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INTRODUCTION 

Bacteria by far the most important a bundant 

organisms in the soil and they play a key role 

in nutrient cycling and soil fertility. Various 

interactions occur between bacteria and plant 

roots that can beneficial, neutral or harmful. 

Several rhizo bacterial strains have been found 

to increase plant growth, called plant growth 

promoting rhizo bacteria (PGPR). 
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ABSTRACT 

Investigations were carried out to study the plant growth promotional ability of native pink 

pigmented facultative methylotrophs (PPFMs) of major DSR growing areas of Hyderabad- 

Karnataka. Selected isolates were screened for beneficial characters like production of 

phytohormones (IAA), In Vitro Nitrogen Fixation, phosphate solubilisation and HCN production. 

All the isolates tested were found to produce the plant hormone indole acetic acid, nitrogen 

fixation and phosphate solubilisation. Higher indole acetic acid production and in vitro nitrogen 

fixation  was recorded in PPFM-31 (28.23 µg ml
-1

 of culture filtrate and 1.32 mg N/g of malate) 

respectively ) followed by ppfm-16 recorded IAA production  and in vitro nitrogen fixation of 

26.15 µg ml
-1

 of culture filtrate and  1.18 mg N/g of malate respectively while reference strain 

(Methylobacterium extorquens) recorded IAA production and in vitro nitrogen fixation of 26.25 

µg ml
-1

 of culture filtrate  and found to fix 1.19 mg N/g of malate respectively. PPFM isolates 

showed wide variation in nitrogen fixation ranging from 0.39 to 1.32 mg N/g of malate. Mineral 

phosphate solubilisation index of PPFM isolates ranged from 2.10 to 14.95 mm.  Among the 

strains, PPFM-31, reference strain and PPFM-16 showed the solubilization zones of 14.95, 

13.00 and 12.30 mm respectively. The present study has identified potential native PPFM strains 

from major Direct seeded growing districts of Hyderabad- Karnataka for their exploration in 

improving production and productivity of direct seeded rice. 
 

Key words: PPFM’s, Methylobacterium, IAA, In Vitro Nitrogen Fixation, phosphate 

solubilisation, HCN production and DSR. 
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In the similar ways suppressive of diseaes 

provoking microorganisms can occur through 

microbial antagenses in the rhizosphere. 

Methylotrophic bacteria is successful example 

that can achives the two purposes as PGPR 

with antifungal activity. Many of the microbes 

living on the phylloplane probably lead a 

saprophytic lifestyle, feeding on materials 

leached from the leaf. One such example is 

Methylobacterium sp. a pink pigmented 

facultative methylotroph (PPFM) which was 

first identified as covert contaminants from the 

tissue culture of liverwort, scapania 

nemorosa
3
. This bacterium provides a useful 

model for the unappreciated kinds of 

interactions between plants and bacteria that 

take place routinely on lab and in culture 

dishes
8
. The genus Methylo bacterium is 

composed of a variety of pink pigmented 

methylotroph (PPFM) which are capable of 

growing on C1 compounds such as formate, 

formaldehyde, methanol and methylamine as 

well as on a wide range of multicarbon growth 

substates such as C2, C3 and C4 compounds. 

PPFMs are ubiquitous in nature and frequently 

reported on various plant species, those are a 

substantial part of the aerobic, heterotrophic 

microflora of the surfaces of young leaves. 

These bacteria are commonly found in soils, as 

well as on the surfaces of leaves, seeds and in 

the rhizosphere of a wide variety of plants, 

with highest numbers on actively growing and 

meristamatic tissue
10

 Methylotrophs have been 

reported to influence seed germination and 

seedling growth by producing plant growth 

regulators like zeatin and related cytokinins 

and auxins and to alter agronomic traits like 

branching, seedling vigour, rooting and 

heat/cold tolerance
27

. 

Pink pigmented facultative 

methylotrophs (PPFMs) are ubiquitous in 

nature and are commonly found in soils, as 

well as on the surfaces of leaves, seeds and in 

the rhizosphere of a wide variety of plants, 

with highest numbers present on actively 

growing and meristamatic tissues
5
 and 

influence plant growth by production of 

indole-3-acetic acid (IAA), vitamins
3
 and 

cytokinins
16

. 

 Methylotrophs are those 

microorganisms which are able to grow 

utilizing the reduced carbon compounds, like 

methanol (released during plant metabolism) 

enhance the plant growth by providing it with 

nitrogen
18

. Whereas PPFMs colonize 

rhizosphsere as well as phyllosphere and 

enhance the plant growth by providing plant 

growth hormones like auxins, siderospore 

production and P-solubilization
11

. The 

association of PPFM species with plants seems 

to rely on a symbiotic relationship between the 

bacterium and host plants. The most common 

niche for synergism between 

Methylobacterium and plant is the 

phyllosphere, where they utilize methanol 

evolved from leaves as the sole source of 

carbon and energy
37

, and in response, 

Methylobacteria may produce phytohormones 

such as cytokinin and auxins
25

. In addition, 

they can fix atmospheric nitrogen, bring about 

mineral phosphate solubilization
14

 regulate the 

ethylene level in rhizosphere by 1-

aminocyclopropane-1-carboxylate deaminase
23

 

and stimulate the resistance against plant 

pathogens
24

.    

Hence, by considering the importance 

of PPFM as plant growth promoting bacteria, 

we isolated and identified the native isolates of 

PPFM from direct seeded rice fields of major 

DSR growing districts of Hyderabad- 

Karnataka in order to assess their growth 

promotional ability through phytohormones 

production, in vitro nitrogen fixation and 

phosphate solubilisation so that they can be 

further be utilized as potential bioinoculants to 

improve the growth and yield of direct seeded 

rice. 

  

MATERIALS AND METHODS 

Functional characteristics of pink 

pigmented facultative methylotroph isolates 

Indole acetic acid production 



 

Raghavendra et al                        Int. J. Pure App. Biosci. 7 (1): 553-562 (2019)     ISSN: 2320 – 7051  

Copyright © Jan.-Feb., 2019; IJPAB                                                                                                               555 
 

All the isolates were examined for IAA 

production qualitatively. The IAA production 

by PPFM isolates was determined following 

the method of Ivanova et al.
11

. One hundred 

ml quantities of AMS liquid medium was 

dispensed into 250 ml Erlenmeyer flasks and 

sterilized at 15 psi for 15 min. Freshly 

prepared, filter sterilized solution of L-

tryptophan was added to a final concentration 

of 100 mg l
-1

. One ml of the standard 

inoculums (10
9
 cells ml

-1
) of PPFM isolates 

was inoculated to each flask and incubated at 

room temperature in a shaker. In order to 

avoid photo inactivation of the biologically 

active compounds, the flasks were wrapped 

with black paper during incubation. After 7 

days of incubation period, 25 ml of the sample 

was withdrawn and the cells were spun at 5000 

g for 15 min in a centrifuge for quantitative 

estimation of IAA.  

Quantitative estimation of IAA production 

in PPFM isolates by Spectrophotometric 

method  

 A known quantity of the sample was taken 

(0.5ml) in a test tube and 1.5 ml of distilled 

water was added followed by a 4 ml of 

Sapler’s reagent and incubated in dark for 1 hr 

at 28°C. The intensity of the pink color 

developed was read in a spectrophotometer at 

540 nm. By referring to a standard graph 

prepared with chemical grade indole-3-acetic 

acid, the quantity of IAA in the sample was 

determined and expressed as µg ml
-1

 of culture 

filtrate
35

.  

In vitro Nitrogen fixation (Microkjeldhal 

Method) 

To a 250 ml conical flask 100 ml of the N-free 

malate medium was dispensed and autoclaved. 

Later one ml of 24 h old culture inoculum was 

added to each flask. The flasks were incubated 

at 37 
o
C for seven days. 

After 7 days of incubation, 10 ml of 

homogenized culture was digested with 5 ml 

of concentrated H2SO4 along with 0.2 

digestion catalyst mixture K2SO4: CuSO4: 

Selenium (100:10:1). After cooling, volume 

was made upto 10 ml with distilled water. 

Later 10 ml of aliquot was transferred to micro 

kjeldhal distillation unit. The sample was 

mixed with 20 ml of 40 per cent NaOH and 

distilled. Ammonia evolved was trapped in 4 

per cent boric acid mixed indicator 

(Bromocresol green 0.066 g and methyl red 

0.033 g in 100 ml methanol) till the solution 

turned from pink to green. It was titrated 

against 0.05 N H2SO4 and total nitrogen was 

determined and results were expressed as mg 

N fixed per g of malate
12

. 

 
                                      Titer value × 0.014 × N of H2SO4 × Volume made  

     Per cent N =                                                                                               × 100 

                                                      Sample used  

 

Phosphorous solubilization  

Screening of PPFM isolates for MPS 

activity  

All the isolates were subjected to preliminary 

screening of phosphate solubilization by a 

plate assay method using Pikovskaya’s (PVK) 

agar medium supplemented with tri calcium 

phosphate (TCP). The pH of the media was 

adjusted to 7.00 before autoclaving. The 

spotted plates were incubated at 28 ± 2
o
C and 

zone of solubilization (mm) were recorded 

after ten days of incubation
33

.  

Amount of TCP solubilized by the PPFM 

isolates 

The PPFM isolates showing zone of 

solubilization on Pikovskaya’s agar were 

further examined for their ability to release Pi 

from TCP in the broth medium. One ml of 

overnight culture of each isolates was 

inoculated to 50 ml Pikovskaya’s broth in 

three replicates. All the inoculated flasks were 

incubated at 30 
o
C on a temperature controlled 

shaker. The Pi released in the broth was 

estimated after 10
th
 day of incubation from 
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flasks in comparison with the set of 

uninoculated controls. The broth cultures were 

centrifuged at 10,000 rpm for 10 min in 

centrifuge to separate the supernatant from the 

cell growth and insoluble phosphate. The 

available P content in the supernatant was 

estimated by phosphomolybdic blue color 

method
12

. 

HCN production  

The ability of the antagonistic 

Methylobacterium to produce HCN were 

assessed as per the method of Wei et al.
38

. 

Whatman filter paper was placed on the lid of 

the Petri plates and the plates sterilized. CAS 

medium amended with glycine (4.4 g/litre) 

was sterilized and poured into the sterile 

plates. The antagonistis were streaked on the 

medium. The filter paper padding in each plate 

was soaked with two ml sterile picric acid 

solution. The plates were sealed with parafilm 

in order to contain gaseous metabolite 

produced by the antagonists and to allow for a 

chemical reaction with picric acid on the top.  

After incubation for weeks at 30 ºC, the colour 

change of filter paper was noted and the HCN 

production potential of the antagonists was 

assessed as per the following scoring.  

No colour change                    : Nil  

Brownish colour change         : Weak  

Brownish to orange                 : Moderate  

Completely orange                  : Strong 

 

RESULT AND DISCUSSION 

Functional characteristics of pink 

pigmented facultative methylotroph isolates 

The functional diversity of all the PPFM 

isolates were analyzed in terms of IAA, in 

vitro nitrogen fixation and mineral phosphate 

solubilization (MPS) in order to screen and 

select the most efficient PPFM isolates for pot 

culture studies with direct seeded rice. 

Indole-acetic acid (IAA) production by 

PPFM isolates  

In the present study all the isolates tested were 

found to produce the plant hormone indole 

acetic acid (IAA) in the presence of 

tryptophan. The isolates showed wide 

variation in IAA synthesis ranging from 13.80 

to 28.23 µg ml
-1

 of culture filtrate. 

The significantly higher IAA 

production of 28.23 µg ml
-1

 of culture filtrate 

was recorded in PPFM-31, followed by IAA 

production of 27.50µg ml
-1

 of culture filtrate 

was recorded in PPFM-4. PPFM-16 recorded 

IAA production of 26.15 µg ml
-1

 of culture 

filtrate and was comparable with that of 

reference strain which recorded IAA 

production of 26.25 µg ml
-1

 of culture filtrate. 

The minimum quantity of indole acetic acid 

production of 13.80 µg ml
-1

 of culture filtrate 

was recorded in PPFM-1. IAA is known to 

stimulate division, extension and 

differentiation of plant cells, enhance root 

formation by promoting the conversion of 

parenchyma into xylem and phloem
26

. 

The IAA production was found to be 

increased in the presence of IAA precursor 

viz., tryptophan. Ivanova et al.
11

, Madhaiyan
22

, 

Senthil kumar
32

 and Thangamani and 

Sundaram
36 

have also reported that the 

presence of tryptophan would increase the 

IAA production under in vitro conditions. 

Many epiphytic and soil 

microorganisms are able to synthesize and 

secrete auxins, primarily IAA
7,20

 due to which 

they influence the growth of plants. The first 

report on the production of indole acetic acid 

in significant amount by four different 

methylotrophs was reported by Ivanova et 

al.
11

. The production of plant growth 

regulators like auxins, zeatin and related 

cytokininns by methylotrophs and their 

positive influence on seed germination and 

seedling growth has been reported earlier
30,25

. 

Jones
13

 observed variability among PPFM 

isolates in promoting IAA ranging from 0.14 

to 25.12 μg/ml. Radha et al.
28

 documented 

production of IAA by PPFM ranging from 

9.04 to 28.15 μg/ml. Similarly, Sheela et al.
34

 

documented production of IAA by PPFM 

ranging from 22.47 to 29.97 μg/ml.  

Nitrogen fixation by PPFM isolates  

In the present study, all the isolates were tested 

for nitrogen fixation. The nitrogen fixation of 
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PPFM isolates was estimated in vitro by 

Microkjeldhal method
12

 in N-free semi-solid 

malate medium. PPFM isolates showed wide 

variation in nitrogen fixation ranging from 

0.39 to 1.32 mg N/g of malate. 

The significantly higher nitrogen 

fixation of 1.32 mg N/g of malate was 

observed in PPFM-31 followed by nitrogen 

fixation of 1.18 mg N/g of malate observed in 

PPFM-16. Reference strain was found to fix 

1.19 mg N/g of malate. The lowest nitrogen 

fixation of 0.39 mg N/g of malate was 

recorded in PPFM-3. The results of nitrogen 

fixation were similar with Radha et al.
29

 who 

documented nitrogen fixation ranging from 

0.24 to 1.56 mg/g of malate in soybean. 

Similarly, Araujo et al.
1
 reported Methylo 

bacterium species, which have the capacity to 

fix nitrogen, have previously been isolated 

from citrus, scotch pine and crotalaria, 

showing the capacity of members of this 

bacterial genus to colonize the plant habitat. 

Members of Methylobacterium are 

associated with nitrogen metabolism in plants 

by means of bacterial urease
9
. 

Methylobacterium strains are able to establish 

efficient nitrogen-fixing symbiosis by 

nodulating legume roots
35

. Raja et al., 2006 

isolated nodulating and non-nodulating 

Methylobacterium spp. from legumes. 

Similarly, Madhaiyan et al.
24

 isolated several 

nodulating Methylobacterium from tropical 

legumes such as field beans, cowpea, black 

gram, soybean, Sesbania with high nitrogenase 

activity. These isolates are able to form 

effective nodules in Crotolaria juncea. 

Kumar et al.
17

 reported that the 

ultimate aim of establishing endophytic 

interaction between diazotrophic bacteria and 

non-legumes is to fix N2 which later 

transferred the fixed N2 to the plants. 

Azorhizobium caulinodans and 

Methylobacterium species were capable of N2- 

fixing in a free-living condition. It was 

anticipated that the intercellular colonization 

of rice might provide a niche for N2 fixation. 

P-solubilization by PPFM isolates 

Phosphorus (P), one of the major essential 

macronutrients for biological growth and 

development, exists in nature in a variety of 

organic and inorganic forms
6,31

. Several 

microorganisms are involved in phosphate 

solubilization by various mechanisms like, the 

process of acidification, chelation exchange 

reactions or by the production of mono-, di- 

and tricarboxylic acids. In vitro studies have 

shown that phosphate solubilization can be 

associated with a marked drop in pH, 

production of phosphatases and organic acids.  

Microorganisms are known to 

effectively recycle inorganic P in rhizosphere. 

Microbes which have the ability to release Pi 

from insoluble phosphate present in soil have 

been advocated to be used in bio-fertilization 

programme. PPFM have the ability to 

solubilize inorganic P and PPFM-117 isolated 

from the Western Ghats was reported for this 

activity for the first time
14,13

. In the present 

study, PPFM isolates were screened for their 

phosphate solubilizing ability. All the isolates 

solubilized phosphorous ranging from 8.17 to 

13.00 per cent. The highest Pi release was 

achieved by PPFM-31 (13%) followed by 

PPFM-30 (12.30 %) and PPFM-16 (12.15%) 

which were higher than that of the reference 

strain (10.57%). However, PPFM-1, PPFM-3 

and PPFM-44 released the lowest amount of Pi 

(8.17%, 8.33% and 9.57% respectively).  

The results showed similarity with the 

work of Sheela et al.
34

 who documented Pi 

release ranging from 7.17 to 9.80 per cent in 

Coleus forskohlii. Similarly Jones
13

 

documented Pi release ranging from 3.20 to 

15.58 per cent with different pH reduction in 

different PPFM isolates isolated from Grape 

wines. The result obtained in the present study 

reflects the possibility of using a single culture 

to provide both Plant Growth Promoting 

Substances (PGPS) and Pi in the rhizosphere 

of DSR.  

HCN production by PPFM isolates  

All the isolates were tested for HCN 

production but none of the isolates were able 

to produce HCN (data not shown). 
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Table 1: Functional characteristics of pink pigmented facultative methylotroph isolates 

Sl. No. Isolate code IAA (µg/ml) 

In vitro nitrogen fixation 

(mg/g of malate) 

Pi -release 

(%) 

HCN 

production 

1 PPFM-1 13.80
kl
 0.63

hi
 8.17

f
 _ 

2 PPFM-3 22.42
defg

 0.39
k
 8.33

f
 _ 

3 PPFM-4 27.50
ab

 0.43
jk
 9.57

ef
 _ 

4 PPFM-5 23.15
cde

 0.93
de

 10.23
e
 _ 

5 PPFM-8 18.25
hij

 0.84
ef
 9.80

ef
 _ 

6 PPFM-15 21.40
defgh

 1.17
b
 12.13

abcd
 _ 

7 PPFM-16 26.15
ab

 1.18
ab

 12.15
abcd

 _ 

8 PPFM-17 18.65
hij

 0.48
jk
 12.10

abcd
 _ 

9 PPFM-18 23.47
cdef

 0.55
ij
 11.25

abcde
 _ 

10 PPFM-19 24.93
abcd

 0.71
fgh

 10.50
de

 _ 

11 PPFM-22 23.40
cdef

 0.78
efg

 10.75
bcde

 _ 

12 PPFM-28 20.41
fghi

 0.85
def

 9.80
ef
 _ 

13 PPFM-29 24.30
bcde

 0.99
cd

 9.80
ef
 _ 

14 PPFM-30 24.44
bcde

 0.93
de

 12.30
abc

 _ 

15 PPFM-31 28.23
a
 1.32

a
 13.00

a
 _ 

16 PPFM-32 17.46
ij
 1.09

bc
 10.50

de
 _ 

17 PPFM-42 21.24
efgh

 1.13
bc

 12.50
a
 _ 

18 PPFM-43 16.49
jk
 1.17

b
 12.15

abcd
 _ 

19 PPFM-44 19.32
ghij

 0.65
ghi

 9.57
ef
 _ 

20 PPFM-47 20.40
fghi

 0.75
fgh

 9.88
ef
 _ 

21 

Reference strain 

(M. extorquens) 

26.25
abc

 1.19
ab

 10.57
cde

 _ 

S.Em± 

CD (0.05) 

1.28 

3.67 

0.05 

0.14 

0.63 

1.79 
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CONCLUSION 

The 20 PPFM isolates were screened based on 

indole acetic acid production, in vitro nitrogen 

fixation and Pi release, along with the 

reference strains M. extroquens. Based on in 

vitro studies out of the twenty isolates, two 

promising isolates (originally isolated from 

phyllosphere of DSR) were selected for the pot 

culture experiments to assess their growth 

promotional ability and yield parameters of 

DSR. So these PPFM isolates exhibit 

characteristics of plant growth promoting 

microorganisms. PPFM isolates found 

efficient under in vitro conditions viz, PPFM-

16 and PPFM-31 were selected as best isolates 

along with reference strain Methylobacterium 

extorquens, we propose further exploration of 

these identified potential PPFM isolates as 

bioinoculants in improvement of production 

and productivity of direct seeded rice in the 

pot culture study. 

   

REFERENCES 

1. Araujo, W. L., Marcon, J., Maccheroni, 

W., Van Elsas, J. D., Van Vuurde, J. W. L. 

and Azevedo, J. L., Diversity of 

endophytic bacterial populations and their 

interaction with Xylella fastidiosa in citrus 

plants. Applied and Environmental 

Microbiology, 68(10): 4906-4914 (2002). 

2. Balachandra, D., Raja, P. and Sundaram, 

S. P., Genetic and metabolic diversity of 

pink-pigmented facultative Methylotrophs 

in phyllosphere of tropical plants, 

Brazilian Journal of Microbiology, 39: 68-

73 (2008). 

3. Basile, D. V., Slade, L. L. and Corpe, W. 

A., An association between a bacterium 

and a liverwort, Scapania nemorosa. 

Bulletin of the Torrey Botanical Club, 96: 

711-714 (1969). 

4. Corpe, W. A. and Rheem, S., Ecology of 

the methylotrophic bacteria on living leaf 

surfaces. Fems Microbiology Ecology, 

62(4): 243-249 (1989). 

5. Corpe, W. A., A method for detecting 

Methylotrophic bacteria on solid surfaces, 

J. Microbiol., 3: 483-493 (1985). 

6. Ehrlich, H. L., Geomicrobiology. (2
nd

 

edn), Marcel Dekker, New York, Basel 

(1990). 

7. Felt, W. F., Osman, S. E. and Dunn, M. F., 

Auxin production by plant pathogenic 

Pseudomonas and Xanthomonas. Appl. 

Environ microbial, 53: 1839-1845 (1987). 

0

5

10

15

20

25

30

P
P

F
M

-1

P
P

F
M

-3

P
P

F
M

-4

P
P

F
M

-5

P
P

F
M

-8

P
P

F
M

-1
5

P
P

F
M

-1
6

P
P

F
M

-1
7

P
P

F
M

-1
8

P
P

F
M

-1
9

P
P

F
M

-2
2

P
P

F
M

-2
8

P
P

F
M

-2
9

P
P

F
M

-3
0

P
P

F
M

-3
1

P
P

F
M

-3
2

P
P

F
M

-4
2

P
P

F
M

-4
3

P
P

F
M

-4
4

P
P

F
M

-4
7

R
e
f.

 s
tr

a
in

Isolate code

IA
A

 (
µ

g
/m

l)
 a

n
d

 P
i-

r
e
le

a
se

 (
%

)

0

0.2

0.4

0.6

0.8

1

1.2

1.4

In
 v

it
r
o
 n

it
r
o
g
e
n

 f
ix

a
ti

o
n

 (
m

g
/g

 o
f 

m
a
la

te
)

IAA Pi -release In vitro nitrogen fixation 

Fig. 3: Functional characteristics of pink pigmented facultative methylotroph isolates 



 

Raghavendra et al                        Int. J. Pure App. Biosci. 7 (1): 553-562 (2019)     ISSN: 2320 – 7051  

Copyright © Jan.-Feb., 2019; IJPAB                                                                                                               561 
 

8. Green, P. N. and Bousfield, I. J., A 

taxonomic study of some gram-negative 

facultatively methylotrophic bacteria. 

Journal of General Microbiology, 128: 

623-638 (1982). 

9. Holland, M. A. and Polacco, J. C., Urease-

null and hydrogenase-null phenotypes of a 

phylloplane bacterium reveal altered 

nickel metabolism in two soybean 

mutants. Plant Physiology, 98: 942-948 

(1992). 

10. Holland, M. A., Occam’s razor applied to 

hormonology: are cytokinins produced by 

plants, Plant Physiol., 115: 865-868 

(1997). 

11. Ivanova, E. G., Doronina, N. V. and 

Trotsenko, Y. A., Aerobic 

Methylobacteria are capable of 

synthesizing auxins. Microbiology, 70: 

392-397 (2001).    

12. Jackson, M. L., Soil Chemical Analysis, 

Prentice Hall of India Pvt. Ltd., New Delhi 

(1973). 

13. Jones, N. P., Molecular diversity of 

Arbuscular mycorrhizal fungi and pink 

pigmented facultative Methylotrophic 

bacteria and their influence on grapevine 

(Vitis vinifera). Ph. D.  (Agri.) Thesis, 

Univ. Agric. Sci., Dharwad (India) (2010). 

14. Jones, N. P., Krishnaraj, P. U., Kulkarni, J. 

H., Pranav, C., Alagawadi, A. R. and 

Vasudev, A. R., Pink pigmented 

facultative methylotrophs solubilize 

mineral phosphates. Paper presented at 

48
th
 Annual Conf., AMI, held at IIT, 

Chennai, pp: 18-21 (2007).    

15. Kim, K., Hwang, S., Saravanan, V. S. and 

Sa, T., Effect of Brevibacterium iodinum 

RS16 and Methylobacterium oryzae 

CBMB20 inoculation on seed germination 

and early growth of maize and sorghum-

sudan grass hybrid seedling under 

different salinity levels. Korean J. Soil Sci. 

Fert, 45(1): 51-58 (2010). 

16. Koenig, R. L., Morris, R. O. and Polacco, 

J. C., tRNA is the source of low level 

trans-zeatin production in 

Methylobacterium sp. J. Bacteriol, 184: 

1832-1842 (2002). 

17. Kumar, S., Pandey, P. and Maheshwari, D. 

K., Reduction in dose of chemical 

fertilizers and growth enhancement of 

sesame (Sesamum indicum L.) with 

application of rhizospheric competent 

Pseudomonas aeruginosa LES4. Eur J 

Soil Biol., 45: 334-340 (2009). 

18. Kundu, B. S. and Gaur, Establishment of 

nitrogen fixing and phosphate solubilizing 

bacteria in rhizosphere and their effect on 

yield and nutrient uptake of wheat crop. 

Plant and Soil, 57: 223-230 (1980). 

19. Kuono, K. and Ozaki, A., Distribution and 

identification of methanol utilizing 

bacteria. In: Microbial Growth on C1 

Compounds. (Eds.) Organizing committee 

Soc. Ferm. Tech., Japan Publisher, pp. 11-

21 (1975). 

20. Libbert, E., Wichner, S., Schiewer, U., 

Risch, H. and Kaiser, W., The influence of 

epiphytic bacteria on auxin metabolism. 

Planta, 68: 327-334 (1966). 

21. Lidstrom, M. E. and Chistoserdova, L., 

Plants in the pink: cytokinin production by 

Methylobacterium. J. Bacteriol., 184: 

1818 (2002). 

22. Madhaiyan, M., Molecular aspects, 

diversity and plant interaction of 

facultative methylotrophs occurring in 

tropical plants. Ph. D. Thesis, Tamil Nadu 

Agricultural University, Coimbatore 

(2003). 

23. Madhaiyan, M., Poonguzhali, S., Ryu, J. 

and Sa, T., Regulation of ethylene levels 

in canola (Brassica campestris) by 1-

aminocyclopropane-1-carboxylate 

deaminase- containing Methylobacterium 

fujisawaense. Planta, 224: 268-278 

(2006b). 

24. Madhaiyan, M., Poonguzhali, S., 

Senthilkumar, M. and Sundaram, S., 

Nodulation and plant growth promotion by 

methylotrophic bacteria isolated from 

tropical legumes. Microbiol. Res. (On line 

Pub l.) (2006). 

25. Madhaiyan, M., Poonguzhali, S., 

Sundaram, S. P. and Tongmin S. A., A 

new insight into foliar applied methanol 

influencing phylloplane methylotrophic 



 

Raghavendra et al                        Int. J. Pure App. Biosci. 7 (1): 553-562 (2019)     ISSN: 2320 – 7051  

Copyright © Jan.-Feb., 2019; IJPAB                                                                                                               562 
 

dynamics and growth promotion of cotton 

(Gossypium hirsutum L.) and sugarcane 

(Saccharum officinarum L.). Environ. 

Expt. Bot., 57: 168-176 (2005b). 

26. Muromtsev, G. S., Chkanikov, D. I., 

Kulaeva, O. N. and Hamburg, K. Z., The 

hormonal regulation of physiological 

processes in flowering plants. Osnovy 

Khimicheskoi Regulyatsii Rosta I 

Productivnosti Rastenii (Basic Principles 

of the chemical regulation of plant growth 

and productivity), Moscow: 

Agropromizdat, pp. 80-133 (1987). 

27. Omer, Z. S., Tombolini, R., Broberg, A. 

and Gerhardson, B., Indole-3-acetic acid 

production by pink-pigmented facultative 

methylotrophic bacteria. Plant Growth 

Regul, 43: 93-96 (2004).    

28. Radha, T. K., Savalgi, V. P. and 

Alagawadi, A. R., Effect of methylotrophs 

on growth and yield of Soybean. 

Karnataka. J. Agric. Sci., 22: 118-121 

(2009). 

29. Radha, T. K., Studies on methylotrophs 

and their beneficial effects on soybean 

(Glycine max(l.) Merrill). M. Sc. (Agri.) 

Thesis, Univ. Agric. Sci., Dharwad (India) 

(2007). 

30. Rangaswami, G. and Bagyaraj, D. J., 

Microbial Biotechnology. In: Agricultural 

Microbiology (eds.) Prentice Hall of India 

Pvt. Ltd., New Delhi. pp. 389-405 (1993). 

31. Sawyer, J. and Creswell, J., Integrated 

crop management. In: Phosphorus Basics. 

Iowa State University, Ames, Iowa (2000).   

32. Senthilkumar, M., Evaluating diazotrophic 

diversity and endophytic colonization 

ability Azorhizobium caulinodans and 

Methylobacterium sp. in bacterised and 

biotized rice (Oryza sativa L.). Ph.D. 

Thesis, Tamil Nadu Agricultural 

University, Coimbatore (2003). 

33. Seshadri, S., Ignacimuthu, S. and 

Lakshminarsimhan, C., Variation in 

heterotrophic and phosphate solubilizing 

bacteria from Chennai, southeast coast of 

India. Indian J. Mar. Sci., 31: 69-72 

(2002). 

34. Sheela, R. P., Jones, P. N., Jagadeesh, K. 

S., Venugopal, C. K. and Gundlur, S. S., 

Isolation and characterization of 

methylotrophs isolated from Coleus 

forskohlii. Bioinfolet, 10: 59-61 (2013). 

35. Sy, A., Giraud, E., Jourand, P., Garcia, N., 

Willems, A., de, L. P., Prin, Y., Neyra, M., 

Gillis, M., Boivin, M. C. and Dreyfus, B., 

Methylotrophic Methylobacterium bacteria 

nodulate and fix nitrogen in symbiosis 

with legumes. J. Bacteriol., 183: 214-220 

(2001). 

36. Thangamani, G. and Sundaram, S. P., 

Effect of facultative Methylobacterium 

isolates on the hybrid rice (Co RH2) seed 

quality. Abstract of Poster Presented in 3
rd

 

Nation. Conf. of Assoc. of Appl. 

Microbiol. (IAAM), 5-7, January 2005, 

Department of Microbiology, 

Adiprakasakthi College of Arts and 

Science, Kalava, Tamil Nadu, India, pp. 

63-64 (2005b).   

37. Trotsenko, Y. A, Ivanova, E. G. and 

Doronina, N. V., Aerobic Methylotrophic 

bacteria as phytosymbionts. Microbiology, 

70: 623-632 (2001).    

38. Wei, G., Kloepper, J. W. and Sadik, T., 

Induction of systemic resistance of 

cucumber to Colletotrichum orbiculare by 

selected strains of plant growth promoting 

rhizobacteria. Phytopathol, 81: 1508-1512 

(1991). 

 

 

 

 


