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CHAPTER 4
RESULTS

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.
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4. RESULTS

The present study describes the isolation and characterization of endophytes of
Achyranthes aspera L. A total of 73 endophytic bacteria were isolated, out of these four
potential isolates were analysed for their growth stimulatory effect on plant, the results

are presented hereunder.
4.1. Isolation of bacterial endophytes from Achyranthes aspera L. plants:

A total of 73 isolates were isolated from 5 different district of Manipur as
endophytic bacteria from the leaves and stems of A. aspera L. The following isolates
were collected according to their selected study site. 11 isolates were isolated from the
leaves collected from Imphal West, 21 isolates from Imphal East, 15 isolates from
Thoubal site, 13 isolates from Bishnupur site and 13 isolates from Senapati district. The

isolates were cataloqued according to the site of isolation (Figure 1)
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Figure 1. Number of isolates obtained from the samples.
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4.2. Morphological, biochemical and physiological characteristics of the endophytic

bacterial isolates:

The isolates grown on Yeast Extract Mannitol Agar (YEMA) formed colonies
that were circular in shape, having entire margin and smooth surface texture. Both

opaque as well as translucent types were found. The details of the characters are given in
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Table 1.
Table 1. Morphological characteristics of the isolates
Sl Site Isolates  Origin  Shape of Margin  Elevation Color Surface Surface Opacity
No the Texture  Diameter
colony

1. Imphal AL1-1 leaves Circular Entire Raised Dark pink  Smooth 3mm opaque

West AL1-2 leaves Circular Entire Raised Off white  Smooth 3mm opaque

AL1-3 leaves Circular Entire Raised Off white  Smooth 3mm opaque
AL1-4 leaves Circular Entire Flat Off white  Smooth 2mm Translucent

AL1-5 leaves Circular Entire Convex Light Smooth 2mm opaque

yellow

AL1-6 Leaves Irregular Entire Flat yellow Rough 3mm Opaque

AL1-7 Leaves Regular Entire Flat Off white  Smooth 5mm Opaque

AL1-8 Leaves Regular Entire Flat orange Smooth 1mm Opaque

AL1-9 Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque

AL1-10  Leaves Regular Entire Flat orange Smooth 1mm Opaque

AL1-11  Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque

2. Imphal AL2-1 leaves Circular Entire Flat Orange Smooth 1mm Opaque

East AL2-2A  leaves Circular Entire Flat Yellow Smooth 0.5mm Opaque
AL2-2B leaves Circular Entire Flat Off white  Smooth 1mm Translucent

AL2-3 leaves Circular Entire Flat Yellow Smooth 2mm Opaque
AL2-4A leaves Circular Entire Flat Off white  Smooth 2mm Translucent

AL2-4B leaves Circular Regular Flat yellow Smooth 1mm Opaque

AL2-4C leaves Circular Regular Flat Yellow Smooth 2mm Opaque

AL2-4E leaves Circular Undulate Raised Yellow Rough 4mm Opaque

AL2-4F leaves Irregular Undulate Raised Off white  Rough 7mm Opaque
AL2-4G leaves Circular Regular Flat White Rough 2mm Translucent

AL2-5 leaves Irregular Entire Flat Orange Smooth 1mm Opaque

Al2-7TA leaves Irregular Entire Flat Orange Smooth 1mm Opaque

AL2-7B leaves Irregular Entire Flat Yellow Smooth 2mm Opaque

Al2-9 leaves Circular Entire Raised orange Smooth 2mm Opaque

Al2-10 leaves Circular Entire Flat White Smooth 3mm Opaque

AL2-13 leaves Circular Entire Flat Light Smooth 1mm Opaque

pink
AL2- leaves  Irregular  Undulate Flat brownish  Rough 3mm Opaque
14B

Al2-15 leaves Irregular Entire Flat Off white  Smooth 4mm Translucent

AL2-16 leaves Circular Entire Flat Pinkish Smooth 2mm Opaque
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AL2-17 leaves Circular Pin head Flat white Smooth 3mm Translucent

AL2-18 leaves Irregular Lobate Flat yellow Smooth 2mm Translucent
3. Thoubal AL3-1 leaves Circular Undulate Flat Yellow Smooth 3mm Opaque
AL3-2 leaves Circular Entire Convex Yellow Smooth 1mm Opaque
AL3-3 leaves Circular Entire Convex  Off white  Smooth 2mm Opaque
AL3-4 leaves Circular Entire Flat white Smooth 5mm Opaque
AL3-5 leaves Circular Lobate Flat Off white  Smooth 2mm Opaque
AL3-7 leaves Irregular Lobate Flat Off white  Smooth 2mm Opaque
AL3-8 Leaves Regular Entire Flat orange Smooth 1mm Opaque
AL3-9 Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque
AL3-10  Leaves Regular Entire Flat orange Smooth 1mm Opaque
AL3-11  Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque
AL3-12  Leaves Regular Entire Flat orange Smooth 1mm Opaque
AL3-13  Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque
AL3-14  Leaves Regular Entire Flat orange Smooth 1mm Opaque
AL3-15 Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque
AL3-16 Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque
4, Bishnup  AST4-1 Stem Irregular Lobate Flat white Rough 6mm Opaque
ur AST4-2 Stem Irregular Lobate Flat Off white  Smooth 2mm Opaque
AST4-3 Stem Irregular Undulate Flat white Rough 3mm Opaque
AST4-4 Stem Irregular Undulate Flat Off white  Rough 4mm Opaque
AST4-5 Stem Irregular Undulate Flat Off white  Rough 3mm Opaque
AST4-6 Stem Irregular Undulate Flat white Rough 3mm Opaque
AST4-7 Stem Irregular Undulate Flat Off white  Rough 2mm Opaque
AST5-1 Stem Irregular Lobate Flat Off white  Smooth 2mm Opaque
AST5-2 Stem Irregular  Undulate Flat white Rough 3mm Opaque
AST5-5 Stem Irregular Undulate Flat Off white  Rough 4mm Opaque
AST5-6 Stem Irregular Undulate Flat Off white  Rough 3mm Opaque
AST5-7 Stem Irregular Undulate Flat white Rough 3mm Opaque
AST5-9 Stem Irregular Undulate Flat Off white  Rough 2mm Opaque
5. Senapati AL6-1 Leaves Irregular  Rhizoidal Flat Off white  Smooth 4mm Opaque
AL6-2 Leaves Irregular Entire Flat Off white  Smooth lmm Opaque
AL6-3 Leaves Irregular Entire Flat Greenish ~ Smooth 3mm Opaque
AL6-4 Leaves Irregular Entire Flat white Rough 10mm Opaque
ALB-5 Leaves Irregular Entire Raised Light Rough 6mm Opaque

orange

AL6-6 Leaves Irregular Entire Flat yellow Rough 3mm Opaque
ALB-7 Leaves Regular Entire Flat Off white  Smooth 5mm Opaque
AL6-8 Leaves Regular Entire Flat orange Smooth 1mm Opaque
AL6-9 Leaves Regular Entire Flat Greenish ~ Smooth 3mm Opaque
AL6-10  Leaves Regular Entire Flat Pinkish ~ Smooth 2mm Opaque
AL6-11 Leaves Regular Entire Flat Off white  Smooth lmm Opaque
AL6-12 Leaves Regular Entire Flat Pinkish Smooth 2mm Opaque
AL6-13  Leaves Regular Entire Flat Off white  Smooth 1mm Opaque

The colonies of isolate AL2-14B isolated from the leaves, appeared as irregular,

undulated, flat, rough, brownish in colour, opaque and diameter of 3mm. The colonies of

AL2-16, an isolate from leaves, appeared as circular, entire, flat, pinkish, smooth and

opaque and diameter of 2mm. Colonies of AST5-2 appeared as irregular, undulated, flat,

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.



Page |63

off-white, rough, opaque and diameter of 3mm. Colonies of AL6-10, appeared as regular,
entire, flat, dark pink in colour and diameter of 2mm (Table 1; Photoplate 1)

Table 2. Biochemical characteristics of the isolates

Isolates Cell Gram Stain  Indole MR VP Urease Catalase  Oxidase Citrate
Shape
AL1-1 Cocci - - - + + + n ¥
AL1-2 Cocci - - — - + + + +
AL1-3 Cocci - - - - + + + +
AL1-4 Cocci - — + - + + + +
AL1-5 Cocci - - - — + + + +
AL1-6 Cocci - + - - + - + +
AL1-7 Cocci - - - _ + + + _
AL1-8 Cocci - - - - + + + _
AL1-9 Cocci - - + _ + + _ _
AL1-10 Cocci - - + - + + + +
AL1-11 Cocci - - - - + - + +
AL2-1 Cocci - - + + + + + +
AL2-2A Cocci - — + + + + + +
AL2-2B Cocci - - - _ - — _ _
AL2-3 Cocci - - - - + + + _
AL2-4A Cocci - - - - + + + +
AL2-4B Cocci - — - - + + + +
AL2-4C Cocci — + — _ + _ _ +
AL2-4E Cocci - + - - + - + +
AL2-4F Cocci - - - - + + + —
AL2-4G Rod - - — _ + + + +
AL2-5 Rod - - + _ + + _ +
Al2-7A Cocci - - + - + + + +
AL2-7B Rod - - - _ + _ + +
Al2-9 Cocci - - + - - - _ +
Al2-10 Cocci - — - - + + - +
AL2-13 Cocci - - + _ + + + _
AL2-14A Cocci - - + - + + — _
AL2-14B rod - + + - + + + +
AL2-15 Cocci - - - + _ _ +
AL2-16 rod - + + - + + _ +
AL2-17 Cocci - - — + + + + _
AL2-18 Cocci - - + - + + + +
AL3-1 Cocci - - - - + + + —
AL3-2 Cocci - - + - + + + +
AL3-3 Cocci — — — _ + + _
AL3-4 Rod - - - - + + + _
AL3-5 Cocci - - — + + + + _
AL3-7 Rod - - + _ + _ +
AL3-8 Rod - - + - + + + +
AL3-9 Cocci - — - — + + + _
AL3-10 Cocci - — + - + + + +

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.



Page | 64

AL3-11
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Photoplate 1: Colony characteristics
A. Colony characteristic of AL2-16,
B. Colony characteristic of AL6-10,
C. Colony characteristic of AST5-2
D. Colony characteristic of AL2-14B.
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Photoplate 2. Photomicrograph of morphological characteristics. A) AL2-16, B)
AST5-2, C) AL6-10, D) AL2-14B at 1000X magnification as observed after Gram’s

staining.

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.



Page |67

Photoplate 3. Biochemical characteristics. A) Indole test

B) Citrate test C) MR-VP test
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Out of 73 isolates, 83% (61) isolates were facultative anaerobes, 6.8% (5) isolates
were aerobes and only 5.4% (4) were obligate aerobes. All the isolates were able to grow
well at 0.5% NaCl concentration, and even survive up to a range of 2-5% NacCl
concentration. None of the isolate was able to grow at 20% NaCl concentration. All the
isolates grew well at pH 6 and 7, however no isolate was able to grow at pH 4 and 5
(Table 3).

AL2-14B was Gram negative rod, indole, catalase, urease, citrate and oxidase
positive and methyl red and VVoges-Proskauer negative. It was able to ferment glucose but
found negative for other carbohydrates such as fructose, mannitol, sucrose, cellulose and
maltose. It was facultative anaerobe, able to grow well at a range of 0.5-5% NaCl
concentration and pH of 6 and 7 (Table 2; Table 3; Photoplate 1; Photoplate 2).

AL2-16 was Gram negative, rod in shape, indole, catalase, urease, citrate and
oxidase positive and methyl red and Voges-Proskauer negative. It was able to ferment
glucose, fructose, mannitol, sucrose, and maltose but found negative for cellulose. It was
facultative anaerobes, able to grow well at a range of 0.5-5% NaCl concentration and pH
of 6 and 7 (Table 2; Table 3; Photoplate 1; Photoplate 2).

AST5-2 was Gram positive in nature, indole, oxidase, citrate, methyl red, urease
positive; catalase and VVoges-Proskauer negative. It was able to ferment glucose, fructose,
sucrose, but found negative for maltose, lignin and mannitol. It was facultative
anaerobes, able to grow well at a range of 0.5-5% NaCl concentration and pH of 6 and 7
(Table 2; Table 3; Photoplate 1; Photoplate 2).

AL6-10 was Gram negative, rod in nature; urease, citrate, catalase and oxidase

positive whereas indole, methyl red and VVoges-Proskauer negative. It was able to ferment
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glucose, fructose, sucrose, but found negative for maltose, lignin and mannitol. It was
facultative anaerobes, able to grow well at a range of 0.5-5% NaCl concentration and pH
of 6 and 7 (Table 2; Table 3; Photoplate 1; Photoplate 2).
4.3. Preliminary screening for plant growth bioassays:

All the collected pure cultures were checked for Plant Growth Promoting (PGP)
attributes such as Indole Acetic Acid production (IAA), Phosphate solubilization,
Siderophore production, Nitrogen fixation and Ammonia production. The results are
presented in Table 4.

Table 4. Plant growth promotion assay

Isolate IAA Production Siderophore PO, N, Fixation Ammonification
(Mg/ml) Production solubilization
AL1-1 12.008 - + + ++
AL1-2 11.7 - + + ++
AL1-3 8.9 - - + ++
AL1-4 9.2 - + - ++
AL1-5 7.51 - ++ + ++
AL1-6 6.20 - - + ++
AL1-7 7.18 - - + ++
AL1-8 4.79 - + + ++
AL1-9 10.01 - + + ++
AL1-10 12.88 - - - ++
AL1-11 11.76 - + - +
AL2-1 5.22 - ++ + +
AL2-2A 6.25 - + + +
AL2-2B 9.01 - - + ++
AL2-3 8.34 - - - +
AL2-4A 4.98 + + - +
AL2-4B 5.67 - + + ++
AL2-4C 8.72 - - + +
AL2-4E 12.126 + - + ++
AL2-4F 5.33 - - + +
AL2-4G 7.11 - - + +
AL2-5 8.33 - - + +
Al2-7A 9.01 - - + ++
AL2-7B 5.475 - + - ++
Al2-9 8.2 - - - +
Al2-10 7.65 - - + +
AL2-13 12.502 - - + +
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AL2-14A
AL2-14B

AL2-15
AL2-16
AL2-17
AL2-18
AL3-1
AL3-2
AL3-3
AL3-4
AL3-5
AL3-7
AL3-8
AL3-9
AL3-10
AL3-11
AL3-12
AL3-13
AL3-14
AL3-15
AL3-16
AST4-1
AST4-2
AST4-3
AST4-4
AST4-5
AST4-6
AST4-7
ASTS5-1
ASTS5-2
ASTS5-5
AST5-6
AST5-7
AST5-9
AL6-1
ALG6-2
ALG6-3
ALG6-4
ALG6-5
ALG6-6
ALG6-7
ALG-8
ALG-9
ALG6-10
AL6-11
AL6-12

7.35
23.01
6.45
31.361
7.12
5.6
6.4
5.36
8.01
7.11
6.54
11.78
5.76
10.11
9.56
4.4
3.2
5.09
3.64
9.34
7.81
7.12
10.09
4.54
11.11
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AL6-13 3.01 - - +++

++

All the endophytes were found to release IAA in presence of 0.2% L-tryptophan.
The 4 isolates namely, AL2-14B, AL2-16, AL6-10 and AST5-2 produced 23.01, 31.361,
19.32, 21.112 pg/ml of 1AA respectively, which was found to be higher than any other
isolates. These isolates have shown good halozone size for siderophore production in
CAS agar medium and phosphate production in Pikovskaya’s agar medium. And also
these isolates were able to grow on nitrogen free media which was indicative of their
ability to fix atmospheric nitrogen. The Ny-fixing ability was further quantified by

Acetylene Reduction Assay (ARA) for selected isolates (described later).

O1AA production

B Siderophore
production

B P-solubilization

B N-fixation

B Ammonia production

Figure 2. Pie chart represents the ability of plant growth promoting attributes.
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In initial screening, all the endophytic isolates from A. aspera were found to
released IAA and has the ability of ammonification (100%). 84.93% of endophytes were
able to fix atmospheric nitrogen, while 49.31% of endophytes solubilized tricalcium
phosphate. Only 12.32% of endophytes showed halozone on CAS agar medium which

was indicative of their siderophore production ability (Figure 2).

Siderophore P-solubilization

N-fixation

Figure 3. Venn diagram depicting the overlap of multiple PGP traits among
isolates.

From the figure 3, it may be summarized that 54.1% of the isolates have the
ability to produced IAA and also fixed atmospheric nitrogen, 21.6% of the isolates
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produced IAA along with phosphate solubilization and nitrogen fixation. 4.1% of isolates
had IAA along with phosphate solubilization activity. 2.7% isolates produced siderophore
along with 1AA production. 6.8% of isolates have IAA and siderophore production along
with phosphate solubilization Only 1 isolate produced IAA, siderophore and showed

phosphate solubilization.

Photoplate 5. Siderophore Production in CAS broth

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.
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Photoplate 6. Ammonia production in peptone broth

4.4. Molecular identification of the isolate

On the basis of initial screening of PGP attributes, four isolated were selected for
further studies i.e. AL2-14B, AL2-16, AL6-10 and AST5-2. Identification of the bacterial
isolates was carried out with HiPurA Bacterial DNA isolation Mini Kit. The primers 27F
(5’>-CAGAGTTTGATCCTGGCT-3") and 1492R (5’-AGGAGGTGATCCAGCCGCA-
3’) were used for amplification of 16S rRNA gene. A specific bands were formed at 1500

bp which confirmed the bacterial 16S conserved region (Photoplate 7).
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-AL6-10

-ASTS-2

L
1-
3

Photoplate 7. Gel image of 16S rRNA amplification of four isolates in1%

Agarose gel.

The 16S rRNA was sequenced. The respective sequences (in NCBI GenBank formate)

and phylogenetic tree of four isolates are given below
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The 16S rRNA sequence of AL2-14B is given below.

Pseudomonas sp. strain aeruginosa 16S ribosomal RNA gene, partial sequence

GenBank: KY087983 1
FASTA  Graphics

LOCIS EY087983 1200 bp DHA linear BCT 13-NCOV-201&

DEFINITICN Pseudomonas sp. strain aeruginosa 165 ribosomal ENA gene, partial
Sequence.

ACCESSICN EY087T983

VRERSTON REYORTaR3.1

EEYWCRDS .

SCOURCE Pzeudomonas sp.

CRGANISHM Pseudomonas sp.
Bacteria; Protecbacteria; Gammaprotecbacteria; Pseudomonadales;
Pzeudomonadaceae; Pseudomonas.

REFERENCE 1 (bases 1 to 1200)

LUTHCRS Ehaidem,2. and Pandey,P.

TITLE Direct Submission

JOURNAL Submitted (08-NCV-2016) Department of Microbiology, Assam
Universitcy, Silchar, Durgakona, Silchar, Assam 728011, India

COMMENT $ilssemkblyv-Data-STRARTE:
Sequencing Technology :: Sanger dideoxy sequencing
$#%#Lszembly-Data-END##
FELTUEES Location/Qualifiers
source 1..1200

Jorganism="Pseudomonas sp."
/mol_type="genomic DNA"
festrain="aeruginosa"
fisolation_soarce="plant"
fhost="Plant"
/db_xref="taxon:308"
<1..>1200

fproduct="165 ribo=somal RNA4"

ORIGIN

1 gocttataaca caatttgcaa agtcggagcd gatgaaggga gottgotocct ggattcagog

6l gcggacgggt gagtaatgocc taggaatctg coctggtagtg ggggataacg tocggaaacg
121 ggecgeotaata cogoatacgt cctgagggag alagtggggg atcttoggac ctcacgetat
181 cagatgagcec taggtcocggat tagotagbtg gtggggtaaa ggoctaccaa ggocgacgatc
241 cgtaactggt ctgagaggat gatcagtcac actggaactg agacacggtc cagactcocta
301 cgggaggoag cagbtggggaa tattggacaa tgggogaaag cctgatccag ccatgoocgog
361 tgtgtgaaga aggtcttogg attgtaaagec actttaagtt gggaggaagg goagtaagtt
471 aataccttge tgttttgacg ttaccaacag aataagcace ggotaacttc gtgocagoag
481 cocgoggtaat acgaagggtg caagogttaa toggaattac tgggogtaaa gogogogtag
541 gtggttcagc aagttggatg tgaaatcccc gggcoctcaacc tgggaactgo atccaaaact
601 actgagctag agtacggtag agggtggtgg aatttcctgt gtagocggtga aatgogtaga
661 tataggaagg aacaccagtg gogaaggoga ccacctggac tgatactgac actgaggtge
721 gaaagcgtgg ggagcaaaca ggattagata coctggtagt ccacgoccgta aacgatgtcog
781 actagccgtt gggatccttg agatcttaght ggogocagota acgogataag tocgaccgoct
841 ggggagtacg ggoocgcocaggg ttaaaactca atgaattghbc aggggoccgc acaagoggtg
901 gagcatgbgg tttaatttca aacaacgogc agaaccttac ctgggottga catgotgaga
961 actttccaga gatgtattgg tgocttoggg aactcagaca cagghbgotge atgggotgto
1021 gtcocagotcoty togtgagatyg ttgggttaag toococghtaco acccaacott goococttagta
1081 cgactctogy tggtcactct aggaaactgc cgtgacaace cggagoaagy tgggatgacyg
1141 ttecagtgtta tgggocttac gogocaaggcat accacgtgot goatgogteg gtacataggg
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100 | Pseudomonas nitroreducens DSM 14399T/AMO83474
| Pseudomonas nitntireducens WZBFD3-5A2T/HM246143

Pseudomonas panipatensis Esp-1T/EF424401
IPseudommas citroneliolis DSM 50332T/Z76659

100 | Pseudomonas delriensis RLD-1T/DQ339153
Pseudomonas stutzeri ATCC 17588TICP002881
— " — Pseudomonas guariconensis PCAVU11TIHF674459
Pseudomonas benzennorans DSM 8626T/FM208263
Pseudomonas indoloxydans IPL-1TIDQ916277
83 Pseudomonas alcaligenes NBRC 14159T/BATI01000076
] Pseudomonas inyingensis LYBRD3-7T/IHM246142
—] “——————Pseudomonas ofitidis MCC10330T/AY953147
Pseudomonas resinovorans LMG 2274TIZ76668
Pseudomonas indica IMT37TIAF302795

= AL2-14B
100 lPseudomonas aenuginosa JOM 5962TBAMAQ1000316

—
0.005

L

Figure 4. Phylogenetic analysis of 16S rRNA sequences of the bacterial isolate AL2-14B
isolated from A. aspera L. The analysis was conducted with MEGAG6 using neighbor-
joining method.

The results of the BLAST search of the 16S rRNA gene sequences indicated
AL2-14B isolate as closely related to Pseudomonas aeruginosa. A phylogenetic tree was
constructed on the basis of 16S rRNA sequence homology. AL2-14B clustered with P.
aeruginosa JCM 5962T/ BAMAO01000316 and these two were closely related to P. indica
IMT37T/AF302795. All type strains clustered in 3 major and 2 minor clades. Based on
phylogenetic analysis, AL2-14B was identified as P. aeruginosa, maximum similarity
was observed with isolate P. aeruginosa JCM 5962T/ BAMA01000316 (Figure 4). Strain

AL2-14B clustered with P. indica and P. aeruginosa.

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.



The 16S rRNA sequence of AL2-16 is given below

Serratia sp. strain marcescens 16S ribosomal RNA gene, partial sequence

GenBank: KY087982.1

FASTA

LOCUS
DEFINITION

RCCESSION
VERSION
KEYWORDS
SOURCE
ORGANISH

REFERENCE
LIUTHCRS
TITLE
JOURNAL

COMMENT

FERTURES
sourc

CRIGIN

Graphics

KYOBTa82
Serratia
sFequence.
KEYOBTa82
EYO8TO82,

Serratia

=p.

sp.

Serratia sp.

Bacteria;
Yersiniac
1 (bases
Fhaidem, &

Submitted
Uniwversic

Proteobacteria;
Serratia.

eae;
1 to 957)

357 bp

. and Pandey,P.
Direct Submission

(08-NOV-2018)

¥, Silchar,

Durgakona,

$#h=ssembly-Data-START##

Sequencing Technology

$3L=zembly-Data-ENDE#
Location/Qualifiers

e

[elefefelelefefolete
tgggtgacga
actactgogasa
ggcctottgo
ctaggcgacyg
gtccagactc
cagccatgec
aggtggtgaa
toccgtgocag
aaagcgoacg
tgcatttgaa
tgaaatgogt
gacgctcagg
TOTaEaECTAT
taaatcgacc
goacaagogg

1..957

DA

Gammaproteobacteria;

Silchar,

Jforganism="5Serratia sp."
/mol type="genomic DHA"
fstrain="marcescens"
fisolation_soarce="plant"
fhost="Plant"

fdb xref="taxon:&1&"

<1l..»357

fproduct="165 ribosomal ENA"

accgottaaa
gocggcggacy
acggtagcta
catcagatgt
atcccoctaget
ctacgggagy
gogtgtgtga
cttaatacgt
cagococgoggt
caggoggttt
actggcaageo
agagatctgg
tgocgaaaago
gtcgatttgg
goctgggagt
tggagcatgt
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acatgcaagt
ggtgagtaat
ataccgcocata
gocccagatgg
gutctgagag
cagcagtogy
agaaggcctt
tcatcaattg
aatacggagg
gttaagtcag
tagagtctocg
aggaatacog
gtogggyagca
aggttgtgcco
acggccgcaa
ggTTLaatLC

cgagoggtag
gtctgggaaa
acgtcgcaag
gattagctag
gatgaccagc
gaatattgca
cgggttgtaa
acgttactcg
gtgcaagegt
atgtgaaatc
tagagogoog
gtggcgaagg
sacaggatta
cttgaggcgt
ggttaaaact
gatgcaccgc

linear

Enter

Department of Microbiology,
A=zsam 788011,

Sanger dideoxy sequencing

cacaaggoga
ctgococtgatg
accaaagagg
TaggTggggr
cacactggaa
caatgggcgce
agcactttca
cagaagaagc
taatcggaat
cccgggotca
tagaattcca
cggococccotg
gataccctgg
ggcrttocogga
caatgaattg
gaaaacctta
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BCT 13-HOV-2016
ztrain marcescens 165 rikbosomal RNL gene,

partial

obacterales;

L=z=am
India

gottgoteoce
gagggggata

gggaccttog
aatggctcac
ctgagacacg
aagcocctgatyg
gocgaggagoa
accggctaac
tactgggegt
acctgggaac
gotgtagogg
gacgaagact
tagtccacgc
gotaacgogt
acgogggcoc
cotactc
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The 16S rRNA sequence of AL6-10 is given below

Serratia sp. strain marcescens 16S ribosomal RNA gene, partial sequence

GenBank: KY087984 1
FASTA  Graphics

LOCUs KY087984 1200 bp DN linear ECT 13-NCV-2016

DEFINITICH Serratia sp. strain marcescens 165 ribosomal RNA gene, partial
sequence.

ACCESSICN KY0O87984

VERSICN KY087984.1

KEYWCRDS .

SCURCE Serratia s=p.

CRGANISM Serratia sp.
Bacteria; Protecbacteria; Gammaproteokbacteria; Entercbacterales:
Yersiniaceae; Serratia.

REFERENCE 1 (bases 1 to 1200)

RUTHCRS Ehaidem,%. and pandey,P.

TITLE Direct Submission

JOURNAL Submitted (08-NCV-2016) Department of Microbiology, Assam
Uniwver=sity, Silchar, Durgakona, Silchar, Assam T88011, India

COMMENT $##Lssembly-Data-START#%
Sequencing Technology :: Sanger dideoxy sequencing
$%Lzsembly-Data-ENDE$
FERTURES Location/Qualifiers
=ource 1..1200

Jorganism="5erratia sp."
/mol_type="genomic DNA"
J/strain="marcescens"
/isolation_soarce="plant”
Jhost="Flant™
fdb_xref="taxon:gle"
<1,.»1200

/product="165 ribosomal RNA"™

CRIGIN

1 gaaggcocatga agggtgocgocg cttataacat gocaagtcocgag cggtagocaca aggggagott

6l gcotcoooctggy tgacgagogy COgacgUgty agtaatgtct gggazactgc ctgatggagy
121 gogataacta ctggaaacgy tagctaatac cgcataacgt ogcaagacca aagagoogga
181 cecttegggee tottgecate agatgtgeocc agatgggatt agetagtagg tggggtaatg
241 gctcacctag gogacgatcc ctagotggtc tgagaggatg accagocaca ctggaactga
301 gacacggtcc agactoctac Jgogdaggcadc agtggggaat attgcacaat gggocgcaage
361 ctgatgoage catgocogogt gtotgaagaa gUccttcggy ttgtaaageoa ctttocagoga
421 goaggaaggt ggtgaactta atacgctcat caattgacgt tactcocgcaga agaagcaccy
421 gctaactcoocg tgccagcagc cgcggtaata ocggagootgc 2agcogttaat cggaattact
541 gogcocgtazaag cgcacgcagy CcOgrttgtta agtcagatgt gaaatccococy ggctcaacct
601 gggaactgeoa tttgaaactg goaageotaga gteoteogtaga ggggggtaga attccaggtg
661 tagcggtgaa atgogtagag atctgoagga ataccggtgy cgaaggocggc cococtggacyg
721 zagactgacyg ctcaggtgcd 2aagogtogog Jagcaaacag gattagatac coctggtagte
781 cacgctgtaa acgatgtoga tttggaggtt gtgoccottga gogtoggocttc cggagcotaac
841 gcgttaaatc gaccgoctgd ggagtacggc cgcaaggtta aaactcaaat gaattgacog
901 gggeocegoac aagcggtgga goatgbtggtt taattogatyg caacgogaag aaccttacct
961 actcttgaca tccagagaac tttcoccagaga tggattggtbg cocttcgggaa ctoctgagaca
1021 ggotgcotgoat gotgtcgtca gotcogtgtgt gaaatgttgg gottagtocc gcacgagogco
1081 accctatectt tgttgocogog gitcggocgg taactcatgg aaactgocagt gatatatgtg
1141 aggtacgtgg gatgacgtca gtcatcatgg tcccttacaa gtatgettac acggtctgac
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——AL2-16{KY087982)

Serratiasp. D3SM571 KT183566
Serratia marcescens RCB316 KT260528
Serratiamarcescens 5308 KPT18760
Serratiamarcescens DSIP-2 KJ631129
Serratiamarcescens SM2611KT741016
Serratiamarcescens FZSF02 KIU145144

Serratia marcescens subsp. sakuensis AB081685

51ALG-10(KY087984)

Serratia marcescens subsp. marcescens...

7 ISerratia marcescens JF1 KC171984
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Serratiamarcescens B8 KY454856

43

Serratiarubidaea ABOD4751

&2 —————————— Serratia odorifera DSM4582 AJ233432
o5 ,—M233428 Serratiaficaria DSM4569
33l serratia entomophila DSM 12358 AJ233427

Serratia nematodiphilaDZ05035B51 EUQ...
13‘{

Serratia ureilytica strain Miva 51T A...

94

Enterobacter soli strain LF7 GUE14270

o7 _I:Cedecea neteri ABO2G230
44 Klebsiella planticola strain ATCC 335...

Figure 5. Phylogenetic analysis of 16S rRNA sequences of the bacterial isolate AL2-
16 and AL6-10 isolated from A. aspera L. The analysis was conducted with MEGAG6
using neighbor-joining method.

The evolutionary history was inferred using the Neighbor-Joining method (Saitou and

Nei, 1987). The optimal tree with the sum of branch length = 0.12083594 is shown. The

percentage of replicate trees in which the associated taxa clustered together in the

bootstrap test are shown next to the branches (Felsenstein, 1985). The tree is drawn to

scale, with branch lengths in the same units as those of the evolutionary distances used to

infer the phylogenetic tree. The evolutionary distances were computed using the

Maximum Composite Likelihood method (Tamura et al., 2004) and are in the units of the

number of base substitutions per site. All positions containing gaps and missing data were
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eliminated from the dataset (Complete deletion option). There were a total of 815
positions in the final dataset. Phylogenetic analyses were conducted in MEGAG6 (Tamura
etal.,, 2011).

The results of the BLAST search of the 16S rRNA gene sequences indicated
AL2-16 isolate as closely related to Serratia marcescens. Based on the phylogenetic tree
constructed with the 16S rRNA similarity (%), it was identified as Serratia marcescens,
maximum similarity was observed with isolate Serratia marcescens subsp. Sakuensis
AB061685. Strain AL6-10 was also found to be closely clustered with Serratia

marcescens subsp. Sakuensis and Serratia marcescens subsp.marcescens (Figure 5).
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The 16S rRNA sequence of AST5-2 is given below

Bacillus sp. strain methylotrophicus 16S ribosomal RNA gene, partial sequence

GenBank: KY0B87985.1
EASTA  Graphics

Go to

LOCUS KYO8T985 882 bp DNZ linear BCT 13-NCV-2016

DEFINITICH Bacillus sp. strain methylotrophicus 165 ribosomal RNA gene,
partial sequence.

LCCESS5ICH KY0O87985

VERSICN KY087985.1
KEYWCRDS
SCURCE Bacillus sp.

CRGANISM Bacillus sp.
Bacteria; Firmicutes; Bacilli; Bacillales; Bacillaceae; Bacillus.
REFERENCE 1 (bases 1 to 882)
AUTHCRS Ehaidem,A., and Pandey,P.
TITLE Direct Submission
JOURNRL Submitted (08-NOV-2016) Department of Microbiology, RAssam
University, Silchar, Durgakona, Silchar, Assam 788011, India

COMMENT ##Lssenbly-Data-START#3
Sequencing Technology :: Sanger dideoxy sequencing
$#Lzzembly-Data-END$#
FEATURES Location/Qualifiers
source 1..882

/organism="Bacillus sp."
/mol_type="genomic DNA"
J/atrain="methylotrophicus"
fisolation_source="plant"
/host="Plant"
/db_xref="taxon:
<l..»882
Jproduct="185 ribosomal RNA"

an

CRIGIN

1 ctaatgaaga cagttgtcaa cgtgcocggacy cggacaaaty gUagottgct coctgatgtt
61 agocgogocggac gogtgagtaa cacgtgggta acctgoctgt aagactggga taactocogg
121 aaaccgoggc taataccgga toOttotttg aaccgcatgg ttcagacata aaaggtogct
181 teggotacca cttacagatg gaccocgoggc goattagota gitgotgagg taacggotca
241 ccaaggcogac gatgogtagc cgacctgaga ggotgatcgg ccacactggg actgagacac
301 gogcccagact cctacgggag gcagcagtag ggaatcttoc goaatggacg aaagtctgac
361 ggagcaacgc cgcotgagty atgaaggttt toggatcgta aagoctotgtt gttagogaad
421 aacaagtgcc gttcaaatag ggoggoacct tgacggtace taaccagaaa gocacggota
481 actacgtgcc agcagocgog gtaatacgta ggtgocaagec gttgtcogga attattgoge
541 gtasag@gct COCAaggcOot ttcottaagtc tgatgtgaaa goccccocggct caaccgooga
601 ggotcattogg aaactogggoa acttgagtgc agaagaggag agbggaattc cacgbgtagco
661 ggtgaaatgc gtagagatgt ggaggaacac cagtggcgaa cgogactotc tggtctgtaa
721 ctgacgotga gagogaaage gtggggagoy aacaggatta tataccotgg tagtccacte
781 cgtaacgatg agtgcotaagt gttaggoggt ttcccccocct tatgotgcag ctaaacgoat
841 taagcactcc goctggggga gtacgttcca tagactgaaa ta
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Bacillus tequiensis KCTC 13622T/AYTO0 1000043

3
3"-_"[— Boacillus subtilts subsp. spzizenn NRRL B-23049T/CPO02905

23 | = Batilus alismodis DV 1-F-3TJHE00273
r~ Baciius subbiis subsp inaquosomum KCTC 13429T/ ANXND 1000021
,_3'-1 1|  — Bocillus mojovensis RO-H-1T/UHG00280

—{

87 '— Brewboctenum halotolerans DSM B302T/AMT47812

—— Bacilus subtiis subsp subtilis NCIB 3610T/ABQLO100000 1

Bacilius atsophacus JOM 90T0T/ABO21181

— T - Bacillus amyloliquedaciens subsp. amyloliquetaciens DSM TT/FNS07644

%l [
S T‘ ¢ Bacillus siamenss KCTC 13613TANFO 1000043
al 1—— ASIS-2

92— Bacillus methylotroptecus CBMB205TEU 194597

r— Bactius hchendomus ATCC 14580TAED17333

m {:8.301‘"', sonorensis NBRC 101234 T/AYTNO 1000016
5 Bacillus serms 24KTAJS31843

0002

Figure 6. Phylogenetic analysis of 16S rRNA sequences of the bacterial isolate AST5-
2 isolated from A. aspera L. The analysis was conducted with MEGAG6 using
neighbor-joining method.

The results of the BLAST search of the 16S rRNA gene sequences indicated
AST5-2 isolate as closely related to Bacillus substilis JX286682 with only 96%
similarity. However the phylogenetic analysis with the 16S rRNA similarity placed with
Bacillus methylotrophicus. CMBMZ205T/EU194897 (Figure 6). AST5-2 was therefore
identified as B. methylotrophicus however possibility of new species may not be rule out.
Most of the Bacillus sp. were placed together in one mega clustered including AST5-2, B.

substilis, B. siamensis being close to each other while B. substilis distantly placed in the

same mega clustered. Three other species of Bacillus formed a separate small clustered.
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The result for BLAST similarity sequence of 16s rRNA of AL2-14B, AL2-16, AL6-10
and AST5-2 were summarized in Table 5.

Table 5. Molecular characterization of the isolates

Isolates Length®  Most closely related organism

Species (strains) Accession no. % Gene
identity

AL2-14B 1200 Pseudomonas KY087983.1 99%
aeruginosa JF510526.1

AL2-16 957 Serratia marcescens KY087982.1 98%
KF938667.1

AL6-10 1200 Serratia marcescens KY087984.1 97%
KX852703.1

AST5-2 882 Bacillus substilis. KY087985.1 96%
JX286682.1

*Length: length of 16S rRNA gene sequenced.

4.5. In vitro tests for plant growth promoting (PGP) traits by endophytes:
4.5.1. Siderophore production assay:

Out of the selected four isolates, three isolates Pseudomonas aeruginosa AL2-
14B, Serratia marcensens AL2-16, Serratia marcensens AL6-10 were able to produce
siderophore by forming orange halo zone on CAS agar medium after 24 hours of
incubation. However, Bacillus methylotrophicus AST5-2 showed negative result

(Photoplate 8).
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Photoplate 8. Siderophore production A) Pink halozone shown by P. aeruginosa
AL14B, B) Pink halozone shown by S. marcescens AL6-10, C) Pink
halozone shown by
S. marcescens AL2-16.

Photoplate 9.Types of Siderophore A) Catecholate and hydroxamate production by P.
aeruginosa AL2-14B, B) Catecholate production by S. marcescens AL2-
16, C) Catecholate production by S. marcescens AL6-10

Estimation of siderophore production in iron free succinate medium, was
confirmed by the instant decolourization of CAS reagent from blue to orange.
Siderophore production by isolates P. aeruginosa AL2-14B, S. marcescens AL2-16, S.
marcescens AL6-10 was quantified in succinate medium.

The siderophore production by P. aeruginosa AL2-14B was initiated after 24

hours of incubation during the growth phase. Synthesis of siderophore continued till the
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end of stationary phase and was reduced with initiation of death phase. Siderophore
production was found maximum (71.806%) at 72 hours with growth was maximum

(Figure 7).

80 r 2.5

Growth (0.D. 600nm)

——Siderophore production

Siderophore Production (% Units)
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Figure 7. Quantitative estimation of siderophore release by P. aeruginosa AL2-14B
against growth of bacteria.
S. marcescens AL2-16 produced maximum siderophore at 48 hours of incubation
period with 74.931% siderophore production. It was evident that the siderophore
production was high at late log phase, and amount of siderophore release was in

accordance with the growth profile of isolates (Figure 8).
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Figure 8. Quantitative estimation of siderophore release by S. marcescens AL2-16
against growth of bacteria.

S. marcensens AL6-10 also released maximum siderophore at 48 hours of
incubation with 80.72% sierophore production. The growth of the isolate and its
production of siderophore simultaneously increased till 48 hours and gradually decreased

at same time (Figure 9).
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Figure 9. Quantitative estimation of siderophore release by S. marcescens AL6-10
against growth of bacteria.

Siderophore type determination:

When cell free supernatant of P. aeruginosa AL2-14B was subjected to Arnow’

assay, it gave light pink which confirmed the presence of catecholate type of siderophore.

And also it gave light orange colour in FeCls test, which confirmed the presence of
hydroxamate type of siderophore. Both Serratia marcescens AL2-16 and AL6-10 gave

pink colour in Arnow’s assay which indicated the presence of catecholate type of

siderophore (Photoplate 9).

4.5.1.1 Effect of growth medium on siderophore release:

The effect of medium on siderophore production was studied in four different

media i.e. Succinic medium (SM), Luria bertani broth (LB), Nutrient broth (NB) and

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.
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Yeast Extract Mannitol broth (YEMB). SM was found to be the best medium with
maximum siderophore release for all the three isolates (P. aeruginosa AL2-14B-
71.806%, S. marcescens AL2-16-74.931%, S. marcescens AL6-10-80.720%). Based on
these results, SM was selected as the base medium for subsequent experiments (Figure

10, Figure 11, Figure 12).
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Figure 10. Effect of media composition on Siderophore production by P. aeruginosa
AL2-14B.
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Figure 11. Effect of media composition on Siderophore production by S. marcescens

AL2-16
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Figure 12. Influence of media composition on Siderophore production by S. marcescens

ALG6-10.
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4.5.1.2 Effect of Carbon Sources, Nitrogen Sources and Organic acids on

Siderophore production

Isolates were grown in Succinic medium supplemented with different carbon
sources - glucose, sucrose, mannitol, fructose and maltose one at a time. Fructose was
proved to be the best carbon sources resulting in appreciable amount of siderophore
production in all the three isolates. Fructose followed by sucrose and mannitol were
proved to be the best carbon sources resulting in appreciable amount of siderophore
production i.e. 87.975%, 84.568%, 72.534% by AL2-14B (Figure 13). Similarly, AL2-16
gave good amount of siderophore production (fructose-77.223%, glucose-73.584%,
sucrose-65.363 %) in different carbon source (Figure 14). AL6-10 also resulted in good
amount of siderophore unit in different carbon sources (fructose-87.735%, glucose-

85.309%, maltose-52.547%) (Figure 15).
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Figure 13. Effect of different carbon source on siderophore production by P. aeruginosa
AL2-14B.
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Figure 14. Effect of different carbon source on siderophore production by S. marcescens

AL2-16.
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Figure 15. Effect of different carbon source on siderophore production by S. marcescens

ALG6-10.
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Growth and siderophore biosynthesis were studied after replacement of the nitrogen
source ammonium sulfate in succinate medium by urea and sodium nitrate. Amongst
nitrogen sources, urea proved to be the best utilizable nitrogen source for maximum
siderophore peoduction by P. aeruginosa AL2-14B (Figure 16) whereas succinic acid
was best nitrogen source for both S. marcescens AL2-16 (Figure 17) and S. marcescens

ALG6-10 (Figure 18).
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Figure 16. Effect of nitrogen sources on siderophore production by P. aeruginosa AL2-
14B.
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Figure 17. Effect of nitrogen sources on siderophore production by S. marcescens AL2-

16.
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Figure 18. Effect of nitrogen sources on siderophore production by S. marcescens AL6-

10.
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Further, amendment of SM with different organic acids resulted in wide variation
in siderophore production. Malate was proved to be the best organic acid source resulting
in appreciable amount of siderophore production (81.683%) by P. aeruginosa AL2-14B,
followed by citrate and oxalate (Figure 19). In case of S. marcensens AL2-16, oxalate
showed highest siderophore production, followed by citrate and malate (Figure 20).
Whereas, in AL6-10, control (SM) served to be the best production of siderophore among

other orgaic acids (malate, oxalate and citrate) (Figure 21).
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Figure 19. Effect of different organic acids sources on siderophore production by P.
aeruginosa Al2-14B
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Figure 20. Effect of different organic acids sources on siderophore production by S.
marcescens AL2-16.
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Figure 21. Effect of different organic acids sources on siderophore production by S.
marcescens AL6-10.
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4.5.1.3. Effect of iron on siderophore release:

Siderophore production was considerably affected by the presence of iron in
medium. Initial increase in iron concentration induced siderophore production. Increase
in iron concentration resulted in successive decrease of siderophore production. The level
of iron in succinate medium (SM) at which siderophore synthesis was determined by
growing test culture in SM supplemented with iron as ferric chloride within the range of
0-30puM and growth along siderophore production was measured. Maximum siderophore
production was observed at the concentration of 1uM of iron by P. aeruginosa AL2-14B
(Figure 22) and S. marcescens AL2-16 (Figure 23) with the siderophore production of
70.007% and 83.483% respectively. However S. marcescens AL6-10 showed its
maximum production of siderophore (81.188%) at 0 uM of iron concentration (Figure
24).
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Figure 22. Effect of iron concentration on siderophore production by P. aeruginosa AL2-
14B
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Figure 23. Effect of iron concentration on siderophore production by S. marcescens

AL2-16.
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Figure 24. Effect of iron concentration on siderophore production by S. marcescens

ALG6-10.
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4.5.2. 1AA production assay:

Production of plant growth regulator (Indole Acetic Acid) by PGPB plays a direct
role in stimulation of plant growth. IAA production by selected isolates, P. aeruginosa
AL2-14B, S. marcescens AL2-16, S. marcescens AL6-10 and B. methylotrophicus AST5-
2 were studied by growing the isolates in YEM broth supplemented with different
concentration of L-Tryptophan (0%, 0.2%, 0.4%, 0.6%, 0.8 and 1.0%). The effect of
incubation period on IAA production was studied by withdrawing the samples from the
production media at every 24 h upto 168 h. IAA production was observed to be in
correlation to growth, and maximum IAA production was observed at 96 h (114.79
pg/ml) by P. aeruginosa AL2-14B (Figure 26) and S. marcescens AL6-10 (107.56
pg/ml) (Figure 30). In case of S. marcescens AL2-16, IAA production was found
maximum at 144 h with the production of 133.2 pg/ml (Figure 28), however B.
methylotrophicus AST5-2 showed its maximum production of 1AA (102.26 pg/ml) at 48
h of incubation (Figure 31). The 1AA production were in the range of 6.64 pg/ml —
114.79 pg/ml for P. aeruginosa AL2-14B, 0.8ug/ml — 133.2ug/ml for S. marcescens
AL2-16, 1.54 pg/ml-107.56 pg/ml for S. marcescens AL6-10 and 1.56 pg/mL-102.26
pg/ml in case of B. methylotrophicus AST5-2. 1.0 % concentration of L-Tryptophan was
found to be optimum for IAA production by all the isolates except AST5-2 where it was
found to be maximum at 0.6% L-Tryptophan. IAA production decreased at higher

concentrations of tryptophan.
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Figure 25. Quantitative estimation of IAA produced by P. aeruginosa AL2-14B at

different L-tryptophan concentrations.
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Figure 26. IAA production profile of P. aeruginosa AL2-14B.
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Figure 27. Quantitative estimation of IAA produced by S. marcescens AL2-16 at
different L-tryptophan concentrations.
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Figure 28. IAA production profile of S. marcescens AL2-16.
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Figure 29. Quantitative estimation of IAA produced by S. marcescens AL6-10 at
different L-tryptophan concentrations.
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Figure 30. IAA production profile of S. marcensens AL6-10.
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Figure 31. Quantitative estimation of IAA produced by B. methylotrophicus AST5-2 at
different L-tryptophan concentrations.
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Figure 32. IAA production profile of B.methylotrophicus AST5-2
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4.5.3. Phosphate solubilisation:

The selected isolates solubilized tri calcium phosphate in Pikovskaya’s agar, forming
a clear halo around the colony after 48 h of incubation. The Phosphate Solubilization
Index (PSI) of P. aeruginosa AL2-14B, S. marcescens AL2-16, S. marcescens AL6-10
and B. methylotrophicus AST5-2 were found to be 7 mm, 4.6mm, 2.3 mm and 2.7 mm

respectively (Photoplate 10).

Photoplate 10: Phosphate solubilization on Pikovskaya agar medium
A) P. aeruginosa AL2- 14B; B) S. marcescens AL2-16; C) S. marcescens AL6-10
D) B. methylotrophicus AST5-2
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Quantitative analysis for phosphate solubilization was carried in Pikovskaya broth
and the p" of the liquid broth was also recorded simultaneously. The P-solubilization
initiated after 24 hours of incubation, reached its maximum at 144 hours (383 pg/ml) and
keep on decreased by P. aeruginosa AL2-14B. The range of soluble P-released by P.
aeruginosa AL2-14B was found between 200- 383 pg/ml, where the p" decreased from 7

to 3.9 (Figure 33).
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Figure 33. Phosphate solubilization by P. aeruginosa AL2-14B after different time
intervals. Soluble free phosphate concentration is given against primary Y axis, while
variation of pH in the culture medium is given at secondary Y axis. Standard deviation
showed as bars.
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S. marcescens AL2-16 showed its maximum released of free P at 72 hours of

incubation (259 pg/ml) at p™ 4.9. The soluble P was found to be in range of 96 to 259

ng/ml, however, the p™ of the broth drop to 4.9 from the initial value of p" 7.
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Figure 34. Phosphate solubilization by S. marcescens AL2-16 after different time
intervals. Soluble free phosphate concentration is given against primary Y axis, while
variation of pH in the culture medium is given at secondary Y axis. Standard deviation

showed as bars.
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Similarly, S. marcescens AL6-10 facilitated maximum released of soluble

phosphate at 72 hours of incubation (353 pg/ml) at p™ 4.3. The range was found from 106

to 353 ug/ml. Notably, lowering of p" of the culture broth was found to be correlated

with better P solubilization in S. marcescens AL6-10 (Figure 35).
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Figure 35. Phosphate solubilization by S. marcescens AL6-10 after different time
intervals. Soluble free phosphate concentration is given against primary Y axis, while
variation of pH in the culture medium is given at secondary Y axis. Standard deviation

showed as bars.
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The isolate B. methylotrophicus AST5-2 released 149 ug/ml of soluble phosphate
after 48 hours of incubation. The maximum P-solubilization was found at p" of 5.2. The
range of P solubilized was from 80 to 149 pg/ml, with the decrased of pH from initial the

p™ of 7 (Figure 36).
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Figure 36. Phosphate solubilization by B. methylotrophicus AST5-2 after different time
intervals. Soluble free phosphate concentration is given against primary Y axis, while
variation of pH in the culture medium is given at secondary Y axis. Standard deviation
showed as bars.
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4.5.4. Nitogen fixation

All the four selected isolates were able to grow on plates containing nitrogen-free
medium. This was further confirmed by Acetylene reduction assay by using Gas
chromatography-Flame lonization Detector (GC-FID) and nifH gene amplification.
Nitrogenase activity was quantified and it was found to be 1.8617, 2.523 and 32.968
nmol ethylene pg™ protein™ hr'' by P. aeruginosa AL2-14B, S. marcescens AL2-16 and
S. marcescens AL6-10 respectively which indicated varied nitrogen fixation efficiency of
different isolates. However ethylene production was not detected in case of B.
methylotrophicus AST5-2. Amplification of nifH gene was performed using the pair of
nifH specific universal primers to confirm diazotrophy of bacterial isolates on the
molecular level. However 3 out of 4 isolates showed amplification for nifH gene. The
desired amplicon of 781 bp corresponding to nifH gene was obtained by P. aeruginosa
AL2-14B, S. marcescens AL2-16 and S. marcescens AL6-10. The results are given in

Photoplate 11, Photoplate 12.
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Photoplate 11. A) Growth of the isolates in nitrogen free medium.
Acetylene reduction assay for Nitrogenase activity by
B) AL2-14B; C) AL2-16; D) AL6-10.
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Photoplate 12. Gel image of nifH gene amplification of four isolates.

4.6.  Colonization study of isolates from experimentally inoculated plants and its
effect on plant growth in Pot trial experiment:

Seeds germination started on 9" day by the emergence of radical and plumule.
Seeds germination was obtained maximum (29%) in half strength MS medium as
compared to full strength MS medium which germinated 22%. Seed germination status
depends on embryo potential. This potential depends on seed structure especially embryo
structure. Seeds without husk help in easy germination compared with husk coated seeds.
The germinated seeds were transferred to MS medium to get proper nutrient for growth
of the plant. After development of extensive root system and had 6 leaflets, the plantlets
were gradually acclimatized to natural environment and finally planted in sterile soil

under greenhouse conditions (26 + 2°C and 70% RH) (Table 6. Photoplate 13).
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Condition of seed Y2 MS+light Y MS+dark MS+light MS+dark
Seed+husk 10 10 15 11
Seed-husk 29 16 22 16

~T s

N ‘,v ‘.:,‘ki‘-f"‘-".
.1},”\‘73,_ 5

L :

Photoplate 13. In vitro propagation of A. aspera L. in germ free condition

A. Germination of A. aspera seeds on ¥2 MS
B. Transfer of germinated seeds on MS

C. Transfer of plantlets on soil for

acclimatization

The four potential isolates were re-isolated from infected seedlings of A. aspera

L. In addition, the morphological and physiological characteristics of the endophytic
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bacterium recovered after experimental inoculations were indistinguishable from the
colony morphologies of the inoculated organisms. This was further confirmed by 16S
sequence similarity of inoculated and recovered bacteria. 10 pL of 1.0.Dgyp was
inoculated into the homologous plant hosts and grown in the greenhouse. The population
of P. aeruginosa AL2-14B, S. marcescens AL2-16, S. marcescens AL6-10 and B.
methylotrophicus AST5-2 increased from 70x10° to 32.3x10', 16x10° to11.2x10°%,
43x10° to 52.7x10°, 10x10° to 51x10" CFU/g (fresh weight) between 3rd and 5th days
after inoculation (DAI) respectively. Further, All these isolates were not detected in
leaves till 3DAI, however after 5 DA, they were recovered from leaves as well as from
stem of bacteria-treated A. aspera plants. The representative control trials yielded no
indigenous bacteria. The results are presented in Table 7.

Table 7. Population of endophytic bacteria from A. aspera grown in greenhouse
condition

Final population of bacteria

Bacteria Initial population of )

bacteria as CFU/qg (fresh weight)

inoculated 3 DAI 5 DAI

Stem Leaf Stem Leaf Stem Leaf

AL2-14B 12.9x10° Nil 70x10° Nil 21x10®  11.3x10*
AL2-16 12.4x10° Nil 16x10° Nil 93x10®  18.9x10*
AL6-10 56.8x10° Nil 43x10° Nil 11x10° 41x10°
AST5-2 20.3x10° Nil 10%x10° Nil 7x10* 44x10°
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Photoplate 14. Population density study from experimental plants inoculated with
isolates

Inoculation of the endophytic bacteria into A. aspera plantlets.

Endophytic P. aeruginosa AL2-14B re isolated from the infected

plant

Endophytic S. marcescens AL2-16 re isolated from the infected

plant

Endophytic S. marcescens AL6-10 re isolated from the infected

plant

Endophytic B. methylotrophicus AST5-2 re isolated from the

infected plant

w >
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The experimented pot trials for the study of growth of A. aspera L inoculated
individually with the four potential isolates at different pots were harvested for a
total of 10 traits (Shoot length, Root length, No. of leaves, Fresh leaves weight, Dry
leaves weight, Fresh shoot weight, Dry shoot weight, Fresh root weight, Dry root

weight, Area of leaves), after 150 days of incubation.
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The study revealed that plants inoculated with P. aeruginosa AL2-14B showed
shoot length, root length, number of leaves, fresh leaves weight, dry leaves weight,
fresh shoot weight, dry shoot weight, fresh root weight, dry root weight and area of
leaves of 35.50+0.93, 22.86+1.63, 20.2+0.83, 0.50+0.12, 0.12+0.03, 3.38+0.64,
0.88+0.43, 1.02+0.53, 0.32+0.17 and 58.28+5.95 respectively with the control
having 20.50£2.5, 10.20+£2.28, 9.60+0.89, 0.26 +0.12, 0.05+0.023, 0.84+0.14,
0.15+0.02, 0.21+0.35, 0.04+0.005 and 24.77+2.11 respectively. The endophytic
bacteria treatment increased all growth parameters of A. aspera L. It significantly
(P<0.05) increased shoot length by 72.83%, fresh shoot weight by 302%, dry shoot
weight by 486%, fresh root weight by 385.71%, dry root weight by 700%, area of
leaves by 135.28% by P. areuginosa AL2-14B. The results are presented in Table 8,
Photoplate 15.

Table 8. Effect of P. aeruginosa Al2-14B on the growth characteristics of the A.
aspera L.

Parameters Control Inoculated with AL2-14B
Shoot length (cm) 20.54+2.5(a) 35.50+0.93(b)
Root length (cm) 10.20£2.28(a) 22.86+1.63(a)

No. of leaves 9.60+0.89(a) 20.2+0.83(a)

Fresh leaves weight (g) 0.26+0.12(a) 0.50£0.12(a)
Dry leaves weight (g) 0.05+0.023(a) 0.12+0.03(a)
Fresh shoot weight (g) 0.84+0.14(a) 3.38+0.64(b)

Dry shoot weight (g) 0.15+0.02(a) 0.88+0.43(b)
Fresh root weight (g) 0.21+0.35(a) 1.02+0.53(b)
Dry root weight (g) 0.04+0.005(a) 0.32+0.17(b)

Area of leaves 24.77£2.11(a) 58.28+5.95(b)

Each value is the mean of 5 plants. Values with the same letter within a row are not significant at P<0.05.
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Achyranthes aspera plants treated with S. marcescens AL2-16 significantly
(P<0.05) increased shoot length by 95%, fresh shoot weight by 602%, fresh root weight
by 438%, dry root weight by 675% and area of leaves by 127%. The untreated control
plant recorded shoot length, root length, number of leaves, fresh leaves weight, dry
leaves weight, fresh shoot weight, dry shoot weight, fresh root weight, dry root weight
and area of leaves to be 20.54+2.5, 10.20+2.28, 9.60+0.89, 0.26+0.12, 0.05+0.023,
0.84+0.14, 0.15+0.02, 0.21+0.35, 0.04+0.005 and 24.77+2.11 respectively after 150
days of plantation with the treated plant having 40.16+0.59, 21.31+0.72, 20.00£1.00,
0.63+£0.13, 0.14+0.018, 5.90+0.82, 1.76+0.25, 1.13+0.25, 0.31+£0.163 and 56.28+4.95
respectively. The results are presented in Table 9, Photoplate 15.

Table 9. Effect of S. marcescens AL2-16 on the growth characteristics of the A.
aspera L.

Parameters Control Inoculated with AL2-16
Shoot length (cm) 20.54+2.5(a) 40.16+0.59(b)
Root length (cm) 10.20£2.28(a) 21.31+0.72(a)

No. of leaves 9.60+0.89(a) 20.00+1.00(a)

Fresh leaves weight (g) 0.26+0.12(a) 0.63+0.13(a)
Dry leaves weight (Q) 0.05+£0.023(a) 0.14+0.018(a)
Fresh shoot weight (g) 0.84+0.14(a) 5.90+0.82(b)

Dry shoot weight () 0.15+0.02(a) 1.76x0.25(b)
Fresh root weight (g) 0.21+0.35(a) 1.13+0.25(b)
Dry root weight (g) 0.04+0.005(a) 0.31+0.163(b)
Area of leaves 24.77£2.11(a) 56.28+4.95(b)

Each value is the mean of 5 plants. Values with the same letter within a row are

not significant at P<0.05.
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Similarly, Achyranthes aspera plants treated with S. marcescens AL6-10
significantly (P<0.05) increased shoot length by 47.90%, fresh shoot weight by 197%,
dry shoot weight 393%, fresh root weight by 342%, dry root weight by 690%, area of
leaves by 123%. Plants inoculated with S. marcescens AL6-10 showed shoot length,
root length, number of leaves, fresh leaves weight, dry leaves weight, fresh shoot
weight, dry shoot weight, fresh root weight, dry root weight and area of leaves of
30.38+£1.01, 30.26%1.35, 10.8+1.788, 0.50+0.025, 0.10+0.22, 2.50+0.45, 0.74+0.371,
0.93+0.152, 0.316+0.122 and 55.28+5.15 respectively with the control plant having
20.54+2.5, 10.20+2.28, 9.60+0.89, 0.26+0.12, 0.05+0.023, 0.84+0.14, 0.15+0.02,
0.21+0.35, 0.04+0.005 and 24.77+2.11 respectively. The results are presented in Table
10, Photoplate 15.

Table 10. Effect of S. marcescens AL6-10 on the growth characteristics of the A.
aspera L.

Parameters Control Inoculated with AL6-10
Shoot length (cm) 20.54+2.5(a) 30.38+1.01(b)
Root length (cm) 10.20+2.28(a) 30.26+1.35(a)

No. of leaves 9.60+0.89(a) 10.8+1.788(a)

Fresh leaves weight (g) 0.26+0.12(a) 0.50£0.025(a)
Dry leaves weight (g) 0.05%0.023(a) 0.10£0.22(a)
Fresh shoot weight (g) 0.84+0.14(a) 2.50£0.45(b)
Dry shoot weight (g) 0.15+0.02(a) 0.74+0.371(b)
Fresh root weight (g) 0.21+0.35(a) 0.93+£0.152(b)
Dry root weight () 0.04+0.005(a) 0.316+0.122(b)
Area of leaves 24.77+2.11(a) 55.28+5.15(b)

Each value is the mean of 5 plants. Values with the same letter within a row are not
significant at P<0.05.
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Photoplate 15. Plant growth promotion of A. aspera L by endophytic bacteria

4.7.  Availability and uptake of NPK (Nitrogen, Phosphorus, Potassium):

The NPK availability was estimated in the rhizospheric soil of A. aspera L. at the
first day and after 30th day of the treatments. It showed that the NPK concentration in
soil at the first day was 56.00 mg/kg, 37.81 mg/kg and 80.5 mg/kg, respectively, which
was found to decreased in inoculated with endophytes. The NPK content in soil
inoculated with AL2-14B decreased up to 36 mg/kg, 33.20 mg/kg and 34.60 mg/kg
respectively. Similarly there were decreased in NPK content inoculated with AL2-16,
AL6-10 and AST5-2.

NPK content was also analysed in leaf tissues. In the case of control plant

(without inoculation), the NPK content in leaves was found to be 29400 mg/kg, 2300.85
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mg/kg and 48550 mg/kg respectively. Concentration of NPK was higher as recorded in
the leaves of A. aspera L. inoculated with endophytes. The NPK concentration in leaves
with AL2-14 was recorded at 32480 mg/kg, 2677.54 mg/kg and 57850 mg/kg
respectively. Similarly there were increased in NPK content in leaves inoculated with
AL2-16, AL6-10 and AST5-2.

4.8. Determination of in vitro Antioxidant activity of Achyranthes aspera L. by
endophytes:

4.8.1. Quantitative analysis of total phenol content:

Phenolics compounds are the key phytochemical with high free radical
scavenging activity. Phenolics compounds also possess anti mutagenic and anti tumor
activities. In the present work, the phenolic content was detected in both the control and
treated plants of A. aspera L. The amount of total phenol content in the treated plant by S.
marcescens AL6-10 was found to be 23.58 pg/mg extract which was higher than the
control plant (20.49 pg/mg). However other three isolates treated plants gave lesser
amount of phenol content than the control plant. The results are represented in Table 11.

Table 11. Effect of isolates on total phenol content A. aspera L.

Sample name Total Phenol Content (ug/mg extract)
Control 20.49
P. aeruginosa AL2-14B 19.85
S. marcescens AL2-16 18.03
S. marcescens AL6-10 23.58
B. methylotrophicus AST5-2 19.21

4.8.2. Scavenging effect on DPPH free radical:
DPPH assay evaluates the ability of antioxidants to scavenge free radicals.

Hydrogen-donating ability is an index of the primary antioxidants. A. aspera L. plant
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treated with the isolates showed higher DPPH radical scavenging activity compared to
control plant. The free radical scavenging activity of the extract was concentration
dependent. The values of DPPH activity of treated plant with B. methylotrophicus AST5-
2 ranged from 14.27 to 76.46 while the values of DPPH activity of control plants were in
the range of 5.24 to 29.1. IC50 was observed at a concentration of 2.743 mg/ml for DPPH
free radical scavenging activity of B. methylotrophicus AST5-2 with the control plant
having IC50 of 8.11mg/ml. The value of DPPH activity of plants treated with AL2-14B
and AL6-10 were found to have similar result. Whereas DPPH free radical activity of
plant treated with AL2-16 ranged from 11.91 to 34.24. The results are presented in Figure

37 and Figure 38.
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Figure 37. DPPH free radical scavenging activity of samples. Results are expressed as
Mean £ SD of three determinations.

Role of Bacterial Endophytes in growth promotion of Achyranthes aspera L.



Page | 127

IC 50

8.11 7.702
6.88
1 6.41
| I 2.743

Control AL2-14B AL2-16  AL6-10  AST5-2

o = N w S ol [op} ~ oo (o]
1

ISOLATES

Figure 38. Concentration of samples that scavenge 50% free radicals of DPPH, expressed as
ICso(mg/ml). Results are expressed as Mean + SD of three determinations.

4.8.3.. B-Carotene-linoleic acid assay:

B-Carotene-linoleic acid assay of extract obtained from P. aeruginosa AL2-14B
inoculated plant was found to be slightly increased than the control plant. It ranged from
15.77+ 2.52 to 78.85 + 4.52 with the control having 15.35+2.12 t076.76 + 4.05. Whereas
the extract obtained from S. marcescens AL2-16, S. marcescens AL6-10 and B.
methylotrophicus AST5-2 inoculated plants were found to be lower than the control

plant. The results are given in Figure 39.
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Figure 39. Antioxidant activity of samples using [3-carotene bleaching assay. Results

expressed as Mean x SD of three determinations.

4.8.4. Determination of reducing power:

Reducing power serve as a good indicator of antioxidant potential of the plant.

Compounds possessing reducing power are electron donors and can reduce the oxidized

intermediates of lipid peroxidation, thus acting as both, primary and secondary

antioxidants. The reducing power of the plant extract increased with respective increase

in concentration. The reducing power of A. aspera L. leaves inoculated with P.

aeruginosa AL2-14B and B. methylotrophicus AST5-2 were found to be higher than that

of control plant. Whereas the reducing power of the extract inoculated with S.

marcescens AL2-16 and S. marcescens AL6-10 were found to be slightly lower than the

control plant.
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Figure 40. Reducing power of samples at 700nm. Results are expressed as Mean + SD
of three determinations.
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