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Abstract 

Root nodule Bacteria may exhibit plant growth-promoting activity, which can enhance plant growth and resilience to 

environmental stresses. A total 34 bacterial isolates were purified from root nodule of V. trilobata. These isolates were further 

investigated for their plant growth-promoting activity, such as phosphate solubilization, phytase activity, IAA production, 

chitinase activity and HCN production. Five isolates; VT3, VT10, VT15, VT11 and VT23 showed positive phosphate 

solubilization while VT1, VT16, VT15 and VT23 showed Phytase activity. All the isolates showed IAA production. Chitinase 

activity was present in only two isolates; VT11 and VT19. Isolate VT11 exhibits three PGP activities i.e., phosphate 

solubilization, IAA production, chitinase activity. 
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Introduction 

Rhizobia are known to promote the growth of legumes 

through biological nitrogen fixation. Moreover, free living 

and endophytic rhizobia may act as PGPR for economically 

important legume and non-legume crops (Biswas et al., 

2000) [7]. Bacteria may promote plant growth through 

mechanisms including phosphate solubilization (Chamkhi et 

al., 2023) [9], IAA production (Wang et al., 2020) [35], ACC 

deaminase activity (Chaudhary & Sindhu, 2017) [11], 

production of siderophore (Joshi et al., 2008) [20], lytic 

enzyme and biocontrol activities (Avis et al., 2008) [5]. 

Colonization and survival of Bradyrhizobium and 

Rhizobium in rhizosphere of non-legumes were reported in 

many studies (Chaintreuil et al., 2000; Hilali et al., 2001; 

Yanni et al., 2001; Lupwayi et al., 2004) [8, 18, 24, 37]. Number 

of species of rhizobia genera including Rhizobium, 

Bradyrhizobium, Ensifer, Mesorhizobium etc. can produce 

phytohormones, siderophores, HCN; can solubilize 

phosphates, thereby improving plant nutrition (Charest et 

al., 2005) [10]. Nascimento et al., (2012) [27] reported 

enhanced growth promotion activity of Mesorhizobium 

strain in chickpea through expression of exogenous ACC 

deaminase gene. In the current study, root nodule bacteria 

isolated from Vigna trilobata were used to characterize for 

their potential for plant growth promotion. 

 

Material and methods 

Isolation of bacterial isolates 

Bacteria were isolated from excavated root nodules by 

method described in Vincent (1970) [34]. Nodules were 

surface sterilized using 1.0% (w/v) NaOCl for 5 min and the 

suspension of crushed nodule was streaked on CR-YEMA 

medium (Yeast Extract Mannitol Agar supplemented with 

25.0 µg/ml Congo red dye) for the isolation of bacteria.  

 

Phosphate solubilization 

Pikovskaya's (PVK) agar medium having tri-calcium 

phosphate as substrate was used to determine the ability of 

bacteria to solubilize phosphate (Pikovskaya, 1948) [28]. 

Spot inoculation of fresh activated bacterial strain was done 

on PVK agar medium under aseptic condition and incubated 

for 3-5 days. Formation of clear zone around the colonies 

due to solubilization of phosphate was considered as 

positive result. 

 

Phytase activity 

Phytase is phosphatase enzyme that catalyzes the hydrolysis 

of phytic acid to myo-inositol and phosphoric acid (usable 

form of inorganic phosphorus). Production of phytase by 

bacterial strains were screened by using phytase agar 

medium given by Howson and Davis (1983) [19]. The clear 

zone of phytate hydrolysis around the bacterial colonies 

were recorded as positive result. 

 

IAA production 

Screening of IAA producing root nodule bacteria were done 

using method given by Gordon and Weber (1951) [16]. YEM 

broth with 1 mM L-tryptophan was used for bacterial 

inoculation and incubated in complete dark at 28±2 °C and 

120 rpm for 10 days. Bacterial cells were pellet down by 

centrifuge at 10,000 rpm for 15min. Two drops of ortho-

phosphoric acid and 4 ml of the Salkowski reagent (1 ml 0.5 

M FeCl3 solution in 50 ml of 35% of perchloric acid) was 

added to 2 ml of the supernatant. Development of pink 

colour recorded as positive results for IAA production. 

Absorbance of pink color was read at 530 nm with the help 

of spectrophotometer. 

 

Chitinase activity and HCN production 

Chitinases are the group of enzymes that decomposes chitin, 

a homo polysaccharide made up of monomers of N-acetyl 

glucosamine connected by glycoside β-(1-4) bonds. 

Chitinase activity was screened by using colloidal chitin 

agar medium (Kim et al., 2003) [21]. Bacterial isolates were 

spot inoculated and kept for 48-72 h at 28±2 °C. The 

formation of clear zone around the colonies with gram’s 

iodine solution were recorded as positive result for presence 

of extracellular chitinases. The production of volatile HCN 

by bacteria were detected by the method given by Bakker 

and Schipper, 1987 [6] using nutrient agar slants 

supplemented with 4.4 gm/l glycine (0.44%). 
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Results and discussion 
There is plethora of reports on beneficial effect of rhizobia 
to promote the growth of legumes through fixing biological 
nitrogen. Number of species of rhizobia including 
Rhizobium, Bradyrhizobium, Ensifer, Mesorhizobium etc. 
can produce phytohormones, siderophores, HCN; can 
solubilize phosphates, thereby improves plant nutrition 
(Charest et al., 2005, Korir et al., 2017; Wang et al., 2020) 
[10, 22, 35]. 
The P solubilizing bacteria dissolve the soil P by lowering 
the pH of rhizosphere through production of low molecular 
weight organic acids (Deubel, 2000) [13], in addition to. 
Strains of Rhizobium and Bradyrhizobium with phosphate 
solubilizing activity to solubilize inorganic phosphate have 
been reported (Rodrı́guez & Fraga, 1999; Korir et al., 2017) 
[22, 30]. Rivas et al., (2007) [29] reported chickpea 
microsymbiont Mesorhizobium ciceri and Mesorhizobium 
mediterraneum as a good phosphate solubilizers. Alikhani et 
al., (2006) [3] also reported 44% of isolated strains including 
Bradyrhizobium, Mesorhizobium and Ensifer were able to 
solubilize phosphate. In present investigation, only five 
isolates showed phosphate solubilization on Pikovskaya’s 
agar medium (Table 1). Three strains VT15, VT11, VT23 
showed high phosphate solubilization while two strains, 
Ensifer strain VT3 and VT10 showed low phosphate 
solubilization. Phytases are group of enzymes capable of 
releasing phosphate from phytate, organic form of 
phosphate. VT1, VT15, VT23 and VT16 showed phytase 
activity (Table 1.). 
 
Table 1: Plant growth promoting activities of RNB strains isolated 

from V. trilobata 
 

PGP activity Low High 

Phosphate solubilization 
VT3, VT10 

 
VT15, VT11, 

VT23 

Phytase activity VT15 
VT1, VT23, 

VT16, 

IAA production 

VT2, VT3, VT5, VT6, 
VT9, VT10, VT11, 
VT13, VT14, VT17, 
VT18, VT21, VT22, 
VT29, VT30, VT31, 

VT33, VT34 

VT1, VT4, VT7, 
VT8, VT15, 
VT16, VT19, 
VT20, VT23, 
VT24, VT25, 
VT26, VT28, 
VT12, VT27, 

VT32 

Chitinase activity VT11 VT19 

HCN production - - 

 
Indole 3-acetic acid (IAA) production is considered as one 
of the key mechanisms of PGP (Lee et al., 2006) [23]. In 
plants, IAA controls several physiological processes 
including, root initiation, cell enlargement and division, 
phototropism, and apical dominance, (Wulandari et al., 
2024) [36]. IAA production by symbiotic nitrogen fixing 
rhizobia strains is reported by many workers (Arora et al., 
2001; Ghosh & Basu, 2002; Mandal et al., 2007; Sridevi & 
Mallaiah, 2007, Gallarato et al., 2015; Ahmed et al., 2021) 
[2, 4, 14, 15, 25, 33]. All the RNB strains isolated in the present 
study were found positive for production of IAA but amount 
varied from low to high concentration.  
Chitinase enzyme is a cell wall hydrolytic enzyme that have 
role in controlling fungi possessing chitin as cell wall 
component. Mehboob et al., (2011) [26] found that strains of 
Mesorhizobium and Rhizobium isolated from root nodules of 
chickpea, mung bean and lentil have chitinase activity. In 
the present study, only two strains; VT11, VT19 showed 
chitinase activity. 

The HCN production by rhizospheric bacteria is a 
biocontrol property (Heydari et al., 2008; Ryall et al., 2009; 
Schippers et al., 1990) [17, 31, 32]. Production of HCN is a 
common in Pseudomonas and Bacillus (Ahmad et al., 2008; 
Charest et al., 2005) [1, 10]. In the present study, none of 
bacterial strains was found positive for HCN production. 
Similarly, Deshwal et al., (2003) [12] also observed that HCN 
production in rhizobia is very rare. 
 
Conclusion  
Rhizobia exhibit significant PGPR activity through various 
mechanisms, including phytohormone production, nutrient 
solubilization, and stress mitigation. Their ability to enhance 
plant growth and resilience makes them valuable 
components of sustainable agricultural practices. In the 
present study, isolate VT11 exhibits three PGP activities 
i.e., phosphate solubilization, IAA production, chitinase 
activity, which makes it a potent PGPR. The co-inoculation 
of rhizobia with other PGPR can further amplify these 
benefits, leading to improved crop yields and soil health.  
 
Acknowledgements 
Author is thankful to Prof. (Retd.) H.S. Gehlot and Prof. 
Praveen Gehlot, Dept. of Botany, JNV University, Jodhpur 
for their valuable guidance. 
 
References 
1. Ahmad F, Ahmad I, Khan MS. Screening of free-living 

rhizospheric bacteria for their multiple plant growth 
promoting activities. Microbiological 
Research,2008:163(2):173–181. 

2. Ahmed B, Shahid M, Syed A, Rajput VD, Elgorban 
AM, Minkina T, et al. Drought tolerant enterobacter sp. 
leclercia adecarboxylata secretes indole-3-acetic acid 
and other biomolecules and enhances the biological 
attributes of vigna radiata (L.) r. wilczek in water 
deficit conditions. Biology,2021:10(11):1149.  

3. Alikhani HA, Saleh-Rastin N, Antoun H. Phosphate 
solubilization activity of rhizobia native to Iranian soils. 
Plant and Soil,2006:287:35–41. 

4. Arora NK, Kang SC, Maheshwari DK. Isolation of 
siderophore-producing strains of Rhizobium meliloti 
and their biocontrol potential against Macrophomina 
phaseolina that causes charcoal rot of groundnut. 
Current Science,2001:25:673-677.  

5. Avis TJ, Gravel V, Antoun H, Tweddell RJ. 
Multifaceted beneficial effects of rhizosphere 
microorganisms on plant health and productivity. Soil 
Biology and Biochemistry,2008:40(7):1733–1740. 

6. Bakker AW, Schippers B. Microbial cyanide 
production in the rhizosphere in relation to potato yield 
reduction and Pseudomonas spp-mediated plant 
growth-stimulation. Soil Biology and 
Biochemistry,1987:19(4):451–457. 

7. Biswas JC, Ladha JK, Dazzo FB. Rhizobia inoculation 
improves nutrient uptake and growth of lowland rice. 
Soil Science Society of America 
Journal,2000:64(5):1644–1650. 

8. Chaintreuil C, Giraud E, Prin Y, Lorquin J, Bâ A, Gillis 
M, et al. Photosynthetic bradyrhizobia are natural 
endophytes of the African wild rice Oryza 
breviligulata. Applied and environmental 
microbiology,2000:66(12):5437-5447. 

9. Chamkhi I, Zwanzig J, Ibnyasser A, Cheto S, 
Geistlinger J, Saidi R, et al. Siccibacter colletis as a 
member of the plant growth-promoting rhizobacteria 



International Journal of Botany Studies www.botanyjournals.com 

3 

consortium to improve faba-bean growth and alleviate 
phosphorus deficiency stress. Frontiers in Sustainable 
Food Systems,2023:7:1134809. 

10. Charest MH, Beauchamp CJ, Antoun H. Effects of the 
humic substances of de-inking paper sludge on the 
antagonism between two compost bacteria and Pythium 
ultimum. FEMS Microbiology Ecology,2005:52(2):219-
227.  

11. Chaudhary D, Sindhu SS. Amelioration of salt stress in 
chickpea (Cicer arietinum L.) by coinculation of ACC 
deaminase-containing rhizospheric bacteria with 
Mesorhizobium strains. Legume Research-An 
International Journal,2017:40(1):80-86. 

12. Deshwal VK, Dubey RC, Maheshwari DK. Isolation of 
plant growth-promoting strains of Bradyrhizobium 
(Arachis) sp. with biocontrol potential against 
Macrophomina phaseolina causing charcoal rot of 
peanut. Current Science,2003:84(3):443–448. 

13. Deubel A. Einfluß der Zuckergarnitur organischer 
Wurzelabscheidungen auf das 
Phosphatmobilisierungsvermögen von Azospirillum sp. 
In Rhizodeposition und Stoffverwertung: 10. 
Borkheider Seminar zur Ökophysiologie des 
Wurzelraumes. Vieweg+ Teubner Verlag, 2000, 146-
152.  

14. Gallarato LA, Paulucci NS, Chiappero J, Cesari AB, 
Reguera YB, Vicario JC, et al. Stress physiology in 
Azospirillum and other PGPRs. Handbook for 
Azospirillum: Technical Issues and Protocols, m2015, 
319-330. 

15. Ghosh AC, Basu PS. Growth behaviour and 
bioproduction of indole acetic acid by a Rhizobium sp. 
isolated from root nodules of a leguminous tree 
Dalbergia lanceolaria. Indian Journal of Experimental 
Biology,2002:40(7):796–801. 

16. Gordon SA, Weber RP. Colorimetric estimation of 
indoleacetic acid. Plant Physiology,1951:26(1):192. 

17. Heydari S, Rezvani-Moghadam P, Arab M. Hydrogen 
cyanide production ability by Pseudomonas 
fluorescence bacteria and their inhibition potential on 
weed germination. Proceedings “competition for 
resources in a changing world: new drive for rural 
development”. Tropentag, Hohenheim, 2008. 

18. Hilali A, Prévost D, Broughton WJ, Antoun H. Effets 
de l'inoculation avec des souches de Rhizobium 
leguminosarum biovar trifolii sur la croissance du blé 
dans deux sols du Maroc. Canadian Journal of 
Microbiology,2001:47(6):590–593. 

19. Howson SJ, Davis RP. Production of phytate-
hydrolysing enzyme by some fungi. Enzyme and 
Microbial Technology,1983:5(5):377–382. 

20. Joshi FR, Kholiya SP, Archana G, Desai AJ. 
Siderophore cross-utilization amongst nodule isolates 
of the cowpea miscellany group and its effect on plant 
growth in the presence of antagonistic organisms. 
Microbiological Research,2008:163(5):564–570. 

21. Kim KJ, Yang YJ, Kim JG. Purification and 
characterization of chitinase from Streptomyces sp. M-
20. Journal of Biochemistry and Molecular 
Biology,2003:36(2):185–189. 

22. Korir H, Mungai NW, Thuita M, Hamba Y, Masso C. 
Co-inoculation effect of rhizobia and plant growth 
promoting rhizobacteria on common bean growth in a 
low phosphorus soil. Frontiers in plant 
science,2017:8:141. 

23. Lee SH, Madhaiyan M, Kim WC, Choi JS, Chung YK, 
Sa MT. Physiological enhancement of early growth of 

rice seedlings (Oryza sativa L.) by production of 
phytohormone of N2-fixing methylotrophic isolates. 
Biology and Fertility of Soils,2006:42(5):402–408. 

24. Lupwayi NZ, Clayton GW, Hanson KG, Rice WA, 
Biederbeck VO. Endophytic rhizobia in barley, wheat 
and canola roots. Canadian Journal of Plant 
Science,2004:84(1):37–45. 

25. Mandal SM, Mondal KC, Dey S, Pati BR. Optimization 
of cultural and nutritional conditions for Indole-3-
Acetic Acid (IAA) production by a Rhizobium sp. 
isolated from root nodules of Vigna mungo (L.) Hepper. 
Research Journal of Microbiology,2007:2(3):239–246. 

26. Mehboob I, Zahir ZA, Arshad M, Tanveer A, Azam FE. 
Growth promoting activities of different Rhizobium 
spp. in wheat. Pakistan Journal of 
Botany,2011:43(3):1643–1650. 

27. Nascimento FX, Brígido C, Glick BR, Oliveira S, Alho 
L. Mesorhizobium ciceri LMS‐1 expressing an 
exogenous 1‐aminocyclopropane‐1‐carboxylate (ACC) 
deaminase increases its nodulation abilities and 
chickpea plant resistance to soil constraints. Letters in 
Applied Microbiology,2012:55(1):15–21. 

28. Pikovskaya RI. Mobilization of phosphorus in soil in 
connection with vital activity of some microbial 
species. Mikrobiologiya,1948:17:362–370. 

29. Rivas R, Laranjo M, Mateos PF, Oliveira S, 
Martínez‐Molina E, Velázquez E. Strains of 
Mesorhizobium amorphae and Mesorhizobium 
tianshanense, carrying symbiotic genes of common 
chickpea endosymbiotic species, constitute a novel 
biovar (ciceri) capable of nodulating Cicer arietinum. 
Letters in applied microbiology,2007:44(4):412-418. 

30. Rodrı́guez H, Fraga R. Phosphate solubilizing bacteria 
and their role in plant growth promotion. Biotechnology 
advances,1999:17(4-5):319-339.  

31. Ryall B, Mitchell H, Mossialos D, Williams HD. 
Cyanogenesis by the entomopathogenic bacterium 
Pseudomonas entomophila. Letters in applied 
microbiology,2009:49(1):131-135.  

32. Schippers B, Bakker AW, Bakker PA, Van Peer R. 
Beneficial and deleterious effects of HCN-producing 
pseudomonads on rhizosphere interactions. Plant and 
soil,1990:129:75-83. 

33. Sridevi M, Mallaiah KV. Production of indole-3-acetic 
acid by Rhizobium isolates from Sesbania species. 
African Journal of Microbiology 
Research,2007:1(7):125-128.  

34. Vincent JM. A manual for the practical study of root-
nodule bacteria. Blackwell Scientific Publications, 
Oxford, 1970, 15. 

35. Wang Y, Zhu S, Liu T, Guo B, Li F, Bai X. 
Identification of the rhizospheric microbe and 
metabolites that led by the continuous cropping of 
ramie (Boehmeria nivea L. Gaud). Scientific 
Reports,2020:10(1):20408. 

36. Wulandari D, Baskoro K, Mahmuudah Y, Kusmiyati F, 
Pratiwi AR, Budiharjo A. Bioprospecting of Rhizobia 
as Plant Growth Promoting Rhizobacteria Potential 
from Root Nodules of Groundnut (Arachis hypogaea 
L.). Trends in Sciences,2024:21(7):7651 

37. Yanni YG, Rizk RY, Abd El-Fattah FK, Squartini A, 
Corich V, Giacomini A, et al. The beneficial plant 
growth-promoting association of Rhizobium 
leguminosarum bv. trifolii with rice roots. Functional 
Plant Biology,2001:28(9):845-70. 


