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  The present study investigates the potential of plant growth-promoting rhizobacteria (PGPR) 

isolated from the rhizosphere of Ocimum sanctum to enhance the growth and yield of okra 

(Abelmoschus esculentus). A total of 10 bacterial strains were identified, comprising proteolytic and 

amylolytic types, with four key isolates (S1, S2, S3, and S4) selected for field trials. These isolates were 

applied at three critical stages of okra growth: germination, flowering, and fruiting. Significant 

differences were observed between treated and control plots. Plants treated with isolates S3 and S4 

exhibited superior growth, with S3-treated plants producing dark green fruits with an average length of 

17 cm and an overall yield of 15 kg per plant. In contrast, control plants yielded malformed, curved fruits with an 

average length of 10 cm and were more susceptible to pest infestations and defoliation. The study highlights the 

role of PGPR in enhancing crop health, productivity, and resistance to pests. The proteolytic activity of S3 and S4 

isolates proved effective in improving morphological parameters such as canopy density and fruit quality while 

maintaining soil fertility. These findings underscore the importance of microbial inoculants as eco-friendly, 

sustainable alternatives to chemical fertilizers and pesticides. The successful application of these isolates supports 

their potential use in vegetable cultivation for improved yield and quality without compromising environmental 

health. In conclusion, isolates S3 and S4 demonstrate remarkable potential as plant growth promoters and pest 

resistance agents in okra cultivation. Their application can significantly contribute to sustainable agricultural 

practices and address the challenges posed by chemical inputs. Further research is recommended to explore their 

scalability and impact on other crops. 
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1. INTRODUCTION 

Beneficial microbes from the soil, water, and 

air mediums attract scientists due to their extensive 

application in medicine, agriculture, industry, and 

bioremediation. These microbes, however, can also 

act as pathogens to humans, animals, and plants. The 

rhizosphere, a unique microenvironment around plant 

roots, is a critical area for studying microbial 

interactions. It is highly dynamic, facilitating various 

biological processes under the influence of the plant's 

roots (Morgan et al., 2005). Plant growth-promoting 

rhizobacteria (PGPR) significantly enhance plant 

development through multiple mechanisms, including 

increased nutrient availability in the soil and root 

zone (Ahmad et al., 2008). 

Research highlights the role of PGPR in 

improving forest ecosystems by enhancing 

productivity, particularly in species like Pinus, Tsuga, 

Pseudotsuga, and Eucalyptus (Chanway, 1996; 

Mafia et al., 2009). Microbes associated with plants 

influence chemical communication, stimulate 

development, and support sustainable agricultural 

practices (Chebotar et al., 2015). These microbial 

interactions can significantly alter plant hormone 

levels through the production or metabolism of 

phytohormones (Bacon & White, 2000). 

Chemical fertilizers, while effective in 

enhancing yields, often pose risks to ecosystem 

balance, soil health, and the food chain. Alternative 

approaches, such as ecological methods using PGPR, 

are therefore imperative for maintaining soil fertility 

and meeting global agricultural demands without 

chemical residues (Tilman et al., 2002). Introducing 

beneficial microflora like PGPR into agricultural 

systems is an effective strategy for increasing soil 

health and plant immunity (García de Salamone, 

2011; Verma et al., 2010). 

Plant roots harbor diverse microorganisms, 

including mycorrhizal fungi, rhizobia, and endophytic 

fungi, which promote sustainable crop production 

(Gupta et al., 2020). Rhizobacteria specifically 

contribute to drought tolerance, pest resistance, and 

nutrient cycling in plants (Jeffries et al., 2003; Rosas 

et al., 2009). These bacteria establish symbiotic 

relationships with plants, aiding in nutrient uptake, 

growth, and immunity (Reinhold-Hurek & Hurek, 

2011). 

Plants like Ocimum sanctum (Holy Basil) 

hold a prominent place in traditional medicine for 

their myriad health benefits, including anti-

inflammatory, antifungal, and antioxidant properties. 

However, research on their role in plant growth 

promotion is limited. This study explores the potential 

of PGPR isolated from the rhizosphere of Ocimum 

sanctum and evaluates their efficacy on Okra plants, 

considering parameters such as leaf count, flowering, 

and fruit yield. The findings aim to advance 

sustainable agricultural practices and enhance 

productivity. 

 
2. MATERIALS AND METHODS 
2.1. Rhizosphere Collection 

The study was conducted using the herb 
Ocimum sanctum, which was collected from 
Thiruvettanallur, Tamil Nadu, India (Latitude: 
9.1371° N, Longitude: 77.4092° E, Altitude: 154 
MSL). The plant was identified and authenticated 
at the Department of Plant Science, Manonmaniam 
Sundaranar University, where a specimen was 
cataloged under the identifier OCIS2023. 
Rhizosphere soil samples were collected following 
the method described by McPherson et al. 
(2018). The sampling involved excavating the root 
zone up to 30 cm using a spade and preserving the 
root-soil mass in plastic bags to maintain moisture 
and prevent desiccation during transport. Samples 
were stored under refrigeration until further 
analysis. 
 
2.2. Isolation of Endophytic Probiotics 

The roots of Ocimum sanctum were 
processed for isolation of endophytic bacteria. 
After washing off debris under running water, 
roots were surface-sterilized using 70% ethanol 
for 30 seconds, followed by treatment with 2% 
sodium hypochlorite for five minutes. Sterile 
deionized water was used for two rinses post-
sterilization (Elbeltagy et al., 2000). A gram of 
sterilized roots was homogenized with 1 mL of 
double-distilled water using a mortar and pestle. 
The filtrate from this homogenate, obtained using 
Whatman No. 1 filter paper, was stored in sterile 
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containers and used for culturing on nutrient agar 
medium. 
 
2.3. Screening of Enzyme Activity 
 Amylase Activity: The amylase activity of 

crude extracts was evaluated by determining 
the reducing sugars released from soluble 
starch using the dinitrosalicylic acid (DNS) 
method, as described by Ettalibi and Barratti 
(1988). 

 Proteolytic Activity: Protease production 
was screened using a skim milk agar assay. 
Bacterial isolates were inoculated on skim 
milk agar plates and incubated at room 
temperature for 24 hours. The formation of 
clear zones around colonies indicated 
protease activity. 
 

2.4. Field Evaluation 
Ten bacterial isolates (designated S1 to 

S10) were obtained from the rhizosphere of 
Ocimum sanctum. Four isolates (S1, S2, S3, and S4) 
with significant enzymatic activity were selected 
for field trials on Okra (Abelmoschus esculentus) 
crops. The experimental field in Thiruvettanallur 
was divided into five plots, each containing 25 
plants, totaling 125 plants. One plot was 
maintained as a control, devoid of chemical or 
microbial treatment. 

The selected isolates were applied to their 
respective plots at a concentration of 10⁵ 
spores/mL. Applications were conducted at three 
critical growth stages: 

1. Germination Stage (10 days post-
germination) 

2. Flowering Stage 
3. Fruiting Stage 
Growth parameters, including the number of 

leaves, flowers, and healthy fruits, were recorded 
every five days until harvest. The experiment 
monitored pest incidence, fruit yield, and 
morphological changes in treated and untreated 
plots. 

 
2.4. Morphological Characterization of Isolates 

Isolated bacterial colonies were characterized 
based on color and shape. Observations recorded 
the morphology of strains as follows: 

 S1: White, round 
 S2: Colorless, round 
 S3: White, filamentous 
 S4: Pink, irregular 

 
2.5. Statistical Analysis 

Data from field trials were statistically 
analyzed to determine significant differences in 
growth parameters and fruit yield between 
treated and control groups. Yield data and pest 
infestation levels were compared using standard 
deviation and analysis of variance (ANOVA). 

 
2.6. Yield Analysis 

Fruit yield was assessed by measuring fruit 
length and total yield per plant across multiple 
harvests. Healthy, dark green fruits were observed 
in treated plots, while control plots exhibited 
malformed and pest-damaged fruits. 

The study highlighted the superior 
performance of proteolytic isolates S1, S3, and S4 
in terms of plant growth, yield, and resistance to 
pest infestation. The final harvest recorded a yield 
of over 15 kg per plant in S3-treated plots 
compared to 3 kg in the control. 

The methods employed in this study 
provide a replicable framework for isolating and 
evaluating plant growth-promoting rhizobacteria 
from medicinal plants like Ocimum sanctum. The 
use of native isolates demonstrates potential for 
sustainable agricultural practices by enhancing 
crop yield and resilience to biotic stressors. 

 
3. RESULTS  

The present study focused on assessing the 
diversity and effectiveness of rhizobacterial 
populations isolated from the rhizosphere of 
Ocimum sanctum and their influence on the 
growth of Okra (Abelmoschus esculentus). The 
results revealed critical insights into the enzymatic 
activities, morphological characteristics, and 
growth-promoting capabilities of these bacterial 
isolates under field conditions. 
 
3.1. Isolation and Screening of Rhizobacteria 

The rhizosphere of Ocimum sanctum 
yielded 10 bacterial isolates labeled S1 through 
S10. Among these, four isolates (S1, S2, S3, and S4) 
exhibited significant enzymatic activities, 
including proteolytic and amylolytic functions. 
Table 1 summarizes the morphological 
characteristics of the selected isolates, indicating 
their diverse appearances, which suggest varying 
biological activities. 
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Table-1. Morphological Characters of 
Suspected Colonies from the Rhizosphere of 

Ocimum sanctum 
Isolate Color and Shape 

S1 White, round 
S2 Colorless, round 
S3 White, filamentous 
S4 Pink, irregular 

The diversity in colony morphology 
highlights the variability in functional roles of 
these isolates in the plant rhizosphere. 

 
3.2. Screening for Extracellular Enzyme 
Activity 

The isolates were further screened for 
amylase and protease activity. The results, shown 
in Table 2, demonstrate the enzymatic capabilities 
of the bacterial strains. 

 
Table-2. Screening of Extracellular Enzyme 

Activity of Rhizobacterial Colonies 
Isolate Amylase 

Activity 
Protease 
Activity 

S1 ACZ ACZ 
S2 ACZ DCZ 
S3 ACZ ACZ 
S4 ACZ DCZ 

Note: ACZ = Appearance of Clear Zone; DCZ = 
Disappearance of Clear Zone. 

The isolates S1, S3, and S4 exhibited both 
amylase and protease activity, making them strong 
candidates for plant growth promotion under field 
conditions. These enzymatic functions are crucial 
for nutrient mobilization and improved plant 
nutrient uptake. 
 
3.3. Field Trials and Growth Parameters 

Field trials with Okra plants demonstrated 
significant differences between treated and 
control plots. Growth parameters, including leaf 
count, flower formation, and fruit length, were 
measured across treatments. The untreated 
control plots exhibited stunted growth, yellowish 
leaves, and malformed fruits, while the treated 
plots displayed vigorous growth and higher yields. 
 
3.4. Yield Analysis and Morphological Changes 

The yield analysis revealed stark contrasts 
between treated and untreated groups. Table 3 
shows the fruit lengths recorded across multiple 
harvests. 

Table-3. Average Length (in cm) of Fruits in 
Treated and Control Plots 

Type of Plot H1 H2 H3 H4 
Control 12.0 11.5 10.0 10.0 

S1 Treated 15.4 16.1 16.8 16.9 
S2 Treated 14.0 14.6 15.0 15.3 
S3 Treated 15.0 16.0 16.7 17.0 
S4 Treated 14.9 15.2 15.8 16.0 

Note: H = Harvest Number. 
Fruits from S3-treated plots consistently 

measured longer and appeared healthier 
compared to control plots, which showed reduced 
fruit size and pest damage. The maximum yield 
was observed in S3-treated plots, reaching over 15 
kg per plant by the final harvest, while the control 
yielded only 3 kg per plant. 
 
3.5. Pest Infestation and Resistance 

Pest infestation was notably higher in 
control plots, where leaves and fruits showed 
visible damage. In contrast, S1, S3, and S4 
treatments exhibited significantly reduced pest 
incidence. This suggests that the proteolytic 
isolates contributed to enhanced pest resistance, 
possibly through the production of metabolites 
that deter pest activity. 
 
3.6. Role of Proteolytic Bacteria in Plant 
Growth 

Proteolytic bacteria play a vital role in 
nutrient mobilization and plant development. In 
this study, isolates S1, S3, and S4 promoted 
healthy foliage, flower formation, and robust 
fruiting. These isolates likely enhanced nitrogen 
availability, leading to improved overall plant 
vigor. 

The field trials confirmed the potential of 
these isolates as plant growth promoters, 
particularly for Okra crops. Their application 
resulted in taller plants, darker green leaves, and a 
higher number of flowers compared to untreated 
plants. 
 
4. DISCUSSION 

The effectiveness of PGPR in this study 
aligns with findings from previous research. 
Proteolytic and amylolytic enzymes produced by 
rhizobacteria are known to facilitate the 
breakdown of organic matter, releasing essential 
nutrients into the soil (Ahmad et al., 2008). 
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Enhanced nutrient availability likely contributed 
to the superior growth observed in treated plots. 
Moreover, the role of microbial inoculants in 
mitigating pest infestations is well-documented 
(Jeffries et al., 2003). The reduced pest incidence 
in treated plots may be attributed to the 
production of secondary metabolites or induced 
systemic resistance in plants (Hallmann et al., 
1997). 

The morphological diversity of isolates 
observed in this study is consistent with previous 
reports on rhizobacterial communities. Native 
isolates are particularly advantageous for 
agricultural applications due to their adaptability 
to local environmental conditions (Chen et al., 
2006). 
 
4.1. Implications for Sustainable Agriculture 

This study highlights the potential of PGPR 
as a sustainable alternative to chemical fertilizers 
and pesticides. The use of native rhizobacteria not 
only enhances plant growth but also improves soil 
health, ensuring long-term agricultural 
productivity. By reducing dependence on chemical 
inputs, PGPR-based interventions align with global 
goals for sustainable farming practices (Tilman et 
al., 2002). The findings demonstrate the 
significant role of rhizobacterial isolates, 
particularly S1, S3, and S4, in promoting plant 
growth, improving yield, and enhancing pest 
resistance in Okra crops. These isolates offer a 
viable solution for sustainable agriculture, 
fostering high productivity while preserving 
environmental integrity. 

 
5. CONCLUSION 

The present study explored the potential of 
rhizobacterial isolates from the rhizosphere of 
Ocimum sanctum as plant growth-promoting 
agents. Among the ten isolates identified, S1, S3, 
and S4 showed significant proteolytic and 
amylolytic activities, making them effective in 
enhancing plant growth and yield under field 
conditions.  Field trials on Okra (Abelmoschus 
esculentus) revealed that these isolates 
contributed to better plant health, increased fruit 
length, reduced pest infestations, and higher 
overall yields compared to untreated control plots. 
The S3-treated plots particularly stood out, 
demonstrating superior growth parameters, pest 
resistance, and productivity, with over 15 kg of 
fruit per plant at the final harvest, compared to 3 

kg in the control.  The use of PGPR isolates offers a 
sustainable alternative to chemical fertilizers and 
pesticides, aligning with the principles of 
ecological farming and soil health conservation. 
These findings underscore the importance of 
leveraging native microbial populations for 
enhancing agricultural productivity while 
minimizing environmental impact.  In conclusion, 
the isolates S1, S3, and S4 show significant 
potential as biofertilizers and biocontrol agents. 
They can be recommended for field application in 
vegetable crops like Okra, contributing to 
sustainable agricultural practices and meeting the 
growing global demand for chemical-free, high-
yield farming solutions. Further research may 
focus on large-scale field evaluations and 
formulation development for commercial use. 
 
6. DECLARATION OF COMPETING INTEREST  

The authors declare that they have no 
known financial or personal conflicts that could 
have appeared to influence the work reported in 
this study. All data and methodologies presented 
are original and unbiased, ensuring the scientific 
integrity of the research. 
 
7. DATA AVAILABILITY 

Data will be made available on reasonable 
request. 
 
8. ACKNOWLEDGEMENTS  

Authors thank Dr.S. Kalidass,  Herbal 
Gardenfor permission to collect plant Ocimum 
sanctum samples, Department of Animal Science 
herbal Nursery , manonmaniam Sundaranr 
University , Tirunelveli, Tamil Nadu . India. Also, 
thank to Dr.Rajkumar Tamarai, Post doctoral 
fellow, UGC DR. D. S. Kothari Postdoctoral Fellow 
(No. F. 4-2/2006 (BSR)/BL/19-20/0298 New 
Delhi)  for providing the finanical support for 
analysis the soil microbes  and for helpful advice 
on statistical analysis of experimental 
data,Mr.kanakaraj and Mrs Jasline Pavina , 
Research Scholars for assistancefor filed work and 
maintance of data and Dr Petchimuthu (Assistant 
Professor, Department of Botany, KGS College ) for 
useful discussions during manuscript preparation. 
This project was funded by UGC DR. D. S. Kothari, 
Govt. of India, New Delhi. The data that support 
the findings of this study are available from the 
corresponding author upon reasonable request. 
 



                                                                                                                                                                                                                         ISSN: 2583-7354 

© 2024                                                         Volume: 03 Issue: 09 | September -2024                                                    Page 702 

REFERENCES 
Adesemoye, T. O., Torbett, H., & Kloepper, J. (2010). 

Increased plant uptake of nitrogen from 15N-
depleted fertilizer using plant growth-
promoting rhizobacteria. Applied Soil Ecology, 
46(1), 54–58. 

Ahmad, F., Iqbal Ahmad, & Khan, M. S. (2008). 
Screening of free-living rhizospheric bacteria 
for their multiple plant growth-promoting 
activities. Microbiological Research, 163(2), 
173–181. 

Altieri, A. M., & Nicholls, C. I. (2000). The adaptation 
and mitigation potential of traditional 
agriculture in a changing climate. Climatic 
Change, 1–15. 

Anonymous. (1991). Wealth of India. Publication and 
Information Directorate, New Delhi, India: 
CSIR. 

Araujo, W. L., Marcon, J., Maccheroni, W., Van Elsas, J. 
D., Van Vuurde, J. W. L., & Azevedo, J. L. (2002). 
Diversity of endophytic bacterial populations 
and their interaction with Xylella fastidiosa in 
citrus plants. Applied and Environmental 
Microbiology, 68, 4906–4914. 

Bacon, C. W., & White, J. F. (2000). Microbial 
Endophytes. Marcel Dekker Inc., New York, pp. 
3–388. 

Barka, E. A., Gognies, S., Nowak, J., Audran, J. C., & 
Belarbi, A. (2002). Inhibitory effect of 
endophyte bacteria on Botrytis cinerea and its 
influence to promote the grapevine growth. 
Biological Control, 24, 135–142. 
https://doi.org/10.1016/S1049-
9644(02)00034-8 

Bast, F., Rani, P., & Meena, D. (2014). Chloroplast DNA 
phylogeography of Holy Basil (Ocimum 
tenuiflorum) in the Indian subcontinent. The 
Scientific World Journal, 90–94. 

Benhamou, N., Kloepper, J. W., Quadt-Hallman, A., & 
Tuzun, S. (1996). Induction of defense-related 
ultrastructural modifications in pea root 
tissues inoculated with endophytic bacteria. 
Plant Physiology, 112(3), 919–929. 

Card, S., Linda Johnson, Teasdale, S., & John Caradus. 
(2015). Deciphering endophyte behavior: The 
link between endophyte biology and efficacious 
biological control agents. FEMS Microbiology 
Ecology, 92, 1–19. 

Carroll, G. (2001). Fungal endophytes in stems and 
leaves: From latent pathogen to mutualistic 
symbiont. Ecology, 69, 2–9. 

Chanway, C. P. (1996). Endophytes: They're not just 
fungi! Canadian Journal of Botany, 74, 321–322. 
https://doi.org/10.1139/b96-040 

Chebotar, V. K., Malfanova, N. V., Shcherbakov, A. V., 
Ahtemova, G. A., Borisov, A. Y., Lugtenberg, B., 

& Tikhonovich, I. A. (2015). Endophytic 
bacteria in microbial preparations that 
improve plant development. Applied 
Biochemistry and Microbiology, 51, 271–277. 

Chen, C., Bauske, E., & Musson, G. (1995). Biological 
control of Fusarium wilts on cotton by use of 
endophytic bacteria. Biological Control, 5, 83–
91. 

Chen, Y. P., Rekha, P. D., Arun, A. B., Shen, F. T., Lai, W. 
A., & Young, C. C. (2006). Phosphate-
solubilizing bacteria from subtropical soil and 
their tricalcium phosphate solubilizing 
abilities. Applied Soil Ecology, 34, 33–41. 

Cordero, J. P. R., Raghav, V., & Casadevall, A. (2017). 
Microbial melanins for radioprotection and 
bioremediation. Microbial Biotechnology, 10(5), 
1186–1190. 

Dhanya, N., Nair, S., & Padmavathy. (2014). Impact of 
endophytic microorganisms on plants, 
environment, and humans. Scientific World 
Journal, 11, 14–20. 

Elbeltagy, A., Nishioka, K., Suzuki, H., et al. (2000). 
Isolation and characterization of endophytic 
bacteria from wild and traditionally cultivated 
rice varieties. Soil Science and Plant Nutrition, 
46, 617–629. 

Elvira-Recuenco, M., & Van Vuurde, J. W. L. (2000). 
Natural incidence of endophytic bacteria in pea 
cultivars under field conditions. Canadian 
Journal of Microbiology, 46, 1036–1041. 

Eskandari, S., Guppy, C. N., Knox, O. G. G., Flavel, R. J., 
Backhouse, D., & Haling, R. E. (2017). 
Mycorrhizal contribution to phosphorus 
nutrition of cotton in low and highly sodic soils 
using dual isotope labeling. Soil Biology and 
Biochemistry, 105, 111–115. 

Ettalibi, M., & Barratti, J. C. (1988). Isolation and 
characterization of amylolytic yeast, Candida 
edax. MIRCEN Journal of Applied Microbiology 
and Biotechnology, 136, 193–202. 

Frommel, M. I., Nowak, J., & Lazarovits, G. (1993). 
Treatment of potato tubers with a growth-
promoting Pseudomonas sp.: Plant growth 
response and bacterium distribution in the 
rhizosphere. Plant and Soil, 150, 51–60. 

Garbeva, P., Van Overbeek, L. S., Van Vuurde, J. W. L., & 
Van Elsas, J. D. (2001). Analysis of endophytic 
bacterial communities of potato by planting 
and denaturing gradient gel electrophoresis. 
Microbial Ecology, 41, 369–383. 

García de Salamone, I. E., Hynes, R. K., & Nelson, L. M. 
(2006). Role of cytokinins in plant growth 
promotion by rhizosphere bacteria. PGPR: 
Biocontrol and Biofertilization, 173–195. 

Gardner, J. M., Feldman, A. W., & Zaplotowicz, R. M. 
(1982). Identity and behavior of xylem-

https://doi.org/10.1016/S1049-9644(02)00034-8
https://doi.org/10.1016/S1049-9644(02)00034-8
https://doi.org/10.1139/b96-040


                                                                                                                                                                                                                         ISSN: 2583-7354 

© 2024                                                         Volume: 03 Issue: 09 | September -2024                                                    Page 703 

residing bacteria in rough lemon roots of 
Florida citrus trees. Applied Environmental 
Microbiology, 43, 1335–1342. 

Germida, J. J., Siciliano, S. D., De Freitas, R., & Seib, A. M. 
(1998). Diversity of root-associated bacteria 
associated with field-grown canola (Brassica 
napus L.) and wheat (Triticum aestivum L.). 
FEMS Microbiology Ecology, 26, 43–50. 

Gupta, A. K., & Tandon, N. (2008). Ocimum sanctum 
Linn. In Quality Standards of Indian Medicinal 
Plants, Volume 5. New Delhi, India: Medicinal 
Plants Unit, Indian Council of Medical Research, 
275–284. 

Gupta, S., Chaturvedi, P., Kulkarni, M. G., & Van Staden, 
J. (2020). A critical review on exploiting the 
pharmaceutical potential of plant endophytic 
fungi. Biotechnology Advances, 39, Article 
107462. 

Hallmann, J., Quadt-Hallmann, A., Mahaffee, W. F., & 
Kloepper, J. W. (1997). Bacterial endophytes in 
agricultural crops. Canadian Journal of 
Microbiology, 43, 895–914. 
https://doi.org/10.1139/m97-131 

Hallmann, J., & Berg, G. (2006). Spectrum and 
population dynamics of bacterial root 
endophytes. In Soil Biology: Microbial Root 
Endophytes, Berlin: Springer-Verlag, pp. 15–31. 

Hayward, A. C. (1991). Biology and epidemiology of 
bacterial wilt caused by Pseudomonas 
solanacearum. Annual Review of 
Phytopathology, 29, 67–87. 

Hisinger, P., Bengough, G. A., Vetterlein, D., & Young, I. 
M. (2009). Rhizosphere: Biophysics, 
biogeochemistry, and ecological relevance. 
Plant and Soil, 321, 117–152. 

Holland, M. A. (1997). Occam's razor applied to 
hormonology: Are cytokinins produced by 
plants? Plant Physiology, 115, 865–868. PMID: 
12223849. 

Hollis, J. P. (1951). Bacteria in healthy potato tissue. 
Phytopathology, 41, 350–366. 

Hurek, T., Handley, L., Reinhold-Hurek, B., & Piché, Y. 
(2002). Azoarcus grass endophytes contribute 
fixed nitrogen to the plant in an unculturable 
state. Molecular Plant-Microbe Interactions, 15, 
233–242. 

Igual, J. M., Valverde, A., Cervantes, E., & Velazquez, E. 
(2001). Phosphate-solubilizing bacteria as 
inoculants for agriculture: Use of updated 
molecular techniques in their study. 
Agronomie, 21, 561–568. 

Iniguez, A. L., Dong, Y., & Triplett, E. W. (2004). 
Nitrogen fixation in wheat provided by 
Klebsiella pneumoniae. Molecular Plant-Microbe 
Interactions, 17, 1078–1085. 

Irfan, M., Nadeem, M., Syed, Q., & Baig, S. (2011). 
Production of thermostable α-amylase from 
Bacillus sp. in solid state fermentation. Journal 
of Applied Sciences Research, 7(5), 607–617. 

Jeffries, P., Gianinazzi, S., Perotto, S., Turnau, K., & 
Barea, J. M. (2003). The contribution of 
arbuscular mycorrhizal fungi in sustainable 
maintenance of plant health and soil fertility. 
Biology and Fertility of Soils, 37, 1–16. 

Jha, P., & Kumar, A. (2009). Characterization of novel 
plant growth-promoting endophytic bacterium 
Achromobacter xylosoxidans from wheat plant. 
Microbial Ecology, 58, 179–188. 

Jitendra, D., & Nikhilesh, K. (2015). Effect of endophytic 
treatments on plant growth performance and 
disease incidences in soybean (Glycine max (L.) 
Merril) cultivar JS-335 against challenge 
inoculation with Rhizoctonia solani. American 
Journal of Agricultural and Biological Sciences, 
10(2), 99–111. 

Khandelwal, P., Sharma, R. A., & Agarwal, M. (2015). 
The role of endophytes in enhancing crop yield 
and disease resistance. Journal of Plant 
Sciences, 3(1), 33–39. 

Kloepper, J. W., Lifshitz, R., & Zablotowicz, R. M. (1989). 
Free-living bacterial inocula for enhancing crop 
productivity. Trends in Biotechnology, 7, 39–44. 

Kloepper, J. W., Ryu, C. M., & Zhang, S. (2004). Induced 
systemic resistance and promotion of plant 
growth by Bacillus spp. Phytopathology, 94, 
1259–1266. 

Kobayashi, D., & Palumbo, J. (2000). Bacterial 
endophytes and their effects on plants and uses 
in agriculture. In Microbial Endophytes, pp. 
199–233. 

Leben, C., Daft, G. C., & Schmitthenner, A. F. (1968). 
Bacterial blight of soybeans: Population levels 
of Pseudomonas glycinea in relation to 
symptom development. Phytopathology, 58, 
1143–1146. 

Lilley, A. K., Fry, J. C., Bailey, M. J., & Day, M. J. (1996). 
Comparison of aerobic heterotrophic taxa 
isolated from four root domains of mature 
sugar beet (Beta vulgaris). FEMS Microbiology 
Ecology, 21, 231–242. 

Liotti, R. G., da Silva, G. F., Ferreira, E. F. A., & Margis-
Pinheiro, M. (2018). Diversity of cultivable 
bacterial endophytes in Paullinia cupana and 
their potential for plant growth promotion and 
phytopathogen control. Microbiological 
Research, 207, 8–18. 

Lodewyckx, C., Vangronsveld, J., Porteous, F., Moore, E. 
R. B., Taghavi, S., Mezgeay, M., & der Lelie, D. 
(2002). Endophytic bacteria and their potential 
applications. CRC Critical Reviews in Plant 
Sciences, 21, 583–606. 

https://doi.org/10.1139/m97-131


                                                                                                                                                                                                                         ISSN: 2583-7354 

© 2024                                                         Volume: 03 Issue: 09 | September -2024                                                    Page 704 

Ludwig-Müller, J. (2015). Plants and endophytes: Equal 
partners in secondary metabolite production? 
Biotechnology Letters, 37(7), 1325–1334. 

Mafia, R. G., Alfenas, A. C., Maffia, L. A., Ferreira, E. M., 
Binoti, D. H. B., & Mafia, G. M. V. (2009). Plant 
growth-promoting rhizobacteria as agents in 
the biocontrol of Eucalyptus mini-cutting rot. 
Tropical Plant Pathology, 34, 10–17. 

Malfanova, N., Kamilova, F., Validov, S., Shcherbakov, 
A., Lugtenberg, B., & Tikhonovich, I. (2011). 
Characterization of novel plant-associated 
endophytes and their activities in relation to 
plant growth promotion and biological control 
of pathogens. Biological Control, 57(1), 70–78. 

McPherson, R. M., Wang, P., Marsh, E. L., Mitchell, R. T., 
& Sachtman, D. P. (2018). Isolation and analysis 
of microbial communities in soil, rhizosphere, 
and roots in perennial grass experiments. 
Journal of Visualized Experiments, 137, 57932. 

Morgan, J. A. W., Bending, G. D., & White, P. J. (2005). 
Biological costs and benefits to plant-microbe 
interactions in the rhizosphere. Journal of 
Experimental Botany, 56, 1729–1739. 

Mundt, J. O., & Hinkle, N. F. (1976). Bacteria within 
ovules and seeds. Applied Environmental 
Microbiology, 32, 694–698. 

Nejad, P., & Johnson, P. A. (2000). Endophytic bacteria 
induce growth promotion and wilt disease 
suppression in oilseed rape and tomato. 
Biological Control, 18(3), 208–215. 

Pliego, C., Kamilova, F., & Lugtenberg, B. (2011). Plant 
growth-promoting bacteria: Fundamentals and 
exploitation. In Maheshwari, D. K. (Ed.), 
Bacteria in Agrobiology: Plant Growth 
Responses. Springer-Verlag, Berlin, pp. 295–
343. 

Reinhold-Hurek, B., & Hurek, T. (2011). Living inside 
plants: Bacterial endophytes. Current Opinion 
in Plant Biology, 14, 435–443. 

Reiter, B., Wermbter, N., Gyamfi, S., Schwab, H., & 
Sessitsch, A. (2003). Endophytic Pseudomonas 
spp. populations of pathogen-infected potato 
plants analyzed by 16S rDNA- and 16S rRNA-
based denaturing gradient gel electrophoresis. 
Plant and Soil, 257, 397–405. 

Rich, J. R., & Bird, G. W. (1974). Association of early-
season vesicular-arbuscular mycorrhizae with 
increased growth and development of cotton. 
Phytopathology, 64, 1421–1425. 

Roos, I. M. M., & Hattingh, M. J. (1983). Scanning 
electron microscopy of Pseudomonas syringae 
pv. morsprunorum on sweet cherry leaves. 
Phytopathologische Zeitschrift, 108, 18–25. 

Rosas, S. B., Avanzini, G., Carlier, E., Pasluosta, C., 
Pastor, N., & Rovera, M. (2009). Root 
colonization and growth promotion of wheat 

and maize by Pseudomonas aurantiaca SR1. Soil 
Biology and Biochemistry, 41, 1802–1806. 

Samish, Z., Ettinger-Tulczynska, R., & Bick, M. (1963). 
The microflora within the tissues of fruits and 
vegetables. Journal of Food Science, 28, 259–
266. 

Schulz, B., Boyle, C., Draeger, S., & Römmert, A. K. 
(2000). Endophytic fungi: A source of novel 
biologically active secondary metabolites. 
Mycological Research, 106(9), 996–1004. 

Seghers, D., Wittebolle, L., Top, E. M., Verstraete, W., & 
Siciliano, S. D. (2004). Impact of agricultural 
practice on the Zea mays L. endophytic 
community. Applied Environmental 
Microbiology, 70, 1475–1482. 

Sessitsch, A., Reiter, B., & Berg, G. (2004). Endophytic 
bacterial communities of field-grown potato 
plants and their plant-growth-promoting and 
antagonistic abilities. Canadian Journal of 
Microbiology, 50, 239–249. 

Sevilla, M., Burris, R. H., Gunapala, N., & Kennedy, C. 
(2001). Comparison of benefit to sugarcane 
plant growth and 15N2 incorporation following 
inoculation of sterile plants with Acetobacter 
diazotrophicus wild-type and nif mutant 
strains. Molecular Plant-Microbe Interactions, 
14, 358–366. 

Siciliano, S. D., & Germida, J. J. (1999). Taxonomic 
diversity of bacteria associated with the roots 
of field-grown transgenic Brassica napus cv. 
Quest, compared to the non-transgenic B. 
napus cv. Excel and B. rapa cv. Parkland. FEMS 
Microbiology Ecology, 29, 263–272. 

Singh, G., Biswas, D. R., & Marwaha, T. S. (2010). 
Mobilization of potassium from waste mica by 
plant growth-promoting rhizobacteria and its 
assimilation by maize (Zea mays) and wheat 
(Triticum aestivum L.): A hydroponics study 
under phytotron growth chamber. Journal of 
Plant Nutrition, 33(8), 1236–1252. 

Staples, G., & Kristiansen, M. S. (1999). Ethnic Culinary 
Herbs. University of Hawaii Press. 

Sturz, A. V. (1995). The role of endophytic bacteria 
during seed piece decay and potato 
tuberization. Plant and Soil, 175, 257–263. 

Sturz, A. V., Christie, B. R., & Nowak, J. (2000). Bacterial 
endophytes: Potential role in developing 
sustainable systems of crop production. Critical 
Reviews in Plant Sciences, 19, 1–30. 

Tilman, D., Cassman, K. G., Matson, P. A., Naylor, R., & 
Polasky, S. (2002). Agricultural sustainability 
and intensive production practices. Nature, 
418, 671–677. 

Van Buren, A. M., Andre, C., & Ishimaru, C. A. (1993). 
Biological control of the bacterial ring rot 



                                                                                                                                                                                                                         ISSN: 2583-7354 

© 2024                                                         Volume: 03 Issue: 09 | September -2024                                                    Page 705 

pathogen by endophytic bacteria isolated from 
potato. Phytopathology, 83, 1406. 

Van Overbeek, L., & Van Elsas, J. D. (2008). Effects of 
plant genotype and growth stage on the 
structure of bacterial communities associated 
with potato (Solanum tuberosum L.). FEMS 
Microbiology Ecology, 64, 283–296. 

Van Peer, R., Punte, H. L. M., De Wega, L. A., & 
Schippers, B. (1990). Characterization of root 
surface and endorhizosphere Pseudomonas in 
relation to their colonization of roots. Applied 
Environmental Microbiology, 56, 2462–2470. 

Verma, V. C., Verma, S. K., Singh, S., & Prakash, J. (2010). 
Bio-control and plant growth promotion 
potential of siderophore-producing endophytic 
Streptomyces from Azadirachta indica. Journal 
of Basic Microbiology, 51, 550–556. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Zinniel, D. K., Lambrecht, P. N., Harris, B., et al. (2002). 
Isolation and characterization of endophytic 
colonizing bacteria from agronomic crops and 
prairie plants. Applied Environmental 
Microbiology, 68, 2198–2208. 

 
 
 
Cite this article as: Nagarajan et al., 
(2024). Isolation of Plant Growth 

Promoting Microbes from the Rhizosphere 
of Ocimum Sanctum on Okra Crop, 

International Journal of Emerging 
Knowledge Studies. 3(9), pp.697-705. 
https://doi.org/10.70333/ijeks-03-09-039                                          
 

 

 
 

https://doi.org/10.70333/ijeks-03-09-039

