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Abstract

This paper presents a pioneer study on the evaluation of plant growth promoting potential of bacteria
associated with rhizosphere of Ulmus wallichiana, considering the endangered status of this taxon.
Ulmus wallichiana (family: Ulmaceae) is a rare and endemic mountain tree of western Himalayas and is
one of the richest emporiums for medical taxa. Three sites viz., Chansari, Jari and Naggar were selected
for the collection of rhizospheric soil samples of Ulmus wallichiana in Kullu district of Himachal
Pradesh, India. Collected samples were processed for the enumeration of rhizobacteria using Standard
Plate Count Technique. In total, 21 different bacterial morphotypes were obtained from all the samples.
All the isolates were screened for their multifarious plant growth promoting attributes viz., phosphate
solubilisation, nitrogen fixation, siderophore, HCN, ammonia production and lytic enzymes production
etc. Out of total 21 isolates, 9 were found to be P-solubilizers while 7 were siderophore producers. All
the isolates were found to be positive for nitrogen fixing ability as well as ammonia production.
Similarly, all isolates showed the production of IAA-like auxins ranging from 2.2-187.8 pg mL™. These
rhizobacteria were also screened for their lytic enzymes production. Of these, only 6, 2, 3 and 1 isolates
displayed considerable protease, pectinase, lipase and cellulase activities, respectively. Evaluation of
their in-vitro PGP potential suggests their substantial role as growth promoters and biocontrol agents.

Keywords: Ulmus wallichiana, rhizosphere, PGP potential, PGPR

Introduction

Trees are a valuable gift of nature and the silent protector of our planet. Besides the
multitudinous economic benefits, they provide us with unmatched environmental protection-
they reduce soil erosion, act as sink for atmospheric carbon dioxide, release large amount of
oxygen, provide shade, absorb pollutants and slow down global climate changes such as global
warming [,

Ulmus wallichiana (family: Ulmaceae) is a rare and endemic mountain tree of the western
Himalayas and one of the richest emporiums for medical taxa . The tree is native of the
broad leaved, temperate and lower temperate forests found in moist ravines at a height of 1800
to 3000 meters mostly with species such as Celtis tetrandra, Juglans regis, Hippophae
salicifolia and Betula alnoides B 4. Locally known as Himalayan Elm, its distribution covers
almost the entire region of the western Himalayas ranging from central Nuristan in
Afghanistan, through Gilgit Baltistan Pakistan and Northern India to western Nepal 1. Local
people generally plant EIms near their houses for a sustained yield of leaves, which are dried
and kept for winter-feeding of livestock. Besides, they yield good quality timber thereby
providing a great source of revenue to the farmers €1,

Ulmus is one among the many highly nutritious foliages with crude protein content of 20.44%
and can be incorporated in the diets of ruminants /. Traditionally, it has been used in the
treatment of digestive tract diseases [°l. Bark of this tree is commonly used as folk medicine for
healing of fracture among animals as well as human beings in India . Bark paste of the plant
is mentioned in drugs with the potential of wound healing [, Other uses of the plant in public
domain include treatment of health related disorders with osteoporosis. Leaves are used as
fodder for sheep and goats in Jammu and Kashmir, a Union territory of India [,

There are a number of threats responsible for decrease in U. wallichiana number in the western
Himalayas, which may include deforestation, over exploitation and climate changes. U.
wallichiana falls under the vulnerable category of IUCN red list Alc ver 2.3 1%, However,
Walter and Gillet 1998 1 categorized it as an endangered plant. Therefore, conservation
strategies need to follow in order to improve its number.
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One of the most promising conservation strategies is the use
of rhizospheric microorganisms (Rhizobacteria) associated
with this valuable tree as plant growth promoters.
Rhizobacteria are considered as the most important
community microbiota that increase the plant growth by
changing the whole microbial community structure and
protect the plant roots against various phytopathogens 2. The
study of rhizospheric microorganisms associated with plants
is very crucial, as they have beneficial impact on plant growth
(131, As such, there is no report on the number and composition
of microorganisms present in the rhizosphere of Ulmus
wallichiana. Moreover, the microbial diversity present in its
rhizosphere may help in adaptation of plant under prevailing
conditions. In this context, the present investigation was
planned to evaluate the rhizobacterial diversity associated
with Ulmus wallichiana for its plant growth promoting
potential.

Materials and Methods

1. Study area and sample collection

Three sites viz., Chansari, Jari and Naggar were selected for
the collection of rhizospheric soil samples in Kullu
district of Himachal Pradesh, India. The collected samples
were placed in plastic bags and stored under refrigerated
conditions.

2. Isolation and enumeration of rhizobacteria:
Rhizospheric soil samples were serially diluted to 10 folds by
transferring one mL of sample to 9 mL sterile dilution blank
under aseptic conditions. The bacterial load present in
collected samples was determined by plating serial dilutions
of samples 1 on nutrient agar (NA) separately with three
replicates. Plates were incubated at 28 + 2°C for 24-48 hrs.
Bacterial counts were recorded and results were expressed in
terms of log CFU/g.

3. Maintenance and preservation of rhizobacteria

The bacterial isolates were grown on NA slants and preserved
at 4°C in refrigerator. The glycerol stock cultures of all
bacterial isolates were prepared in 40 per cent (v/v) glycerol
solution and stored at -80 °C for future use.

4. Evaluation of Plant growth promoting (PGP) potential
a) Phosphate solubilization: Qualitative estimation of
phosphate solubilization was determined by spot inoculating
each bacterial isolate on Pikovskaya (PVK) agar plates. The
P- solubilizing efficiency of the bacterial isolates was
calculated using the formula: Percent solubilization efficiency
= [(z-C)/C] * 100, where Z = P solubilization zone (mm); C =
Colony diameter (mm). The quantitative estimation of
inorganic P solubilization was done using PVK broth
supplemented with 0.5 per cent of tricalcium phosphate (TCP)
by the vanadomolybdate method [*51,

b) Siderophore production

The bacterial isolates were screened for siderophore
production by chrome azurol sulfonate (CAS) assay as
described by (Schwyn and Neilands 1987) 1€, Prior to media
preparation, all the glasswares were washed in 6 M HCI to
remove the traces of iron present on their surface and then
rinsed thoroughly with distilled water. All bacterial isolates
were spot inoculated on CAS agar plates and incubated at 28
+ 2 °C for 3 days. The isolates producing yellow — orange
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coloured zone around their colonies were considered as
siderophore producers. The quantitative estimation of
siderophores was done by CAS-shuttle assay [*],

¢) Nitrogen fixation

Each of the purified isolate was streaked on Jensen’s medium
plates. Plates were incubated at 28 & 2 C for 24-72 h. Isolates
that showed growth on plates were considered as nitrogen
fixers €1,

d) 1AA production

Indole acetic acid production was measured by the
colorimetric method given by (Loper and Scroth 1999) 9,
The bacterial cultures were grown for three days at 28 = 2 °C
in nutrient broth supplemented with 0, 2 and 5 mg mL-1 DL-
tryptophan. Quantitative estimations were done using
Salkowski reagent spectrometric ally 2%,

e) Ammonia production

The ammonia production was detected by the method given
by (Dye 1962) 21, The 24 h old bacterial cultures were
inoculated in 10 mL of peptone broth and incubated at 28 +
2°C for 72 h. Following incubation, 1 mL of Nessler’s reagent
was added, and the production of varying intensity of yellow
to brown in the test tubes indicated ammonia production by
the bacterial isolates.

f) HCN production

The bacterial isolates were screened for the production of
HCN by adopting the method given by (Bakker and Schippers
1987) 221, The bacterial isolate was streaked on Tryptic Soya
Agar amended with 4.4 g L-1 glycine. A Whatman filter
paper No. 1 soaked in 2 per cent NaCOs prepared in 0.5 per
cent picric acid solution was placed on the top of the plate.
Plates were sealed with parafilm and incubated at 28 + 2 °C
for 5 days. The development of orange to brown colour
indicated HCN production by the bacterial isolates.

5. Morphological and biochemical characterization of
potential isolates
Morphological and biochemical characterization of potential
plant growth promoting isolates was done according to the
standard methods described in Bergey’s manual of Systematic
Bacteriology 21,

Results and Discussion

Approximately, 80% of the rural population depends on tree
diversity for their livelihood requirements such as timber,
fuelwood, fodder, litter and compost 4. Tree fodder is
particularly useful for temperate weather during the winter
months [25 261, Fodder must be stacked to feed livestock. Other
crops used throughout the year according to seasonal
requirements include Acer caesium, Aesculus indica, Alnus
nitida, Quercusseme carpifoli, Celtis australis, Carpinus
vimine, Rhuspunj abensi, Corylus jacquemontii and Ulmus
wallichiana. The rhizospheric microflora associated with
these trees plays directly or indirectly an indispensable role in
growth promotion and disease suppression. Henceforth,
rhizosphere of Ulmus wallichiana was explored for the
enumeration of rhizobacteria and eventually these bacteria
were exploited for their multifarious plant growth promoting
attributes.
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Isolation and enumeration of rhizobacteria from Ulmus
wallichiana

Rhizosphere is a combat environment where microorganisms
and plant roots commu-nicate. This region of soil is much
richer in bacteria than the surrounding bulk soil [,
Rhizobacteria are considered the most significant community
microbiota that essentially increases plant growth by
modifying the entire microbial population structure and
protecting the plant's roots from various phytopathogens [*2,
Bacteria that inhabit the rhizosphere may influence plant
growth by contributing to a host plant's endogenous pool of
bioactive compounds such as phytohormones, antibiotics,
Siderophores 28I, PGPR can exhibit a variety of
characteristics i.e. indirect and direct mechanisms, responsible
for influencing plant growth. The indirect effects are related
to production of metabolites, such as antibiotics, siderophores,
or HCN, that decrease the growth of phytopathogens and
other deleterious microorganisms, whereas, the direct effects
are dependent on production of plant growth regulators or
improvements in plant nutrients uptake 2% 30,

Bacterial communities associated with the rhizosphere of
Ulmus wallichiana have not yet explored for their PGP
potential, hence the present investigation represents to the
best of our knowledge a pioneer analysis. The perusal of data
depicted in Table 1 reveals that the rhizosphere of Ulmus
wallichiana anchorages a good population of bacteria.
Maximum bacterial load (log CFU/g) of 2.21 was observed at
Nagger followed by Jari (2.21) and Chansari (2.19). This
disparity in bacterial density could be ascribed to the
difference in the type and amount of root exudates secreted by
tree roots (Grayston et al. 1997) [BU postulating the varying
types and quantities of rhizodeposits as key factors that
influence the density and diversity of the rhizospheric
microorganisms. Under natural conditions, the rhizosphere
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and phyllosphere of the plants harbour a large and varied
population of the microorganisms 32 31,

Table 1: Bacteria load in the rhizosphere of Ulmus wallichiana

Sr. No. Sites Bacterial load (Log CFU/g of soil)
1. Chansari 2.19
2. Jari 2.21
3. Naggar 2.24

Plant growth promoting (PGP) potential of rhizobacteria
from Ulmus wallichiana

Phosphate solubilization

Phosphate-solubilizing bacteria (PSB) have been considered
as one of the possible alternatives for mediating inorganic
phosphate solubilization and increasing its availability to the
plants Thus, P-solubilization is considered as one of the most
important attributes of the PGPR [34, 35, 36]. A total of 21
rhizospheric  bacteria were screened for phosphate
solubilization qualitatively. Out of 21 isolates, 9 isolates were
found to be positive out of which, only 2 isolates showed halo
zone size >4 mm. For quantification, the P-liberation that that
ranged from 10.09-25.51 pg/mL from TCP was recorded.
Among all isolates, U21 showed maximum P- solubilization
(25.51pug/mL) with 150 per cent P- Solubilization efficiency.
The isolates U7, Ull, U13 and U20 were found to be
statistically at par in terms of P- solubilization (Table 2).
Phosphate solubilizing bacteria convert the insoluble form of
phosphorus to soluble form through acidification, secretion of
organic acids or protons 371,

A decline in the pH of the medium was also recorded which is
attributed mainly to the production of low molecular weight
organic acids like gluconic, a-ketogluconic, glycolic, oxalic,
lactic, acetic, formic, malonic, malic and succinic acids which
dissolves the insoluble P at low Ph [38 39,

Table 2: P-solubilization efficiency of rhizobacteria from Ulmus wallichiana

S. Isolates Halo zone diameter (HZD) = Zone P-solubilization  |P-solubilizationefficiency (%SE)| Pikovskaya’s broth
No. diameter (ZD) — Colony diameter(CD) (ug/mL) (SE= ZD-CD/CDx 100) Initial pH  |Final pH
1. U7 3 11.40° 67 7.0 6.22
2. U8 2 10.25¢ 50 7.0 6.76
3. Ull 3 11.38" 75 7.0 5.76
4, u12 2 10.34°¢ 67 7.0 6.40
5. Ui13 4 13.20° 80 7.0 5.70
6. Ui8 2 10.21° 40 7.0 6.50
7. uU19 2 10.09° 50 7.0 6.53
8. U20 3 11.40° 60 7.0 5.72
9. u21 6 25.512 150 7.0 5.42
CD(0.05) 1.85

Each value represents mean of three replicates. According to
one way ANOVA, significant differences are indicated by
different letters. Same letters represent that their values are
statistically at par.

Nitrogen fixation, Ammonia and HCN production:

All rhizospheric bacteria were found to possess nitrogen-
fixing ability and also recorded positive for ammonia and
HCN production (Table 3). However, all isolates displayed
difference in their abilities to fix nitrogen and produce HCN,
and ammonia.

Nitrogen (N) is an essential nutrient for improved growth and
yield in plants. Nitrogen fixing bacteria convert unavailable
atmospheric nitrogen (N;) into available form (NH**) for
plants. Ammonia production by the plant growth promoting
bacteria helps to influence plant growth indirectly. This
accumulation of ammonia in soil may lead to an increase in
pH creating alkaline condition of soil at pH 9-9.5. It
suppresses the growth of certain fungi and nitrobacteria due to
its potent inhibition effect. It also upsets the microbial
community and inhibits germination of spores of many fungi
4 The HCN production by PGPR helps in disease
suppression 1,
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Table 3: Nitrogen fixation, HCN and ammonia production shown by rhizobacteria from Ulmus wallichiana

Sr. No. Isolate Nitrogen fixation Ammonia production HCN production
1. Ul ++ +++ +
2. u2 + ++ +
3. U3 + + +
4. U4 ++ + ++
5. us + +++ +
6. U6 + ++ +
7. U7 +++ ++++ ++
8. U8 +++ + ++
9. U9 + + +
10. Ul10 ++ +++ +
11. Ull ++ ++ +
12. uUl12 + + +++
13. Ul3 +++ +++ +++
14. ul14 ++ ++++ +
15. uU15 + ++ ++
16. Ul6 + + +
17. ul7 + ++ ++
18. U18 ++ + +
19. uU19 +++ ++
20. U20 ++ +
21. u21 +++ ++++ +++

+ += Weak activity, + + += Moderate activity, + + + += Strong activity

Siderophore production

In the present study, out of a total of 21 isolates, only seven
isolates were observed to be positive for siderophorogenesis.
The differential ability of isolates to produce siderophores as
determined by the orange halo around the colonies is outlined
in Table 4. Statistically, the isolate U21 displayed maximum
siderophore production (59.0% SU) followed by U20 (40.9%
SU), Ul17 (31.4% SU) and U13 (28.3% SU). However,
isolates U7, U9 and U10 were observed to be statistically at
par in terms of siderophore production. Siderophores are
usually produced by the various soil microbes to bind Fe®*
from the surrounding environment and make it available for
its own growth and for the plant. The production of
siderophores is also a mechanism used by PGPR for
rhizosphere colonization competence. Besides, competition
for iron plays a vital role in controlling the phytopathogens
[42]

The potential to produce siderophore by microorganisms in
improving iron availability to plants and sequestering it from
pathogens has been reported by many workers [,
Siderophore producing microorganisms protects plants at two
levels: first, limiting growth of plant pathogens and secondly
triggering plants defensive mechanism [#41,

Indole-3-acetic acid (I1AA) production:

As depicted in Table 5, a statistical difference was observed
in IAA production by rhizobacterial isolates that ranged from
2.2 - 187.8 ug/mL. Isolate U6 produced the highest amount of
187.8 pg of IAA per mL of culture filtrate followed by U21
(40.8 upg/mL) and U2 (29.2 pg/mL). Minimum IAA

production of 2.2pg/mL was displayed by U2.
Microorganisms which produce IAA are known to promote
plant growth and root elongation . Tryptophan is believed
to be the primary precursor for the formation of IAA in plants
and microorganisms. By the production of plant hormones,
microorganisms stimulate plant growth in order to increase
the production of plant metabolites which can be beneficial
for their growth (Gracia de Salamone 2001) 8 reported that
IAA is one of the physiologically most active auxins. The
bacterial 1AA stimulates the root development of host plant,
which results in better absorption of water and nutrients from
the soil [47: 361,

Table 4: Siderophore production shown by rhizobacteria from
Ulmus wallichiana

Sr. Isolate Halo zone Diameter (HZ)| % Siderophore units

No. inmm (%SU)

L | U7 9 24.6°

2. | U9 10 25 4¢

3. uU10 10 25.2¢

4. | U13 14 28.3¢

5. ul7 19 31.4°

6. uU20 17 20,95

7. | vzl 31 59.0°
CD(0.05), 194

Each value represents mean of three replicates. According to
one way ANOVA, significant differences are indicated by
different letters. Same letters represent that their values are
statistically at par.

Table 5: IAA production shown by rhizobacteria from Ulmus wallichiana

Sr. No. Isolate 1AA production (ug/mL)

1. Ul 12.0¢
2. U2 29.2°
3. U3 2.2¢

4. U4 10.6¢
5. Us 8.44d

6. ué 187.8%
7. u7 11.2¢
8. U8 12.0¢
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9. U9 10.89
10. U10 6.0°
11, U1l 48°
12. U12 11.49
13 U13 6.8°
114, ul4 12.89
15, u15 52¢
16. U16 9.20
17. u17 11.29
18. u18 10.09
19, u19 10.8°
20. U20 10.69
21, U21 40.8

CD(0.05) 5.95

Each value represents mean of three replicates. According to
one way ANOVA, different letters indicate significant
differences. Same letters represent that their values are
statistically at par.

Lytic enzymes production

In the present study, a total of 21 bacterial isolates were
screened for their lytic enzymes viz., protease, pectinase,
cellulase and lipase production qualitatively. Of these, only 6,
2, 3 and 1 isolates showed halo zone size between 10-15 mm
for protease, pectinase, lipase and cellulase activities,
respectively. Henceforth, these were subjected for quantitative

estimation of enzymatic activities (Table 6). Results revealed
that values of protease activity varied from 40.2 to 88.2
(ng/mL) being highest for U8 (88.2ug/mL) and lowest for
Ul4 (40.2pg/mL). Maximum and minimum pectinase
activities of 62.2 and 30.25 pg/mL were shown by U2 and U6
respectively. The lipase activity values varied from 20.0 to
80.0(1U/mL) being highest for U8 (80.0 1U/mL) and lowest
for U2 (20 IU/mL). However, only U2 showed cellulase
production of 44.4 IU/mL. Extracellular productions of lytic
enzymes such as chitinases, glucanases, proteases and lipases
by rhizobacteria explain their role as growth promoters and
biocontrol agents (81,

Table 6: Lytic enzymes production shown by rhizobacteria from Ulmus wallichiana

Lytic enzymes production
Sr. Isolate Protease Cellulase Pectinase Lipase
No Halo Zone | Protease activity |Halo Zone|Cellulase activity| Halo Zone Pectinase  |Halo Zone| Lipase activity
(mm) (1IU/mL) (mm) (1IU/mL) (mm) activity (IU/mL)|  (mm) (1IU/mL)
1. U2 30 80.2 22 44.4 19 62.2 12 20.0
2. uUs 21 51.2 - - - - -
3. U6 25 70.2 - 10 30.2 16 60.0
4. us 32 88.2 - - - 21 80.0
5. uU10 20 56.2 - - - - -
6. ul4 20 40.2 - - - - -

Morphological and biochemical characterization

Based on PGP potential, six isolates i.e. U2, U6, U8, U17,
U20 and U21 were found to be efficient and hence were
characterized on the basis of their morphological and
biochemical characteristics (Table 7). While being relevant to
a limited number of bacterial organisms, the use of colony
morphotype with marked characteristics and biochemical tests
is of ecological significance to obtain information on
rhizosphere distribution in the environment. On the basis of
morphological and biochemical characteristics, three isolates

out of six were tentatively identified as Bacillus sp. one as
Pseudomonas sp. while two remained unidentified. The
predominance of Bacillus is due to its ability to efficiently use
the nutrients provided by plants through exudates, including
the fact that root exudates exert a selective pressure on the
proliferation of specific group of bacteria 1. Type of plant
species has had insightful effects on the dynamics of

microbial populations, usually exceeding that of plant type
[50],

Table 7: Morphological and biochemical characterization of rhizobacteria from Ulmus wallichiana

. Biochemical tests . e .
Isolate Colony characteristics Gram reaction TMRIVPI Indole | Citrate | Oxidase | Catalase Probable identification
U2 Small, circular, raised + -+ + - + + Bacillus sp.
O]3] Large, rhizoidal, raised - -+ + + + + Pseudomonas sp.
U8 Large, glistening, mucoid + - |+ + - + + Bacillus sp.
u17 Small, circular, flat - + | - + + Unidentified
U20 Large, rough, raised + + | - + + + + Bacillus sp.
u21 Large, irregular, lobate + + | - + + - + Unidentified
Conclusion: preparation of bioinoculants and further evaluated for their

The present study evinces that rhizobacteria from Ulmus
wallichiana exhibited considerable in-vitro plant growth
potential. Hence, it can be efficiently utilized for the

response under field conditions as growth promoters and
biocontrol agents.

~ 1326~


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Kohli RK, Batish DR, Singh HP. Important Tree species,
Forest and Forest plants. Vol.--11 ELOSS. UNESCO Pub.
Oxford, 2003.

Bora KS, Kumar A, Bisht G. Evaluation of antimicrobial
potential of successive extracts of Ulmus wallichiana
Planch. J. Ayurveda Integr. Med. 2018; 9(3):190-194.
Mohamad NA, Jusoh NA, Htike ZZ, Win SL. Bacteria
identification from microscopic morphology: a survey.
Int J Soft Comput. 2014; 3(2):2319-1015.

Sharma C, Rajendar K, Kumari T, Arya KR. Indian
traditional therapies and bioprospecting: their role in drug
development research. Int J Pharma Sci Res. 2014;
5(3):730-741.

Mughal AH, Mugloo JA. Elm (Ulmus wallichiana): a
vulnerable lesser known multipurpose tree species of
Kashmir valley. SKUAST J Res. 2016; 18(2):73-79.
Beigh YA, Ganai AM, Ahmad HA, Khan HM, Mir MS.
Chemical composition and nutritional evaluation of EIm
(Ulmus wallichiana) as browse for Bakerwal goats
(Caprahircus). Agroforest Syst. 2018
https://doi.org/10.1007/s10457-018-0314-7

Ganai AM, Bakshi MPS, Ahmad HA, Matto FA.
Evaluation of some top fodder foliages in Kashmir
valley. Indian J AnimNutr. 2009; 26(2):142-145.

Reddy G, Avinash K, Priyanka B, Saranya CS, Kumar
CK, Ashok et al. Wound healing potential of Indian
medicinal plants. Int J Pharm Rev Res. 2012; 2(2):75-87.
Rashid A, Sharma A. Exploration of economically
important fodder plants of District Rajourie Jammu and
Kashmir State. Int J Life Sci Pharma Res. 2012;
2(4):144-148.

IUCN. Ulmus wallichiana. The IUCN Red List of
Threatened  Species, 1998. e.T30410A9545816.
http://dx.doi.org/10.2305/IUCN.UK.1998.RLTS.T30410
A9545816.en

Walter KS, Gillet HJ. (eds.). 1997 IUCN Red list of
threatened plants. World conservation monitoring centre.
- IUCN - The World Conservation Union, Gland,
Switzerland and Cambridge UK, 1998.

Benizri E, Baudoin E, Guckert A. Root colonization by
inoculated plant  growth-promoting  rhizobacteria.
Biocontrol Sci Techn. 2001; 11(5):557-574.

Bafana A. Diversity and metabolic potential of culturable
root-associated bacteria from Origanum vulgare in sub-
Himalayan region. World J Microbiol Biotechnol. 2013;
29:63-74.

Wollum A G. In: Methods of Soil Analysis. Part 2,
Chemical and Microbiological properties. American
Society of Agronomy, Inc Publisher Madison, Wisconsin,
USA. Cultural Methods for Soil Microorganisms. 1982;
781-02.

Sundara-Rao WVB, Sinha MK. Phosphate dissolving
microorganisms in the soil and rhizosphere. Indian J.
Agric. Sci.1963; 33: 272-278.

Schwyn B, Neilands JB. Anal. Universal chemical assay
for the detection and determination of siderophores.
Biochem 1987; 160 (1): 47-56.

Payne SM. Detection, isolation and characterization of
siderophores. Methods Enzymol. 1994; 235: 329-344.
Jensen ES. Inoculation of pea by application of
Rhizobium in planting furrow. Plant and Soil. 1987;
97:63-70.

Loper JE, Scroth MD. Utilization of heterologous
siderophore enhances levels of iron available to

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

~ 1327~

http://www.phytojournal.com

Pseudomonas putida in rhizosphere. Appl. Environ.
Microbiol. 1999; 65(12):5357-63.

Glick BR. The enhancement of plant growth by free-
living bacteria. Can. J. Microbiol. 1995; 41(2):109-117.
Dye DW. The inadequacy of the usual determinative tests
for the identification of Xanthomonas spp. N. Z. J. Sci.
1962; 5:393-416.

Bakker AW, Schippers B. Microbial cyanide production
in the rhizosphere in relation to potato yield reduction
and Pseudomonas SPP-mediated plant growth
stimulation. Soil Biol. Biochem. 1987; 19(4):451-457.
Vos P, Garrity G, Jones D, Krieg NR, Ludwig W, Rainey
FA et al. The Firmicutes Volume 3. Bergey’s Manual of
Systematic Bacteriology. Williams and Wilkins, 1984.
Singh P, Dash SS. Bot. Database on Trees of Sikkim
Himalaya. J. Econ. Taxon. 2002; 26(2):285-310.

Singh M, Kanstra LD. Utilization of whole aspen tree
material as a roughage component in growing cattle diets.
J. Anim. Sci. 1981; 53(3):551-556.

Roder Experiences with tree fodder in the temperate
regions of Bhutan. W. Agro. Syst. 1992; 17:263-270.
Hiltner L. Uber neuere Erfahrungen und probleme auf
demgebiet der bodenbakteriologie und unter besonderer
berticksichtigung der griindiingung und brachte. Arbeiten
der Deutschen Landwirtschaftlichen Gesellschaft 98:59-
78.

Mubarik NR, Mahagiani I, Anindyaputri A, Santoso S,
Rusmana 1. Chitinolytic bacteria isolated from chili
rhizosphere: chitinase characterization and its application
as biocontrol for whitefly (Bemisia tabaci Genn.).
AJABS. 2010; 5(4):430-435.

Wahyudi AT, Astuti RP, Widyawati A, Meryandini AN,
Abdjad A. Characterization of Bacillus sp. strains
isolated from rhizosphere of soybean plants for their use
as potential plant growth for promoting Rhizobacteria. J
Microbiol Antimicrob. 2011; 3(2):34-40.

Beneduzi A, Ambrosini A, Passaglia LMP Plant growth-
promoting rhizobacteria (PGPR): Their potential as
antagonists and biocontrol agents. Genet Mol Biol. 2012;
35(4):1044-1051.

Grayston SJ, Vaughan D, Jones D. Rhizosphere carbon
flow in trees in comparison with annual plants: the
importance of root exudation and its impact on microbial
activity and nutrient availability. Appl. Soil Ecol. 1997
5(1):29-56.

Hallmann J, Quardt-Hallmann A, Mahafee WE, Kloepper
JW. Bacterial endophytes in agricultural crops. Can J
Microbiol. 1997; 43(10):895-914.

Mandyal P, Kaushal R, Sharma K, Kaushal M.
Evaluation of native PGPR isolates in bell pepper for
enhanced growth, yield and fruit quality. Int J Farm Sci.
2012; 2(2):28-35.

Patel DK, Archana G, Kumar GN. Variation in the nature
of organic acid secretion and mineral phosphate
solubilization by Citrobacter sp. DHRSS in the presence
of different sugars. Curr Microbiol. 2008; 56(2):168-174.
Joseph S, Jisha MS. Buffering reduces phosphate
solubilizing ability of selected strains of bacteria. WJAS.
2009; 5(1):135-137.

Dutta S, Gupta S, Meena MK. Isolation, characterization
of plant growth promoting bacteria from the plant
Chlorophytum borivilianum and in-vitro screening for
activity of nitrogen fixation, phosphate solubilization and
IAA production. Int J Curr. Microbiol. Appl. Sci. 2014;
3(7):1082-1090.


http://www.phytojournal.com/

Journal of Pharmacognosy and Phytochemistry http://www.phytojournal.com

37. Richardson AE, Barea JM, McNeill AM, Acquisition of
phosphorus and nitrogen in the rhizosphere and plant
growth promotion by microorganisms. Prigent C. Plant
Soil. 2009; 321:305-339.

38. Park KH, Lee CY, Son HJ. Mechanism of insoluble
phosphate solubilization by Pseudomonas flourescens
RAF15 isolated from ginseng rhizosphere and its plant
growth romoting activities. Lett Appl Microbiol. 2009;
49(2):222-228.

39. Vyas P, Gulati A. Organic acid production in vitro and
plant growth promotion in maize under controlled
environment by phosphate-solubilizing  fluorescent
Pseudomonas. BMC Microbiol. 2009; 9:1-14

40. Patel T, Saraf M. Exploration of Novel Plant Growth
Promoting Bacteria Stenotrophomonas maltophilia
MTP42 isolated from the Rhizospheric Soil of Coleus
forskohlii. Int. J Curr. Microbiol. App. Sci. 2017,
6(11):944-955.

41. Voisard C, Keel C, Hass D, Def ago G. Cyanide
production by Pseudomonas fluorescens helps suppress
black rot of tobacco under gnotobiotic conditions. EMBO
J. 1989; 8:351-358.

42. Expert D, O’Brian MR. (eds.), Springer Briefs in
Biometals, Molecular Aspects of Iron Metabolism in
Pathogenic and Symbiotic Plant-Microbe Associations,
2012.

43. Wani PA, Khan MS, Zaidi A. Effect of metal tolerant
plant growth promoting Bradyrhizobium sp. (Vigna) on
growth, symbiosis, seed yield and metal uptake by green
gram plants. Chemosphere. 2007; 70(1):36-45.

44. Ramos SB, Garcia JAL, Villaraco AG, Algar E, Cristobal
JG, Manero FJG et al. Siderophore and chitinase
producing isolates from the rhizosphere  of
Nicotianaglauca Graham enhance growth and induce
systemic resistance in Solanum lycopersicum L. Plant
Soil. 2010; 334:189-197.

45. Patten C, Glick BR. Microbiol. Role of Pseudomonas
putida in indole acetic acid in development of the host
plant root system. Appl. Environ. 2002; 68:3795-3801.

46. Gracia de Salamone IE, Hynes RK, Nelson LM.
Cytokinin production by plant growth promoting
rhizobacteria and selected mutants. Can J Microbiol.
2001; 47(5):404-411.

47. Ahemad M, Khan MS. Pseudomonas aeruginosa strain
PS1 enhances growth parameters of greengram
[Vignaradiata (L.) Wilczek] in insecticide-stressed soils.
J Pestic Sci. 2011; 84:123-131.

48. Maksimov IV, Abizgil RR, Pusenkova LI. Plant Growth
Promoting Rhizobacteria as Alternative to Chemical
Crop Protectors from Pathogens (Review). ApplBiochem
Micro. 2011; 47(4):373-385.

49. Banerjee S, Palit R, Sengupta C, Standing D. Stress
induced phosphate solubilization by Arthrobacter sp. and
Bacillus sp. isolated from tomato rhizosphere. Aust. J.
Crop Sci. 2010; 4(6):378-383.

50. Mcspadden Gardener BB. Ecology of Bacillus and
Paenibacillus  species in  agricultural  systems.
Phytopathology. 2004; 94:1252-1258.

~ 1328~


http://www.phytojournal.com/

