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ABSTRACT: In the present study, screened PGPR and Fungi were
influence the growth of Mung bean (Vigna radiata) plant in the pot.
Two rhizobacteria viz. Rhizobium sp., Pseudomonas putida and three
fungi Aspergillus niger, Rhizopus sp. and Trichoderma viride were
isolated and purified. The effect of inoculation of different strains of
bacteria and fungus on growth responses of Vigna radiata under pot
condition was enumerated. The result revealed that the single and dual
inoculation of these microbial strains enhances the plant growth in
terms of root and shoot length and dry-biomass. The maximum
increase in root length (up to 86.57%), shoot length (up to 56.91%),
root dry weight (up to 94.42%), and shoot dry weight (up to 56.09%)
was observed in response to dual inoculation of Pseudomonas putida
with Trichoderma viride compared to uninoculated control.

INTRODUCTION: Plant growth promoting
rhizobacteria (PGPR) are a group of bacteria that
actively colonize plant roots and increase plant
growth and yield 1, 2, 3. The important traits of
PGPRs include fixation of atmospheric nitrogen,
solubilization of insoluble inorganic phosphates,
production of plant hormones, siderophores,
bacteriocins etc. These organisms also provide
protection to plants against diseases by suppressing
deleterious and pathogenic microorganisms 4.
The potential to use PGPR in integrated strategies
to reduce Nitrogen and Phosphorus fertilizers
offers an appealing research area for those
scientists engaged in growth promotion studies in
dependable of biological control.
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As with attempts to employ PGPR will be aided by
clear elucidation of mechanisms of growth
promotion. Significant increase in growth and yield
of agronomical important crops including cereals,
pulses, vegetables, oilseeds and plantation crops in
response to inoculation with PGPR has been
reported 2, 3, 5, 6, 7.
In the recent years, PGPR have received worldwide
importance for agricultural benefits as they are the
potential tools for sustainable agriculture and have
shown significant increases in growth and yield of
agricultural crops both under greenhouse and field
conditions 8, 9, 10, 11, 12. Besides promoting plant
growth, PGPR ensure the availability of nutrients
and enhance the nutrient use efficiency 2, 3, 13, 14.
Hence, an attempt was made to study the Plant
Growth Promoting Rhizobacteria (PGPR) and
Fungi associated with Vigna radiata (Mung bean)
plant to know whether a combination of PGPR and
Fungi would enhance growth promotion activity
under pot condition. Therefore, in this study, we
decided to combine Rhizobacteria and Fungi which
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have been shown to enhance plant growth activity
of V. radiata as compare to individual and control.
The study of combining these two organisms is of
great potential value to organic agriculture in order
to avoid fertilizers and pesticides.
MATERIALS AND METHODS:
Isolation of PGPR from Mung bean
rhizosphere: Isolation of PGPR isolates were
made from rhizosphere soil of Mung bean grown in
irrigated fields. Ten grams of rhizosphere soil were
taken into a 250 ml of conical flask, and 90 ml of
sterile distilled water was added to it. The flask was
shaken for 10 min on a rotary shaker at 120 rpm.
One milliliter of suspension was added to 10 ml
vial and shaken for 2 min. Serial dilution technique
was performed up to 10-7 dilution. An aliquot (0.1
ml) of this suspension was spread on the plates of
PDA medium. Plates were incubated for 3 days at
35°C to observe the colonies of the bacteria and for
8 days at 28°C to observe the colonies of fungus 15.
Typical bacterial and fungal colonies were
observed over the streak. Morphologically different
colonies were selected, marked and re-streaked
until pure cultures were obtained.
Identification of Isolated Bacteria: To raise pure
cultures of bacterial isolates, a bacterial suspension
was prepared in a tube containing sterilized water.
The tube was vigorously shaken to prepare
bacterial suspension. The suspension was diluted to
10-6 times with sterilized water and 0.5 ml of it
was poured over Nutrient Agar plate. The petridishes were incubated for three hours at 160°C.
After incubation, the bacterial forms grow and form
characteristic colony morphology. The isolated
colony was again sub-cultured to obtain a pure
culture. The purified bacterial isolates were then
subjected to various morphological, cultural and
biochemical tests according to the methods cited in
the “Hand Book of Microbiology” 16 and were
identified up to generic and specific levels with the
help of “Bergey’s Manual of Determinative
Bacteriology” 17.
Identification of Isolated Fungi: Each fungus was
purified using single spore culture technique. They
were examined under stereo binocular microscope
and single germinating spore was picked by needle
and transferred to the Potato Dextrose Agar slants.
The technique of James and Natalie 18 was adopted
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for identification of the unknown isolated fungi
using cotton blue in lactophenol stain. The
identification was achieved by placing a drop of the
stain on clean slide with the aid of a mounting
needle, where a small portion of the mycelium
from the fungal cultures was removed and placed in
a drop of lactophenol. The mycelium was spread
very well on the slide with the aid of the needle. A
cover slip was gently applied with little pressure to
eliminate air bubbles. The slide was then mounted
and observed with ×10 and ×40 objective lenses
respectively. The species encountered were
identified in accordance with Cheesbrough 19.
Observation: Two PGPR viz. Rhizobium sp. and
Pseudomonas putida and three fungi viz.
Aspergillus niger, Rhizopus sp. and Trichoderma
viride were obtained from the rhizosphere soil of
Mung Bean.
Sterilization and Treatment of Seeds with PGPR
and Fungi: Healthy seeds of mung bean have been
selected and Seeds were surface sterilized with
10% chlorox for 3 min and then washed with 95%
ethanol for 3 min with constant shaking; and later
washed with sterilized water. In this experiment,
technique for suspension preparation is the same as
used in dual culture test. Seed pelleting method –
fungal spore were count using hemocytometer and
spore concentration adjusting to 15 × 103 conidia/
ml 10 seeds were pelleted with 3 ml.
Spore suspension for each fungi for 30 minutes
following by carboxyl methyl cellulose (0.2% w/v)
for 50 second and then dried in shade, after drying
the seeds were pelleted with 1 ml of bacterial
suspension (1.0 OD) containing gum Arabic 20.
Sterilized seeds were soaked in broth for 2 to 4 h.
In case of control uninoculated seeds were dipped
only in carboxyl methyl cellulose solution.
Experimental Setup: After soaking, seeds were
sown in 12 pots containing autoclaved soil. Pots
were designated as Control, PGPR1, PGPR2,
PGPF1,
PGPF2,
PGPF3,
PGPR1+PGPF1,
PGPR1+PGPF2, PGPR1+PGPF3, PGPR2+PGPF1,
PGPR2+PGPF2, PGPR2+PGPF3. In Control pot,
sterilized untreated seeds were sowed. And in
remaining pots seed treated by single inoculation of
Bacteria and Fungi and dual inoculation of Bacteria
+ Fungi were sowed into the pots according to
Table 1.
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TABLE 1: EFFECT OF SEED TREATMENT
POT
Control
PGPR1
PGPR2
PGPF1
PGPF2
PGPF3
PGPR1+PGPF1
PGPR1+PGPF2
PGPR1+PGPF3
PGPR2+PGPF1
PGPR2+PGPF2
PGPR2+PGPF3

Harvesting of the plants and analysis: Mung
bean plants were harvested after 21 days of seed
sowing through separating of plants from soil. The
plants were washed through dipping into a vessel.
Plant height (mm plant-1) and root length (mm
plant-1) of each plant were recorded. Dry weights of
shoot and root were recorded after drying in an
oven for 1 day at 70°C.
RESULT AND DISCUSSION: PGPR colonize
plant roots and exert beneficial effects on plant
growth and development by a wide variety of
mechanisms 2, 3, 6, 21, 22. To be an effective PGPR,
bacteria must be able to colonize roots because
bacteria need to establish itself in the rhizosphere at
population densities sufficient to produce the
beneficial effects. The exact mechanism by which
PGPR stimulate plant growth is not clearly known,
although, several hypothesis such as production of
phytohormones, suppression of deleterious
organisms, activation of phosphate solubilization
and promotion of the mineral nutrient uptake are
usually believed to be involved 2, 3, 22.
PGPR have been shown to solubilize precipitated
phosphates and enhance phosphate availability 23,
24
. Results suggest that PGPR are able to induce the
production of IAA (indole acetic acid),
solubilization of phosphorus, and resistance to
pathogens and pests, thereby improving growth of
plants 21, 24.
Effect on Vigna radiata after Single inoculation
of PGPR and Fungi: The increment in root and
shoot length and root and shoot dry weight in
response to single inoculation of rhizobacteria and
fungi as compared to uninoculated control was

SEED TREATMENT
No treatment
Rhizobium sp.
Pseudomonas putida
Aspergillus niger
Rhizopus sp.
Trichoderma viride
Rhizobium sp. + Aspergillus niger
Rhizobium sp. + Rhizopus sp.
Rhizobium sp. + Trichoderma viride
Pseudomonas putida + Aspergillus niger
Pseudomonas putida + Rhizopus sp.
Pseudomonas putida + Trichoderma viride

given in Table 2. In this case, isolate of Rhizopus
sp. was the most effective and caused up to 56.0%
increase in root length, up to 54.17% increase in
root dry weight, up to 35.13% increase in shoot
length and up to 35.48% increase in shoot dry
weight.
Effect on Vigna radiata after Dual inoculation of
PGPR with Fungi: The increment in root and
shoot length and root and shoot dry weight in
response to dual inoculation of rhizobacteria and
fungi as compared to uninoculated control was
given in Table 3. It was found that the plant growth
was successfully observed and increases in root
length (up to 86.57%), root dry weight (up to
94.42%), shoot length (up to 56.91%) and shoot
dry weight (up to 56.09%) was observed in
response to dual inoculation of rhizobacterial strain
Pseudomonas
putida
with
rhizobacteria
Trichoderma viride compared to control.
In this study, we investigated the effectiveness of
PGPR isolates. Most of isolates significantly
increased plant height, root length, and dry matter
production of shoot and root of Mung bean plant
(Table 2, 3). The production of phytohormones
namely auxins, cytokinins, and gibberellins, is the
most commonly invoked mechanism of plant
growth promotion exerted by PGPR3,24,25,26.The
mechanisms of growth and nitrogen fixation
promotion by PGPR are not well understood;
however, a wide range of possibilities including
both direct and indirect effects have been
suggested27. Phosphorus is one of the major
nutrients, second only to nitrogen in requirement
for plants. A recent study showed that A. niger act
as a major phosphate solublizer28. Since the
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Rhizobium spp., which is effective in the formation
of nodules and fixation of nitrogen the inoculation
of plant growth-promoting rhizobacteria (PGPR)
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with Rhizobium spp. shows significant increase in
yield and yield components of common bean
(Phaseolus vulgaris L.) 12, 29.

TABLE 2: EFFECT OF SINGLE INOCULATION OF PGPR AND FUNGI ON VIGNA RADIATA
Shoot length
Shoot dry weight
Root length
Root dry weight
POT
(mm)
(mg)
(mm)
(mg)
Control
185.0 ± 1.63
224.6 ± 1.24
35.0 ± 0.81
64.6 ± 0.54
Rhizobium sp.
205.0 ± 1.63
251.0 ± 2.44
45.3 ± 2.08
85.0 ± 1.63
Aspergillus niger
208.6 ± 1.24
255.3 ± 2.05
49.3 ± 1.24
90.0 ± 2.15
Rhizopus sp.
250.0 ± 2.94
304.3 ± 4.64
54.6 ± 1.7
99.6 ± 2.49
Trichoderma viride
239.3 ± 1.7
290.0 ± 1.63
44.5 ± 1.7
87.6 ± 2.05
Pseudomonas putida
224.6 ± 2.05
274.6 ± 2.05
45.6 ± 1.24
86.0 ± 1.63
(Means of three replications)
TABLE 3: EFFECT OF DUAL-INOCULATION OF PGPR AND FUNGI ON VIGNA RADIATA
POT
Control
Rhizobium sp.
Aspergillus niger
Rhizopus sp.
Trichoderma viride
Pseudomonas putida
(Means of three replications)

Shoot length
(mm)
185.0 ± 1.63
205.0 ± 1.63
208.6 ± 1.24
250.0 ± 2.94
239.3 ± 1.7
224.6 ± 2.05

Shoot dry weight
(mg)
224.6 ± 1.24
251.0 ± 2.44
255.3 ± 2.05
304.3 ± 4.64
290.0 ± 1.63
274.6 ± 2.05

CONCLUSION: The overall results of the present
study indicate that the dual-inoculation had
promising positive effects on growth of Mung bean
grown in pots under natural conditions. Thus, it can
be concluded from study that the use of dual
inoculation of PGPR traits could be the more
effective and novel approach for achieving better
root growth and shoot growth of Mung bean grown
under natural conditions.
ACKNOWLEDGEMENTS: I am thankful to the
Department of Environmental Science, Bareilly
College Bareilly, Uttar Pradesh, India.
REFERENCES:
1.

2.

3.

4.

Wu SC, Cao ZH, Li ZG, Cheung KC and Wong MH:
Effects of biofertilizer containing N-fixer, P and K
solubilizers and AM fungi on maize growth: a greenhouse
trial. Geoderma 2005; 125:155-166.
Upadhyay SK, Singh JS, Saxena AK and Singh DP:
Impact of PGPR inoculation on growth and antioxidants
status of wheat plant under saline condition. Plant Biology
2012; 14:605-611.
Upadhyay
SK,
Singh
JS
and
Singh
DP:
Exopolysaccharide-producing plant growthpromoting
rhizobacteria under salinity condition. Pedosphere 2011;
21:214-222.
Mishra AK, Dutta S and Dileep KBS: Effect of florescent
Pseudomonas strains on crop enhancement and
suppression of root diseases of tea. Proc. Asian Conf. on
Emerging Trends in Pl. Microbe Interactions, Ed. S. S.

International Journal of Pharmaceutical Sciences and Research

Root length
(mm)
35.0 ± 0.81
45.3 ± 2.08
49.3 ± 1.24
54.6 ± 1.7
44.5 ± 1.7
45.6 ± 1.24

Root dry weight
(mg)
64.6 ± 0.54
85.0 ± 1.63
90.0 ± 2.15
99.6 ± 2.49
87.6 ± 2.05
86.0 ± 1.63

Gnanamanickam, R. Balasubramanian and N. Anand, Dec.
08-10, 2005 Chennai, pp. 26-30.
5. Asghar HN, Zahir ZA and Arshad M: Screening
rhizobacteria for improving the growth, yield and oil
content of canola (Brassica napus L). Australian Journal
of Agricultural Research 2004; 55(2):187-194.
6. Bashan Y, Holguin G, and de-Bashan LE: Azospirillumplant relationships: physiological, molecular, agricultural,
and environmental advances (1997-2003). Canada Journal
of Microbiology 2004; 50:521-577.
7. Biswas JC, Ladha LK and y Dazzo FB: Rhizobia
inoculation improves nutrient uptake and growth of
lowland rice. Journal of Soil Science 2000; 64:1644-1650.
8. Gravel V, Antoun H and Tweddell RJ: Growth stimulation
and fruit yield improvement of greenhouse tomato plants
by inoculation with Pseudomonas putida or Trichoderma
atroviride: possible role of indole acetic acid (IAA). Soil
Biology and Biochemistry 2007; 39:1968-1977.
9. Kennedy IR, Choudhury ATMA and Kecskes ML: Nonsymbiotic bacterial diazotrophs in crop-farming systems:
can their potential for plant growth promotion be better
exploited? Soil Biol. and Biochemistry 2004; 36:12291244.
10. Khalid A, Arshad M and Zahir ZA: Screening plant
growth promoting rhizobacteria for improving growth and
yield of wheat. Journal of Applied Microbiology 2004;
96:473-480
11. Kumar B, Trivedi P and Pandey A: Pseudomonas
corrugata: A suitable bacterial inoculant for maize grown
under rainfed conditions of Himalayan region. Soil Biol.
Biochemistry 2007; 39:3093-3100.
12. Yadegari M and Asadi Rahmani H: Evaluation of bean
(Phaseolus vulgaris) seeds’ inoculation with Rhizobium
phaseoli and plant growth promoting Rhizobacteria
(PGPR) on yield and yield components. African Journal of
Agric. Research 2010; 5(9):792-799

4425

Gangwar et al., IJPSR, 2013; Vol. 4(11): 4422-4426.
13. Asia N, Asghari B, Faizan U, Uzma F, Humaira Y and
Ishtiaq H: Effect of plant growth promoting rhizobacteria
on root morphology of Safflower (Carthamus tinctorius
L.). African Journal of Biotechnology 2011;
10(59):12639-12649.
14. Masoud A and Abbas ST: Evaluation of fluorescent
pseudomonads for plant growth promotion, antifungal
activity against Rhizoctonia solani on common bean, and
bio-control potential. Biol. Contr. 2009: 48; 101-107
15. Aneja KR, Experiments in Microbiology Plant Pathology
and Biotechnology, New Age International (P) Ltd.,
Publishers, Fourth Edition 2003. New Delhi.
16. Bisen PS and Verma K: In: “Handbook of Microbiology.”
CBS publishers and distributors, 1996. New Delhi.
17. Holt JG, Krieg NR, Sneathm PHA, Staley JT and Williams
ST: Bergey’s Manual of Determinative Bacteriology.
Baltimore, MD: Williams and Williams, 9th edition 1994.
18. James GC and Natalie S: Microbiology. A laboratory
Manual (ed.), 2001: 211-223.
19. Cheesbrough M: District Laboratory Practice in Tropical
Countries Part 2, Cambridge University Press, 2000: 4754.
20. Singh SD, Swami SD and Rawal P: Evaluation of different
plant protectants against seed mycoflora of pearl millet.
Journal of Mycology and Plant Pathology 2003; 33(1):
106-108.
21. Ashrafuzzaman M, Farid AH, Razi IM, Md Anamul
Hoque, Zahurul IM, Shahidullah SM and Sariah M:
Efficiency of plant growth-promoting rhizobacteria
(PGPR) for the enhancement of rice growth. African
Journal of Biotechnology 2009; 8(7):1247-1252.

E-ISSN: 0975-8232; P-ISSN: 2320-5148
22. Rani MU, Arundhathi and Gopal Reddy: Screening of
rhizobacteria containing plant growth promoting (PGPR)
traits in rhizosphere soils and their role in enhancing
growth of pigeon pea. African Journal of Biotechnology
2012; 11(32):8085-8091.
23. Verma SC, Ladha JK, Tripathi AK: Evaluation of plant
growth promoting and colonization ability of endophytic
diazotrophs from deep water rice. Journal of
Biotechnology 2001; 91:127-141.
24. Upadhyay SK, Singh DP, Saikia R: Genetic Diversi ty of
Plant Growth Promot ing
25. Rhizobacteria Isolated from Rhizospheric Soil of Wheat
Under Saline Condition. Current Microbiology 2009; 59:
489-496.
26. Garcia de IE, Hynes RK, Nelson LM: Cytokinin
production by plant growth promoting rhizobacteria and
selected mutants. Can. Journal of Microbiology 2001;
47:404-411.
27. Vessey KJ: Plant growth promoting rhizobacteria as
biofertilizers. Plant Soil 2003; 255: 571-586.
28. Dashti N, Zhang F, Hynes RK, Smith DL: Application of
plant growth-promoting rhizobacteria to soybean (Glycine
max L. Merr.) increases protein and dry matter yield under
short season conditions. Plant. Soil 1997; 188:33-41.
29. Tallapragada P and Seshachala U: Phosphate-solubilizing
microbes and their occurrence in the rhizospheres of Piper
betel in Karnataka, India. Turk Journal of Biology, 2012;
36:25-35.
30. Çiğdem KÜÇÜK: Inoculation with Rhizobium spp. in
kidney bean (Phaseolus vulgaris L.) varieties,
Žemdirbystė=Agriculture 2011; 98(1):49–56.

How to cite this article:
Gangwar RK, Bhushan G., Singh J, Upadhyay SK and Singh AP: Combined effects of plant growth promoting
Rhizobacteria and fungi on Mung bean (Vigna radiata L.). Int J Pharm Sci Res 2013; 4(11): 4422-26. doi: 10.13040/IJPSR.
0975-8232.4(11).4422-26
All © 2013 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to ANDROID OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are
available on Google Playstore)

International Journal of Pharmaceutical Sciences and Research

4426

