased the occurrence of Rhizoctonia root rot as well as the 
remarkable increase of faba bean yield.

Introduction                                                                         

The faba bean (Vicia faba L.) is considered one of 
the most globally significant legume crops in the 
world for use as a vegetable and pulse crop. Both 
dry and fresh seeds are recommended due to their 
benefits for human nutrition as a dietary source 
of fiber and protein. Furthermore, incorporating 
faba beans in crop rotation schemes enhances soil 
quality since they can fix atmospheric N2 to levels 
up to 200 kg N ha−1, as well as increasing soil 
organic matter (Karkanis, et al., 2018). The area 
under cultivation of faba bean in Egypt dropped 
from 35024 hectares in 2016 to 25105 hectares in 
2022, and the imported value of faba bean in 2022 
was 286,453,000 $ (FAOSTAT, 2024).  

Soil-borne fungi caused considerable yield 
loss in faba bean production. Rhizoctonia root 
rot caused by Rhizoctonia solani is one of the 
most common root diseases of the faba bean in 

Egypt (Atwa, 2016). Seed and root rot, hypocotyl 
canker, as well as damping-off, are the disease’s 
distinctive symptoms (Lamari & Bernier, 1985; 
Omar, 1986).  Due to its soil-dwelling lifestyle, 
high saprophytic competitiveness, and extensive 
host range, control of R. solani is very challenging 
(Ogoshi, 1987). Fungicides have been primarily 
used to control faba bean root rot diseases.  
Fungicides are always effective when applied, 
but because of their non-target environmental 
effects and the resulting pathogen’s resistance, 
researchers are now looking for alternatives.

However, chemical fertilizers are critical in 
meeting the world population’s ever-increasing 
demand for food. Excessive usage of chemical 
fertilizers and inadequate plant uptake of these 
fertilizers can induce various harmful effects on 
soils and cause harmful impacts on ecosystems 
(Ongley et al.,2010). So,neither chemical fertil-
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izers nor chemical fungicides are environmentally 
friendly or ecologically sustainable. According 
to Ramakrishna et al., (2019), the world’s pub-
lic health and agricultural production have been 
significantly impacted by the extensive and con-
tinuous use of chemical fertilizers as well as pes-
ticides over the past 50 years.

Plant-growth-promoting rhizobacteria (PGPR) 
now in use is one of the alternatives either as 
biofertilizers or biocontrol agents. They facilitate 
plant growth directly by either assisting in resource 
receive (nutrients and essential salts) or indirectly 
by reducing the infections’ negative effects of 
various pathogens on plant growth (Glick, 2012). 

Rhizobia are significant as biocontrol agents 
and biofertilizers because they stimulate plant 
growth. These bacteria either directly or indirectly 
act as a biocontrol agent and promote plant growth 
through processes such as N2 fixation, siderophore 
production, nutrient supply, phytohormone 
synthesis, and mineral solubilization. They 
also inhibit pathogen growth by influencing the 
production of cellulase, protease, lipase, and 
β-1,3 glucanase, and they improve plant defense 
by inducing systemic resistance (Deshwal et al., 
2003 b; Gopalakrishnan et al., 2015). 

Methylobacterium spp. have shown great 
promise as a microbial agent in agriculture 
and this genus is a key component of plant 
microbiomes. They can grow using only 
organic one-carbon molecules such as formate, 
formaldehyde, methanol, and methylamine as 
their carbon and energy source. The majority of 
Methylobacterium species are classified as “pink-
pigmented facultative methylotrophs” (PPFM), 
that are known to be highly beneficial to their 
hosts (Jorge et al., 2019; Zhang et al., 2021). The 
use of methylotrophs, both rhizospheric and non-
rhizospheric, as bioinoculants is widespread, and 
their use increasing as a substitute for chemical 
fertilizers. Their correlation with plant growth 
can be used to support environmentally friendly 
sustainable and cost-effective agricultural 
operations (Ahlawat et al., 2018). Moreover, 
Methylobacterium species can produce a wide 
range of antimicrobial compounds (Ryan et al., 
2008; Poorniammal et al., 2009), competing for 
nutrients with pathogens, or inducing systemic 
resistance (ISR) that protect host plants from 
infection (Indiragandhi et al., 2008; Berg, 2009).

This work aims to use Methylobacterium and 
rhizobium as biocontrol agents for controlling 

Rhizoctonia root rot disease, and also as a 
biofertilizer. 
Material and Methods                                                         

Plant material 
Faba bean seeds (Vicia faba L.), cultivar Giza 

843 were obtained from the Legume Res. Dept., 
Field Crops Res. Inst., ARC, Giza, Egypt

Pathogen
Isolation and morphological identification of the 
pathogen

The fungus Rhizoctonia solani Kühn (Isolate 
SKS 39) was isolated from naturally infected faba 
bean plants, showing damping off and root rot 
symptoms, cultivated in Sakhaa, Kafr El-Sheikh 
Governorate. Its pathogenicity was confirmed 
and identified based on cultural properties and 
microscopic morphological characters according 
to (Sneh et al., 1991; Seema et al., 2012). The 
cultures were maintained on malt extract agar 
slants under a phosphate buffer (pH 6.5) at 4± 
0.5°C (Boeswinkel, 1976).

Molecular identification of the pathogen
The grown mycelium on malt extract broth 

was filtrated through sterile Whatman filter 
paper No. 1. and stored at -70°C in Eppendorf 
tubes until use (Yin et al., 2017). DNA was 
extracted by using a modified method of CTAB 
(cetyltrimethylammonium bromide) as described 
by Munir et al., (2020). The obtained DNA 
samples were kept at -20°C until used later and to 
check the integrity of the DNA, about 5 µl of the 
isolate was loaded into 1.5 % agarose gel. DNA 
appears as a sharp band when viewed using the 
UV transilluminator. Extracted genomic DNA of 
the isolate was amplified according to White et 
al., (1990) by using the universal primer pair ITS1 
(´5TCCGTAGGTGAACCTGCGG-3´) as forward 
and ITS4 (´5TCCTCCGCTTATTGATATGC-3´) 
as reverse, and the PCR products were 
electrophoresed on agarose gel (1.5%). 

The ITS fragments were extracted and purified 
from agarose gel for sequence preparation by 
using a PCR purification kit (Trans Biotech, 
Beijing, China). PCR products of the targeted band 
were sent to the sequence service (Macrogene, 
Netherlands) for sequencing. The Sequences were 
assembled with BioEdit software (Hall, 2005) 
and Basic Local Alignment Search Tool BLASTn 
searched for the nearest matches in the NCBI 
(National Centre for Biotechnology Information) 
GenBank database (https://blast.ncbi.nlm.nih.
gov/Blast.cgi)  . The GenBank database provided 
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us with the fungal ITS-related sequences for 
phylogenetic analysis using MEGA11 software 
(Tamura et al., 2021). The phylogenetic tree was 
constructed to illustrate the relationships that 
existed among the homologous fungi by using 
the Maximum Likelihood method and 1000 
bootstrap replicates based on the Jukes-Cantor 
model (Jukes & Cantor 1969). The ITS sequences 
were aligned using CLUSTAL W (Thompson et 
al., 1994; Larkin et al., 2007). The tree was drawn 
to scale, with lengths measured in the number 
of substitutions per site. Twenty-one nucleotide 
sequences were involved in the analysis.  

Preparation of pathogen inoculum 
Inoculum of R. solani (isolate SKS 39) was 

prepared by growing the fungus in glass bottles 
500 cc containing sterilized sorghum medium 
(100 g of sorghum grains and 90 mL of water). 
The bottles were inoculated with equal disks 
(0.5 cm) of four days old R. solani culture and 
incubated at 24 ± 1°C for 21 days, during this 
period the incubated bottles were vigorously 
shaken daily for the first 4 days to encourage 
more rapid and uniform colonization of the 
sorghum grains then shaken every three days to 
ensure uniform distribution of the fungal growth. 
After the incubation period, the glass bottles 
were then evacuated, and their content was air 
dried at room temperature and crushed in a mill 
to pass through a 3-mm sieve. The dried crushed 
inoculum was stored in paper bags at 4 ± 1°C 
until added to the soil within one week (Gaskill, 
1968).

Seed and soil treatments 
Healthy uniformity seeds of faba bean were 

surface disinfected by submerging in sodium 
hypochlorite (1%) for 2 min, washed numerous 
times with sterilized water, then left to dry on a 
screen cloth with a paper towel underneath to 
absorb the excess water at room temperature for 
about two hours.

A)	 Plant growth promoting Rhizobacteria 
(PGPR) 

Two bacterial species of methylotrophs 
(PPFMs) namely Methylobacterium mesophilicum 
and Methylobacterium nodulans were previously 
isolated and identified (Orf et al., 2005; Orf et 
al., 2014) using Bergey׳s Manual of Systematic 
Bacteriology, 2nd edition (Garrity et al.,2005), 
and random amplified polymorphism DNA 
(RAPD) analysis according to Welliams et al., 
(1990).  Methanol Mineral Salts (MMS) medium 
was used for cultivation and maintenance of 

Methylobacterium species (Holland & Polacco, 
1992). Isolates were activated on fresh slants of 
MMS-agar medium and after 72 hr. transferred to 
flasks containing 50 mL of MMS- broth medium. 
The flasks were placed to grow on a rotary shaker 
at one hundred twenty rpm for 3 days at 28±1°C. 

B)	 Root-nodule bacteria 
Two isolates of Rhizobium leguminosarum 

biovar viciae (Faba bean) namely El-Khattaba 
(Ali & Orf, 2022) and 481 (Ali & Hafez, 2018) 
specifics to faba bean kindly acquired from 
the biofertilizers Production Unit, Agricultural 
Microbiol. Res. Dept., Soils Water and 
Environment Res. Inst., (SWERI), Agric. Res. 
Centre (ARC), Giza, Egypt. Strains were grown 
on yeast extract Mannitol (YEM) broth medium 
on a rotary shaker at one hundred twenty rpm for 
24 hr. at 28±1°C. (Vincent, 1970). 

C)	 Seed biopriming	
For single treatment, 720 mL broth 

(4x109 cfu/mL) of M. nodulans, or R. 
leguminosarum biovar viciae El-Khattaba or 
481 was used individually per one Kg of the 
carrier material (peat moss and vermiculite-
based formulation). For the mixed treatment, 
360 mL broth of M. nodulans and 360 mL of 
R. leguminosarum biovar viciae El-Khattaba 
or 481 were mixed with one Kg of the 
carrier. Healthy faba bean seeds were coated 
with the tested bacterial formulation either 
solely or in different combinations, using the 
sucrose-saturated solution to cover the seeds 
as adhesive 15 hr. before sowing time. The 
coated seeds were left to air-dry on a screen 
cloth.

D)	 Fungicidal treatment
Seed dressing was carried out to the 

disinfected faba bean seeds by applying 
the Rizolex-T 50% WP (20% Tolclo-
phos-methyl and 30% Thiram), Sumi-
tomo Chemical Company Ltd. at the 
recommended dose (3 g/kg) to the 1% 
methylcellulose (as a sticker) moistened 
seeds in polyethylene bags and shaking 
well to ensure even distribution of the 
fungicide. 

E)	 Control
The disinfected faba bean seeds were 

coated with the peat moss and vermiculite-
based formulation and the coated seeds were 
left to air-dry on a screen cloth 15 hr. before 
sowing time.
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Greenhouse experiment 
The trials were carried out in the greenhouse of 

Plant Pathology Research Institute, Agricultural 
Research Centre, Giza. Pots (30 cm in diameter) 
with a bottom drainage hole were sterilized by 
dipping in 5% formalin solution for 15 minutes 
and left for one week until complete formalin 
evaporation. Sand clay soil 1:2 (V/V) that was 
disinfested with steam was used to fill the pots. 
Soil infestation was achieved by mixing the 
inoculum of R. solani with the soil at 2% of soil 
weight (Papavizas & Davey, 1962). Sterilized 
uninoculated crushed sorghum grains were added 
to the disinfested soil at the same rate for use 
as healthy control. The infested soil was mixed 
thoroughly and watered every 2 days for a week 
before planting to stimulate the fungal growth 
and ensure its distribution in the soil. Five seeds 
of treated faba bean seeds, as mentioned before, 
were sown in each pot and pots were irrigated 
immediately. Twelve replicated pots were used for 
each treatment. The recommended doses of N.P.K. 
fertilizers were used as follows: Superphosphate 
(1.5 g pot-1) was added before plantation, 
potassium sulfate (0.5 g pot-1) was applied at 
10 days after plantation, and N-Fertilization as 
ammonium sulfate was used at rates of 1.5 g N/
pot-1 (⅓ N) as a starter dose 10 days after plantation 
or 4.5 g pot-1 (Full N) in two equal split doses at 10 
and 25 days after plantation. The treatments were 
as follows: 

1)	 Infested soil +  Rhizobial inoculation (481) 
+1.5 g N/pot-1 (⅓ N).

2)	 Infested soil +Rhizobial inoculation (El 
Khatattba) +1.5 g N/pot-1 (⅓ N).

3)	  Infested soil +a mix of rhizobial inocula-
tion+1.5 g N/pot-1 (⅓ N).

4)	 Infested soil +a mix of rhizobial inoculation 
+ foliar application with (M. mesophilicum 
4.3 mL at 4x107 cfu/ mL /plant, 30 days after 
planting) + 1.5 g N/pot-1 (⅓ N).

5)	 Infested soil +a mix of rhizobial inoculation 
+ seed coating with (M. nodulans) +1.5 g N/
pot-1 (⅓ N).

6)	 Infested soil +Fungicide treatment + 4.5 g 
N/ pot-1 (Full N).

7)	 Infested soil + 4.5 g N/pot-1 (Full N).
8)	 Un infested soil + 4.5 g N/ pot-1 (Full N).

Twelve plants (four replicates each of three 
plants) were uprooted 60 days after sowing; plant 
height (cm) was measured, and the stem was cut 
at the soil line. Soil particles were eliminated by 
running water over the roots. Numbers of nodules 
were recorded. Shoots, roots, and nodules were 

placed in paper bags and oven-dried at 70°C for 
48h, then weighed. The dry plant samples of the 
shoots were ground and prepared for wet digestion 
using H2SO4 and H2O2 methods as described by 
Lim & Jackson, (1982). The digests were then 
subjected to the measurement of nutrients i.e., 
nitrogen, phosphorus, and potassium (Cottenie et 
al., 1982).

Disease assessment 
The disease incidence (DI) % was measured 

by recording pre-emergence damping-off, post-
emergence damping-off, and the percentage of 
survived plants 15, 30, and 45 days after sowing, 
respectively according to the following formulas:
Pre-emergence % = number of un-germinated 
seeds x 100 / number of planted seeds. 
Post-emergence % = number of dead seedlings x 
100 / number of planted seeds. 
Survived plants % = number of survived plants 
x100 / number of planted seeds.  
Reduction or increasing % over the infected 
control was calculated according to the following 
formula: Reduction or Increasing % = Disease 
incidence (DI) of infected control - DI of treatment 
x100 /DI of infected control.

The plants were scored for disease sever-
ity through a 0–5 numerical rating scale for the 
degree of damage (Ondřej et al., 2008) and the 
disease index of root rot was calculated using the 
following equation:
Disease Index = Σ (FV) / NX X100 
Where: F=number of roots tested in each grade; 

V= degree of damage (0-5); N=total number 
of tested plants, and X= the highest degree of 
infection (5).   

Field experiments:
The field experiments were carried out during 

the winter growing seasons of 2020 - 2021 and 
2021-2022 at Giza Agricultural Research Station, 
Giza Governorate, Egypt, in a field known to have 
a root rot history. The disinfected faba bean seeds 
were treated in the same manner as a greenhouse 
experiment. The treated faba bean seeds were sown 
in the field on 28 October 2020 and on 27 October 
2021. The field trial (28 plots) was designed in a 
complete randomized block with four replicates. 
The area of each plot was 10.5 m2 and consisted 
of five rows each row was 3.5 m in length and 0.6 
m in width. All treatments were sown in hills 20 
cm apart on both sides of the row ridge, with two 
seeds per hill, plant population = 140,000 plants/
feddan (fed=4200 m2). All other recommended 
agricultural practices were followed according to 
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the recommendations of the Egyptian Ministry of 
Agriculture and Land Reclamation except for the 
fertilization treatment, the dose of P fertilizer: 100 
Kg fed-1 superphosphate (15.5 % P2O5) was added 
during soil preparation. Potassium sulfate (48% 
K2O) at 50 Kg fed-1 was applied as soil applica-
tion before the first irrigation. For N-fertilization, 
ammonium sulfate (20.5% N) was applied at the 
rates of 15 and 50 kg N fed-1 in two equal doses 
before the first and second irrigation. The treat-
ments were as follows:

1)	 Rhizobial inoculation (481) +15 Kg N/Fed-1 

(⅓ N). 

2)	 Rhizobial inoculation (El Khatattba) +15 
Kg N/Fed-1 (⅓ N).

3)	 A mix of rhizobial inoculation+15 Kg N/
Fed-1 (⅓ N).

4)	 A mix of rhizobial inoculation + foliar appli-
cation with M. mesophilicum (6 L at 4x109 
cfu/mL /fed-1, 30 days after planting) +15 
Kg N/fed-1 (⅓ N).

5)	 A mix of rhizobial inoculation + seed coat-
ing with M. nodulans +15 Kg N/fed-1 (⅓ N).

6)	 Fungicide treatment +50 Kg N/fed-1 (Full 
N). 

7)	 Full nitrogen 50 Kg N/fed-1 (Full N).
The disease incidence (DI) % was determined 

as mentioned before. Random samples of ten 
faba bean plants were collected (from the inner 
rows) at the harvest stage from each plot. Plant 
growth parameters of plant height (cm), number 
of branches, number of pods per plant, weight of 
hundred seeds, and seed weight per plant were re-
corded as well as seed yield ton/ feddan was cal-
culated.

Some physical and chemical properties of the 
soil in field experiments were carried out accord-
ing to Jackson (1973) at the soil analysis Lab., 
Soils, Water and Environmental Research Insti-
tute, ARC, Giza, Table (1).

PGPR activities in vitro: 

Indole acetic acid (IAA) detection: 
The detection of IAA was done by using 

Salkowski reagent according to Khamna et al., 
(2010). The color developed by the positive 
reaction, the appearance of a pink color, indicated 
the presence of an indole compound.

Hydrogen cyanide (HCN) detection:
  The HCN produced by strains under study 
was detected according to Bakker & Schippers, 
(1987). The discoloration of the filter paper to or-
ange-brown after incubation indicates microbial 
production of cyanide.

Ammonia (NH3) detection:  
The ammonia production was revealed by the 

addition of Nessler’s reagent giving a yellow-
to-brown color of peptone water inoculated by 
bacterial cultures (Cappuccino & Sherman 1992).

Antibiotic resistance test:
Three antibiotics namely ampicillin, 

colistin, and tetracycline were used to estimate 
the antibiotic resistance of the two rhizobial 
isolates and two Methylobacterium species using 
the standard disk diffusion method as described 
by EUCAST (2021), and antibiotics resistance 
standard range of Gram-negative bacteria 
(Inhibition zone diameter, mm) as reported by 
Bauer et al., (1966).

Effect of faba bean treatments on activity of 
oxidative enzymes and phenol content. 

Faba bean plants were grown as mentioned 
before in the greenhouse experiment. Fifteen days 
after sowing, the activity of peroxidase (PO), 
polyphenol oxidase (PPO), and phenol contents 
were determined in tissue extracts of six faba bean 
plants from each treatment mentioned before in 
the greenhouse treatment. 

TABLE 1. Some Physical and Chemical properties of the used soil.

Physical properties Value Chemical properties Value

Sand %

Silt %

Clay%

Texture grade 

31.70

30.85

37.45

Clay loam 

pH

E.C (ds m1 25oC)

Saturation percent (S.P) %

Organic matter %

Total nitrogen %

7.87

1.32

47%

1.74

0.074
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A)	 Assay of peroxidase (PO): 
Extraction and assay of peroxidase (PO) activity 

were carried out according to Chakraborty & 
Chatterjee (2007). 

B)	 Assay of polyphenol oxidase (PPO): 
Extraction and assay of polyphenol oxidase 

enzyme (PPO) were carried out according to 
Rocha & Morais (2001).

C)	 Determination of phenolic compounds: 
The extraction of phenolic compounds was 

carried out according to Sutha et al., (1998). 
Phenolic compounds were determined using 
methods of analysis described by Snell & Snell 
(1953). 

Statistical analysis 
Completely randomized design (CRD) 

and randomized block design (RBD) were 
implemented in the greenhouse experiment and 
field experiment, respectively. The obtained data 
were subjected to computer statistical software 
(ASSISTAT) originated by Silva & Azevedo 
(2009). Data  were analyzed using analysis of 
variance (ANOVA), and mean values were 
compared using Duncan’s multiple range test at a 
significance level of P ≤ 0.05.

Results                                                                            

1-Evaluation of the rhizobial and 
methylobacterial strains for excreting ammonia, 
HCN, and IAA.

The visual examination revealed that all rhi-
zobial and methylobacterial strains could produce 
IAA, HCN, and ammonia with different capabili-
ties, by altering the color, a pink color for IAA; 
orange-brown for HCN; and yellow-to-brown 
color for NH3.

Antibiotic resistance studies
Results showed that all tested bacterial strains 

are resistant to ampicillin and colistin because 
there was no inhibition zone and they are sensitive 
to tetracycline because the zone of inhibition 
exceeds 19 mm.

3-Morphological and molecular identification of 
the pathogen

Using microscopic and morphological 
features like the number of nuclei (more than two), 
production of sclerotia, brown pigmentation, and 
the branch base constriction of hyphae, the isolate 
SKS 39 was identified according to (Sneh et al., 
1991; Seema et al., 2012) as Rhizoctonia solani. 
BLAST analysis revealed that the ITS sequence 
of isolate SKS 39 is R. solani with accession 

number OR538875.1. From the phylogenetic 
analysis, our isolate showed 99.82% identity with 
other R. solani isolates with GenBank accession 
numbers MH025376.1 from Oman, MW498395.1 
from Iraq, and OR074128.1 from Egypt. In 
addition, our isolate showed 95.28% identity with 
other R. solani isolates with GenBank accession 
numbers FJ746974.1 and FJ746973.1 from 
the USA, OP612668.1 from Saudi Arabia, and 
OM918223.1 from Egypt, Fig. (1).   

4-Greenhouse experiments
   4-1-Impact of Rizolex-T, methylotrophic 

bacteria, and Rhizobium strains on the 
occurrence of damping-off disease of faba 
bean plants grown in artificially contaminated 
soil by R. solani

According to Table (2), all treatments 
significantly reduced the percentage of pre- and 
post-emergence damping off and increased the 
number of  survived plants as compared to the 
control grown in artificially infested soil with R. 
solani. The most effective treatments in decreasing 
pre-emergence damping off were (a mix of 
rhizobial inoculation + ⅓ N + seed treatment 
with M. nodulans) and Rizolex-T. This curative 
impact was extended to post-emergence damping 
off, all treatments were effective in increasing 
the surviving plants compared with the control. 
Meanwhile, results indicate that all treatments 
reduced the disease index of root rot of R.solani. 
Rizolex-T and (a mix of rhizobial inoculation + 
⅓ N + M. nodulans) recorded the lowest values 
as compared with the control grown in artificially 
infested soil.

4-2- Impact of Rizolex-T, methylotrophic bac-
teria, and Rhizobium strains on some crop pa-
rameters of faba bean plants grown in artificially 
contaminated soil by R. solani

The findings shown in Table (3) demonstrated 
that there were remarkable increases in the crop 
parameters of the faba bean plants. There are no 
significant differences in plant height between 
treatments except for the Rizolex-T treatment. 
On the other hand, (a mix of rhizobial inoculation 
+ ⅓ N + seed treatment with M. nodulans) 
treatment and ( a mix of rhizobial inoculation + 
⅓ N + foliar application with M. mesophilicum) 
followed by (a mix of RI + ⅓ N) treatment 
scored the high value of shoot dry weight, root 
dry weight, nodule dry weight as well as nodules 
number compared to control plants grown in 
Infested soil (Full N).

The levels of N, P, and K increased in all 
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TABLE 2. Impact of Rizolex-T, methylotrophic bacteria, and Rhizobium strains on the occurrence of damping-off 
disease of faba bean plants grown in artificially contaminated soil by R. solani 

Treatments

Damping- off

Survived 
plants %

Increas-
ing       

over 
infected 
control 

% 

Disease 
Index 

Pre-emergence Post-emergence

Incidence

%

Reduc-
tion      
%

Incidence

%
Reduction      

%

RI1( 481) + (⅓ N)2 16.0 b 66.7 4.0 b 60.0 80.0 b 90.5 47.1
RI (El Khatattba) + (⅓ N) 20.2 b 58.3 4.0 b 60.0 76.0 bc 81.0 48.0

Mix of RI + (⅓ N) 20.0 b 58.3 4.0 b 60.0 76.0 bc 81.0 48.7
Mix of RI +

 M. mesophilicum3 + (⅓ N) 
20.0 b 58.3 4.0 b 60.0 76.0 bc 81.0 45.3

Mix of RI+ M. nodulans + 
(⅓ N) 8.0 c 83.3 4.0 b 60.0 88.0 ab 100.1 30.4

Rizolex –T (Full N)4 8.0 c 83.3 4.0 b 60.0 88.0 ab 100.1 24.8
Control (R. solani) (Full N) 48.0 a 0.0 10.0 a 0.0 42.0 d 0.0 62.7

Control healthy

(non-infested soil) (Full N) 
4.0 d - 0.0 c - 96.0 a - 0.0

1)	(RI)= Rhizobial inoculation 
2)	  (⅓ N) = 1.5 g N/pot-1 as a starter dose.    
3)	Foliar application (4.3 mL at 4x107 cfu/ mL /plant, 30 days after planting) 
4)	(Full N) = 4.5 g pot-1 in two equal split doses were added at 10 and 25 days after plantation. 
     Means in each column followed by the same letters are not significantly different using Duncan’s multiple range test, (p = 0.05).

Fig.1. Phylogenetic tree based upon CLUSTAL W alignment of the ITS region of rDNA nucleotide sequences of 9 
Rhizoctonia solani isolates. A maximum likelihood was used, with bootstrap values after 1000 replications 
of calculated run by using MEGA11 software. The branch numbers indicate bootstrap values. Our own 
sequenced R. solani isolate (ITS: OR538875.1). is shown in red color and the tree shows its identity with the 
most similar R. solani, GenBank accession numbers. 
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TABLE 3. Impact of Rizolex-T, methylotrophic bacteria, and Rhizobium strains on some crop parameters of faba 
bean plants grown in artificially contaminated soil by R. solani after 60 days of planting.

Treatments
Plant 
height 
(cm)

Shoot dry 
weight (g/

plant)

Root 
dry 

weight 
(g/plant)

Nodules 
number 
/plant

Nodules dry 
weight (mg/

plant)

N

mg/g

P

mg/g

K

mg/g

RI1(481) + (⅓ N)2 60.25 ab 7.61 c 1.75c 23 d 246.65 c 3.24 0.313 1.71
RI (El Khatattba) + (⅓ N) 61.75 a 6.93 d 1.76 c 21 e 233.98 d 3.31 0.321 1.87

Mix of RI + (⅓ N) 60.75 a 7.7 bc 1.82 b 25 c 271.33 b 3.04 0.318 1.76
Mix of RI + M. mesophili-

cum3 + (⅓ N ) 61.25 a 7.99 ab 1.86 b 27 b 293.73 a 3.91 0.332 2.01

Mix of RI+ M. nodulans + 
(⅓ N) 61.5 a 8.05 a 1.95 a 31 a 296.13 a 3.94 0.351 2.21

Rizolex –T (Full N)4 57.0 c 7.06 d 1.64 d 0.00 0.00 2.73 0.172 1.42
Control (R. solani) (Full N) 28.75 d 2.92 e 0.65 e 0.00 0.00 2.31 0.134 1.21

Control healthy

(non-infested soil) (Full N) 
57.75 bc 7.09 d 1.70 c 0.00 0.00 3.23 0.235 1.51

 1) (RI)= Rhizobial inoculation 
 2) (⅓ N) = 1.5 g N/pot-1 as a starter dose.
 3)Foliar application (4.3 mL at 4x107 cfu/mL /plant, 30 days after planting).
 4) (Full N) = 4.5 g N/ pot-1 in two equal split doses were added at 10 and 25 days after plantation, and without Rhizobial 
inoculation
Means in each column followed by the same letters are not significantly different using Duncan’s multiple range test,       
 (p = 0.05).

treatments; the largest rise occurred with (a mix 
of RI + ⅓ N + M.nodulans ) treatment and (a 
mix of RI +⅓ N+ M. mesophilicum) treatment 
in comparison to the control grown in artificially 
contaminated soil.

 It is observed that a combination of  rhizobial 
inoculation with ⅓ N (1.5 g N/pot-1) increases 
the value of crop parameters of faba bean plants 
over full nitrogen fertilization treatment. Also, 
the addition of methylotrophic bacteria as a 
seed treatment or foliar application to the mix 
of rhizobial inoculation plus  ⅓ N (1.5 g N/pot-1) 

improves the crop parameters over full nitrogen 
(4.5 g pot-1) alone treatment which can decrease 
the amount of fertilization to the one-third amount. 

5-Field experiments 
5-1-Impact of Rizolex-T, methylotrophic 

bacteria, and Rhizobium strains on the occurrence 
of damping-off disease of faba bean plants under 
natural infection

As compared to the untreated control in 
two seasons, the results shown in Table (4) 
demonstrate that all treatments considerably 
reduced the percentage of pre- and post-emergence 
damping-off disease and raised the percentage of 
plants that survived. The maximum decrease of 

pre-emergence damping off was recorded with 
(a mix of RI + ⅓ N + M.nodulans ) treatment 
followed by Rizolex-T treatment in two seasons. 
In the first season, the maximum reduction of 
post-emergence damping off was observed with 
(a mix of RI + ⅓ N + M. nodulans), ( a mix of 
RI + ⅓ N + M. mesophilicum) and Rizolex-T 
treatments. In the second season, the maximum 
reduction was observed with (a mix of RI + ⅓ N 
+ M. nodulans) and Rizolex-T treatments. On the 
other hand, the maximum increase of survived 
plants was recorded with (a mix of RI + ⅓ N + 
M. nodulans), Rizolex-T treatments, and ( a mix 
of RI + ⅓ N + M. mesophilicum) respectively in 
the two seasons.

5-2- Impact of Rizolex-T, methylotrophic 
bacteria, and Rhizobium strains on some growth 
parameters of faba bean plants under natural 
infection

Under natural infection in the field, Data in 
Table (5) revealed that all treatments separately 
or in combination significantly stimulated the 
growth parameters of faba bean plants in com-
parison with the untreated control treatment in the 
two seasons. 
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TABLE 4. Impact of Rizolex-T, methylotrophic bacteria, and Rhizobium strains on the occurrence of damping-
off disease of faba bean plants under natural infection at Giza Agricultural Research Station during 
winter growing seasons 2020-2021 and 2021-2022.

(A): First season

Treatments
Damping- off

Survived 
plants %

Increasing       
over infected 

control %
Pre-emergence Post-emergence

Incidence% Reduction% Incidence% Reduction%

RI1(481) + (⅓ N)2 12.1 b 65.72 2.0 c 60.0 85.9 c 43.88
RI (El Khatattba) + 

(⅓ N) 12.5 b 64.58 2.3 c 54.0 85.2 c 42.71

Mix of RI + (⅓ N) 12.6 b 64.30 3.8 b 24.0 83.6 c 40.36
Mix of RI + 

M. mesophilicum3 +

 (⅓ N) 

9.3 b 73.65 1.2 d 76.0 89.5 b 50.25

Mix of RI+ 

M. nodulans + (⅓ N) 
5.6 c 84.13 1.2 d 76.0 93.2 a 56.11

Rizolex –T (Full N)4 5.8 c 83.56 1.3 d 74.0 92.9 a 55.61

Control (Full N) 35.3 a - 5.0 a - 59.7 d -

(B): second season

Treatments

Damping- off
Survived 
plants %

Increasing       
over infected 

control %

Pre-emergence Post-emergence

Incidence% Reduction% Incidence% Reduction%

RI1(481) + (⅓ N)2 11.0 c 70.1 3.0 b 42.30 84.0 c 44.82

RI (El Khatattba) + 
(⅓ N) 12.5 c 66.03 2.2 c 57.69 85.3 bc 47.06

Mix of RI + (⅓ N) 15.0 b 59.23 2.0 c 61.53 83.0 c 43.1

Mix of RI + M. 
mesophilicum3 +

 (⅓ N) 
10.3 c 72.01 1.8 c 65.38 87.9 ab 51.55

Mix of RI+ 

M. nodulans + (⅓ N) 
6.6 d 82.06 1.3 d 75.0 92.1 a 58.79

Rizolex –T (Full N)4 7.2 d 80.43 1.6 d 69.23 91.2 a 57.24

Control (Full N) 36.8 a - 5.2 a - 58.0 d -

 1) (RI)= Rhizobial inoculation
 2) (1⁄3 N) = (15) Kg N fed -1as a starter dose.
 3)M. mesophilicum as a foliar application (6 L at 4x109cfu/mL /fed-1, 30 days after planting)
 4)(Full N) = 50 Kg N/fed in two equal doses were added before the first and second irrigation
   Means in each column followed by the same letters are not significantly different using Duncan’s multiple range
   test, (p = 0.05).
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The treatment (a mix of RI + ⅓ N + M. 
nodulans) showed maximal effect at all tested 
growth parameters, the dry weight of shoot, nodules 
number, and dry weight of nodules in the two 
successive seasons followed by ( a mix of RI + ⅓ N 
+ M. mesophilicum), whereas control treatment (full 
nitrogen) recorded the lowest values of all growth 
parameters as compared with other treatments. 

Meantime in the two seasons, (a mix of RI + 
⅓ N + M. nodulans) and (a mix of RI + ⅓ N + 
M. mesophilicum) treatments resulted in worthy 
increases of nitrogen, phosphorus, and potassium 
contents in comparison with control treatment. 

TABLE 5. Impact of Rizolex-T, methylotrophic bacteria, and Rhizobium strains on some growth parameters of 
faba bean plants under natural infection at Giza Agricultural Research Station during winter growing 
seasons 2020-2021 and 2021-2022 after 60 days of planting.

    (A): First season 

Treatments
Shoot dry 
weight (g/

plant)

Nodules 
number /

plant

Nodules dry 
weight (mg/

plant)

N

mg/g

P

mg/g

K

mg/g

RI1(481) + (⅓ N)2 9.36 d 44 c 331.66 d 3.12 0.684 2.28

RI (El Khatattba) + (⅓ N) 12.00 c 28 d 314.34 e 2.62 0.411 1.67

Mix of RI + (⅓ N) 10.20 d 54 b 354.32 c 2.85 0.469 1.83

Mix of RI + M. mesophilicum3 + 
(⅓N) 14.60 b 57 b 390.37 b 4.08 0.715 2.77

Mix of RI+ M. nodulans + (⅓ N) 17.13 a 65 a 423.40 a 4.79 0.839 3.25

Rizolex –T (Full N)4 8.86 d 22 d 250.33 f 2.74 0.428 1.68

Control (Full N) 6.50 e 11 e 136.38 g 1.88 0.307 1.43
    (B): Second season 

Treatments
Shoot dry 
weight (g/

plant)

Nodules 
number /

plant

Nodules dry 
weight (mg/

plant)

N

mg/g

P

mg/g

K

mg/g

RI1(481) + (⅓ N)2 13.56 d 73 c 436.00 b 3.22 0.624 2. 57

RI (El Khatattba) + (⅓ N) 12.90 e 53 d 366.00 c 3.53 0.567 2. 45

Mix of RI + (⅓ N) 15.10 c 76 c 437.00 b 3.77 0.709 2.86

Mix of RI + M. mesophilicum3 + 
(⅓   N) 16.36 b 121 b 475.33 ab 4.25 0.719 2.94

Mix of RI+ M. nodulans + (⅓ N) 17.37 a 149 a 491.00 a 5.38 0.764 3.30

Rizolex –T (Full N)4 10.53 f 36 e 282.00 d 3.61 0.537 1.89

Control (Full N) 8.66 g 26 f 214.00 e 2.31 0.392 1.83
 1) (RI)= Rhizobial inoculation
 2) (1⁄3 N) = (15) Kg N fed -1 as a starter dose.
 3)M. mesophilicum as a foliar application (6 L at 4x109cfu/mL /fed-1 , 30 days after planting)
 4)(Full N) = 50 Kg N/fed in two equal doses were added before the first and second irrigation
    Means in each column followed by the same letters are not significantly different using Duncan’s multiple ran   test, (p = 0.05).                     

5-3- Impact of Rizolex-T, methylotrophic bacteria, 
and Rhizobium strains on some crop parameters 
and yield of faba bean plants under natural infection

All treatments singly or in combination under 
natural infection significantly showed stimulatory 
effects for crop parameters of faba bean plants 
and yield in comparison with control in the two 
seasons (Table 6).

Plant height
In two seasons, the treatments with the greatest 

effects were a combination of ( a mix of RI + ⅓ 
N + M. nodulans ) and a combination of( a mix 
of  RI + ⅓ N + M. mesophilicum) followed by (RI 
481+⅓ N) ) and (a mix of RI +⅓ N) ) in the first 
season while followed by Rizolex-T,  (a mix of RI 
+⅓ N) and  (RI 481+⅓ N) ) in the second season.
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The branches number
In comparison with untreated control, all 

treatments considerably increased the number of 
branches.

Number of pods per plant
       The result revealed an increase in the 

number of pods with all treatments over the un-
treated control in two seasons. In the first season, 
the (mix of RI + ⅓ N + M. nodulans) treatment 
showed the highest value followed by the (mix of 
RI + ⅓ N + M. mesophilicum). As for the second 
season, the maximum increases were recorded for 
the  (mix of RI + ⅓ N + M. nodulans) and the( mix 

of RI + ⅓ N + M. mesophilicum) followed by the 
(mix of RI +⅓ N) and  (RI El-Khatattba+⅓ N). 

Seed weight (g)/plant 
In two seasons the ( mix of RI + ⅓ N + 

M. nodulans ) and the (mix of RI + ⅓ N + M. 
mesophilicum) treatments showed the highest 
value followed by the (mix of RI +⅓ N) and the 
(RI 481+⅓ N ) in the first season, and in the second 
season followed by (RI 481+⅓ N),the ( mix of RI 
+⅓ N), (RI El-Khatattba+⅓ N) and Rizolex-T. 

TABLE 6. Impact of Rizolex-T, methylotrophic bacteria, and Rhizobium strains on some crop parameters of 
faba bean plants under natural infection at Giza Agricultural Research Station during winter growing 
seasons 2020-2021 and 2021-2022

    (A): First season

Treatments Plant 
height (cm)

Number of 
branches/ 

plants

Number of

pods/ plant
Seed weight / 

Plant (g)
100-seed 

weight (g)
Seed yield 
(ton/fed)

RI1 (481) + (⅓ N)2 99.0 ab 3.9 ab 17.5 d 40.4 b 74.2 1.365 c
RI (El Khatattba) + (⅓ N) 93.4 c 4.1 a 18.7 c 38.8 c 72.1 d 1.351 c

Mix of RI + (⅓ N) 95.0 b 3.8 ab 19.1 c 40.9 b 73.2 c 1.372 c
Mix of RI + M. mesophili-

cum3 + (⅓ N) 100.9 a 4.1 a 20.5 b 42.6 a 78.8 a 1.557 b

Mix of RI+ 

M. nodulans + (⅓ N) 
102.4 a 4.0 a 22.4 a 42.7 a 78.3 a 1.669 a

Rizolex –T (Full N)4 88.4 c 3.5 b 18.9 c 38.0 c  75.7 b 1.525 b 
Control (Full N) 62.0 d 2.2 c 11.8 e 21.6 e 64.5 e 0.920 d

  (B): Second season

Treatments
Plant 
height 
(cm)

Number of

branches/ 
plant

Number of

pods/ plant
Seed weight/ 

Plant (g)
100-seed 

weight (g)
Seed yield 
(Ton/fed)

RI1 (481) + (⅓ N)2 104.8 c 3.5 a 19.2 d 41.1 a 76.6 b 1.397 d 
RI (El Khatattba) + (⅓ N) 101.3 d 3.8 a 20.3 bc 38.9 b 75.6 b 1.373 d

Mix of RI + (⅓ N) 105.0 c 3.3 a 20.6 b 41.0 ab 77.4 ab 1.409 d
Mix of RI + M. mesophili-

cum3 + (⅓ N) 109.0 ab 3.8 a 21.9 a 42.0 a 78.0 a 1.586 b

Mix of RI+ 

M. nodulans + (⅓ N) 
111.0 a 3.8 a 22.2 a 42.8 a 79.2 a 1.638 a

Rizolex –T (Full N)4 106.0 bc 3.0 a 19.4 cd 38.4 b 75.7 b 1.475 c 
Control (Full N) 73.3 e 2.0 b 12.0 e 21.9 c 64.1 c 1.934	 e

 1) (RI)= Rhizobial inoculation
 2)(1⁄3 N) = (15) Kg N fed -1as a starter dose.
 3)M. mesophilicum as a foliar application (6 L at 4x109cfu/mL /fed-1, 30 days after planting)
 4)(Full N) = 50 Kg N/fed in two equal doses were added before the first and second irrigation
 Means in each column followed by the same letters are not significantly different using Duncan’s multiple range test, (p = 0.05).
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The weight of hundred seeds
In the first season, the (mix of RI + ⅓ N + 

M. mesophilicum) and the (mix of RI + ⅓ N + M. 
nodulans) showed the highest value followed by 
Rizolex -T, while in the second season, followed 
by the (mix of RI +⅓ N), (RI 481+⅓ N), Rizolex-
T and (RI El-Khatattba+ ⅓ N).

Seed yield 
All treatments considerably enhanced seed 

yield during both seasons in comparison with the 
control. The maximum values were recorded with 
the (mix of RI + (⅓ N) + M. nodulans) followed 
by the (mix of RI + ⅓ N) + M. mesophilicum) and 
Rizolex-T respectively. Meantime, the remaining 
treatments did not have any statistically significant 
differences.
6-Impact of the methylotrophic bacteria and Rhi-

zobium strains on the activity of peroxi-
dase, polyphenol oxidase enzymes, and 
content of phenol

6-1-The activity of peroxidase and polyphenol 
oxidase enzymes

According to Table (7), all treatments 
significantly increased peroxidase and polyphenol 
oxidase activities in comparison to untreated 

control, the considerable increase was related to 
(a mix of RI + ⅓ N + M. nodulans) treatment in 
both enzymes.

6-2-Phenolic contents 
In comparison with untreated controls, the 

content of total phenols has been significantly in-
creased in all treatments (Table 8). The highest in-
crease was recorded with (a mix of RI + ⅓ N + M. 
nodulans) treatment as 89.08% over the untreated 
control with full nitrogen fertilization followed by  
(RI El-Khatattba+⅓ N) and the (a mix of RI +⅓ 
N ) treatments as 79.08 and 75.6% over untreated 
control respectively.

For free phenol content, the maximum 
increase was shown with a (mix of RI + ⅓ N + 
M. nodulans) treatment (197.08 % increase over 
control) followed by (a mix of RI +⅓ N )and (RI 
El-Khatattba+(⅓ N) treatments (126.1 % and 
106.79 % increase over control respectively). 
On the other hand, the maximum increase of 
conjugated phenol was observed with (RI El-
Khatattba+⅓ N) treatment (65.23% increase over 
control) followed by (RI 481+⅓ N) treatment 
(60.38% increase over control). 

Treatments

activity of Peroxidase 

(Absorbance at 430 nm)

activity of Polyphenol oxidase 

(Absorbance at 495 nm)

Activity Increasing over 
infected cotrol% Activity Increasing over 

infected control%

RI (481) + (⅓ N) 0.282 c 58.42 0.201 c 107.2

RI (El Khatattba) + (⅓ N) 0.279 c 56.74 0.210 c 116.49

Mix of RI + (⅓ N) 0.271 c 52.24 0.211 c 117.5

Mix of RI+ 

M. nodulans + (⅓ N) 
0.301 d 69.1 0.231 d 138.1

Control (R. solani) (Full N) 0.178 b - 0.097 b -

Control healthy

(non-infested soil) (Full N) 
0.091 a 1.79	 a

Means in each column followed by the same letters are not significantly different using Duncan’s multiple range test, 
(p = 0.05).

TABLE 7. Impact of the methylotrophic bacteria and Rhizobium strains on the activity of oxidative enzymes of 
faba bean plants grown in artificially contaminated soil by R. solani
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Treatments

Phenolic contents (mg/g fresh weight)

Total 

phenols

Increasing 

over 
infected 

control %

Free 
phenols

Increasing 

over

 infected 

control %

Conjugated 
phenols

Increasing 
over infected 

control %

RI (481) + (⅓ N) 6.701 c 66.65 2.401 b 79.18 4.300 de 60.38

RI (El Khatattba) + (⅓ N) 7.201 d 79.08 2.771 
bc 106.79 4.430 e 65.23

Mix of RI + (⅓ N) 7.061 d 75.60 3.031 c 126.19 4.030 d 50.31

Mix of RI+

 M. nodulans + (⅓ N) 
7.603 e 89.08 3.981 d 197.08 3.622 c 35.1

Control (R. solani) (Full N) 4.021 b - 1.340 a - 2.681 b -

Control healthy

(non-infested soil) (Full N) 
1.791 a 1.101 a 0.690 a

Means in each column followed by the same letters are not significantly different using Duncan’s 
multiplerange test, (p = 0.05). 

TABLE 8. Impact of the methylotrophic bacteria and Rhizobium strains on phenolic contents of faba bean plants 
grown in artificially contaminated soil by R. solani

Discussion                                                                                 
In Egypt, the faba bean, or Vicia faba L., is 

a significant crop grown for food, vital for soil 
fertility, and human nutrition as a good source of 
vegetarian protein, and animal nourishment. The 
yield production was significantly lowered as a 
result of the significant decrease in the cultivated 
area (Omar, 2021). However, Rhizoctonia 
damping-off and root rot diseases are the most 
common cause of yield instability and losses in 
faba bean production in most parts of the world, 
resulting in a significant decline in crop throughput 
and seed quality (Mazen et al., 2008). To meet 
the enormous demand for food from expanding 
populations, there is an overreliance on chemical 
pesticides and fertilizers. Unfortunately, the 
excessive utilization of such fertilizer’s outcomes 
in human health problems, toxicity in plants, 
and environmental contaminants (Lassaletta et 
al., 2014). Therefore, significant effort is being 
made to reduce the usage of synthetic fungicides 
and maximize the use of alternative management 
measures to manage plant pathogens in soil.

The use of biofertilizers as biocontrol agents 
can be a powerful means to ensure that the 
growing population is not only provided with food 
but also agricultural production is protected from 
the effects of various environmental pressures 
(Mahanty et al., 2017).

Plant-beneficial microbes, also referred to 
as plant growth-promoting microbes (PGPMs), 
which play a major role in improving crop pro-
ductivity and providing resistance to stress con-
ditions have recently received more attention 
(Yadav and Yadav, 2018 a). It is well recognized 
that some strains of Methylobacterium have an 
important position in enhancing crop yields and 
soil fertility. Rhizospheric and non-rhizospheric 
methylotrophs are frequently applied as bioinocu-
lants, and the use of these bacteria for alternatives 
to chemical fertilizers is growing (Yadav and Ya-
dav, 2018 b).

All the microorganisms under study showed 
activity in producing IAA, HCN, and ammonia 
despite the differences in values. In this respect, 
Indole acetic acid (IAA) promotes cell elongation 
by increasing the synthesis of components of the 
cell wall, for example, cellulose and pectin (Rayle 
& Cleland, 1992). Meantime, the hormone auxin 
in plants is known to stimulate cell elongation 
through increased cell wall extensibility (Majda 
& Robert, 2018). Moreover, IAA stimulates the 
expression of genes involved in the development 
of lateral roots, hence IAA encourages lateral root 
formation (Du & Scheres, 2018). On the other 
hand, a wide range of microbes creates hydrogen 
cyanide (HCN), a volatile secondary metabolite 
that is believed to be important for the biocontrol 
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of plant diseases (Gupta & Sinha, 2020).  HCN 
is a cytochrome c oxidase inhibitor, that resulted 
to disrupts cellular respiration, leading to the 
depletion of ATP and the accumulation of reactive 
oxygen species (ROS). ROS have the potential 
to cause damage to cell components, leading to 
cell death (Cooper & Brown, 2008). Hence, the 
production of HCN by biocontrol agents is thought 
to be a key factor in their ability to suppress plant 
diseases. HCN can act directly on pathogens, 
inhibiting their growth and development. In 
addition, HCN can also induce systemic acquired 
resistance (SAR) in plants. SAR can help to protect 
the plant from subsequent infections (Díaz-Rueda 
et al., 2023). However, by producing ammonia, 
PGPB collects and supplies nitrogen to their host 
plants, as well as elongate its roots and shoots and 
increase biomass (Marques et al., 2010).

In the present research, the antibiotic 
susceptibility test showed that isolates were 
resistant to different antibiotics as ampicillin 
and colistin. Meantime, the rhizosphere is home 
to a wide variety of microorganisms. Certain 
microorganisms in the soil naturally create 
antibiotics that are fatal to soil populations 
of sensitive methylotrophic or Rhizobium 
bacteria. Hence, innate resistance to antibiotics 
is a favorable characteristic for methylotrophic 
bacteria and Rhizobium populations. It improves 
the odds of survival, growth, and reproduction in 
an antibiotically stressful environment (Nahar et 
al., 2017).

In the present work, using the genus 
Methylobacterium and genus Rhizobium as 
biocontrol agents for controlling root rot disease 
of faba bean plants (cv. G 843) caused by R. 
solani, also as a biofertilizer showed a respectable 
result in addition to the possibility of using them 
for reducing nitrogen fertilization to about one-
third rate of the recommended dose. 	

Under greenhouse and field conditions, results 
indicated that treating seeds with M. nodulans 
in combination with a mix of rhizobium strains 
plus one-third of the nitrogen fertilization rate 
enhanced resistance against pre- and post-
emergence damping-off and increased survived 
plants, in addition to the fact that treating seeds 
with Rizolex-T greatly reduced the disease 
incidence. Also, the treatment with a mix of 
rhizobium strains plus one-third of the nitrogen 
fertilization rate followed by foliar treatment with 
M. mesophillicum decreased the disease incidence 
significantly in comparison with the control. 

Different microorganism treatments under 
investigation resulted in a significant increase in 
nodules number and nodules dry weight of faba 
bean plants in comparison to untreated control 
grown in infested soil with R. solani. There was 
a noticeable rise in the seeds produced per feddan 
in the field with the tested microorganism’s 
treatments or Rizolex-T over the control due to the 
increase of shoots and roots dry weight generated 
by the treatments. 

Meanwhile, Methylobacterium spp. are sig-
nificant endophytes that are thought to be respon-
sible for improved plant height, leaf area, and 
seed germination as a result of the production of 
physiologically active metabolites like auxins and 
cytokinins (Rossetto et al., 2011). Furthermore, 
Methylobacterium spp. encourages plant growth 
as a bio-promoter by modulating the quantity of 
ethylene, a key signaling chemical in plants that 
influences defense system function, cell develop-
ment, and aging (Hoppe et al., 2011). The applica-
tion of pink-pigmented facultative methylotrophs 
(PPFMs) as a foliar spray significantly improved 
plant height, dry weight, leaf area, number, and 
dry weight of boll resulting in a rise in seed cotton 
yield over control (Madhiayan et al., 2006).

However, it has been reported that many rhi-
zobial strains possess biocontrol capabilities. 
Consequently, potential control can be achieved 
by using these strains against soilborne pathogens. 
The rhizobia’s biocontrol mechanism involves 
competition with nutrients (Arora et al., 2001), 
the synthesis of antibiotics (Bardin et al., 2004; 
Deshwal et al. 2003a), the secretion of enzymes 
that degrade the cell wall (Ozkoc & Deliveli, 
2001), and the formation of siderophores (Carson 
et al., 2000; Deshwal et al., 2003b). It has been 
observed that several strains include R. Legumi-
nosarum bv. trifolii, R. leguminosarum bv. viciae, 
R. meliloti, R. trifolii, and Bradyrhizobium japon-
icum secrete enzymes that break down cell walls 
and antibiotics that can suppress plant pathogens 
(Bardin et al., 2004; Siddiqui et al., 2000).

In our study, under artificially infested soil 
in the greenhouse and natural infection in the 
field, all treatments significantly enhanced the 
NPK quantity of faba bean plants in comparison 
with the control treatment with full nitrogen 
fertilization. However, individuals in the genus 
Methylobacterium fix nitrogen, solubilize 
phosphorus, and deliver essential nutrients to 
plants. Because Methylobacterium species are 
capable of dissolving inorganic phosphates, 
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phosphate metabolism is encouraged in both 
microbes and plants (Rodríguez et al., 2006). 
Additionally, the genus Methylobacterium can 
create low-molecular-mass siderophores that 
have a high affinity for iron solubilization. As a 
result, solubilizing iron helps plants absorb it and 
grow. Radha et al., (2009) reported that treated 
soybean seeds with Bradyrhizobium and PPFM 
increased nitrogen and potassium uptake in the 
vegetative plant parts, nodulation, and yields in 
comparison with control and chemical fertilizer. 
Furthermore, both nodulating and non-nodulating 
Methylobacterium spp. with high nitrogenase 
activity were isolated from legumes (Raja et al., 
2006).

On the other hand, all treatments increased the 
activity of the enzymes peroxidase (PO) and poly-
phenol oxidase (PPO) which in turn induced an 
expression of pathogenesis-related (PR) proteins. 
Once more, the maximum enzymatic activity was 
obtained by combining bio treatments with the 
one-third N fertilization, and this resulted in the 
inhibition of Rhizoctonia root rot. According to 
Jha et al., (2015), Methylobacterium is an inducer 
of systemic resistance through the synthesis of 
proteins, such as phenylalanine ammonia-lyase, 
peroxidase, chitinase, β -1,3, glucanase, and phe-
nolic compounds. Peroxidase is well recognized 
for being essential to host plant defenses against 
pathogens (Van Loon et al., 2006). Peroxidases 
also play a role in the synthesis of phytoalexins 
and the creation of reactive oxygen species (ROS), 
which have antimicrobial effects (Almagro et al., 
2009).

Meanwhile, ortho-diphenolic compounds can 
be oxidized to o-quinones (antimicrobial chemi-
cals) by polyphenol oxidases. Quinones are potent 
inhibitors of the SH family of enzymes that may 
suppress pathogens (Constabel & Barbehenn, 
2008). Polyphenol oxidases can function in four 
ways: (1) by quinones toxicity; (2) by decreasing 
bioavailability and alkylation of cellular proteins 
of the pathogen; (3) by physically forming barri-
ers through crosslinking quinones with protein in 
the pathogen; and (4) by creating reactive oxygen 
species (Yoruk & Marshall, 2003). On the other 
hand, faba bean plants’ total phenolic compound 
content was much higher in comparison with un-
treated control plants. In this case, Nicholson & 
Hammerschmidt (1992) proposed that phenolic 
compounds have a function in disease resistance. 
They suggested that plants related to phenols have 
two stages to their defense mechanism. The first is 

thought to entail the quick build-up of phenols at 
the site of infection, which inhibits (or even stops) 
the pathogen’s growth. The second stage might in-
clude the activation of particular defenses such as 
the creation of phytoalexins or other compounds 
associated with stress.

The use of a mixture of biological control 
agents is expected to achieve better protection 
against diseases because each biological agent 
may have a unique mode of action to combat the 
pathogen. The majority of biological control strat-
egies for soilborne plant pathogens depend on a 
single biocontrol agent to inhibit the pathogen 
(Larkin et al., 1998). This strategy needs to be 
changed since specific biocontrol agents may not 
perform consistently against all crop diseases un-
der different soil conditions. A broader variety of 
properties can be found in a mixture of biocontrol 
agents that inhibit one or more diseases and have 
these traits manifested under a variety of patho-
logical conditions. Numerous studies demonstrate 
that combining different biocontrol agents can 
increase effectiveness and reduce variability in ef-
ficacy (Guetsky et al., 2002; Roberts et al., 2005; 
Pertot et al., 2017).

Conclusion                                                                                       

Eventually, it may be stated that the use of 
Methylobacterium and rhizobium in combination 
with the one-third amount of N recommended 
fertilization dose could be utilized to replace 
chemical fertilizers (full nitrogen dose) as an 
environmentally friendly and cost-efficient 
method to enhance plant growth. Likewise, 
methylotrophic bacteria provide an alternate 
means for biocontrol and plant growth 
enhancement by producing phytohormones, 
fixing nitrogen, and solubilizing phosphate. Also 
effective as a biocontrol agent against Rhizoctonia 
damping off and root rot disease.
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Díaz-Rueda, P., Morales de los Ríos, L., Romero, L. 
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METHYLOTROPHIC BACTERIA AND RHIZOBIUM AS BIOFERTILIZERS  ... 

للبذرة  كمعاملة  إما  التغذية  مثيلية  البكتيريا  بين  الجمع   تأثير  دراسة  إلى  البحث  هذا  يهدف 
Methy� أو معاملة بالرش على المجموع الخضري )Methylobacterium nodulans)
البلدي  الفول  على  المتخصصة  الجذرية  العقد  وبكتيريا   )lobacterium mesophilicum
Rhizobium leguminosarum biovar viciae علي حدوث عفن الجذور الرايزوكتونى 

تحت ظروف الصوبة والحقل  

أدت معاملة )الجمع بين عزلات بكتيريا العقد الجذرية + ثلث التسميد النيتروجيني + معاملة 
البذرة بالبكتريا M. nodulans ( إلى انخفاض معنوي في النسبة المئوية لموت البادرات قبل 
الظهور وبعد الظهور فوق سطح التربة كما سببت في زيادة كبيرة في نسبة النباتات الباقية على 
قيد الحياة. كما كان لها تأثير تحفيزي معنوي على مكونات المحصول والمحصول النهائي، 
تلاها في ذلك معاملة )الجمع بين عزلات بكتيريا العقد الجذرية + ثلث التسميد النيتروجيني 
بالمبيد  المعاملة  يليها   )M. mesophilicum بالبكتريا  الخضري  المجموع  رش  معاملة   +
رايزولكس- تي . في الوقت نفسه، أسفرت نفس المعاملات عن زيادة في محتويات النيتروجين 
والفوسفور والبوتاسيوم. كما أظهرت جميع المعاملات زيادة في نشاط انزيمات البيروكسيديز 
نتيجة  أعلي زيادة  وكانت  الفينولية  المحتويات  الي زيادة  بالإضافة  اوكسيديز  فينول  والبولي 
معاملة ) الجمع بين عزلات بكتيريا العقد الجذرية + ثلث التسميد النيتروجيني + معاملة البذرة 
بالبكتريا M. nodulans(. تنتج جميع السلالات المختبرة من بكتيريا العقد الجذرية والبكتيريا 
للمضادات  مقاومة  إنها  كما  والامونيا  والهيدروسيانيد،  الخليك،  اندول حمض  التغذية  مثيلية 
الحيوية الأمبيسيلين والكوليستين وحساسة للمضاد الحيوي التتراسيكلين. في النهاية، أشارت 
ثلث  إلى  بالإضافة  التغذية  مثيلية  والبكتيريا  الجذرية  العقد  بكتيريا  بين  الجمع  أن  إلى  النتائج 
جرعة التسميد النيتروجيني يقلل من حدوث عفن الجذور الرايزوكتونى كما يؤدى إلى زيادة 

ملحوظة في محصول الفول البلدي.

 البكتيريا مثيلية التغذية وبكتيريا العقد الجذرية  كسماد حيوي  وعامل مكافحة حيوية لعفن 
الجذور الرايزوكتوني في الفول البلدي  
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