
 

  

 

Efficacy of plant growth promoting (PGP) Rhizobium sp. adopted from 

Arachis hypogaea nodules and its impact on the host of Sesbania sp. 

Sumathy Narayanan 

Department of Microbiology, Bharathidasan University, Tiruchirappalli (Tamil Nadu), India 

Rajesh Kannan Velu* 

Department of Microbiology, Bharathidasan University, Tiruchirappalli (Tamil Nadu), India.  

 

*Corresponding author.   E-mail: uvrajesh@gmail.com   

Article Info 

https://doi.org/10.31018/

jans.v17i1.6174    
Received: September 04, 2024 

Revised: February 04, 2025 

Accepted: February 09, 2025 

 This work is licensed under Attribution-Non Commercial 4.0 International (CC BY-NC 4.0). © : Author (s). Publishing rights @ ANSF.    

142 - 151
ISSN : 0974-9411 (Print), 2231-5209 (Online) 

             journals.ansfoundation.org   

Research Article 

INTRODUCTION 

 

One of the first partnerships in the environment may be 

the plant-microbe association. During natural selection, 

microorganisms, regardless of specific phylogenic iden-

tity, primarily or indirectly impact plant growth (Berg et 

al., 2015). Symbiosis is a significant and well-

understood plant-microbe interaction unique to legume 

plants. Following soybeans, peanuts are the second 

most extensively grown grain legume worldwide. The 

allotetraploid, annual herbaceous groundnut (Arachis 

hypogaea) legume family well establishes symbiosis 

with many microbes. With an average yield of 1068 

metric tons per hectare and an overall harvest of 40 

million metric tons, it can be grown on around 24 million 

hectares globally (Kishlyan et al., 2020).The legume 

Arachis hypogia is important to the global agricultural 

economy and is mostly grown for its protein and vege-

table oil (Krishna et al., 2015). In India, one of the most 

significant cash crops is groundnut. The majority of the 

literature, particularly Bradyrhizobium sp., described 

Rhizobia nodulation and nitrogen fixation (Wang et al., 

2017). Numerous Bradyrhizobium and Rhizobium spe-

cies are nodulated throughout the native region of this 

South American native (Muñoz et al., 2011). Ground-

nut, often known as peanut (Arachis hypogaea L.), is a 

significant dietary legume in tropical and subtropical 

regions. Rhizobium, an N-fixing soil bacteria, has been 

proven in several studies to benefit legumes, especially 

groundnuts (Gouda et al.,2018), raising productivity 

and lowering production costs. Bradyrhizobium, a slow-

growing plant, is usually responsible for nodding 

groundnuts. However, efficient fast-growing strains 

have also been observed to do so. A widespread and 

global collection of microsymbionts called Bradyrhizobi-

um can nodulate both non-legume and a wide range of 
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legumes (van Vugt et al., 2018). The two main symbi-

onts for legume plants are Bradyrhizobium and Rhizobi-

um, however new research has revealed that other non

-rhizobial bacteria also coexist with rhizobial strains 

(Cardoso et al., 2018). Most alpha-proteobacteria 

groups and some beta-rhizobia species are the primary 

mediators of stem and root nodule development in sym-

biotic legumes (Sprent et al., 2017). Rhizobial nod fac-

tors interact with nodulation and N2 fixation in legumes. 

Certain rhizobia can also create major phytohormones 

during this process, positively impacting plant growth 

(Hayashi et al., 2014). The positive effects of rhizobia 

are mediated through the production of several metabo-

lites and enzymes that plants and rhizobia either direct-

ly or indirectly trigger during nodule development. The 

secretion of IAA, 1-aminocyclopropane-1-carboxylate 

(ACC) deaminase, riboflavin, and phosphatase for 

phosphate solubilization have all been identified as sig-

nificant PGPR processes (Subhanet al.,2020). 

 

MATERIALS AND METHODS 

 

Isolation of Rhizobium sp 

Ten Arachis hypogaea plants were collected from the 

five different local sites around Madurai District, Ta-

milnadu, India in December 2023. Young, healthy 

plants were randomly selected, and their roots and root 

nodules were carefully uprooted to acquire undamaged 

roots. Nodules were placed in a 0.1% mercury chloride 

solution for 60 seconds, washed with 50% (v/v) ethanol, 

and rinsed using sterile distilled water. 1 g of surface-

sterilized nodules were crushed in 10 ml normal saline 

and diluted up to a 10-8 under a septic condition. One 

milliliter (10–7) suspension was used for the pour plate 

method under Yeast extract mannitol agar. Plates were 

kept in an incubator for five days at 28˚C for 72 h. White 

mucoid colonies were selected, subcultured and then 

Gram’s stained according to the methodology described 

by Ma et al. (2015). 

 

Plant growth promotion characters 

Production of exopolysaccharide was monitored by cul-

turing isolates on Congored agar (CRA) containing 3% 

sucrose and 1% glucose (Verma et al. 2020). Phos-

phate and zinc solubilization test was performed on 

Pikovskaya's and zinc oxide agar plates. Zinc solubility 

of isolates tested on growing on YEMA with 0.1% ZnO 

medium.The following formula was used to determine 

the solubilization index.SI=zone diameter - colony di-

ameter/ colony diameter. The production of ammonia 

among isolates was tested by adding Nessler's reagent 

to cultured peptone water. Isolates grown on modified 

YEMA supplemented with 2 g glycine/L used to detect 

Hydrogen cyanide. The top of the plate contained a 

Whatman filter paper No. 1 soaked in a solution of 0.5% 

picric acid and 2% sodium carbonate. The qualitative 

CAS agar test was used for screening siderophore  

production. 

 

Plant growth hormone production  

Production of auxin, Gibberellic acid (GA3) and Cyto-

kinin were screened by growing strains underYeast 

extract mannitol broth supplemented with 1 g/l of L-

tryptophan  0.01% thiamine, 2 pg of biotin. Following 

two days of incubation at 28 ± 2 °C the cultures were 

centrifuged at 5000rpm.The cell free supernatant was 

used for detection of growth hormones. After 24 hours 

of fermentation, the cell-free supernatant was com-

bined with ethyl acetate, and the solvent phase was 

collected and concentrated. Using n-butanol:acetic ac-

id:water (12:3:5 v/v/v) as the mobile phase, samples 

and references were spotted on thin layer chromatog-

raphy (TLC) chromatograms. Salkowski reagent (1 ml 

of 0.5 M FeCl3 in 50 mL of 35% HClO4) was utilized for 

IAA determination. Gibberellic acid was quantified with 

2,4-dinitrophenylhydrazine solution (DNPH), at 430 nm

(Qi et al.,2021). cytokinin was measured at 405 nm 

using the Plant Growth Regulator (PGR) Enzyme Im-

munoassay Kit (Merck) with standard 6-

benzylaminopurine (Nayar Saraswati, 2021). 

 

1-aminocyclopropane-1-carboxylate (ACC)  

deaminase assay 

Intracellular protein was isolated using RIPA buffer for 

protein extraction reagent and resuspended in 2x sam-

ple buffer. Total protein was estimated using Lowry’s 

method, which used BSA as a standard. ACC deami-

nase activity was determined by the method of Ali et al. 

(2014).Two hundred proteins were incubated with 20 

μL of 0.5 M ACC at 30 °C for 15 min. After incubation,  

800 μL of HCl (0.56N) and freshly prepared 300 μL of 

DNPH reagent (0.1 g 2,4- dinitrophenyl hydrazine was 

added, vortexed and incubated at 30 °C for 30 min. The 

reaction terminated by  2mL of NaOH (2N) and absorb-

ance was recorded at 540 nm. The μmoles of                  

α-ketobutyrate were determined from a standard graph 

plot.  

 

Seed germination test 

After being injected into nutrient broth, productive rhizo-

bial colonies that produced PGH grew overnight. Ses-

bania grandiflora seeds were surface sterilized with 

70% ethanol for two minutes, after which they were 

treated with 1% sodium hypochlorite and repeatedly 

washed with sterile water. The seeds were then soaked 

under 1% starch solution containing rhizobial cell 

(1X108CFU) for 30min. Sterilized Petri plates with damp 

filter paper containing ten seeds of each treatment 

were spaced equally apart and incubated at 28°C. The 

seedling emergence and seed germination were calcu-

lated by using: 

Percentage of seed germination= Number of emerged 
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seeds/number of tested seeds x 100                       Eq.1 

Seed vigor index (VI) = Germination percentage (%) x 

seedling length (cm)                                                Eq.2 

 

Plant growth promotion studies on (Pot trials) 

The pots were 14 inches in circumference and could 

contain 10 kg of soil. The studies were conducted on 

sterile soil. Three treatments in all, with three replica-

tions of each, were used. One hundred milliliters of cul-

ture (OD 2.0×108 CFU ml−1) was applied to the soil. Ten 

seeds were prepared with strains of rhizobia. To main-

tain seed coating the seeds kept an hour in Rhizobial 

phosphate saline buffer (RPSB) containing the suspen-

sion of the Rhizobium sp. Ten seeds were planted in a 

5 cm depth in each pot. After germination, during 3rd 

and 8th day, the germination index was calculated as 

above.  

Germination potential(DAY 3)= seed germinated /n x 

100                      Eq.3 

Germination index (D8)   seed germinated /n x100                 

                 Eq.4 

Vitality index= GI X root weight                                             

                 Eq.5 

 

Plant disease prevention  

On 20thday growth stage plants were infected with 

spores of Alternaria sp (2x 103 CFU) for 5 days by foliar 

application. After 5 days, all the infected plants were 

treated with Rhizobial active strains (CFU=1x108) sus-

pended in 1% xanthan gum was applied by foliar appli-

cation for 5 days, and the disease control was moni-

tored at the end of 20th day of treatment.  

 

Plant growth characters 

After 40 days, the crops were taken out and the follow-

ing metrics were noted: Plant parameters that were 

assessed were height (cm), root (cm), weight (g) of root 

nodules, surface are of root nodule,   were recorded. 

The nodules were oven-dried at 60°C for 24hours and 

weight of nodule was calculated. Plant photosynthetic 

pigments (μg/ml) were determined at all stages of plant 

growth using spectrophotometric methods followed by 

acetone-methanol extraction described by Jiménez-Lao 

et al.(2021). 

Carotenoids =5.02A480=μg/ml 

Chlorophyll a =10.3A663−0.918A644=μg/ml 

Chlorophyll b =19.7A644−3.87A663=μg/ml 

Total chlorophylls =7.04A645+20.27A663 

 

Leghemoglobin content in nodular tissues 

Quantification of LHB content among nodules estimat-

ed as described by Singh and Varma (2017).100 mg of 

frozen nodules were crushed to release leghaemoglo-

bin under 2 mL centrifuge tube along with 0.6 mL of 

Drabkin's solution. The mixture was centrifuged at 

10,000 rpm and 4 °c and the supernatant was collect-

ed. The collected aqueous phase was made up to 2 

mL and absorption was measured at 540 nm using a 

UV-visible spectrophotometer. Bovine hemoglobin 

standard was used with regression coefficient of 0.99. 

 

Molecular analysis  

DNA from Rhizobium cells was isolated, followed by 

the methodology of Jain et al. (2020), which used the 

Higeno MB (Himedia) kit as per the user manual. Am-

plification done by 50 µl reaction mixture containing 10 

ng DNA template, 1 µl of primer, 1 U of Taq DNA poly-

merase (Banglore Genei, India) and 100 µM dNTPs. 

Universal primers 8F (5′-

AGAGTTTGATCCTGGCTCAG-3′) and 1540 R (5′-

AAGGAGGTGATCCAGCC-3′), for 16S rDNA were 

used. Using the Sanger technique, the PCR products 

were subjected to sequencing. Partial sequence simi-

larity was compared to DNA database records, and 

sequences that demonstrated a homology of greater 

than 95% could be identified through the Basic Local 

Alignment Search Tool (BLAST) program at the Nation-

al Center for Biotechnology Information (NCBI) BLAST 

server (www.ncbi.nlm.nih.gov/BLAST). 

 

RESULTS AND DISCUSSION  

 

A total of seven bacterial isolates isolated from the 

healthy root nodules of ten Arachis hypogaea (AH)

plants collected from various sites of Madurai are given 

in Table 1. Figure 1 represents the growth pattern and 

exopolysaccharide production among isolates. Among 

the collected plants, three plant roots did not have any 

nodulation. The lowest nodule weight was 0.7±0.002 

and the maximum of 1.4±0.03 g. All the isolates includ-

ed white mucoid, and gram-negative rods were desig-

nated AH9 to AH15.Isolate AH12 and AH15developed 

colonies after 48 h and were placed under slow grow-

ing strain. Groundnut had already been shown to de-

velop nodulation with slow-growing Bradyrhizobium 

bacteria (Jaiswal et al., 2017); however, Khalid et al. 

(2015) previously documented the presence of fast-

growing, effective Rhizobium among peanut nodules. 

About 71%(n=5)of strains produced exopolysaccharide 

and AH12 and AH15 showed strong secretion than 

other positive strains. Similar report on the production 

of EPS by Rhizobiumis documented by Sayyed et al.

(2011). An EPS that has been studied in more detail, 

namely succinoglycan, was extracted from Sinorhizobi-

um meliloti by Sutherland (2001). 

 

Plant growth promotion (PGP) traits 

The frequency of production of NH3, siderophore, or-

ganic acid, HCN, phosphate and zinc solubilization was 

recorded as 28.5˃42.85˃28.5˃42.85˃28.5˃14% and is 

given in Table 2.  Two isolates (AH 12 an AH15) were 

positive for ammonia, siderophore and hydrogen cya-



 

145 

Narayanan, S. and Velu, R.K.  / J. Appl. & Nat. Sci. 17(1), 142 - 151 (2025) 

nide production (Fig. 2a). Three isolates were identified 

as positive on organic acid and phosphate solubiliza-

tion. Among the seven isolates, AH15 alone exhibited 

zinc solubilizing property. Table 3 represents the 

growth hormone producers among the isolates. Auxin 

was produced by strains of AH10, AH12 and AH15

(42.85%), 28.5% (AH12 and AH15) were positive on 

cytokinin, GA and ACC deaminase activity (Fig.2b). 

Further, the Rfvalue of Auxin, cytokinin, gibberellic acid 

of standard and isolated AH12 andAH15 were closely 

recorded and found to be 2.7, 1.7, 2.52 cm (Table 3). 

The total intracellular protein 16.4 and 17.56666667 µg/

mL showed 55.02218637 and 83.16525481µM of ACC 

deaminase activity on AH12 and AH15 significant at 

˂0.05 (Fig.3).It was reported that bacteria producing 

ACC deaminase activity the potential to promote plant 

growth and development even under stress state(Gupta 

and Pandey, 2019). 

 

Seed germination and vitality  

Strains of AH12 and AH15 over Sesbania seed germi-

nation mean values are given in Fig.4a. Percentage of 

seed germination index was53.3±0.57% control and 

76.6±0.57% among Rhizobium spp treated seeds. The 

mean Root length over 10th day growth was 

cm2.42±0.28, 2.87±0.34 and 2.90±1.46 cm, respective-

ly, on control, AH12 and AH15 (Fig.4b).Likewise, the 

Shoot height was calculated as 4.02±0.28 4.28±0.48 

and 4.31±0.42 cm (Fig.4c). The maximum seedling 

length was 7.21cm by AH15 inoculate followed by 7.15 

Sample code 
Average Nodule 
weight (mg) 

CFU X107 Strain code Growth pattern EPS 

AH1 1.4±0.03 16 AH9 Fast + 

AH2 0.8±0.002 8 AH 10 Fast - 

AH3 0.90±0.001 18 AH 11 Fast - 

AH4 0.92±0.002 12 AH 12 Slow ++ 

AH5 0.88±0.004 13 AH 13 Fast + 

AH6 0 - - - - 

AH7 1.23±0.004 15 AH 14 Fast + 

AH8 0 - - - - 

AH9 0 - - - - 

AH10 0.7±0.002 6 AH 15 slow ++ 

Table 1. Growth pattern of Rhizobium spp isolates from Arachis hypogeal root nodules 

S. Code NH3 
Phosphate  
solubilization 

Siderophore 
Organic 
acid 

HCN 
Zinc  
solubilization 

AH9 - + - + - - 

AH 10 - - - - - - 

AH 11 - - - - - - 

AH 12 + + + - + - 

AH 13 - - - - - - 

AH 14 - - - + - - 

AH 15 + + + + + + 

Table 2. Plant growth promoting characters among isolated Rhizobium spp. 

- Negative ; + positive 

Table 3. Plant growth hormone producing Rhizobium sp. and its retention factor (Rf) 

S. code IAA Cytokine GA ACC deaminase 

AH9 - - - - 

AH10 + - - - 

AH11 - - - - 

AH12 +(Rf 2.7) +(Rf 1.70) +(Rf 2.5) + 

AH13 - - - - 

AH14 - - - - 

AH15 +(Rf 2.7) +(Rf 1.72) +(Rf 2.5) + 

- Negative ; + positive 
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by AH12 and lowest seedling length 6.42 was observed 

in control. The 10
th
 day data on seed germination and 

growth pattern is given in Table 4. Seedling Vigor index 

(VI) was maximum in AH15, followed by AH12 and con-

trol. The calculated VI were 552.2˃547.6˃345.3. Root 

weight among control and treated groups revealed that 

AH15 and AH12 had maximum root weight (2.8 and 2.7 

g) compared to the control group (1.6g). Vitality index 

of the control seed was 85.2, nearly 3fold lower than 

Rhizobium treated seeds. AH12 treated seed vitality 

was 206.8 and 214.4 in AH15 treated plants. The pre-

sent findings agree with the observation of Tarekegn et 

al.(2017) that inoculating B. japonicum increased the 

mean nodule number, germination rate, and vigour in-

dex of seeds of legumes.  

 

Vigor index and disease resistance 

The growth parameters during 40th day among control 

and treatment are given in Table 5.   The length of root 

(RL) and shoot (SL) among control was 6.62±1.1/ 

31.32±6.85 cm with an average number of 80±1.43 

nodules having weight of 142 mg/plant. The AH12 

treatment shows 10.04±2.7/41.44±1.73 cm RL and SL 

with 141.2±12.98 number of nodules with 248 mg 

weight per plant. The p value of the root length of con-

trol and AH12 and between the test was insignificant at 

˃0.05.AH15 group reveals 10.94±2.4/40.54±1.56 cm of 

RL/SL with 150.2±12.41 nodules having 256 mg /plant 

(Fig.5).The outcomes corroborate those of Lamptey et 

al. (2014), who stated rhizobium-inoculated plants give 

more nodules with a greater dry weight than the con-

trol. Both Rhizobium treated showed absence of leaf 

spot disease compared to control. The ability to pro-

duce high EPS and HCN helps control the fungal 

spread and prevent the infection of Alternaria sp.  

 

Root plant growth hormones 

The growth hormone content in the root of control and 

Rhizobium-treated plants is given in Table 6. Hormones 

indole acetic acid (IAA), Gibberlicacid (GA3), Cytokinin 

and leghemoglobin (LHB) were quantified and the data 

was found to be statistically significant (Fig.6). The con-

Fig. 1. Frequency of growth pattern of Rhzobium spp. isolated from A.hypogea (n=7) 

Properties Control AH12 AH15 

Percentage of seed germination index 53.3±0.57 76.6±0.57 76.6±0.57 

Root length cm 2.42±0.286356 2.87±0.341216312 2.90±1.46 

Shoot height  cm 4.02±0.286356421 4.28±0.482367672 4.31±0.422365786 

Seedling length   6.42 7.15 7.21 

Seedling Vigor index 345.3 547.6 552.2 

Root weight(g) 1.6 2.7 2.8 

Vitality index 85.2 206.8 214.4 

Root IAA Qualitative + ++ ++ 

Table 4. Seed germination and vigour index of Sesbania sp. on 10th day 

+ positive;      ++ strongly positive 

Group Root length cm Shoot length cm Average nodule number 
Weight mg/
plant 

Control 6.62±1.1 31.32±6.85 80±1.43 142 

AH12 10.04±2.7 41.44±1.73 141.2±12.98 248 

AH 15 10.94±2.4 40.54±1.56 150.2±12.41 256 

Table 5. Plant growth promotion of Rhizobium spp. on Sesbania on 40th day 
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centration of IAA was maximum detected in AH15 treat-

ed plants and recorded as 12.4±0.1µg/g, whereas mod-

erate in AH12 (8.6±0.1 µg/g) and less among control 

(6.4±0.2 µg/g). The concentration of GA3 was 1.2±1.2 

µg/g in the control 4.6±0.1 µg/g in AH12 group and 

6.2±0.05 µg/g in AH15. The GA3 content increased 4-

fold in AH12 and 5-fold in AH15 compared to the con-

trol. Amount of cytokinin was 

3.4±0.4˂6.3±0.2˂9.2±0.05 µg/g, respectively, among 

Control, AH12 and AH15. The p-value of triplicate was 

˂0.0001 found to be significant at˂0.05. Seneviratne et 

al.(2016) reported similar findings on enhanced IAA 

production in plants under stress by B. japonicum. In-

creased quantities of bacterial progeny inside the nod-

ule are correlated with elevated GA3 and nodule vol-

ume. A similar result by Nett et al. (2022) of increasing 

nodule surface was reported by Bradyrhizobium sp 

infection. In the same way, Xing et al. (2022) observed 

that the administration of Bradyrhizobium enhances 

Gibberlic acid in plants. 

 

Root nodule and leaf content study 

 Similarly, the LHB content of nodules collected from 

control and test represents that the Rhizobium sp inoc-

ulated bags have higher LHB than control. It was esti-

mated that control nodules have 6.2±0.15µg/g, AH12 

plant nodules have 10.8±0.2µg/g and 14.2±0.1µg/g in 

AH15 treated plants were found to be significant at 

p˂0.05.The microscopic observation of the nodules 

area in control was smaller than the treated sample and 

calculated surface area was 15,435µm. AH12 treated 

nodule had 17,783µm surface area and AH15 have 

28,161µm (Fig.7). 

The impact of the foliar application of AH12 and AH15 

on Sesbania leaf was analyzed by estimating pigments 

(Table 7). The carotenoid of control plant was 34.04 ± 

0.5 mg/g, 0.74 ± 0.05 Chla, 0.35 ± 0.03 chlb and 1.09 ± 

0 mg/g of total chlorophyll. The AH12 treated plants 

Fig. 2. Percentage of  PGP and growth hormone producing Rhizobium isolates (n=7) 

Fig. 3. ACC deaminase activity of intracellular protein iso-

lated from AH12 and AH15 

Fig.4. Seed germination and growth on 10th day 
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had 52.2±1.05 mg/g of carotenoids and a total chloro-

phyll content 1.48±0 mg/g with 1.04±0.14 and 0.44± 

0.02 mg of Chl a/b. The AH15 treated plants had 54.6± 

0.4 mg/g of carotenoids, 1.14±0.14 mg of Chla, 0.44± 

0.02 mg Chl b and 1.58±0 mg/g total chl(Fig. 8). At 0.05 

levels the population of mean of treated and control 

data are statistically significant. The p values among 

AH12 and AH15 were not significant at 0.05. Increases 

in chlorophyll, plant height, shoot length and root length 

among Rhizobium-treated Sesbania grandiflora were 

recorded earlier by Karuppasamy et al.(2012) 

Molecular characterization 

Both the isolated Rhizobium strains (AH12 and AH15) 

were phylogenetically identified by 16s rDNA sequenc-

ing and the sequence query at NCBI reveals AH12 

97.19% related to Bradyrhizobium arachidis (1347bp) 

and 96.88% with Bradyrhizobium sp. showing the inter-

specific p-distance ranged from 0.94%, and the gen-

bank accession was PQ119952 (Fig.9) and AH15

(1449bp) showed 98.35% similarity to B. japonicum 

and 98.28% with  B. liaoningense with a p-distance of 

0.92%(Fig. 10).The sequence was submitted to gen-

Fig.5. Root and shoot length of Sesbania on 40th day growth 

Fig.6. Plant growth hormones estimated among root nodule of sesbania among control and treated groups 

Fig. 7.Microscopic observation of nodule Size of Sesbania sp  

Group IAA µg/g GA µg/g Cytokinin µg/g P value LHB µg/g P value 

Control 6.4±0.2 1.2±1.2 3.4±0.4 

˂0.0001 

6.2±0.15 

˂0.0001 AH12 8.6±0.1 4.6±0.1 6.3±0.2 10.8±0.2 

AH15 12.4±0.1 6.2±0.05 9.2±0.05 14.2±0.1 

Table 6. Matured root nodule hormone analysis 
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bank and the accession number is PQ119954.Both the 

strains come under alpha proteobacteria with  97 and 

68 leaves. Pair-wise Sequence Alignment (PSA) by the 

Smith-Waterman algorithm revealed the identity among 

B. arachidis and B. japonicum was 90.0% % with a gap 

of 8.9%.The presence of B. arachidis strain determi-

nate root nodules of peanut was reported by Chen et 

al. (2023).Colonization of B. japonicum from root nod-

ules of Arachis hypogaea was also reported by Wang 

et al.(2013) 

 

Conclusion  

 

The present study concluded that Bradyyrhizobium 

arachidis (PQ119952) and Bradyrhizobium japonicum 

(PQ119954) isolated from Arachis hypogaea were 

found to produce EPS, Auxin, GA, cytokinin, sidero-

phor, ammonia, HCN, ACC deaminase and mineral 

solublization. Both strains could infect other legumes 

and promote seed vitality, growth, nodulation, and con-

trol of fungal infection. Therefore, they can be consid-

ered effective biofertilizers and biofungicides in nature.  
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Chlorophyll Group Mean Standard Deviation SE of mean Sum Minimum Median Maximum 

Chl a 

Control 0.74 0.05292 0.03055 2.22 0.7 0.72 0.8 

AH12 1.04 0.14 0.08083 3.12 0.94 0.98 1.2 

AH15 1.14667 0.14468 0.08353 3.44 0.98 1.22 1.24 

Chl b 

Control 0.35 0.03 0.01732 1.05 0.32 0.35 0.38 

AH12 0.44 0.02 0.01155 1.32 0.42 0.44 0.46 

AH15 0.44 0.02 0.01155 1.32 0.42 0.44 0.46 

Tot chl 

Control 1.09 0.03606 0.02082 3.27 1.05 1.1 1.12 

AH12 1.48 0.13856 0.08 4.44 1.4 1.4 1.64 

AH15 1.58667 0.12858 0.07424 4.76 1.44 1.64 1.68 

Table 7. Descriptive statistics of chlorophyll estimated 

Fig.8. Amount of carotenoid estimated among treated and 

control Sesbania leaves 

Fig.10. Phylogenetic relatedness of AH15 strain –Neighbour-joining method 

Fig. 9. Phylogenetic relatedness of AH12 strain –Neighbour-joining method  



 

150 

Narayanan, S. and Velu, R.K.  / J. Appl. & Nat. Sci. 17(1), 142 - 151 (2025) 

REFERENCES 

 

1. Ali, S.Z., Sandhya, V., & Venkateswar Rao, L. (2014) Iso-

lation and characterization of drought-tolerant ACC deami-

nase and exopolysaccharide-producing fluores-

cent Pseudomonas sp. Ann Microbiol, 64,493–502  

2. Berg, G., Rybakova D, Grube M. & Köberl, M. (2015). The 

plant microbiome explored: implications for experimental 

botany, J. Exp. Bot, 67, 995–1002. 

3. Cardoso, P., Alves, A., Silveira, P., Sá, C., Fidalgo, C., 

Freitas, R.&Fig.ueira E. (2018). Bacteria from Nodules of 

Wild Legume Species: Phylogenetic Diversity, Plant 

Growth Promotion Abilities and Osmotolerance. Sci. Total 

Environ, 645,1094–1102 

4. Chen, WF., Meng, XF., Jiao, YS., Tian, CF., Sui, XH., 

Jiao, J., Wang, ET. & Ma, SJ. (2023). Bacteroid Develop-

ment, Transcriptome, and Symbiotic Nitrogen-Fixing Com-

parison of Bradyrhizobium arachidis in Nodules of Peanut 

(Arachis hypogaea) and Medicinal Legume Sophora fla-

vescens. Microbiol Spectr, 11(1),e0107922. 

5. Gouda, S., Kerry, R.G., Das, G., Paramithiotis, S., Shin, 

H.S.& Patra, J.K. (2018) Revitalization of plant growth 

promoting rhizobacteria for sustainable development in 

agriculture. Microbiol. Res, 206, 131–140 

6. Gupta, S., & Pandey, S. (2019) ACC Deaminase Produc-

ing Bacteria with Multifarious Plant Growth Promoting 

Traits Alleviates Salinity Stress in French Bean 

(Phaseolus vulgaris) Plants. Front Microbiol, 10,1506. 

7. Hayashi, S., Gresshoff, PM. & Ferguson, B.J. (2014). 

Mechanistic action of gibberellins in legume nodulation. J. 

Integr. Plant Biol, 56, 971–978 

8. Jain, D., Sanadhya, S., Saheewala, H., Maheshwari, D., 

Shukwal, A., Singh, PB., Meena, RH., Choudhary, R., 

Mohanty, SR., & Singh, A. (2020) Molecular Diversity 

Analysis of Plant Growth Promoting Rhizobium Isolated 

from Groundnut and Evaluation of Their Field Efficacy. 

Curr Microbiol, 77(8), 1550-1557. 

9. Jaiswal, SK., Msimbira, LA., & Dakora, FD. (2017) Phylo-

genetically diverse group of native bacterial symbionts 

isolated from root nodules of groundnut (Arachis hypo-

gaea L.) in South Africa. Syst Appl Microbiol.40(4), 215-

226 

10. Jiménez-Lao, R., García-Caparrós, P., Pérez-Saiz, M., 

Llanderal, A., & Lao, M.  (2021) Monitoring optical tool to 

determine the chlorophyll concentration in ornamental 

plants. Agronomy,11, 2197. 

11. Karuppasamy, K. (2012)Influence the growth of tree leg-

ume Sesbania grandiflora (Pers) by using stress tolerant 

Rhizobium. Journal of Biosciences Research, 3, 76-82. 

12. Khalid, R., Zhang, YJ., Ali, S., Sui, X.H., Zhang, X.X., 

Amara, U., Chen, W.X. &  Hayat, R. (2015). Rhizobium 

pakistanensis sp. nov., isolated from groundnut (Arachis 

hypogaea) nodules grown in rainfed Pothwar, Pakistan. 

Antonie Van Leeuwenhoek, 107, 281–290. 

13. Kishlyan, N.V., Bemova, V.D., Matveeva, T.V., Gavrilova, 

V.A. (2020) Biological peculiarities and cultivation of 

groundnut (a review). Proc. Appl. Bot. Genet. Breed., 181, 

119–127. 

14. Krishna, G., Singh, BK., Kim, E., Morya, VK., &Ramteke, 

PW. (2015).Progress in genetic engineering of peanut 

(Arachis hypogaea L.) A review. Plant Biotechnology Jour-

nal, 13(2),147-62. 

15. Lamptey, S., Ahiabor, B.D.K, Yeboah, S.,&Osei, D. (2014) 

Effect of rhizobium inoculants and reproductive growth 

stages on shoot biomass and yield of soybean (Glycine 

max (L.) merril), Journal of Agricultural Science. 6(5), 44–

54. 

16. Ma, X. M., Zhang, H. J., Gu, M. Y., Gui, J., Gao, W., 

&Wang, Q. Z. (2015) Isolation and identification of plant 

growth-promoting rhizbacteria (PGPR) and its promoting 

effect on switchgrass seed under NaCl salt stress. Acta 

Ecol. Anim. Domast. 36, 46–51. 

17. Muñoz, V., Ibañez, F., Tonelli, M. L., Valetti, L., Anzuay, 

M. S., and & Fabra, A.  (2011) Phenotypic and phyloge-

netic characterization of native peanut Bradyrhizobium 

isolates obtained from Córdoba. Argentina. Syst. Appl. 

Microbiol,34, 446–452. 

18. Nayar Saraswati. (2021) Exploring the Role of a Cytokinin

-Activating Enzyme LONELY GUY in Unicellular Microalga 

Chlorella variabilis. Frontiers in Plant Science 11: 

DOI=10.3389/fpls.2020.611871 

19. Nett, RS., Bender, KS. & Peters, RJ.(2022) Production of 

the plant hormone gibberellin by rhizobia increases host 

legume nodule size. ISME J,16(7), 1809-1817. 

20. Qi, B., Wu, C., Liang, H., Cui, K., Fahad, S., Wang, M., 

Liu, B., Nie, L., Huang, J., & Tang, H. (2021) Optimized 

High-Performance Liquid Chromatography Method for 

Determining Nine Cytokinins, Indole-3-acetic Acid and 

Abscisic Acid. Sustainability,13(13), 6998.  

21. Sayyed, RZ., Jamadar, DD. & Patel, PR.(2011) Produc-

tion of Exo-polysaccharide by Rhizobium sp. Indian J Mi-

crobiol,51(3), 294-300. 

22. Seneviratne, M., Gunaratne, S., Bandara, T., We-

erasundara, L., Rajakaruna, N., Seneviratne, G. & 

Vithanage M.(2016)Plant growth promotion by Bradyrhizo-

bium japonicum under heavy metal stress. South African 

Journal of Botany, 105, 19-24. 

23. Singh, S., &Varma, A. (2017). “Structure, function, and 

estimation of leghemoglobin,” in Rhizobium Biology and 

Biotechnology. Cham: Springer, 309–330. 

24. Sprent, J. I., Ardley, J., and James, E. K. (2017). Biogeog-

raphy of nodulated legumes and their nitrogen-fixing sym-

bionts. New Phytol. 215, 40–56. 

25. Subhan, D., Muhammad, Z., Fauzia, M., and Mubshar, H. 

(2020). ACC-deaminase producing plant growth promot-

ing rhizobacteria and biochar mitigate adverse effects of 

drought stress on maize growth. PLOS ONE, 16, 

e0250286. 

26. Sutherland, I.W. (2001) The biofilm matrix-an immobilized 

but dynamic microbial environment. Trends Microbiol, 9, 

222-7. 

27. Tarekegn, M.A. & Kibret, K.(2017) Nodulation,growth, 

yield and yield attributes of soybean at Pawe Northwest-

ern Ethiopia.World Scientific News,67(2), 201–218. 

28. van Vugt, D., Franke, A. C., and Giller, K. E. (2018). Un-

derstanding variability in the benefits of N2-fixation in soy-

bean-maize rotations on smallholder farmers’ fields in 

Malawi. Agric. Ecosyst. Environ. 261, 241–250.  

29. Verma, M., Singh, A., & Dwivedi, D.H. et al. (2020) Zinc 

and phosphate solubilizing Rhizobium radiobacter (LB2) 

for enhancing quality and yield of loose leaf lettuce in sa-

line soil. Environmental Sustainability, 3, 209–218  

30. Wang, C., Zhou, J., Liu, J., & Du, D. (2017)   Responses 

of soil N-fixing bacteria communities to invasive species 



 

151 

Narayanan, S. and Velu, R.K.  / J. Appl. & Nat. Sci. 17(1), 142 - 151 (2025) 

over a gradient of simulated nitrogen deposition. Ecol. 

Eng, 98, 32–39 

31. Wang,R., Chang, YL., Zheng, WT., Zhang, D., Zhang, 

XX., Sui, XH., Wang, ET., Hu, JQ., Zhang, LY. & Chen 

WX. (2013) Bradyrhizobium arachidis sp. nov., isolated 

from effective nodules of Arachis hypogaea grown in Chi-

na. Syst Appl Microbiol,36(2), 101-5. 

32. Xing, P., Zhao, Y., Guan, D., Li, L., Zhao, B., Ma, M., 

Jiang, X., Tian, C., Cao, F.& Li, J. (2022) Effects of Brady-

rhizobium Co-inoculated with Bacillus and Paenibacillus 

on the Structure and Functional Genes of Soybean Rhizo-

bacteria Community. Genes (Basel),13(11), 1922 


