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India has also become a major processing centre for spices from other countries. Fenugreek yield
and growth are damaged by Root soil borne disease. The excessive use of chemical fertilizers for
a long period of time, facing severe issues like declining productivity, low fertilizer use
efficiencies, the disproportion in between addition and removal of nutrients from the soil, and low
soil organic carbon. Hence it leads to poor nutrient uptake efficiency and low yield of crops. So it
become important to find an alternative option for nutrient management in fenugreek. To reduce
the use of chemical fertilizers, for enhancement in growth of crops Plant Growth Promoting
Rhizobacteria (PGPR) can be used as an alternative. The aim of study will involved isolation and
screened out potent PGPR for their efficacy to produced IAA and gibberellins from the
Rhizospheric soil from the different crop field of saurashtra. Phytohormones such as Indole Acetic
Acid (IAA) and Gibberellic acid (GA) are the growth regulators which are associated with the
growth enhancement in plants. In the present study Isolation of Rhizobacteria and screening of
phytohormones produced by these rhizobacteria from the soil samples of Trigonella foenum
Graecum L. (Fenugreek) collected from the different regions of Gujarat was studied. Only eleven
isolates produced IAA in the range of 33.53 pg/ml to 39.2 pg/ml. While GA was produced in the
range of 10.02 pg/ml to 80.09 ug/ml.

Keywords: Fenugreek,IAA,GA, Pseudomonas songnenensis
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Plant Growth Promoting Rhizobacteria are those microorganisms which colonizes plant roots and
helps them in growth and improves fertility of the soil. (Priyanka, 2020) There are two kinds of




mechanisms involved in beneficial activity of PGPR which is direct mechanism and indirect
mechanism. The direct mechanism includes phytohormones production, mineral solubilization and
nitrogen fixation. While in indirect mechanism involves antagonistic activity against pathogens,
secondary metabolites production, fungicides involvement and siderophore production. (Meena et
al., 2020) Hence Plant Growth Promoting Rhizobacteria are more effective on crop enhancement
and for sustainable environment.(Meena et al., 2020) One of the mechanism for growth
enhancement in crops is the production of phytohormones such as Indole acetic acid (IAA),
Gibberellic acid and Cytokinins. (Bhattacharyya & Jha, 2012)

Indole acetic acid is the most active and commonly present in all the plants which helps and
regulate in growth of the plant. (Kannojia et al., n.d.) Indole acetic acid (IAA) is the phytohormone
involves in root initiation, root elongation and cell division.(Role, 2014) the effect of indole acetic
acid is mainly depended on the sensitivity of the plant towards IAA and the concentration of IAA
produced by plant associated bacteria. (Role, 2014) The second important phytohormone is
Gibberellic acid. Gibberellic acid is the synthetic compound which has an effective role in stem
elongation, seed germination, and fruit setting and floral induction. (Raj et al., 2020) Gibberellic
acid is also plays a role in stem tissues development and lateral root extension. (Prasad et al., 2019)
The reproductive processes are affected by Gibberellic acid in broad manner of plants. (Kannojia
etal., n.d.)

The areas of activity of IAA mainly include, but are not limited to, cell division and elongation;
initiation of root systems, leaves, and flowers; and fruit development and senescence [12, 15].
Numerous PGPB, including both of Gram-positive and Gram-negative bacteria, have been
reported to produce IAA [2, 3, 12, 16, 17]. The prominent IAA-producing endophytic bacterial
genera include Pseudomonas, Rhizobium, Azospirillum, Enterobacter, Azotobacter, Klebsiella,
Alcaligenes, Pantoea, Acetobacter, Herbaspirillum, Burkholderia, Bacillus, Rhodococcus, and
Streptomyces [3, 12, 18, 19]. Generally plants are very sensitive to the amount of IAA present in
plant tissue at any particular time. Since plants also produce IAA, in order to regulate plant growth,
an IAA-producing PGPB must provide the appropriate amount of IAA (when combined with the
amount of the hormone produced by the plant). In fact, phytopathogens are often characterized by
their ability to produce IA A at high concentrations [20-23]. Gibberellins (GAs) stimulate a number
of plant metabolic functions, which are essential for plant growth and development [30] including
seed germination, stem elongation, flowering, and fruit formation and senescence [31]. To date,
there have been ~136 GAs identified [30-32]. Different GAs are named according to their order
of discovery [30]. The full bacterial gibberellin biosynthesis pathway has only recently been
described (http://www.nature.com/nchembio/journal/v13/nl/full/ nchembio.2232.html) [33].
There is very little known about GA production by bacterial endophytes; only a few studies have
described this potential plant growthpromoting trait of bacterial endophytes [34—38]. Two bacterial
endophytes, namely Acetobacter diazotrophicus and Herbaspirillum seropedicae, have been
reported to produce gibberellins (GA) and [AA.

Plants harbor and interact with a variety of microbial populations at various stages of their
lifetime; these dynamic interactions may be harmful, benign, or beneficial to plants. Endophytism
is a mutualistic plant-microbe interaction where plants provide a safe home and secure supply of
food to microbes, and microbes, in return, benefit the plants enormously. A number of researchers
have studied these beneficial interactions where endophytes have been shown to provide nutrients
and growth regulators, fixed nitrogen, antibiotics, and other secondary metabolites, and overall the
ability to protect plants from both abiotic and biotic stresses.




In light of these considerations, the use of PGPRin agriculture can offer an economic means of
achieving high crop productivity and hence sustainable agriculture.

The soil samples were collected from different regions of Gujarat. The soil samples were
aseptically collected from 15-20 cm depth of rhizospheric zones of Trigonella foenum-graecum L.
(Fenugreek) cultivated areas. The isolation of rhizospheric bacteria from each sample was done by
serial dilution and spread plate method. The plates were incubated at 37°C for 24 hrs. The
purification of the isolated bacterial colonies was done by streaking them onto fresh sterile nutrient
agar plates. The microorganisms were identified by Gram’s staining. Performed the Gram Stain
on 30 sample with four basic steps that include applying a primary stain (crystal violet) to a heat-
fixed smear, followed by the addition of a mordant (Gram's lodine), rapid decolorization with
alcohol, acetone, or a mixture of alcohol and acetone and lastly, counterstaining with safranin and
wash a slide with tap water until no color appears in the effluent and then allow to dry. All
rhizobacterial isolates were analyzed for indole acetic acid production. Indole acetic acid
production was performed according to the colorimetric method. Briefly, isolates were transferred
into Sml Nutrient broth containing 100mg/ml L-tryptophan. The tubes were incubated at 37°C for
48 hours. After incubation, the broth was centrifuged at 10,000rpm for 5 minutes. The supernatant
(1ml) was transferred into fresh sterile microcentrifuge tubeand 2ml of Salkowaski's reagent (0.5M
ferric chloride+ 35% perchloric acid) was added. The tubes were mixed gently and incubated for
30 minutes at room temperature and pink coloration of the solution was observed. The color change
was recorded spectrophotometrically at 530 nm. The standard curve was plotted in the range of
20-200pg/ml. All isolates were screened for their quantitative ability to produced phytohormone
Gibbberellins. Briefly, The bacterial culture inoculated with N-broth media containing 1Mm L-
tryptophan. Allow to incubate at 37 for 24 hours at 150rpm condition. Centrifuged the culture after
incubation at 10,000rpm for 5 min, a cell free extract supernatant was collected and used for
estimation of giberrelic acid production.Gibbberellins production estimated with Folin Ciocalteu
reagent. 1ml of bacterial cell extract added to the test tube, followed by the addition of 1ml Folin
Ciocalteu reagent and 1ml Conc.HCI into the test tubes. The mixture boil in a water bath for 5 min
and then allow to cool. The produced greenish blue color was recorded using a spectrophotometer
at 760nm. The standard was performed with gibberellic acid in the range of 10-100mg/ml. DNA
was isolated from the overnight culture of RGV8,RGV23,RGV24. Quantification of DNA was
done by evaluating on 1.0% Agarose Gel to obtain a single band of high-molecular weight DNA
was observed. The fragment of gene was amplified by PCR. A single discrete PCR amplicon band
was observed on resolving on Agarose Gel. The PCR amplicon was purified by column
purification to remove contaminants.DNA sequencing reaction of PCR amplicon was carried out
with primer27F using BDT v3.1 Cycle sequencing kit on ABI 3730x1 Genetic Analyzer. The gene
sequence was used to carry out BLAST with the database of NCBI Genbank database. Based on
maximum identity score first ten sequences were selected and aligned using multiple alignment
software programs. The gene sequences obtained were compared with sequences available in the
GenBank databases using the NCBI and BLAST at https://blast.ncbi.nlm.nih.gov.Sequencing was
done by SLS Research Private Limited, Ahmadabad, Gujarat. Sequences were submitted to NCBI
GenBank data base and accession numbers obtained.

In the present study, a total of 30 isolates were obtained from the Rhizospheric region of
fenugreek crop. Qualitative and Quantitative analysis for phytohormones productionsfound only
threeisolate which has positive results forphytohormone production traits . Potent threestrain
identified by 16STRNA sequencing. The investigation suggests the potent PGPR must be further
studies for their plant growth promoting ability.



https://blast.ncbi.nlm.nih.gov/

Isolates | Gram IAA GA Isolates | Gram IAA GA
staining | Production | Production staining | Production | Production

RGV1 |+ - - RGV16 | + - -
RGV2 |- - - RGV17 | + - -
RGV3 |- + - RGVI18 | - - -
RGV4 |+ - - RGV19 | + -
RGVS |+ - - RGV20 | + - -
RGV6 |+ - - RGV21 | + - -
RGV7 | + - - RGV22 | + - -
RGVE8 | - + + RGV23 | + + +
RGV9 |+ - - RGV24 | + + -
RGVI0 | + - - RGV2S5 | - - -
RGVI1 | + + + RGV26 | + - -
RGVI2 | + - - RGV27 | + - -
RGV13 | - - - RGV28 | + - -
RGV14 | - - - RGV29 | + - -
RGVI1S5 | - - - RGV30 | + - -

Table 1. Results of phytohormones and gram staining test for 30 isolates
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gewstat 1 gercrtes te (IAA), fSefas tie (GA), arseifsi 3R uferefi St o ekt 1 3cdra i shi et
B2
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o 1. witeger waieroia uftftufaet ofit erdfaew qarat & wara § dial & e ot Javi &1 aweq & & fou
IR gRT TAT8 T8 HTaicaeh aTaeia T URsehd R HIC Jeach| Hohater: $ATE (T Rsed); Ty
(cfsufare ufirs); emdue (3Se2-3-ufafes ufte); wamiee (arsgiom ameaTse); efret (arsavfier wrfaes ifier);
Tt (1-Tfrargaaiium-1 -watfrfers i) (Sifwte we sten, 2022) [22]

Tete M R T F disrdteR HY syfient

fisfidieT g wefdia yerer i sToeae dot gy N Y g T ST ST 21 W T e e o arffeRtor & steafies yemfed
Frar & T8 a1 wohrdl & rafterd foram ST weRar - Sfoek 3T sTifash| aray TerereRt SR et & fore Sk weohd, 3aTeer & o,
S A, AT, SENET, AHIES, IS, S SAeifaeh a e i, Aavrdr, gt # ol Wit anqett st THRIar, 0 dea




AT, ATTET TS O HfEd a1 § 123,24,25) Pofiefiemr Suferfieror dieft & qere Temsficrr § Tets & o war § Si 36 fomw
%l QM | FeIH ST 2l

T

ueft ( Trigonella »IT79-124 TA.) U qgqed SEI-1 AT UIeT & S gRHEm s 5 ell g7 81 36eh! Wl 7ol o &9 4,
T qeTet iR wfestl % e % w9 # 1 A 81 Aeft 3 ot IR A i sArwef wSEi & g wee e s @ et w as
aor HEed off BT ], SeTew & fore, ues i sreste | ¢ wfie, gremeiie , TeThfen | tekdise, Zremiense S
ifiet @ W g & | Coumarin , gitogenin , fefim A, enfe, Sterfer s6h oot 1, Shfesrm, f- FUER 3T 311 Tavash
It & YR 24 &, S aIqrar @ T weft 3 qiwor 7R shweRr qod M1 € [26] | SRET w2 31 l, 2012 % AgER & & ant |,
TET IAThH o e § gfg g3 offl 3EfIT I8 @Ue 9Iveh deal Te0T 1T ST HHa i W 3T o A ST 3| gaferg weft
 Iveh dc YefeH % forg ek forehed @ieHT Hecaut & S @ (271

ST T Tl 3 |Ter 37k Eeler o STTE &1 g # forTford foram ST werdt 8 Hesiel St S e & arel Tssiieaeiiar
[28]1 isfidteTr & 9 wefwr & 3R forgidl & AN § e % O aga wm o T 8, Rl s ®7 8 TESiehRR e
(2915 &9 T TehR foram T o [30] 3 Samn foh fiSivieTR i 1enT-31enT adenl § &1 A 8; del & foe oo Sfient =
TN AT, TATOT ¥ F U9 qeall o STARINTT hl GITeIToiTeh ST [31,32,33]1 3 Ul bl SHATIET & S=H1 [34,35,36]1

et T awme ¥, disidierr & arer deerr & e Ff veayet ot 6 fafer 6 ste fafis 3o § frg o g &t ok
IereE JA 7 i 18 off| fou Tu srienet o SR W, 7 frswnd fehrer e {3 fisfidterr & arer ekt & ufomrasy fafie
HEC § HEcUl 3N § i €S, 98 Ahel SN 3Tei-gg T shl hers, et Sior AN forfvr ufeRerforti # s o fg g3 g
wTeat H, o Wt T i ST 3T T 5 AT & THTIT L Fohd & SR T TR IS Ifg F i T 3 Foa S 31 A
wfosrlt # Seifad fora T 21 FSidieT o @rer U= & SHFHT Niawra, S ek, I6d, 0o 1 €, I8 N A Jha, dei
FA A, IS a9, Sedt BT, I, T SR Bl A FeEw e § afg et 237,38)1 fafve ol vt o afg %
iy 7 SIS 3 ST 1 918 H BTt % STEAIAT o | afvra foham 7T 2

IUST A IUST "gEh

FEd w A (2008) F wamn fe . gRe «fie-8, s weffom sfweg-142 i gom § wEEEE -7
(Pseudomonas BA-7 applications when compared with P. putidae BA-8, B. subtilis OSU-142 and
MFD-5, B. megatorium M3, A. rubi A-1, A-16, and A-18)ST5=NT & Ieaad Uehe 30, ad et I, it
o TS, Uit o o ST S, Ui & S ST oSt WTH foRat T o 3iR wAuwEl -5, St amefem ww 3, uwst v -1, v -16,
HR T -18) Svaaw et we (8.23), ot 3 ward (6.70%), 31 st 3 ward (11.85%) smwr: A-18, OSU-142
AR MFD-5 St 3 oy &9 # aereicsiar et BA-7, # fuifa o T o Semme -8 &k dfrew sieeg-

142 (Burkholderia gladii BA-7, Pseudomonas BA-8, and Bacillus OSU-142)% Tke & et &t afg &
TYEET ! S ohl I HHTETY B[39]1

T HI T

PGPR s A. wft (A1, A16 sk Al18), B. wefeferm (OSU142), sfgem (BA16, RC03, RC23), B. &=t
(BA7), P. gfqer (BAS), B. wmeifem (M3 sk RCO1), Sefées dictmmsaar (RCOS), wmmw giearra RC41,
s B. fara RC19 (4. rubi (A1, A16 and A18), B. subtilis (OSU142), Bacillus (BA16, RCO03,




RC23), B. gladii (BA7), P. putida (BAS), B. ~megatorium (M3 and RCQ0I), Paenibacillus
polymyxa (RC05), Comamonas acidovorans RC41, and B. simplex RC19 )& wreft &1 & zréee 3k
Gfi-BTSE HIAT I o foTq et =t i Ioa1 ST Ufrwrd W6 A o FoIq IRt o T efm40))

U9 ded Ot

iSifieTR % ey Teret 3 drweh deat T AT H gfg % TN § FE oTera iU S weRd 81 Sarete @ fore, e ue e (2008)
T sAmfed fra o Ao smeT 7 @, 6, 3t % AHRF & FH TGRT 3 HSWEE FAiey srery st (T-3)(
Pseudomonas fluorescens biotype G (N-3) a1 i 31T 3UST 7R U Tedl ol S § T 3T=3T URT =T §Hh
1T, TSaiem iR Sftera wadidt & arer Srehrertor Sfsham(a 1) et & Skl & ATg2IsH, HEGRE, TR GeREm % =9 T=g
I TG H HHRIcH ST foms, wa st Fudt Rerfali & qed STs & i oo ST a1 18 o i o 3y afgr42]|

g T feraRor

forg o T@Ter G SR GINOT TS (THRATUHSS) A Fie 2 foF WA Wrer SEuiEa dr ot w9t SATET At oF 8 39
T, 3t & ufted, i it 3T, ST wHe % dHl W Edant R THEfe e % el § agd! faeqat & 6w TTEt
o 0T BE Al YR H R 1 SgHM 21 o T <2 H, dsft § St gig 8 Qe Scted 3 @ud a6 o ST HASIT
TS ST & WTHIOT & IeL &Rl # YT, STEA i fordor; faspedt St wrior wet i e e S s i e

I T O T FE sl SUST TG T Th foehed 2| BTeAifeh, T ekl o STcaiees SunT 3 gt § fitee, Asdee
fifer, firgt &1 weme o gt § reifen vamelt § ot S8 S R o S foe R

FTHUTT &1

TR 1011 WA TSRIA §T0 YA TS, (Hefl) 1 3cqTe |1 #72 78T 1) TR Ware a1s hi fdtd & srgam, Tsid grr aw 2020-
21 # Aeft 31 ScaraT @ 13,579 <7 am (ST, 2016) Aeft o IcataT | ot et o6 g 0T & Tohd § o gt Y e
I, ST ATE, THTF Seh! ol SAcATHeh SUANT 3T T JaieH|

UH %3 ST & el Tl o IcuTe SR Aok qTall o SeTvl/Ier H H ANTd ST TTeRv &Y § TR-TWaATeh YErsia

GUERIT o STANT hT T dF 8] gHeh ShIel, USSR 1 SI@Ta & dled Wil sht gfq i forrrdl, waferor & et 3
feeTa; oot 3 ITRANT W WehIRT STAAT 7T

1) fug & T3 o wUE

2) AT SenTeRTuT

3) ot wiw

4) arrefa fowm iR ugem

5) wreafuew SRR (wEESREE SwaTe)

KLY
frefer=a

3 TfHiesh TS T Iedred auitle fafer [7] o srgem foram mar em FolinCiocalteureagent [8] & @ fissifor &
IeqTE T STAT TorAT TRIT )

e afee




T 3T TSRS & STIER , STEC N i g 37N forerrar & syfiret fran 2 et smarfirer stg wwgrar wifit 2, sie Y v &=
AR TS T AT & [43] | AT TA-FoioieTR srafia § sfiform weh Hecaqel wfteer frmar 21 gomimg S amsee (IAA)
T IATEH L Tl FSfeTR et gaerer deaed- 1, gufeen araa-g 90-166 iR eiftafiamsiiaa wadt245 7 fawm st
Fiearfea farar 3R ) erferarar (Tmees Ug detered, 201 1) # wurerss uftad-r st afser fomam (44])

ST ST, e, et forshre, ot 3R o oY gfeg S e & g e (She), weh SRR T wiseremi e g
g, S 3 deE | oft wecqt wfieer Fvmar 21 fefem -sces PGPR detiwe wigem LKE12 iR dfwatfan gif
SE134 Rresitfer wsuor # ST arel Scaiiad! =reaet o Wrdi # X2 1 1 Al AT 8451 THTSHIHIAIETRT a7 o (e -
Ieareshs fisiidieTr use | SE188 3t Bacillus amyloliquefaciens RWL-1 3 uftormeasy e # firseitfer & wmm
¢ STl el

3T Utk e |t Ol Te AT AR SR TR §9 @ HISE BT § S UrY o foehe # Heg el @ 3R
it s 81 St wfafew tftre (IAA) BIseiemia & St STg Y J[eTT, ST e 3Tt IR oo & wnfiet 2p46]1 o1
wftfew Tfe &1 v ge &9 @ [TAA % 3 die 3 doeaeiterar 3R dig & ¢ seeiian g Scaned [AA i @fsar o fni
AT B[47]|THT FEea el wrserem i it wie 21 o uftrs fafeen surde @ fomehl wen wws, it sigor, ot wa
BT ST g0 SRoT  wrelt ifeRT Bt 21 foreforen wfbe wem fovg o faermd it urd srg foredm o off siftrerr fwrar @ [48)) ot
% = dleh O et Tfire & YsHe Siskamd gwTiard gt & [49]1

T T el A ghg H TGET o7 F AL H T TS W AR F €Y AT FH TS g o A Sty & g
T ToheT S BT T e 1w ot 8 ot aftem RC23, fiefiere dicfmmeser RC05, B. wefdfaa OSU142, sfaew
RCO03, wmmma ufeaia RC41, B. wmefem RCO1, sk B. frwem RC19 & @y =w (Hfemn
arf®)(Bacillus RC23, Paenibacillus polymyxa RCOS, B.
subtilis OSU142, Bacillus RC03, Comamonas acidovorans RC41, B. megaterium RCO1, and B.
simplex RC19 with tea (Camellia sinensis) =t & @ Frenmertor, 51 Saitan § [AA 3eame & swror fior 6
T | ST TfqwTd TGT ST 21 | 6t OWE, Hielipe €l % g ARG TH HIST I ITaR| 7o, Al Tl F! hl &H HiT
(3oTrEE 14, TS FFAT, SR $3REE 15, UST g™, @et =~ (S Sad) SRS ST SH-greae HieT ST WisEiiEm
&t (T 1, w16 s v 18)( ERS 14, Rosa canina, and ERS 15, Rosa dumalis), sour cherry (Prunus
cerasus) and Pistacia vera cuttings with Agrobacterium rubi (A1, A16, and A18) and Bacillus

subtilis OSU142)% wr forear sy e ik sfeera wefefora OSU142 3 wfém srgura st sfgrar fear it urd srgi st
T # gfg 40|

BT o eI H, Tieds-AR1 T2 37| (2001) 6 a1 1 SHIV & T & o S 3 TR STehT-3Te &9 off e
R sfterw faafieifie g Ffia @@ 81 5 disfidiem & arr weet (T wieamr-Alnus glutinosa) 1 S €4
o o TEEfeE ®7 ¥ ARG ST T TMET S § IA¢ HRAT 8| 39 WY % I, § @ Al (2004) 7 s 6 sfew
e wel-1, off fehised €#9-29, R ot wftew @-69(Bacillus cereus MI-1, B. macroides CJ-29, and B.
pumilus CJ-69) s At firet vt Toor it gfg & i 1 7% off, grtifer afvai i den iR 00 = § qecaqel sead Tal
AT ofT| T SISt gfg s § BNt & ST S 1 et i oft. Afre®(B. pumilus) 11 a8, St F= w0 12% iR
ST & St st sl 20% e SIgT FehaT 2[50]1
farfer
gt & T w6 wOE

> HIg & U TAehIE T areRtR et 3 woe & @di o firgh uehar it 78 oft

> S % Hed & a6, weft o drei o a8 e @ e o mn o Sei @ 9 gt w6 & aeseeRitEn &
AT & T HTeiactes ST & 1t feam mam o




> fafire det i et < afitfr 3 T o TESiehie & A 5-6 Tt TeE & uw i TS T firgt b 4 feft fewm
(A ge el , 2018 ) W s st Sfert & wefead fomam mm R

o 2. () 3 srerT-ater wHe et § frgt & T (o) SRt @ st e seeave 3Rt

AT EYehRTRIT
> Scuh gl o T | TSSIEhIh el 1 ST e STEed™ o foham T ol
> 107 & 107 oo caftrrg w9 @ 0.1 firefefier frursa ot 1 firefiefier T susii Te+ &1 T-37 @it # Sfrer ST
& 3 forsprer o1 ferdteror s & forg 48 =ie o fore 32 fenft afcwram w sergere foram tma @ (5171

Hifgam
» N-Agar aresm § (3emm/3mad) 2t 2 0.5% e - 97 S g gem w:ar &l 0.3% e @ o7k /

I T 37 - T A g ereiie gl e, FeieTsee, AR ST o 1 A w2l
gt o oAt & Seifa w1 sterTa
> 3@ ol g & g B e e 1 stema 10 2 -10 & e seeg fafr gro e mrem
> 30 raenientrI 1 == forar T ST 3 are el et § e R 3 24-48 w02 % fo svegse o o
> T HATZEICICE shi Te= U TTEhRT fafer grr ot 7S oftl ae 6 S wreRsh ®9 8 R STsEIcicd il BIEeRm A e
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for 3. ot Srist 26 o TgeieR T figt & et v amgweReE
TRt form ofR affertor
> 3 SATZEICICH I T W Hid hl Tgs T foad fopam mam o iR it o wer a foram o o of 3wk ame 1 fire &
foru fopeeet amIeie sht SISt T o1, et o Ot & 41 3 1 fire % foig e o |y a8+, {5 Fo s & g

95% 34T & Gre o @ T Q) 9 o I G 0T 3R FRATST o H1 KIS hl dcd fodsi o o I 3@ &

foTq TATgS T 41¢ 37K GETd, GawaRtl & qed U T ATH-THRIHE, US 6 ATHR, TS, AU, ATFHITS RN 6 S 1ar
famam @ B152)1

> KOH witeror sframy ifrert fif & w@m fagm # siat o e 21 weRrm sregiaanss i sufeatd #, 7 T
ity faft 22 st 81 KOH am-mmifed St it ik fafh it dfesiemssd i waefl wd i ST @ @id
AT R I8 U uitsifed ot am-Anifea SRAfET Y uge S W Heg LT 2

3T ufufes ufe

HTFHRICH Pl JTgEACH T TR
wfim
Sisicil + AT 6 +
e - AT 7 +
AT - AT 8 -
A4 + AT 9 +
SRS + RS20 +
STRSAETO + RS2 1 +
A7 + S22 +
AT - A3 +
A9 + 24 +
HEt10 + RS2 S -
Sisicill + ATE26 +
TRt ]2 + A2 7 +
ITEHET1 3 - RS2 8 +
AEt] 4 - ARA29 +
IRAET] S - I3 0 +

atreraRt 2. 30 argETeied % KOH & aiRurms

> $SIa Ul ufe T Sedred it fafer o STTEm foRam T oS3
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Har #, smgdicied w1 100 ficfom /ficft w@-feeits 3w 5 firefieier =ifede sitar & wormiafd forar mar o

gt &1 48 =5 & fag 37 Tt afvwes W seRpee forar man am Swe s, S'et S fime % fag 10,000rpm @
TSRS forarm T o

Im] gwde =t 2 firefiefier (0.5 T % Famss + 35% Tadiies Tis) arehameh Nusie & arer ATgshiag
el H T foram I em

Zg i it § Tt mar S R o are W 30 e o fo seRse fora i S o et & S T G aied
530 nm W TEIBIEHISE T F TSt {HAT T 9T |

wed U =l seia ufafee wfre & @rer 10-100 Argshrm / ml it €ir & wite fomam mm em
freforw (Sfo) Seamea

TTesifera BTSSR % IcdTad 3R ITeh HIHATHe SHAT o foTq Tt sTTgdiced 31 ST T 7% |
e ¥, SFifEd Feek 1 Mm L- fEeisT I w-siry difean o arer g mam 150rpm Refa & 24 =5 % fag 37

R el fopar mm em 5 fie % fag 10,000rpm W STTgHiced i SRS R T, guiade e foRer mn Hi
freitferen wftre Scate & 3MTeherd o T S9= forarm T em)

wife Ciocalteu ftasie o arer firssitfert Seated st gum foram 1w o

T Zga ¥ | firedt sedifaer s wwagae freman @, s@sk o $i 1ml Conc.HCl 1 fieft wifew Ciocalteu
forer mm

frgror ot T arit § 5 fiee dek Setel O St fomam TR em)
ST BU-Atar T1 760nm W WG ST SUANT i fehie foRaT T 9|
o 10-100 firchium /frefy i i § fSreferess wfire 3 g fomam mam em

1% RGVE8,RGV23,RGV24 wefiia wiseemia qerricns devr faard & i A sirfaes we= & fog 4 g
9|

PGPR # smmurferss we=m 16s rRNA s1gshor gr o1 78 @

SITAT T ST ST T&H T T8 TR & STERT FoRaT TR ofT| 3kt Torarat a1 gearied 1.0% W T - on
Agarose Gel, 3= ammifas YR e #7 tshat e @1 ™ 2

2. S % Zoe 1 TTHTSTR gRT SEfea [T TIT ofT| U Uohet 3Tedd TR Tfeiehie o e 9T 7T Sia
Agarose Gel w gt foram |

3. dieltaTR uftcetehie i gt qaTell *hi B2 o feTq it S 510 Y& foharm T/ ol

4. drefteTr Tftvereria st Seag srgeRAvT Sffsram s 1492R % g BDT v3.1 . o1 3w &t i 75 off
ABI 3730x] strafirer fa=3wer W wsforer st fohel (e forewor i fomm ma 2)

5. T3S Sioih ST % SIToE o HY A L o [ S STI5HH T JTATT T /T ol
HTHTH T ThR o SATIR T et T8 ITTFHAT 1 = fohall TIT TR g 1 STANT hleh HLRAq fohaT T
TCGUT AR SIS R 7T S STshAT sh1 el Sisie SeTed § 3qared skt & @rr NCBI 3t BLAST
T IR Fd g //blast.ncbi.nlm.nih.gov w &t 7% of |

AT 1 fa=dwor vaueey fae weae fifies, sewaren, o i fFar 8

giomm @R =@t

>

>

TSTEhie S AR § et o T U for g 37K 30 Srsdicied o1 =@ fora T et STisdicied oS ¥ T8 9g ©
o, F it it & Fg At ST 8
30 smgEcicE w1 = foRam T

32 Trhteen ufe Seara



https://blast.ncbi.nlm.nih.gov/

> TAA i it SifRrwrett 3t Sasi & forem siR fanted % g weemel wrseemia 8| 39 AT , I8 1Y Hi 5
QTS o1 GHY LT 2l

o 1 (4) Frior o @ty & ATSUT Iedrer o i feamr 2

TA A & am 1 Seta Sagrbremfess frsgmor (R 5) w1 sum e foram e om
et 3 wehd fea fof Faer = stgaiciew | fafr witzar § JAA %t Searew foram
TAA e 31 10-100pg/ml it har & mmor mm

SFANET RGV 11 o GRT AT [AA IedTe foham 7T § 31 RGV23 ST gRT 39.2 o 3cu= fofa T 8 31X IAA
IeqTe I HHHT 25.9 & AH 39.2 T 2

YVV VYV

id l
| r
l‘i | RGvs RGV11 RGV19 RGV23
l‘

i

T ——

l\\ |

ot 4. srrgEieIEE g U S it uftre seuTa

IAA Production
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c 35 323
2 30 25.9 27.1 27.8
S5
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S 15
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5
0
RGVS RGV11 RGV19 RGV23 RGV24
Isolates

o 5. TEHIceH ERT WTHATeHS $Siet Urifeeh Ui Sedma

Rrenferer uftrg seamew




> et wfis wipa g amia 6 & u @ fasht ofisr st # wecaet yifiet 2t 2 |

> et feferg o 3= % a1 Sgrd, BT, el i A SR gerT iRy At 8 451

> fmitfers ufte & IeameT % T o O Tmedicied it e Y TEieTgEcied T 28.2 Argwmm /et @ 80.09
Arshy /firet < € § o tfte seamer femmm 3 stsEceE § @ RGV23 feifas tfae &t sweaw
3qTEE HATFERIES oMl

o= 6. smgHicEy Rt MUTTene Rraferer Tfite sedaTe

GA3 production (pg/ml)

100
80.09

c 80
=

g 60
c
S

0

RGV8 RGV23 RGV24

Isolates

o 7. srgateied EIT AT fatoer uite seara




NR_113652.1 Stutzerimonas stutzeri strain NBRC 14165 165 ribosomal RMA partial sequence
NR_133828.1 Stutzerimonas kunmingensis strain HL22-2 165 ribosomal RNA partial sequence
MR_115115.1 Stutzerimonas chlorntidismutans strain AW-1 165 ribosomal RNA partial sequence
MNR_118798.1 Stutzerimonas stutzen strain CCUG 11256 185 ribosomal RNA partial sequence
MNR_103934.2 Pzeudomonas stutzeri ATCC 17588 LMG 11129 16S ribosomal RMA complete sequence

MNR_025972.1 Stutzerimonas balearica strain SP1402 163 nbosomal RNA partial sequence

NR_041715.1 Pzeudomonas stutzer ATCC 17588 LMG 11199 163 ribosomal RNA partial sequence

NR_117756.1 Pseudomonas knackmussii B13 168 ribosomal RNA partial sequence

MNR_148295.1 Pseudomonas songnenensis strain NEAU-STS-5 165 ribosomal RNA partial sequence

MNR_134795.1 Pseudomonas zhaodongensis strain NEAU-STS5-21 168 ribosomal RNA partial sequence

Sample RGB

Figure. Evolutionary relationships of taxa
Foram-formst

Heft T E o TSSIEHNH & ¥ Fol 30 STFHIIZH JTH 6T 7T o | ISR AT o AT TomTesh ST APAersh forsogwor #
At o AT T ek Tl &1 et o o wepmrenh aitorm )| & geiet uifeen uire it fereforss uftre 1 Seared ot aret
A ST 2Rl ST ForaT ST AT T 165 rRNA o Forsgwor o foTe wsim o7 | o1 S § & ueh i STqehiva foram 7 8) we=r &t
FH 8 3 AW a1 fufd@ s g T ?, geee T dsidiARRGVS)Pseudomonas songnenensis 2 ¥ IR
TAEETSTTE Rl T 1 2 Wiy H, geeht SAnT Wt it i o e ofiv wmrft iy § R S wekar 81 S 9 gar o § 6
SifereTTelt ST =it 279 G forehTe =l SIgTaT o oht &THdT o foTT ST T 7SI hiT =R |

Frrentt ofty = feremrfiest

fafirr disiidiemr it frifia ot @a & afifeafat & st=r w2, oK o it w et i afg @i aeEr @ 59 i
FHAT H 39S | Jhg, I R ARt i HHl i T F § FaRIq fRAT T 3] Al H ITHGT o e IR TS ST 6
foTe disfidieTR & dqTies SATER i ST, Teor ST @ie SR Wt ST STieT, SR Seekarett SR au (dfea iR freik 2000)

o e diSIHIeT IUNET &1 e HGH-TEH 360 Heg L Tahdl ol 30 a1d i o] §vTeT & fop fisfidierr & smemtiss firgor
T ITATT Fafirt Izt S8 o SIec ae oh 3T AT hieh o 3 ST forpfad T % forg Tt ofi waferer sigee i # fafim
FHAT & I H 91 39 X fomam ey s4g)

-

<

T IFTHUM o T T Hel 3TR S TeW & o 1T 50 Herl veet STTsohuy fedioi o 9ga SR 81 80 SHNRITE Y & &
forg srreta fopforerer ST S SefTeh! 5t T T forT A8 hietst Tstehie TSIId o TR &) 319 7% < Ui Tod i 34
fiae Areeia o forq g 3T § 3R e Hag it o fore SF 4T g i +ff g=rame <t )

Acknowledgement

We are very grateful first to IKS, division for providing us a platform and fund for the research.
We are thankful to Department of Biotechnology, Atmiya University, Rajkot, Gujarat, for
providing the infrastructure. I am very much thankful to my mentor Dr. Ragini Raghav for her
contineuos guidance, and also thankful to Dr. Shweta Bhatt for helping us throughout our research.




1. forme, ., qust, T, 3 afes, w) .2020) F S fenfreh § TesieeiiEr $ G w aemEr 7 o g
1 il

2. o, wHl, s, W, we, argl, 3t deeter, G (2020) e - et % Raeres diet # gomedia giadie sfic
e T TREGHT shl HEEerdT SROT: JaA™ greshion S| https://doi.org/10.1002/j0bm.202000370

3. v, dium., 3 @, k. (2012)) ey gfe it e o o Testeaeiian (dsidism): v § 3= 1327-
13501 https://doi.org/10.1007/s11274-011-0979-9

4., Tried v, i wua, forf waw, BReem T, Solifieshl iud, gea Hf, SHoiT TF, higd Siel, AeshFr TF, Fhe
ot 3T e 2 AeeRt # aafa 3y s o forw stravaes wme-fafity fedithy ufimieiess #ii wehre et R
drer ey 2011; 23(2):550-66

5. gw I, dE o, Y Hiwd, U &, fidte sieTm) $eicr-3-ufifesh ufie wtie-ATgshie sEaR H| U2t 37 wisaerushl
2014;106(1):85-125.

6. ficrh sftetm) el % forshre 1 areTan 37 ATt SERAfET: & 3 st wEfef 2012; 2012: 963401

7. e uw, =red A, ficter setr) 7 9 o fohe 1 Serar o7 dret S USIhised i ST 3 Ae0r Jui| qoet
Tat sehral 2012;61:217-24

8. ficrh sfteTml T T amer Sfiamopedt gr et <t afg # afg) F & AT 1995; 41(2):109-17.

9. % diuw, fiers e fgwithT siit feer—=ror femr &k RpoS g &gmim gfest GR12-2 # et wfrg
3cared 1 fafremm o st Argswiemare 2002;48(7):635-421

10. fim efrT, Stree S AEsET welieE T didiTd s STET e seid-3-tfifew wfte Saare ¥ fore aremm
e S wre ArgRTEEn 2011;110(5):1235-44)

11, rehel T, Seteied Sf WY § SIS SaRITE gRT SRR i Ewon e @ Argshiemaal 1995; 21(1):1-18.

12. 2fomm disn wrey gmi: IR R, S e o sfas sfta g s aeer s, 1995,

13. Rizft w=r, diew <, Wiwd T SR T 9 IS 8 Sl GSTen o fafe: st o wmeifnte g geend
TR Faaehi H TSt 3R s THTRUAT Here a1 e Wish Hea wohe aga g we v 1987; 84 (1): 89-93)

14. S =, zefseht st ot it S it gam 3 wae 7 o aweftiafes at 6 fafe, fafem it fem
urew @Al 2009;70(15-16):1876-931

15. @™ wuw, g S, S-Sl U, AA-WEEN T, AT 3| UShrEies Fwash: Sefaa R wHd o e Siaie &
fore wamer fore Y@ s 2015; 35(1):62-74.

16. g7 o, et wue, To@ v diet 3R ok § Safor Saweguor: et fomme 1t amen? S wiie mer
T 2002; 20:319-31

17. 72 SIuE, AieHRE UH, AT U, 7 T, A SR, Jred T, g o, Ise uhe, died STt stampet 7 fSeien
SITESINOT ST SATEAT o HATEEoT foshre T v =erer 21 4 7 s 2017;13(1):69-74.

18. wesiH 1R, SRR T, er @i, Heat st Feiee aciiid el  TegeR™ & Haig § TSR Heilelt gy fSetfer
3R Tera-3-ufHfee ufte ot Iaareq wen 1988 175(4):532-8.

19. e, €, I TET, 31 (2020)| SHe A6 Tearee @il fmdl 11(4), 148-154

20. @ uud, I T, FT T, AA-TE@ T, TO o, A-TmR! U, FA-Rafoill T, eare [, st ua, s aa, o o)
Jeifet derge e wadh) LK 11 feferT it JA A =T Sca1e shidT € 311 earet 3 e o foehrg ol sigram
AT 31 < Ak 20144;52(8):689-95

21, vndtE wETer S, v SR SN wAer, SRl ARd i (2021) SE wEe an & SR SEd WWW.
indianspices.com



https://doi.org/10.1002/jobm.202000370

22. Ffez, T, B, T, SR, —sﬁlﬁgéa“r St o7k 3, $1)2022)) TR 3 wterefier a1 T H A F 9 A i
FETAT 3 ATt TFSTe T ht firerT| SR fogm (fisfidterm), 12(3), 12311

23. weg, wl, i, T@l, =9, a5, 9, 9@, 10, 2, @38, @, . s Rgsi, | (2015)) wee g g i gty
TTE Tad iy gefta, 371-400

24. wgr=m, feA., o g, <, (2012)) 9ey afg w1 sgrEt 3 arc Testiaaeriar (fisidi=m): & § SEa| fog sHa
FATh HISshIEIrS Ug s, 28(4), 1327-13501

25. TSR, TH., SR, TE., I, T, 3, o, R, S, AR, T (2020) diSiieTR 3 g o § gl s wereea
hT: Tt HH I hT R H| weAee §$ fowen 1 whiead, 4, 287

26. T3Aif-ee, I, SfHeri, THl, JTTei, T, FH, T, SreATe, 381, T, 2, afefhw, @, e, <, FEet, #,
R aferet, 31, (2020)1 SeTsed S gar-aiew] Wl § gore TEsiaaeiiET 1 agrT 37 aret 0 i gfg: i
S U TR BIgEI-ATWHRH SAegut i @istl Jgnfen feard, 10(1), 1-15.

27. sTar, ., 91, TE.uE., 3R gedr, S.TE. (2012)) #eft it gig 3T U W Sia-3ateht 3R Wi o e frament
T TS (ST H0-3RT Tl ) ST weTet st SiRiee seer, 2(1), 28-33.

28. @M wslt (2005) wrseiafeuem § ¢u Heet gfva gt w3 arel dei o UgsehRr 7 gt o Jmmmoget o sfiren S
29 teH #e s 18:355-3641 doi:10.1016/].jtemb.2005.02.006

29. 11T v, =1 &, R gE, a8 si€ (2007) SRiEtswe™ # g wie Tie-SmifeT TS iEr § 95 Wil THemd
32 33:406-41312%:10.1016/s1.wf4.2006.12.005

30. ficge sfteTr, oS Ehew, ot st (1998) T dfed BR AT 317t wie Sumsed ™ o wie Tre-SifeT sedifan
St e s 190:63-681 €12:10.1006/jtbi. 1997.0532

31. FrFHFR AR, FHIAR T, @Al TF (2001) Feha 37 it 1 3T T T2 - ot Sarifaret sHiaeeie i JwmEl S
e =gz qat fawe 164: 527-531

32. ¥ Suud, S S, ST H, FHE T, SIS U, T A s (20041) 39 9t s ahe (T SR Ee-
1) TSI % A1y ZehT: ATgshiferie WHRTe W01 SR 56 TSI hl Sifersh Tidfafer o @rer waer)
wfer Expae site 52:239-2511 doi:10.1016/j.envexpbot.2004.02.003

33. faEiht stsg, #7emg [ (2001) HATSETsT STafeht o Soi TR Bt i Jfg T USSR AR TS Hesiia & Tl
SRR qeeh 79:41-45

34. T3 SuE, T3 TIETE, AT A0, S5 T, 0T oS, Fi vewa (2004) 9 % o w6 serEr F ard
TESICFRITET ERT 2hTet fawe 1 amiiehgianl srie sheta 29:66-721 €%:10.1016/761049-9644(03)00124-
5

35. Sifeam M &, FAw sigsed (2002) Fraa=d 16 wiie To-SHIfT Tssieaeiian R seare fawefi (e e
Tetue e fesfisn sme st 24:285-291

36. TS THA, ATIERS] S, AT A, g TATH, (SE THUH, FAR Seeed (2003T) s Hiw e JHIv U
e 3riee 1ot fieey 31 Te fircie (Fiee et TS g wie fea 87:380—3 84w, wwl, 3k
Fetefte, st (2011) siforam iR wie-wreshia s&awH| g foqm § wice i g afoea, 3(4), a001438.

37. 39 T werH, st diegaeH, died €t (1998) Tesiehier seiiEr gr Iid Jonetia Sfowe) =] & wrEeiere
36:453-483

38. it aft, forgmTem AW, et &, e Y, grre SR (2001) shieh 3R T o Raes waet grdi # Tsstoeeiian
T ST 3 aTet et it Jfg gy ometiTa wfadver w1 S wae faer 20: 1-1 13%are, Sie, o, .., 376he,




39.

40.

41.

42.

43.

44,

45.

46.

47.
48.

49

50.

51.

52.
53.

54,

T, T, S, 3N e, TH.TE, (2021)) FmeiEes w e gl ) qHmE) AerEesarst 8 (did 499-526)
e

THA U, Ut ww, S wHes (2008) Teke # vamafies arft, 3ust 3t afg W emrertor st %y (Eruca
vesicaria subsp sativa)l ufirem st 3w 20:3197-3202

ek, T.EY. (2010)1 S T § disdier S wwrean v il gig K T H a et o ard S, 45-
79

e T, EIfaE T, S SiUd, 3Tere AR, SER SieT (2008) wemmm Tadid i arve THTEehTiaT, S 36w
6T Jufterta o HerpT (ST HE Ter) T i ST 30 H GaR o g qeie-Sfimst | ok o ate 40:1243-1251

I TS, IR SISUd, gl THuE, WS o, Ted Tes (2005) e 6 i feafa % dea e %
FA UNE ddl ok Hod iR foww # afg W m@ fagm weem 36(15-16):2059-20661
215:10.1080/00103620500194270

T, T, 3R detefied, 1 (201 1)) HifFem iR wie-urgshia 3| sha fagm § wice faim gei uftre, 3(4),
a001438.

THATE, SIS, I, TH.ITE., 3TEWE, ., Th, 9IS, W hare, wa.ud. (2021)1 Fmefeed 1 gre fef w q @l
St § (fidh 499-526)) R, wE.-w., @H, T.UA., g, 91,0, 6, S-S, S, ., HT
oft, ot (2014)1 7T g w1 frwaifEm wifa SE134 gr fSreifor saamed ot det it afg st stgrarn 33 i
T e S S TSRS te arREer, 24(1), 106-112.

T, TH.GH., @M, TUSA., BHTY, UA., &, 31, S, SIS, I, 180, for, STSf, ST, STigs. (2012)) Retfo-3camee
SHTSSHIHATEIIT T SE188 HITHH ATShITHFH Tel ol dfg H R T § I Sfasiiq de g i TwIfd T gl
ST AT ATgshiamITTSiT, 50(6), 902-909 https://doi.org/10.1007/s12275-012-2273-4

Fiter, ., fie, 7.8, i wmi, e, (T.21)) 9 FN H S Scareehdr § guR o g Wi o o 1 seman
S ATt eI i T 673693

e, @ (2014) Ff 7 e &t o sfiee 2. https://doi.org/10.1007/978-81-322-1973-6
TS, T, FAR, AR, AT, |, 3R =, wal (2020) F & wsieaifEn (Fidam) i seeEr o 9 €@y %
forepmer &t TTirRter fireRt F TSt (FSTHieTR) & agmaT o aret qer o e s iaefier Jiten fdem
https://doi.org/10.22271/chemi1.2020.v8.15b.1028

. e, T, e, R, o =’ w (2019) waq F % fow ded fit gig i aeEr 3 a e TeSeEdiiEn

(isfrefteT): ftsresr ST ST d iy o disitie gur #) tedferr 3. https://doi.org/10.1016/B978-
0-12-815879-1.00007-0

AT, AR, S TH, T (2018) T A st gt & TR F1 e, Hiwpiae 3T R o
ol 3 e S BEere, 7(4), 2611-2617)

AT, ., STATE, ., e, ST, HeHIEE, T, Yo, T, SR e, TH. TAIRTe a6
TS ST fRISaT X STeo| Hereht Sl USIehRr firgh H)

T1Eq, TH.T., 3R urert, warst. (1957)1 e wfafes ufire s ammers Al i wie, 10, 37-48)

U, UA.UA. , SARERE, oYU, HierE, T, 9%, 371U, TA-areHT, uh.d., 3R e, €, (2022)) W % fasm
T FGTAT o ATet gstoaeita (Fvierr) & &9 7 FIR Ml ¥ TorF F@T-Hiew] Sam] UHaT 1 ST §3hal S
3T iR argest, 29(3), 1760-17691

IR, Sfa., 7S, ., SR difsd, TR, (2006)) SemEe wiEeE steas 18 wenfies sk o ard
feufem dmsm =it Jerar 2 ST Hier e AT o FrRiTor 7 Hrhelt & e Heret Gomgat 1 Afsha LT 3| SEReE wie
feneitstt, 35(2), 259-263







