








PREFACE

The research carried out for the dissertation titled “*Characterization of plant
growth promoting rhizospheric bacteria from mangroves of Goa™, was
basically 1o understand mangrove bacteria that help plants grow better. These
bacteria live in the soil around the roots of plants and provide them with
essential nutrients for growth. Bacteria produce special compounds called
hormones that stimulate plant growth, helping them to grow taller, develop
stronger roots and produce more leaves and flowers. The study was based on
characterization and screening of bacteria for various attributes including
nitrogen fixation. phosphate solubilization, ammonia production. TAA
production, gibberellin, exopolysaccharide and siderophores. The work
started with collecting samples from Mandovi estuary of Goa. Through the
documentation plant growth promoting rhizospheric bacteria across sampling
sites were examined. The documentation of associated rhizospheric bacteria
from sampling sites establishes a focus on various attributes of plants.
Consequently. plant growth promoting properties of the bacteria including
nitrogen fixation. phosphate solubilization, ammonia production, IAA
production. gibberellin, exopolysaccharide and siderophores were studied.
The methodologies are given in chapter where the observations and results are
discussed in chapter 4 with conclusion of plant growth promoting rhizospheric
bacteria. Through researching them. we can find out how they promote plant
growth and pinpoint the particular strains that work best. These bacteria have
ability to protect plants from pathogens, instead of relying on chemicals. By
incorporating these plant growth promotion rhizospheric bacteria into their

farming practice, organic farmers can enhance soil health, improve crop yields
and promote overall sustainability.



ACKNOWLEDGEMENT
In the successful accomplishment of this dissertation project, 1 would like to
€xtend my carnest appreciation to all those who have helped me in the
completion of my dissertation titled “Characterization of plant growth
promoting rhizospheric bacteria from mangroves of Goa”.
¥. I would like to express my sincere gratitude towards our current [Dean
Prof. Sanjeev C. Ghadi, and previous Dean Sr. Prof. C.U. Rivonker. for
followin g me carry out my dissertation and availing all facilities of the school.
- am profoundly grateful to my guide. Dr. Chanda Berde. Marine
Microbiology Program. School of Earth, Ocean and Atmospheric Sciences.
University for her valuable guidance, immense encouragement, support.

vell as her determined effort during the course of my dissertation.

k Dr. Varada Damare, Program Director, Marine Microbiology. for
all the requirements for my dissertation work. Furthermore. I would
express my sincere thanks and appreciation to my parents for their
. I would also like to express my earnest gratitude to the laboratory
embers for providing all the essential requirements in order to facilitate
e successful completion of this project.

Minal Manohar Bhomkar






\Y)

TABLES

Table | - Description ] \ Page \
No. . No.
4.1 Colony characteristics of nitrogen ﬁxilg_bactcria | 45-46 l
4.2 Colony characteristics of phosphate solubilizing cultures 4748 |
4.3 Colony characteristics of [AA pruduc-ing microorganisms | 48-49 |
4.4 Colony characteristics of EPS producing microorganisms 1 49-51 |
4.5 | Colony characteristics of siderophore producing microorganisms | 51-52 |
4.6 Colony characteristics of nitrate reducing microorganisms | 53-55 |
4.7 | Colony characteristics of ammonia producing microorganisms | 55-56 |
4.8 Colony characteristics of GA; producing microorganisms | 56-58 |
4.9 Bacterial isolates showing nitrogen fixing microorganisms | 58-59
4.10 Bacterial isolates showing nitrogen fixing ability | 60-61 |
411 Bacterial isolates showing zone of clearance | 61-62 |
4.12 | Bacterial isolates showing phosphate solubilization efficiency | 63 |
4.13 Bacterial isolates showing IAA producing microorganisms | 64-66 |
4.14 Bacterial isolates showing absorbance at 540nm for TAA \ 66 J
production
4.15 | Bacterial isolates showing presence and absence of precipitation | 67-68 l
' 4.16 | Bacterial isolates showing presence or absence of siderophore 70-71
. producing microorganisms
 4.17 Bacterial isolates showing nitrate reducing activity 73
| 4.18 Bacterial isolates showing ammonia producers 75
| 4.19 Bacterial isolates showing absorbance at 254nm for GA3 77-78
' production
Isolates selected for spore formation 85
Bacterial isolates showing strict aerobes 86
Bacterial isolates showing catalase test 87-88
Bacterial isolates showing starch hydrolysis test 88-89
Bacterial isolates fermenting glucose 89
Bacterial isolates showing oxidase production 91
Bacterial isolates showing glucose fermentation 92
4.27 Bacterial isolates showing no motility 93-94
4.28 | Bacterial isolates showing lactose fermentation 94
29 | Bacterial isolates showing catalase test 95
Al Bacterial isolates showing glucose fermentation 96
| Bacterial isolates showing starch hydrolysis activity 08
1 Bacterial isolates showing Voges proskaur test 99 |







Vi

Figure HQ_L_!EEﬁ _—
ENO. Deseription Page |
No.
s Facilitation 0fpfanl!)gmwt}| by plant growth promoting 4 |
. acteria (PGPRB '
4.1 Samphng site at Diwar Fm-ry('[‘crmlf'gal Piedade, Goltim- | 43
a5 Navelim VP, Goa
43 5 Sampling site at Chorao, Goa 43
i acterial isolates on nutrient agar plates 44 |
. acterial isolates showing growth on ashby’s mannitol 60 |
45 Bact agar media ._
—at) erial isolates showmg phosphate solubilization 64 |
4.6 | Graphxca] representation of bacterial isolates showing 66
i hlghest absorbance value at 0.6252nm in culture number
| _ 24 for IAA production
4.7 Isolares showing pink colouration after adding Salkowski | 67
- reagent
| 4.8 71301&63 shows EPS production afier adding thrice the 69
- _____ amount of chilled ethanol
| 4.9 |  Image of precipitate formation for EPS production 69
_4.10 | Bammal isolates showing siderophore production 72
B4 ) acterial isolates showing nitrate reducers 73
412 | Bastenal isolates showing ammonia producers 75
4.13 | Graphical representation of bacterial isolates showing 78
highest absorbance value at 0.3516nm in culture 22 for
| GA; production
10 Extraction using ethyl acetate 79
2 - Test for amylase activity 80
_ Testfor lipase activity 81
& _ Test for cellulase activity 82
: Soil treated pots 84
____ Baciterial isolates showing spore formation 85
- Isolates showing strict aerobic growth 86-87
_ Isolates showing catalase production 88
ates showing zone of clearance after adding iodine 89

S solution

rial isolates showing glucose fermentation







ABBRIVATIONS USED

Vill

Entity Abbreviation \
/ Chrome azurol S agar CAS \
I[ Degree Celsius °C \
’ Exopolysaccharides EPS \
| Gibberellin GA; |
Grams g \
Indole acetic acid IAA
Kilo gram kg ﬂ
Microgram ng J
Milli litre ml \
Milli meter Mm \
Minutes Min \
Nanometer nm J
Optical density OD 1
Potential of Hydrogen pH J
Revolutions per minute rpm J
Room temperature RT

























7

Marschner 1995; Fide et al. 1996; Vert et al. 2002). Strategy 11 s applied to
grasses and graminaccous plants such as wheat ( 7ritloum aestivimy), barley

wdeum vulgare), vice (Orvza sation), and maize (Zeu mays). It is based on

i.’.fl

the synthesisof Fe ' chelators known as phytosiderophores and the uptake of

the Fe-phytosideophore complex in root cells (Curie et al. 2001: Von Wiren
et al 1994). The interplay between plant and microbially generated chemicals.

as well as soil characteristics, governs the movement of iron in the rhizosphere

(Robin et al. 2008: Lemanceau et al. 2009).

Siderophore have a dual role in protecting human health and promoting plant
development (Robin et al. 2008). When a plant is exposed to environmental
stressors such as heavy metal pollution. the role of soil bacteria in imroving

plant iron nutrition becomes even more crucial. Microbial metabolites. in

particular siderophores, which can bind to iron, magnesium, manganese,

chromium (111), gallium (I11), cadmium. copper, nickel, arsenic. lead and zinc

as well as radionuclides like plutonium (IV) (Malik 2004: Nair et al. 2007),

can have impact on the mobility of metals in soil. Additionally, siderophores

may lessen the pressures that hugh soil concentrations of heavy metals impose

on plants by providing iron to the plants (Diels et al. 2002; Belimov et al.

2005: Braud et al. 2006).

Nitrogen Fixation

The use of chemical sources of nitrogen which are obtained at the expense of

has increased in agricultur. In addition to being expensive, the
n fertilizers pollutes the environment and
ally and environmentally

petroleum,
manufacture of chemical nitroge

depletes nonrenewable resources. An economic

sound option would be to yse biological nitrogen fixation in addition to, and

eventually in instead of, mineral fertilizers. Nitrogen is abundant in the
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atmosphere, but before it can be digested by plants and used as a building
block of proteins, nucleic acids and othe biomolecules, it must first be
converted to ammonia (Bockman 1997). The most significant microorganisms
currently employed in agriculture to increase plant nitrogen content are
variety of Rhizobia. each of which is unique to a certain group of plants. As
bacterial inoculants, other nitrogen fixing bacteria. most notably Azospirillum
Spp.. are also used; however, it is generally believed that fixed nitrogen supply
represents just a very minor portion of what free living bacteria accomplish
for the plant (James and Olivares 1997).
The nitrogenase enzyme. which is a two componet metalloenzyme made up
of (a) dinitrogenase reductase. a dimer of two identical subunits that contains
the sites for mgATP binding and hydrolysis and provides the reducing power
to the dintrogenase and (b) the dinitrogenase component that contains a metal
cofactor, is used by nitrogen-fixing (diazotrophic) bacteria to fix atmospheric
nitrogen. It would be advantages if rhizobial carbon resources were directed
toward oxidative phosphorylation, which results in the synthesis of ATP.
rather than glycogen synthesis, which leads in the storage of energy as
glycogen. as nitrogen fixation takes a significant quantity of ATP (Dean and
Jacobson 1992).

Modulation of Phytochrome Levels

Auxins, cytokinins, gibberellins, ethylene, and abscistic acid (ABA)

(Salisbury and Ross 1992) are phytohormones that are important in cotrolling
the growth and development of plants. Plants often lack sufficient quantities
of endogenous phytohormones to grow to their full potential when exposed to
unfavorable environmental conditions (De Salamone et al. 2003). In vitro , a

variety of rhizosphere bacteria generate or modify phytohormones. As a
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evaluated in field trials based on the outcomes of the pot tests, and certain
Browth and yvield metrics were examined afler harvest. Were examined. The
findings indicated that the six isolates (AS1. AS3. AS4, AS6. ASB. and AS15)
i gnificantly (P<0.05) improved plant height, dry matter content, and protein
i, These successful isolates were identified as Cellulomonas turbata
';-’3-"’»“' Pseudomonas putida (AS3), Bacillus cereus (AS4). Enterobacter
eloacae (AS6), Bacillus megate-rium (AS8), and Bacillus megaterium (AS15)
don a few culture, cytological. and fatty acid profiles. Thus, it may be
concluded that introducing these strains into wheat may result in higher vields
©ll as a possible replacement for expensive nitrogen-phosphate fertilizer
in wheat production (Sezen, Ozda. 2016).

iven that Plant-N remobilization is closely linked to plant senescence. plant
h-promoting rhizobacteria (PGPR) may offer a biological substitute for
ng atmospheric N2 and delaying N remobilization in maize plants to boost

) production. Thus, out of a number of bacterial strains isolated from maize

'owth promotion tests and biochemical plant growth-promoting (PGP)
were used to screen the PGPR strains in vitro. The reference strain
‘was Bacillus subtilis UPMB10, These bacteria were identified as
sp. Brl, Klebsiella pneumoniae Frl, Bacillus pumilus Sirl. and
cler sp. S3r2. Through in vitro studies, N2 fixation, phosphate
tion, and auxin production were found to be positive in all PGPR
e N2 fixation abilities of PGPR j In association with maize were
g the 15N isotope dilution technique in a greenhouse experiment
 reducec Fertdazer- N input (a third of recommended Fertilizer-N rate) at

rvests, namely, prior to anthesis (D50) and ear harvest (D65). The
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METHODOLOGY




























SAMPLING SITES

Fig 4.1: Sampling site at Diwar Ferry Terminal, Piedade, Goltim-Navelim VP. Goa

Coordinates: (15.504313%) (73.878697%)

Fig 4.2: Sampling sites at Chorao. Goa

Coordinates- (15.513077%) (73.870444%)



ISOLATION OF BACTERIAL CULTURES

Fhirty-one morphologically distinet colonies from mangroves (water and

sediment) samples were isolated on sterile nutrient agar plates. These
1solates were then purified by spot inoculating on NA plates and were given
culture codes as shown in fig 2. These isolates were characterized based on

their morphology and Gr

am characteristics.

Fig 4.3: Bacterial isolates on Nutrient agar plates

COLONY CHARACTERISTICS OF SELECTED CULTURES

Nitrogen fixing bacteria

Out of 31 bacterial isolates . 9 isolates were selected as shown in fig 4.3.

and given in table 4.9.. that capable of transforming atmospheric nitrogen

into fixed nitrogen.




Table

——

4.1: Colony charac

teristics of Nitrogen fi

xXing cultures
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Culture | 3 6 | 13 15 16
number .
3mm } 2mm lmm 2mm 2mm |
Circular I Circular | Circular | Circular | Circular
24 hours ’ 24 hours ’ 24 hours | 24 hours | 24 hours
Temperatur RT RT RT RT RT
Green J Yellow | Yellow | Yellow White
Flat r Flat | Fla Raised Raised
Entire ’ Entire Entire Entire Entire
Opacity Opaque ‘ Opaque | Opaque | Opaque Opaque
Consistency | Non sticky Non Sticky Sticky Non
- sticky sticky
Gram Gram Gram Gram Gram Gram
character negative | negative | negative negative | positive
| cocci cocel cocci coccei cocei
Image

Culture 17 21 27 31
number
l Size r 2mm Imm Imm 2mm
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|

}h_Eo_lour | Creamy - Creamy white | White Creamy
| f| white white
Time [ 24 hours | 24 hours ~ 24hours | 24 hours
L | [
, Temperatu | RT RT | R RT
’ re |
Elex;a}ﬁ_ Raised |  Raised |  Flat |~ Raised |
Margin | Entire ’ Entire Entire | Entire
Opacity | Opaque Opaque | Opaque Opagque
Consistency Sticky r Sticky | Sticky | Non sticky
Gram Gram Gram Gram | Gram
character | positive rods negative positive rods negative

COCCI cocei

Image

EPS producing bacteria

Out of 31 bacterial isolates, 6 isolates were selected as high producers of

EPS as shown in fig 4.8 and fig 4.9 and given in table 4.15,

Table 4.4: Colony characteristics of EPS producing microorganisms

Culture number 8 10 13
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[ Size 2mm [ 3mm Imm
= | ! = :
Shape J Circular Circular Circular
~ Colour Creamy white | White Yellow
~ Time 24 hours 24 hours 24 hours
" Tem perature [ RT RT RT
f " Elevation Raised Flat ~ Flat
L Margin Entire Entire Entire
Opacity Opaque Opaque Opaque
Consistency Sticky Non sticky Sticky
' Gram character Gram Gram negative | Gram negative
rods COCCl

negative cocci

Image
Culture 19 ' 22 28

J number

J Size 2mm 2mm Imm

J Shape Circular Circular Circular
I Colour Creamy white Orange Pinkish
I Time 24 hours 24 hours 24 hours
LTem perature RT RT RT




}7- Elevation | Raised Raised

II—_M a_rgi n [ Fntire Fintire Entire

n ()p—ﬂ(‘_il_\ o« Ipagque - Opaque f_)paquc
Non sticky

Flat

| Consistency J

Non sticky

Non sticky

Gram

character |

Image

Gram positive

rods

Gram positive

rods

Gram positive

rods

Siderophore producing bacteria

Out of 31 bacterial isolates. 3 isolates were selected as best siderophore

producing microorganisms as shown in fig 4.10 and given in table 4.16.

Table 4.5: Colony characteristics of siderophore producing microorganisms

Margin

Culture —‘ 2 4 12
number
| Size 2mm Imm 3mm
Shape Circular Circular Circular '|
Colour Yellow Pinkish Creamy white
Time 24 hours 24 hours 24 hours
Temperature RT RT RT
Elevation Raised Flat Raised
Entire Entire Entire




6|lllt‘i1_\

Consistency

~ Sticky

N );ulqu:

Non sticky

Gram B

character

Image

Gram negative

Gram positive

Cocci

Opaque
| Non sticky

Ciram positive

rods

Culture number 18 31 J
Size Imm 2mm l
Shape Circular Circular ||
Colour Yellow Yellow
Time 24 hours 24 hours
Temperature RT RT
Elevation Raised Flat
Margin Entire Entire
Opacity Opaque Opaque
Consistency Sticky Non sticky |

Gram character

Image

Gram negative

coccl

Gram negative coccei




Nitrate reducing bacteria
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Out of 31 bacterial isolates, 10 isolates were selected as nitrate reducers as

shown in fig 4.11 and given in table 4.17, which is capable of reducing

nitrate to nitrite.

Table 4.6: Colony characteristics of Nitrate reducing microorganims

- Culture 7 8 11 13
! number
| Size 3mm 2mm Imm I mm
|F Shape Circular Circular Circular Circular
Colour Creamy Creamy White Yellow
white white
f Time ' 24 hours 24 hours 24 hours 24 hours
Temperat RT RT RT RT
ure
f Elevation Raised Raised Raised Flat
r: Margin Entire Entire Entire Entire
Opacity Opaque Opaque Opaque Opaque
Consistenc Sticky Sticky Non sticky Sticky
y
Gram Gram Gram Gram Gram negative
character | positive rods | negative negative cocci
coccei cocel




Image
|
Culture 15 18 23 \
number ‘ \
B Size 2mim Imm 2mm J
Shape Circular Circular Circular 4l
Colour | Yellow Yellow Yellow |
Time 24 hours 24 hours 24 hours \
Temperatur RT RT RT \
2 |
Elevation Flat Raised Flat
Margin Entire Entire Entire
l Opacity } Opagque Opaque Opaue
' Consistency Sticky Sticky Non sticky
Gram Gram negative Gram negative Gram negative
character cocel cocci rods
Image
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" Culture 27 28 30 ]
number | \
Size _] J lmm lmm 1 3mm ~
" Circular | Circular R e ll‘l..lll'lr

R Shupe_
_Crudtm white

Pinkish

Colour Creamy white
Time 24 hours 24 hours 24 hours
Temperature RT RT
Elevation | Raised Flat Flat
Margin Entire Entire Entire j
Opacity Opaque Opague Opaque
Consistency Non sticky Non sticky Sticky
Gram Gram negative Gram positive Gram pnsitive_
character cocci rods rods
Image

Ammonia producing microorganisms

Out of 31bacterial isolates, 2 isolates selected as high ammonia producing

microorganisms as shown in fig 4.12 and given in table 4.18

Table 4.7: Colony characteristics of ammonia producing microorganisms
27 \

14

2mm

Culture number

Size Ilmm l




Circular

56

Circular

B SR

[:_ Shape

. Colour Yellow B Creamy white

f\Tlﬁw_ - 24 hours ] ~ 24 hours

ll Temperature | RT " RI1

[ Elevation Flat Ruiscd_—

( Margin Entire Entire

| Opacity Opaque Opaque
Consistency Sticky Non sticky

Gram character

Image

Gram negative rods

Gram negative cocci

GA; producing bacteria

Out of 31 bacterial isolates, 4 isolates were selected as high GA; producing

microorganisms. The extraction was shown in fig 4.14 and the Graph of GA;

v/s OD at 254nm as shown in fig 4.13 and given in table 4.19.

Table 4.8: Colony characteristics of GA3 production

Culture number 14 15 l
Size 2mm 2mm J
Shape Circular Circular
Colour Yellow Yellow
Time 24 hours 24 hours




|— _Tt‘m;l.‘;'a!ll re RT
| Elevation Flat
Margin i Entire B
|l Opacity Opaque
Consistency Sticky

Gram character

Gram negative rods

|

Image

Sticky

Gram negative coccl

R'T
Flat

Entire

Opaque

Culture number 2 26 —\
Size 2mm Imm J
Shape Circular Circular ]
Colour Orange White
Time 24 hours 24 hours 4\
Temperature RT RT J
Elevation Raised Flat k
Margin Entire Entire
Opacity Opaque Opaque ‘\
Consistency Non sticky Sticky l
Gram character Gram positive rods Gram positive cocci l




SCREENING OF NITROGEN FIXING MICROORGANISMS

The bacterial isolates showed growth on Ashby's Mannitol

of 31 isolates, 9 bacterial isolates gre

4.9 therefore this twelve isolates were nitroge
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agar media. out

w well on the media as show in Table

n fixing microorganisms.

Table 4.9: Bacterial isolates showing nitrogen fixing microorganisms

Culture number Nitrogen fixation J
R1 o
R2 ++
R3 et
R4 -
RS -
B R6 + -
R7 -
R8 - l
RY + l
R10 - l
R11 + J
R12 . ’




59

R13 _ + + +

R14 | ;
RIS T

R16 +++ |

R17 +++

R18 -

R19 +

R20 -

R21 +++

R22 -

R23 +

R24 +

R25 +

R26 -

R27 At

R28 -

R29 -

R30 +

R31 =+ = o

Key: - No growth; +,++Less growth; +++ Good growth




Fig 4.4: Bacterial isolates showing growth on Ashby's mannitol agar media

Table 4.10: Bacterial isolates showing Nitrogen fixing ability

i

Culture no.

Growth diameter

Zone of clearance

/ RI 0.4 0.5
‘ R2 0.5 0.7
R3 0.3 0.8

R4 0.2 0.3

R6 0.4 0.8

RY 0.3 0.5

RII 0.3 0.5

R13 0.6 0.9

R15 0.4 0.7

R16 0.8 1.2
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R17 0.6 1.4
~ RIO ' 03 .6
 Rz2i 0.5 = 0.9
~ R23 0.3 — T 04
R24 0.4 05

R25 0.2 0.3
. R26 0.3 0.5
R27 0.7 0.9

R30 0.2 0.4 N
R31 0.6 1.1

SCREENING OF PHOSPHATE SOLUBILIZING MICROORGANISMS

The bacterial isolates showed growth on Pikovskaya agar media, out of 31
isolates. 6 bacterial isolates grew well on the media as shown in Table 4.11.

therefore this six isolates were selected for further studies.

Table 4.11; Bacterial isolates showing zone of clearance

Culture no. Zone of clearance
R1 +
R2 +
| R3 +
R4 +
RS +
R6 ;2
R7 - 1l







Table 4.12: Bacterial isolates showing Phosphate solubilization efficiency

63

| Culture no. | Solubilization |  Growth Phosphate
Diameter diameter solubilization
'I efficiency (%)
ORI 0.9 0.5 180
i R2 0.8 0.4 200
F R3 0.9 0.6 150
f R4 0.5 0.2 250
| RS 1 0.8 125
f R6 0.8 0.4 200
r R9 1.1 0.7 157
|| R11 1.3 0.5 260
L R12 0.9 0.4 225
[ R13 0.7 0.3 233
[ RIS I 0.6 166
/ R16 1.3 0.8 162
I R17 L5 0.9 166
J R21 0.8 0.7 114
( R25 1.2 0.6 200
’ R26 1.1 0.6 183
R30 1.3 0.8 162

e —
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Fig 4.5: Bacterial isolates showing phosphate solubilizaton

Screening of TAA producing microorganisms

One of 31 isolates obtained. 9 isolates showed positive results for the
production of TAA. After adding Salkowski’s reagent to the supernatant of
IAA producing culture it turned pink as shown in the fig 4.7. and absorbance
was measured at 540 nm. Out of 31 bacterial culture, 8 were selecied that
has higher absorbance shown in Fig 4.6. Hence culture 24 has found highest
activity and lowest in culture culture 7 as shown in table 4.14. Graph of

absorbance was plotted for 8 selected cultures as shown in Fig 4.6. More the

absorbance more the IAA produced.

Table 4.13: Bacterial isolates showing IAA producing microorganisms

Culture no. IAA production
R1 -
R2 _
R3 -
R4 -
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(511

Key: + Presence of IAA; - Absence of IAA

Table 4.14: Bacterial isolates showing absorbance at 540nm for IAA production

Culture no. [ Absorbance at 540nm

—  Rr7 | 022375
RS 0.5855
R11 0.2375 nl
R12 02871 |
R23 0.6021 -
R24 0.6252
R25 0.5415

| R27 0.4617

Graph of IAA Producers v/s OD at 540nm

Fig 4.6:Graphical reperesentation of bacterial isolates showing highest absorbance

value at 0.6252nm in culture number 24 for IAA production.
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Fig 4.7: Isolates showing pink colouration after adding Salkowski reagent

Screening of EPS producing microorganisms

Among 31 bacterial isolates 7 isolates were selected as best EPS pmducers
as shown in Table. Isolate 8.10.13,19,22.2
precipatate.

Table 4.15: Bacterial isolates showing presence and absence of precipitation

Culture no. Precipitation
R1 -
R2 =
R3 =
R4 -
RS - -
R6 +
RS ;
RO + N
R10 _
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R31

Key:+ Presence of precipitate ; - Absence of precipitate
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Fig 4.8: isolates showes EPS production after adding thrice the amount of chilled

ethanol

Fig 4.9: Image of precipitate formation for EPS production

Screening of siderophore producing microorganisms

Among 31 bacterial isolates , 14 isolates showed positive results for the

production of siderophore as shown in Table. Isolate 2.4.12.18 and 31 shows
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more orange colour zone ol clearance around the colones as shown in hig

4.10.

Table 4.16: Bacterial isolates showing presence or absence of siderophore producing

microorganisms
| Culture number | Diameter of zone of
clearance (mm)

J—Rl - 10 '
[ R2 1|
' R3 10
| R4 12

RS 9
— ® | 10
f R7 10
' RS 10
‘ R9 ;
( R10 _
) R11 10
l R12 12

R13 =

R14 9

R15 _

R16 10

R17 2
RIS 13

R19 -
—— :
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r

Fig 4.10 : Bacterial isolates showing siderophore production

Screening of nitrate reducer microorganisms

Nitrate reduction was observed by color change to red by adding griess

reagent.

Among 31 bacterial isolates , 10 isolates showed positive results for the

nitrate reduction as shown in Table 4.17.




Table 4.17: Bacterial isolates showing nitrate reducing sctivity

Culture no. Nitrate reduction
R1
1 _
B T m =
e
RS ( =
| R6 ( g
I R7 [ +
RS [ -
| R9 =
| R10 :
| R11 =T
'L RI2 -
E—TE +
| R14 n
| R15 +
f R16 :
i R17 ;
J R18 +
f RI19 -
f R20 :
{ R21 .
J R22 _
[ R23 +
C— R24 - |




i

R25

R26

R27 i +
R28 l'—
R29
"R |+ J

R31 ‘ =

—— _._| _ _ -

Key: + Presence of nitrate reducers ;: - Absence of nitrate reducers

Fig 4.11: Bacterial isolates showing nitrate reducers

Screening of ammonia producing bacteria

The ammonia producing microorganisms was checked by adding Nesseler's

reagent. Among all 31 cultures all bacterial isolates shows positive results

for ammonia producers.




Table 4.18: Bacterial isolates showing ummonia producers

Culture no. Ammonia producers

RI | ¥
R2 | m
R3 | 3
R4 |

RS
R6
R7
RS
R9 | |
R10
RI11 ’
R12 |
R13
R14
RI15
R16
R17
R18
R19
R20
R21

R22

’I
|
|
[
|
’l
—

|
+| #| +

+

+| 4|

_l..

+

+| +

-+

-+

+

+

+| +

o

+| +| +| +




/b

|' R2S |

' R26 +

| R27 +
R28 i |
R29 | + ‘
R30 4 l

~ R31 | + _'l

Key: + Ammonia producers

e 24 D

Fig 4.12: Bacterial isolates showing ammonia producers

Screening of GA; producing microorganisms

Out of 31 bacterial isolates. 4 were selected that produced higher Gibberellic
acid on extraction shown in Fig 4.14 . Hence the activity was found more in
culture 22 and lowest in culture 14 as shown in the table 4.19. Graph of
absorbance was plotted for 4 selected cultures as shown in Fig 4.13. More

the absorbance more the amount of GAy is produced.






R24 ' (0 1969

R25 ' ().2948

R26 'l 0.3164
' R27 ; 0.1977

R28 | 0.2176
: R29 ! 0.1651
2 == N~ == 7
J R30 | 0.1988 |
EE 01531

Graph of GA3 v/s O.D at 254nm

—
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-
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CULTURE NO.

Fig 4.13: Graphical representation of bacterial isolates showing highest absorbance

value at 0.3516nm in culture 22 for GAs production.,
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Fig 4.14: Extraction using ethyl acetate

Screem’ng for enzvme producing microorganisms

31 Bacterial siolates were checked for enzyme activity. The ezvme detected
were Amylase, Lipase and Cellulose. No growth was observed on the

experimental plates. Hence the enzymes were not produced.



Fig 4.16: Test for lipase activity
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Fig 4.17: Test for cellulase activity

Pot Assay
[t is concluded that culture number 3. 6,13,27,31,7,8,11,28,30. 14. 18. 23

were giving ( N2 ), 15, 16. 17 (IAA Producers) and 22 and 26 were produce

(GA3 Production) were considered for pot assay (Refer to figure 4.18 and

figure 4.19).
The time taken for each plant to germinate was maximum 2-3 days of which
pot with culture of N2. IAA were germinate faster as compared to the
containing other culture and the one with mixed culture. The growth

parameter of each experimental pot were compared with control and w

that each plant grew well in comparison with control, P
N2 . IAA and Mixed germinated faster as that of control. Like

containing cultures GA3 grew a little slower than the other pots. 20

germinated which was maximum in pot containing IAA

and the rest pots gave better re

as seen
ot containing cultures
wise pot
seeds were
and mixed culture

sults than the control, The root length with 2.5
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cm showed best in pot IAA production as compared to others and pot Nitrogen

fixation showed short root length as compared to control. The experimental
pots showed poor leaf lengths as compared to control. The leaf number was
same for all in comparison with control. The shoot length was seen maximum
in pot phosphate producers with 11.8 c¢m in height as compared to other

experimental pots and control. The shoot number was seen same in all
experimental and control pot. For soil treatment the time taken for each plant
(o germinate was maximum 3-4 days of which pot with cultures of TAA
producers and Nitrogen fixation germinate faster in 3 days as compared to the
other experimental pots. The growth parameters of each experimental pot
were compared with control and was seen that each plant grew well with some

parameters in comparison with control. Pot containing IAA producers and

Nitrogen fixation germinated faster but slower than control. Likewise pot

containing GA3 grew much slower than the other pots. 20 seeds germinated
maximum in pot IAA producers and the rest pots gave better results than the

control. The root length with 5 cm showed best in pot GA3 production as
compared to others and mixed culture pot showed short root length as

compared to control. The experimental pots showed poor leaf lengths as
compared to control. The leaf number was same for all in comparison with
control. The shoot length was seen maximum in pot phosphate producers with
10 em in height as compared to other experimental pots and control. The shoot
number was seen same all the experimental and control pot.




Fig 4.18: Soil treated pots

Fig 4.19: Seed treated pots

Biochemical indentification
——=cmical indentification

Biochemical identification for Gram positive rods

Out of 31 bacterial isolates 7 isolates identified as Gra
Further biochemical est we

N positive rods.

re performed.

Spore Forming Bacterig
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Out of 7 isolates only two isolate shows green colouration of bacterial cell

which means it producing spores.

Table 4.20: Isolates selected for spore formation

L Culture number Spore formation

’ R17 Spore formed

r R19 Spore formed
R22 No Spore formed
R25 No Spore formed
R26 No Spore formed
R28 No Spore formed
R30 No Spore formed

Fig 4.20: Bacterial isolates showing spore formation
Strict anaerobic bacteria

Out of 7 isolates all shows yellow in both tubes with oil and without oil.

Hence all 7 isolates are strict acrobic.
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Table 4. 21: Bacterial isolates showing strict uerobes

Aerobic/Anaerobic

| Culture number

bacteria

- ‘With oil Without oil |

—— L. +_

- b= D +

T +

R26 L -

R25 - i
R22 - +
l RI19 + 7

Key: + Aerobic Bacteria
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Fig 4. 21: Isolates showing Strict aerobic growth

Catalase producing bacteria
Out of all 7 culture all 7 culture shows bubble formation for catalase test.

Table 4. 22: Bacterial isolates showing catalase test

rCuIture number Catalase test 1
R17 Positive ; bubble formation
R28 Positive ; bubble formation
R30) Positive ; bubble formation
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Fig 4. 22:Isolates showing catalase production
Starch hydrolysing bacteria
Out of 7 isolates only three isolates shows starch hydrosis by showing
Of clearance around the colonies
Table 4. 23: Bacterial isolates showing starch hydrolysis test
Culture numhber  Zone of clearance
K17 -
K2% -
K30 -
R26 »
25 ' -

K22 ' +



R1Y }

Nev: + Zone of ¢learance; No zone of clearance

Fig 4. 23: Isolates show ing zone of clearnce after adding iodine solution
Glucose fermentating bacteria

Out of 7 isolates all 7 isolates shows vellow coloration after 24 hours of

incubation.Hence all isolates ferments glucose with no gas formation.

Table 4. 24: Bacterial isolates fermenting glucose

Culture number = Glucose fermentation
|

R17 ' +
- R28 4] s 7|
i R30 | s
R | T
I—._ — 4 —
| R25 +
| = = e B | ——
R22 | +

RI19 J +



Key : + Glucose fermentation with acid production and no gas

formation

YT
2 X X X 3. > _ﬂ_"

- ‘*,J‘: ‘._I i _..||ﬂ.‘ E Y bayy

» -

Fig 4. 24: Bacterial isolates showing glucose fermentation

Biochemical identification for Gram negative rods
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Out of 31 bacterial isolates 4 isolates were identified as Gram negative rods.

Further biochemical test were performed.
Oxidase producing bacteria

Out of 4 bacterial isolates 2 isolates gives positive results for by showing

color changes to dark purple.

Table 4. 25: Isolates showing oxidase production

LCulture number Oxidase production |
R11 -
R23 +
R14 2
R10 -

Key: - No oxidase formation; + oxidase formation

Fig 4. 25: Bacterial isolates showing negative results
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Fig 4. 26: Bacterial isolates showing positive results
Glucose fermentation

Out of 4 bacterial isolates all 4 shows positive results for glucose by

changung color from red to yellow and only culture number 14 shows gas

production.

Table 4. 26: Bacterial isolates showing glucose fermentation

Culture number Glucose fermentation
R11 + +
R23 +
R14 +
| R10 +

Key: ++ Glucose fermentation with acid production and with gas

formation; + Glucose fermentation with acid production and no gas

formation
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Fig 4. 27: Bacterial isolates showing glucose fermentation

Motility test for bacteria

Out of 4 bacterial isolates al] 4 bacterial isolates are non motile.

Table 4. 27: Bacterial isolates showing no motility

'_Cfll—t;r;r—n_u_mber I Motile / Non motile

( R11 Negative
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R23 Negative o
R14 Negative
R10 Negative

* Bacterial isolates showing non motile
fermenting bacteria
bacterial isolates 3 are lactose fermenting bacteria.

cterial isolates showing lactose fermentation

éﬁfﬁire-tnfumfber Lactose fermentation
- RIl [ +

5 - No Lactose fermentation

ctose fermentation with acid production and no gas
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Fig 4. 29: Bacterial isolates showing lactose fermentation _

Biochemical identification for Gram positive cocci

94

Out of 31 bacterial isolates only 3 bacterial isolates were identified as Gram

positive cocci. Futher bichemical tests were performed.

Catalase producing bacteria

Out of 3 bacterial isolates all 3 isolates shows catalase positive by showing

bubble formation.

Table 4. 29: Bacterial isolates showing catalase test

Culture number

Catalase production |

R6 +
R9 T
R16 ~

Key: + Bubble formation oceur
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Fig 4.30: Isolates showing bubble formation after adding hydrogen peroxide

Glucose fermentating bacteria
Out of 3 bacterial isolates all 3 were fermenting glucose by changing color
from red to yellow.

Table 4.30: Bacterial isolates showing glucose fermentation

L Culture number Glucose fermentation
/ R6 +
I R9 +
L R16 +

Key: + Glucose fermentation with acid production and no gas formation
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Fig 4.31: Bacterial isolates showing glucose fermentation

Biochemical identification for Gram negative cocci

Out of 31 bacterial isolates only 8 isolates identified as Gram negative cocei.

Further biochemical tests were performed.

Starch hydrolysing bacteria
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All the 8 bacterial isolates shows no zone of ¢learance, Hence it indicate that
this 8 isolates were not hydrolysing the starch.

Table 4.31: Bacterial isolate

s showing starch hydrolysis activity

Zone of clearance

Culture number

Fig 4.32: Bacterial isolates showing no zone of clearanc

MR-VP test

e around the colonies
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Key: + Red ring formed;

= No red ring formed

Fig 4.33: Bacterial isolates showing no red cherry colouration occur
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Fig 4.34: Bacterial isolates showing red colouration ring formation

Citrate utilization bacteria

Out of 8 bacterial isolates only 5 isolates were identified as citrate producers.

Showing colour change from Green to blue.

Table 4.34: Bacterial isolates showing citrate utilization

Culture number Citrate producers

R3 +

R13

R15 *

R27 +

R31 +

R7 s

RS =
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Key: + Citrate utiliznﬁo_n; - No Citrate utilization

Fig 4.35: Isolates showing citrate activity

Catalase producing bacteria

All the 8 bacterial isolates were showing bubble formation after adding

hydrogen peroxide: inicating catalase positive,

Table 4.35: Bacterial isolates showing catalase test

fCulture number Citrate producers
L R3 + 9
R13 L
R15 +
R27 +
R31 +
e
—




_RIH .

Key: + Catalase production

Fig 4.36: Bacterial isolates showing bubble formation

Identification of bacterial culture

Bacterial isolates were identified using a Bergy's manual.

Gram positive rods

Culture no.: R17

Spore forming (+)

|

Bacillus spp. / Clostridium spp.

|

Strict Anaerobes (+)

Clostridium spp.
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Spore formation (-)
Corynebacterium spp.
Lactobacillus spp.
Mycobacterium spp.
Catalase (+)
Corynebacterium spp.
Starch hydrolysis (-)
Corynebacterium xerosis

Culture no.: 28
I
Spore formation (-)

Corynebacterium spp.

ctobacillus spp.

Starch hyd

105
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Culture no.: 11

|

Oxidase test (-)

Enterobacteriaceae

l

Lactose fermentation (+)

sersus, Citrobacter freundii, Enterobacter aerogenes,
Enterobacter amnigenus, Enterobacter intermedius,
_i‘_'wﬁia_ehiivsanfhemi, Escherichia coli, Klebsiella
iella pnewmoniae, Serratia fonticola, serratia rubidaea

Culture no.: 23
Oxidase (+)
Aeromonas, Pseudomonas, Vibrio
Glucose fermentation (+)

Kerio spp. Actainonis sup-

Culture no.: 14
Oxidase (+)
Aeromonas, Pseudomonas, Vibrio




Glucose fermentation ()

Vibrio spp., Aeromonas spp.

Culture no.: 10
Oxidase (-)
Enterobacteriaceae
Lactose fermentation (+)

Citrobacter diversus, Citrobacter freundii, Enterobacter aerogenes,
Enterobacter cloacae, Enterobacter amnigenus, Enterobacter intermedius,
Erwinia carotovora, Erwinia chrysanthemi, Escherichia coli, Klebsiella
exytoca, Kiebsiella pneumoniae, Serratia fonticola, serratia rubidaea

Gram positive cocci

1.
Culture no.: 6
Catalase (+)
Micrococcus spp., Staphylococcus spp.
2.

Culture no.: 9

f

Catalase (+)

Micrococcus spp., Staphylococcus spp.
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Culture no.: 16

|

Catalase (+)

Micrococcus spp., Staphylococcus spp.

13, 15 and 27 identifed as gram negative cocci , hence it
eria or Veillonella sp
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bacterial isolates were examined as best nitrogen fixers as compared 1o
5. In their study. Liu et al. 2012) found that the isolates showing
fixation were the members of the genera Pseudomonas.
Brevundimonas, Stenotrophomonas, Paenibacillus, and
reported.  44.4% of isolates belonging 10 the
cteria Pseudomonas, suggesting that the soil habitats found
of mangrove plant acted as favorable ecological niches.
an (2014) reported variation in nitrogen fixation rates
lifferent species of bacteria associated with nitrogen fixation
| by several physical factor like light, temperature. and
is. In comparison to both these studies showed good results

ate solubilizers among isolated 31 isolates. Culture 11 was

er with 1.3mm clearance zone and 260% of phosphorus

ecosystem was much higher than phosphorus in
mposed of insoluble phosphorus and to lesser extent

Marzban (2016) reported 13 colonies exhibiting P
among 86 colonies isolated. Four colonies (PSB1. PSB3.
) shows maximum P solubilizing potential on agar medium,
um determined for PSB1 and PSB3 which were 3.5 and
In com paring my data with this two research studies my data
ared with one of the research paper.
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In the present study, gibberellin production was highest in culture 2

with 0.3516nm absorbance. In a study report by Sharma et al (2017). GAjwas
ted with ethyl acetate and purified and characterized by TLC and
via high performance liquid chromatography. The product extracted

d to be 116.1-485.8ug/ml. While Gunjal and Kapadnis (2013)
thest  gibberellin  production 10 be 5.57+0.03pg/ml. The
have been reported to play significant role in increasing the root

d number of root tips in many plants.

imum precipitate of EPS was found to be in cultures
22.23 and 28, showing that these cultures produce higher amount
ides. Ara et al (2023) focused on investigation of
e (EPS) producing bacteria, they isolated thirteen isolates.
quence analysis was conducted and were indentified as
gp., Bacillus subtilis, B. strearothermophilus. Gunjal and
investigated Burkholderia gladioli was found that it
1t 0.98 of EPS. More exopolysaccharide production was seen in
arch papers compared to the data obtained.

determined maximum in culture number 24 i.e 0.6252 at
nm. Nathan et al. (2017) study. T.viride VKF3. a mangrove

h production of IAA and it was confirmed through Thin
phy and High performance liquid chromatography. In
(2023) study investigates 171 isolates from the rhizosphere
which 73 isolates produce indole acetic acid, the lowest IAA
Lon CHTJ 3E with the value of 1.8mg L.-1 whereas the highest
y control TPK 5B with the value of 43 mg L' . Comparing of
dies neither TLC nor HPLC was used in my data.









CONCLUSION

The bacteria isolated from the mangroves showed beneficial effects on
plant growth promoting rhizosphere. PGPR improves the soil fertility
by increasing plant nutrients by providing nitrogen, phosphate.
gibberellin,  exopolysaccharide. indole production. siderophore
production and enzyme producing activity by bacteria available in soil.
Total 31 morphologically distinct colonies were isolated on sterile
nutrient agar and isolates were characterized based on their morphology

and Gram character,
Culture number 3. 6. 13.15. 16, 17. 21. 27 and 31 were the best nitrogen

fixing organisms.

The highest phosphate solubilization was found in culture number 11
having 13mm clear zone and 260% of phosphate solubilization
efficiency as compared to others.

The production of Gibberellin was more for culture number 22 i.e.
0.3516 at absorbance 254nm.

The amount of EPS produced more for culture number

8.10.13,19.22,23 and 28.
Sereening of IAA was determined maximum in culture number 24 i.¢

0.6252 at absorbance 540nm.
Screening of siderophore was determined maximum in culture number

18 having 13mm clear zone.
Out 31 bacterial culture all isolates shows good growth for ammonia

production,
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APPENDIX

1. Nutrient agar
Ingredients Grams/Litre
Peptc 5.000
5.000
1.500
1.500
15.000

7.4+0.2

Grams/Litre

0.500

10.000
5.000
0.500
0.200
0.100
0.0001

0.0001

20.000
drogen phosphate 0.200

Grams/Litre

125



Magnesium .sﬁulphate.
Sodium chloride
Potassium sulphate

um carbonate

0. 200
0.100
0.100
5.000
15.000
7.4£0.2

Grams/Litre
5.000
2.500
1.000
1.000
10.500

Grams/Litre
500 ml
300 ml
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Sodium chloride
Dipotassium phosphate
‘Glucose

5.000
().300
10.000
0.050
2.000
6.84+0.2

Grams/Litre
. 0.200

drogen phosphate 1.000

sphat 1.000
2.000
5.000
0.080
15.000
6.8+0.2

Grams/Litre
7.000
5.000
5.000

6.9+0. 2

Grams/Litre
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17. Kovac's reagent

Grams/Litre
0.200 gm
60.000 ml

40.000 ml

Grams/Litre
0.04 gm
100 ml
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