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ABSTRACT 

 

Rhizobia and fluorescent Pseudomonas associated with root nodules of mungbean 

(Vigna radiata) were studied for their synergistic effect on disease suppression and 

promotion of plant growth. Fluorescent Pseudomonas viz., NAFP-19, NAFP-31 and 

NAFP-32 and Rhizobium vignae (NFB-103), R. vignae (NFB-107) and R. vignae (NFB-

109) were applied simultaneously in naturally infested soil in screen house experiment 

caused suppression of root rotting fungi of soybean as compared to untreated control. 

Combined application of both bacteria produced healthier plants than untreated plants or 

plants inoculated with either component alone. 
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INTRODUCTION 

 

Soybean (Glycine max L. Merr) is important leguminous crop which is a source of 

food for man and livestock (Dwevedi and Kayastha, 2011). Soybean consists of high 

quality protein ranging from 37 to 42% (Wilcox and Shibles, 2001), ash is 6%, 

carbohydrate is 29% and oil ranges from 17-24% (Ali et al., 2015) which makes it an 

important crop. Seeds are highly proteinaceous because of assimilation of high 

concentration of nitrogen in the shoot of plant therefore it requires high amount of 

nitrogen (Board, 2013). Soybean can be grown in different environmental conditions 

because of its adaptations (Tran et al., 2015). Nitrogen is either provided through 

biological nitrogen fixation by specific rhizobia (Seneviratne et al., 2000) or by 

dissolving mineral nitrogen from soil (Albareda et al., 2009). Growers use BNF as 

biofertilizer for sustainable agricultural practices (Janagard and Ebabi- Segherloo, 2016). 

In order to sustain agricultural system, leguminous plants are inoculated with rhizobia 

(Howieson et al., 2007).  

Soybean is known to inhabit a wide range of microorganism i.e., Bradyrhizobium 

species (Zhang et al., 2012), Rhizobium Sinorhizobium species (Saldana et al., 2003) and 

Agrobacterium species (Youseif et al., 2014) which are responsible of fixing nitrogen and 

increasing yield of crop. Plant growth promoting rhizobacteria (PGPR) are associated 

with root nodules other than rhizobia (Martinez-Hedalgo and Hirsch, 2017). PGPR which 

are known to be associated with soybean i.e., Pseudomonas, Bacillus, Enterobacter and 
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Microbacterium which are able to fix nitrogen (Park et al., 2005), sequester iron 

(Susilowatl et al., 2011) phytohormones producer (Masciarelli et al., 2014), inorganic 

phosphate solubilizer (Sharma et al, 2012), and fungal or viral pathogens suppresser 

(Khalimi and Suprata, 2011). Suppression of root rotting fungi by rhizobia (Ehteshamul-

Haque and Ghaffar 1993) along with endo-nodule fluorescent Pseudomonas (Farhat et 

al., 2017). The effect of indigenous rhizobial effect can be overcome by using specific 

PGPR with rhizobia (Aung et al., 2013). 

Wide range of crops are found to be extensively associated with fluorescent 

Pseudomonas which induces systemic resistance in plants (Shafique et al., 2015) and also 

known to have suppressive potential against root infecting fungi (Siddiqui and 

Ehteshamul-Haque 2001). Antifungal metabolites are also produced by fluorescent 

Pseudomonas which reduces associated fungal pathogens in soil (Rahman et al., 2016). 

Root nodule associated with Fluorescent Pseudomonas is for its biocontrol ability 

(Noreen et al., 2015). In our previous study we have reported the biocontrol potential of 

mungbean’s nodules linked fluorescent Pseudomonas and rhizobia against root infecting 

fungi and root knot nematode (Noreen et al., 2015). It is reported that number of nodules 

in chickpea was greater in those plants treated with both rhizobia and fluorescent 

Pseudomonas than rhizobia alone (Noreen et al., 2016). The role of root nodule 

associated fluorescent Pseudomonas also reported in nodule formation (Noreen et al., 

2019). The present report describes the effect of fluorescent Pseudomonas and rhizobia 

on growth of soybean. Co-inoculation of rhizobia with proper plant growth promoting 

rhizobacteria (PGPR) is one of the popular approaches to overcome the effect of 

indigenous rhizobia (Aung et al., 2013). 

 

MATERIALS AND METHODS 

 

Bacterial cultures of fluorescent Pseudomonas and Rhizobia: Cultures of fluorescent 

Pseudomonas and rhizobia used in present study were isolated from nodules of mungbean 

(Vigna radiata L.) by Noreen et al., 2015; 2019). 

 

Role of Pseudomonas and rhizobia in screen house experiment: Soil was collected 

from Department of Botany, University of Karachi having 8.0 pH and 40% moisture 

holding capacity un-sterilized sandy loam was transferred into earthen pots of 12 cm 

diameter with 1 kg of soil per pot. Bacterial sample (25 mL) of NAFP-19 (3.3×10
8 

cfu/mL), NAFP-32 (2.5×10
8 

cfu/mL), NAFP-31 (1.4×10
8 

cfu/mL), Rhizobium vignae 

(NFB-103) (3.6×10
8 

cfu/mL), R. vignae (NFB-107) (3.4 ×10
8 

cfu/mL) and R. vignae 

(NFB-109) (2.2×10
8 

cfu/mL) was added after sowing six soybean (Glycine max L. Merr) 

seeds in each pot. Untreated plants functioned as negative control, while for positive 

control 25 mL of carbendazim (200 ppm) per pot was used. Complete randomized block 

design was used for experiment with four replicates; four seedlings were kept in each pot. 

After 45 days, plants were uprooted and root shoot biomass was documented. Infection 

percentage of root rotting fungi was calculated as described by Urooj et al., (2018). 

 

Analysis of data: For plant growth parameters, one way ANOVA was used while Two-

way ANOVA was used to compare the means of infection of fungal pathogens and 

among the treatments. Least significant difference (LSD) test at (p = 0.05) was calculated 

to compare the means as the follow up of ANOVA (Gomez and Gomez, 1984).  



Impact of Pseudomonas and rhizobia on soybean 

 

29 

RESULTS 

 

In the screen house experiment, some effective isolates of Pseudomonas viz., NAFP-

19, NAFP-32, NAFP-31 and rhizobia viz., Rhizobium vignae (NFB-103), R. vignae (NFB-

107) and R. vignae (NFB-109) were used as biocontrol agent against root infecting fungi 

individually or in combination. In the present study, soybean plant showed greater height 

treated with R. vignae (NFB-107) alone or co-inoculated with NAFP-31 or NAFP-32 while 

maximum weight of shoot was observed in treatment of NAFP-31 + R. vignae (NFB-107). 

Maximum root length was observed in plants treated with NAFP-19 + R. vignae (NFB-107) 

and R. vignae (NFB-103) while maximum root weight was observed in NAFP-31 + R. 

vignae (NFB-107) and NAFP-103 as compared to control (Table 1). Maximum suppression 

of M. phaseolina was observed in plants treated with NAFP-19 + R. vignae (NFB-103) and 

NAFP-32 + R. vignae (NFB-109) in comparison to control. Significant suppression of R. 

solani was observed by combined treatment of NAFP-19 + R. vignae (NFB-103), NAFP-32 

+ R. vignae (NFB-109) in comparison to control. Maximum inhibition of F. solani was 

observed in positive control (carbendazim) while suppression of F. oxysporum was 

observed in individual treatment of R. vignae (NFB-103) (Table 2).  

 

Table 1. Effect of soil drench with different isolates of Pseudomonas and rhizobia on growth 

of soybean plants in screen house experiment. 

Treatments 

Growth parameter 

Shoot length 

(cm) 

Fresh shoot 

weight (g) 

Root length 

(cm) 

Fresh root  

weight (g) 

Control 27.06 1.02 16.60 0.34 

Carbendazim 31.50 1.71 18.29 0.53 

NAFP-19 39.12 2.53 24.56 0.59 

NAFP-32 36.93 2.17 23.18 0.54 

NAFP -31 40.31 1.88 19.25 0.56 

R. vignae (NFB-107) 45.43 2.49 21.68 0.54 

R. vignae (NFB-109) 39.65 1.63 21 0.34 

R. vignae (NFB-103) 41.03 1.59 25.18 0.42 

NAFP-19 + R. vignae (NFB-107) 44.18 1.64 25.59 0.39 

NAFP-19 + R. vignae (NFB-109) 42.62 1.86 19.5 0.51 

NAFP-19 + R. vignae (NFB-103) 40.68 2.05 22.43 0.46 

NAFP-32 + R. vignae (NFB-107) 43.08 2.28 20.72 0.52 

NAFP-32 + R. vignae (NFB-109) 35.62 2.07 22.68 0.58 

NAFP-32 + R. vignae (NFB-103) 35.78 2.46 22.10 0.54 

NAFP-31 + R. vignae (NFB-107) 34.65 3.07 23.52 0.74 

NAFP-31 + R. vignae (NFB-109) 35.56 1.98 19.09 0.57 

NAFP-31 + R. vignae (NFB-103) 30.18 1.97 16.65 0.45 

LSD0.05 7.961 1.231 7.701 0.301 

1Mean values in column showing differences greater than LSD values are significantly different at p<0.05 
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Table 2. Effect of different isolates of Pseudomonas and rhizobia on root infection by 

Macrophomina phaseolina, Rhizoctonia solani Fusarium solani and F. oxysporum  

on mungbean roots in screen house experiment. 

Treatments 
Infection % 

M. phaseolina R. solani F. solani F. oxysporum 

Control 75 68.75 62.5 37.5 

Carbendazim 56.25 75 25 37.5 

NAFP-19 93.75 75 43.75 37.5 

NAFP-32 75 56.25 43.75 43.75 

NAFP -31 81.25 87.5 37.5 31.25 

R. vignae (NFB-107) 87.25 56.25 93.75 56.25 

R. vignae (NFB-109) 81.25 81.25 87.5 37.5 

R. vignae (NFB-103) 81.25 56.25 87.5 25 

NAFP-19 + R. vignae (NFB-107) 50 56.25 81.25 50 

NAFP-19 + R. vignae (NFB-109) 56.25 43.75 68.75 68.75 

NAFP-19 + R. vignae (NFB-103) 37.5 81.25 93.75 50 

NAFP-32 + R. vignae (NFB-107) 75 62.5 68.75 56.25 

NAFP-32 + R. vignae (NFB-109) 56.25 31.25 56.25 56.25 

NAFP-32 + R. vignae (NFB-103) 37.5 31.25 93.75 68.75 

NAFP-31 + R. vignae (NFB-107) 62.5 37.5 75 31.25 

NAFP-31 + R. vignae (NFB-109) 93.75 43.75 62.5 62.5 

NAFP-31 + R. vignae (NFB-103) 68.75 68.75 93.75 31.25 

LSD0.05 Treatments = 43.341 Pathogens = 21.022 

1Mean values in column showing differences greater than LSD values are significantly different at p<0.05 
2Mean values in rows showing differences greater than LSD values are significantly different 

 

DISCUSSION 

 

Symbiotic relationship between rhizobia and legumes vigorously fix nitrogen besides 

it is beneficial to production of crop (Pepper, 2000). Crop production can be increased by 

plant growth promoting bacteria (PGPB) besides rhizobia combined treatment. Most of 

the strains of PGPB have been tested along with species of common rhizobacteria such as 

Bradyrhizobium or Rhizobium (Bullied et al., 2002). Egamberdiyeva et al. (2010) 

reported that combined treatment of fodder galega with root colonizing species of 

Pseudomonas and Rhizobium enhanced growth and symbiotic performance of host. In the 

current study, three isolates each of fluorescent Pseudomonas and rhizobia isolated from 

root nodules of Vigna radiata were inoculated simultaneously to check their 

enhancement on the growth of soybean.  

In this study, increased biomass of shoot and root of soyabean was observed in 

combined treatment of fluorescent Pseudomonas and rhizobia which was similar to the 

results reported by Egamberdiyeva et al. (2010). Significant increase in plant height and 

shoot biomass was observed in plants inoculated with Rhizobium sp. in soybean seeds 

than un-inoculated plants (Janagard and Ebadi-Segherloo, 2016). The increase in yield of 
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soybean plants was observed by inoculation of Rhizobium without any addition of 

chemical N fertilizer even when bradyrhizobial population of soybean is already present 

in soil (Hungria et al., 2015). The biologically active compounds such as phytohormones 

i.e., auxins, siderophores as well as different enzymes are reported to be produced by 

bacteria (Oswald et al., 2010).  

Inoculation of isolates of Bradyrhizobium has been reported to increase growth and 

yield of soybean seeds (Kala et al., 2011). Salih et al., 2015, reported increase in yield 

and relative growth rate of soybean by inoculation of BNF. Application of 

Bradyrhizobium japonicum has been reported to increase plant height and shoot biomass 

of soybean (Zuffo et al., 2015). Higher number of pods, nodule dry weight, seed number 

and grain yield has been observed in inoculated plants (Mohamed and Hassan, 2015). 

Ntambo et al. (2017) studied the use Bradyrhizobium japonicum under field conditions in 

order to reduce the use of nitrogen fertilizers for soybean. The present study revealed the 

role of fluorescent Pseudomonas associated with root nodules by increasing shoot and 

root mass and suppressing the infection of root infecting fungi. 

 

CONCLUSION 
 

Pseudomonas and rhizobia isolates, as used in this study, have potential to increase 

plant growth of G. max. Their co-inoculation could be a valuable crop-management-tool 

against soil borne root infecting fungi and parasitic nematodes. 
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