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ABSTRACT

Endophytes have a symbiotic relationship with tlieieint parts of plants and could play a very imtpat role in
supporting the plant growth. In present study, lasmefficient isolates were selected out of mon tR00
endophytic bacteria isolated previously from roofschickpea, field pea, Lucerne, wheat and oat aadules of
chickpea and field. To know their extent of esdistient in different host and non-host tissues st chickpea,
field pea, wheat and oat were inoculated with theseteria in sterilized sand in disposable coffeps To induce
nodulation in chickpea and field pea were also iated with respective rhizobia. In chickpea atdl5solate ORE
27, at 30 d isolates CNE 215 and ORE 35 and atéB0id total 6 bacteria were able to enter the roatsl exit as
endophytic. In case of field pea all the 11 baetemtered the roots after 30 d of growth, whereawlheat and oat
bacteria entrance was detected at 50d and not airl3Dd. In wheat 4 and in oat 6 bacterial isolatesre detected
as endophytic. Even at 50d, neither in chickpeaindield pea nodules, no bacterial isolate waseatdl enter. In
chickpea roots maximum endophytic colonization wlaserved by isolate PNE 92, in field pea by isala@&NE1
and PNE 17; in wheat and oat, isolate ORE 27 shohigtiest root endophytic colonization. No host gty
among endophytic bacteria and different hosts cbealdbserved.
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INTRODUCTION

Soil is a reservoir of microorganisms, which stameracting with the emerging roots of plants. Breging upon the
type of microorganism, beneficial or pathogeniatiehship with plants is established. Root colotizais the
critical step in establishment of plant-microbec&sation. Root exudates provides nutritional sutsts, specific
metabolic products to promote specific microorgamisignals which cause colonization on roots byesdacteria
while inhibits the other [1, 2]. Role of bacterimhajor outer membrane protein, cell surfacegins, chemical
composition  of lipopolysaccharides and?Casignaling in host recognition, adhesion, bigdieading to
successful colonization [3]. Further bacteria memain on the root surface or may enter into plesut, which
may be root or nodules.

The mutualistic interaction of legumes with rhizalnvolves finely tuned recognition steps whichmidttely lead to
the production of root nodules in which the plaatsommodate the bacteria in a very coordinated argdn5]. In
case of legumes and legumes, some of bacteriamoagyicetes, fungi are capable of entering the plaots as
endophytes and establishes a mutualistic assatidtiee processes of host-microbe signaling andnizdtion, and
the mechanisms leading to endophytic associatierems-well characterized [6]. Host endophyte i@laship may
be variable from host to host and endophyte to phge. Some research showed that host plant andpbgte
relationship are able to balance pathogen hosganism and are not truly symbiotic one [7].
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Recent studies show that endophytes are not hesifisp[8]. Single endophytes can invade a widet hasge.

However others advocate for host specificity anaivement of a compatible host plant [9, 10]. Rnatiary studies
under liquid medium conditions showed that theneasost specificity between plant host and endbplbacteria,

but it is by chance and depends upon the avaitatofimicrobial population and plant host or tissaehe soil [11].

Therefore, present investigation was aimed to sthdyinteraction of hosts with endophytic bactédgnow the

level of host specificity existing among these riattions. In the present study 11 endophytic bictsolated from
different tissues of five hosts were used to olesdineir interaction with four hosts under steritizzand conditions
in coffee cups.

MATERIALS AND METHODS

Endophytic bacterial cultures

About 200 endophytic bacteria isolated in the prasistudies from nodules of chickp&icder arietinun), field pea
(Pisum sativumand roots of chickpea, field pea, Lucerideflicago sativg wheat {Triticum aestivurjp and oat
(Avena sativawere used to select efficient isolates from h# sources. Out of these, 11 endophytic bacterial
isolates, CREL1 (chickpea roots), CNE215 (chickpedutes), PRES8 (field pea roots), PNE17 (field pedutes),
PNE92 (field pea nodules), LRE3 (lucerne roots),EZR(lucerne roots), WRE4 (wheat roots), WRE20 (Whea
roots), ORE27 (oat roots), and ORE35 (oat rootsewselected for the present studies.

Screening of bacterial endophytes for presence oftbiotic markers

The endophytic isolates were screened for the poesantibiotic markers to find their colonizatiam roots and
nodules of different hosts and non hosts in stediconditions. Each endophyte was grown in TSAiomed12]
plates containing a particular antibiotic with pautar concentration. A combination of differenttiiotics with
different concentrations (in which the endophyteswpaeviously found to survive) was used in a singledium
plate. In this way different multiple markers wepeepared for different endophytes. These multipiébéotic
resistance markers were used for further studies.

Colonization studies in sterilized disposable coféecups containing sand

Seeds of chickpea, field pea, wheat and oat wefacgusterilized and kept for germination on 1%r&ga 24 h at
28+2°C in a BOD incubator [13]. River sand was tlughly washed with acid followed by 6-7 washingshwiater
and was sterilized in oven at 180°C for one hrayd. The sand was added in disposable coffee anupsitrogen
free nutrient solution was added and cups wereredveith paper, held in position with help of aehd. These
disposable coffee cup assemblies were again gtatiin autoclave at 15 Ibs for one h. Germinatexdligggs were
transferred to sterilized disposable coffee cupdaining sand, along with 1-2 mL of broth of diéet endophytic
isolates along wittMesorhizobiumCH1233 in case of chickpea aRd leguminosarurbv trifoli strain PS43 in case
of field pea. These disposable coffee cup assemblere kept in green house and watered daily wéhliged
Sloger’s nitrogen free watering solution [14]. AftE5, 30 and 50 d of growth, plants were recovenaed analyzed
for roots as well as nodules colonization by engtiphbacterial. For colonization studies roots fraach plant
were removed from the disposable coffee cups a8er30 and 50 d of growth, were mildly sterilizesing 95%
ethyl alcohol and HgGland crushed aseptically. Contents were transfawesterilized distilled water and after
appropriate dilutions were plated on antibiotic tadming plates. Log CFU gof fresh root weight was determined.
Similarly nodules were used to determine the engidpltount. To ensure the proper sterilization, thets were
placed on TSA medium plates and were incubated#2% and observed for microbial growth. Fresht e
shoot biomass was also recorded.

RESULTS AND DISCUSSION

All the 11 endophytic bacteria were not resistanhigher concentration of single antibiotic, soiallates were
screened for multiple antibiotic markers. The diéf@ multiple antibiotic markers selected are shamwitable 1.
During isolation of bacteria from root or nodulspective antibiotic markers were used the TSA plata case of
chickpea, two controls were kept, one was absotatetrol without any inoculation and another was hwit
Mesorhizobiunmsp. Strain CH1233. At 15d of inoculation, nonetlté isolate was able to enter the chickpea roots
except isolate ORE27, while at 30d of growth, isEdaCNE215 and ORE35 were also detected on thepective
antibiotic marker containing plates (Table 2). 58d of growth, isolates CNE215, PNE92, LRE7, WRE2BRE27
and ORE35 were also detected in the chickpea evatsmaximum number of 3.28 CFU plant fbof isolate CNE
215 was observed. At 50d nodules were also screfemettie presence of different endophytes but inenof the
treatment endophyte could be recovered. After 0 growth highest fresh root and shoot growth (4286 5.97 g
plant®) was observed with isolate CNE 215.
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In field pea also, two controls were kept, one w&hsolute control without any inoculation and anotivas with
Rhizobium leguminosarutovartrifolii strain PS-43. At 15d of inoculation, only isolatedE215, LRE7, WRE4,
ORE27 and ORE35 were detected in field pea rodtdevat 30 and 50d of growth all the 11 endophiticterial
isolates were detected on their respective aniibioarker containing plates (Table 3). At 50d aiwgth maximum
number of 3.97 CFU plant robof isolate PNE92 was observed. At 50d nodules vedse screened for the
presence of different endophytes but in none oftthatment endophyte could be recovered. Highesthfroot
growth of 3.96 g plafitwas observed with isolates CNE1 as well as PNBighest shoot growth of 5.28 g plant
was observed with isolate LRE3 after 50 d of growth

In case of non-legume host, wheat and oat one atiesobntrol was kept without any inoculation. Ineahat 15 and
30d of inoculation, none of the isolate was detbdtewheat roots (Table 4). At 50d of growth fourdephytic
bacterial isolates i.e. LRE3, LRE7, WRE20 and ORE@e detected on their respective antibiotic marke
containing plates and maximum number of 3.97 CFRantploot' of isolate ORE27 was observed. Highest fresh root
and shoot biomass of 1.88 and 1.99 g plavas observed with isolate ORE27.

In case of oat also at 15 and 30d of inoculatiamenof the isolate was detected in oat roots (Taplé\t 50d of
growth 6 endophytic bacterial isolates i.e. CNE2RRES, LRE3, LRE7, WRE20 and ORE27 were detected on
their respective antibiotic marker containing psag&d maximum number of 3.98 CFU plant rhaftisolate ORE27
was observed. Highest fresh root and shoot biomags73 and 2.01 g plahtwas observed with isolate WRE20.
The results showed that there was a statisticafgifcant difference in root and shoot fresh weigiver un
inoculated controls as compared to when inoculatiéd endophytes in all the four crops i.e. chickpgeld pea,
wheat as well oat.

The entrance of bacteria inside the roots was Ibwbsad of incubation as compared to 30 and 50 émasion.
Indicating that with an increase in age of the plawts, increase in endophytic detection was atesein roots of
chickpea, field pea, wheat and oat. This couldxptagned due to the reason that with increase exaglant roots,
probably cracks in roots occurs and this ultimatytributes to endophytic colonization. With dietcrops, a
statistically significant increase in colonizatipattern as well as fresh root growth was obsengdoanpared to
control. Further to ensure the proper sterilizatbbmoots, though plants were grown under steidizenditions and
were plated on respective antibiotic marker plagegn then roots were mildly sterilized and kepttloen medium
plates. In most of the cases, no growth on theeplatas observed. Whenever some colonies appeardtesa
plates, the experiment was repeated again, s@tiwaendophytic bacteria are observed. Even u®td §rowth no
bacteria could enter the nodules. Probably up i® stage no crack or injury of nodules was there toereby
bacteria was unable to enter the nodules. Zaattoak, 2010[15], also suggested that endophytes eateplant
tissue through natural cracks at the regioher& the lateral roots appear which furtherifjushat with
increase in age more cracks appeared in rootsghratnich endophytes enter the roots. This modentf/goften
combined with active penetration) has also beegested forAzoarcussp. BH72.

Further increase in root or shoot biomass was aoelated with the existence of a strain as endploy in the
rhizosphere but this was dependent on the abifity strain for growth promotion. In literature nach studies has
been reported [16].

Table I: Antibiotic Resistance pattern (ARP) of en@phytes

Bacterial endophytes| Antibiotic resistance pattern
CRE1 Kaet TactNA,:
CNE215 AsctNAsc
PRES8 T30+ Rt Sy
PNE17 Koe+NA:
PNE92 Sooc
LRE3 Asct Soc
LRE7 Asg
WRE4 R25+840(_'
WRE20 Az
ORE27 Saoc
ORE35 Saoc

concentration (ug mt)

Scholars Research Library

K= Kanamycin; T= Tetracyclin; NA= Nalidixic Acid; RRifampicin; A=Ampicillin; S= Streptomycin, Subgai= Denotes the antibiotic
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Table Il: Root and nodule colonization and growthpromotion in chickpea inoculated with bacterial endphytes in cups

Endophytic 15d 30d 50d
bacterial Root endophytes| Fresh weight | Root endophytes| Fresh weight Endophytes Fresh weight
isolates log CFU g plant* log CFU g plant? log CFU g plant®
(per plant roots) (per plant roots) (per plant)
Roots | Shoots Roots shoots Roots Nodulgs Root Shoot
Uninoculated - 2.11 2.12 - 2.99 2.77 - - 3.01 3.06
MesorhizobiunfMeso) 2.34 2.98 3.00 3.47 - 3.9p 3.48
Meso+ CNE1 - 2.94 3.47 - 3.11] 3.99 - - 398 47
Meso + CNE215 - 3.24 3.16 3.08 4.64 4.9Y 3.29 -1 496 | 5.97
Meso+ PRES - 2.96 3.82 - 4.24 4.6] - - 487 4794
Mseo+ PNE17 - 2.99 3.03 - 4.11 4.64 - - 429 498
Meso+ PNE92 - 2.44 3.33 - 4.03 4.30 2.98 - 4.86 5.p6
Meso+ LRE3 - 2.22 3.04 - 3.90 4.00 - - 407 421
Meso+ LRE7 - 3.00 3.13 - 4.03 4.13 2.94 - 4.94 5.22
Meso+ WRE4 - 3.10 3.30 - 4.20 4.26 - - 423 449
Meso+ WRE20 - 3.18 3.48 - 3.99 4.08 2.8R - 4.80 5.88
Meso+ ORE27 1.18 3.00 3.96 2.90 4.64 4.96 2.56 -| 496 | 5.08
Meso+ORE35 - 2.79 3.11 2.45 4.77 4.98 2.34 - 4095  5/56
SE(m) 0.01 0.17 0.16 0.18 0.17 0.20 0.07 0.29 | 0.40
CD at 5% 0.03 0.49 0.32 0.36 0.35 0.40 0.25 0.7 0.90

Table Ill: Root and nodule colonization and growthpromotion in field pea inoculated with bacterial exdophytes in cups

Endophytic 15d 30d 50d
bacterial Root endophyteq Fresh weight | Root endophyteq Fresh weight [ Endophytes | Fresh weight
isolates log CFU g plant® log CFU g plant® log CFU g plant®
(per plant roots) (per plant roots) (per plant)
Roots| Shoots Roots| shoots| Roots| Nodules| Root | Shoot
Uninoculated - 082 - - 1.19] 1.22 - - 1.48] 1.25
Rhizo* 0.83 - - 2.08| 2.96 - - 3.05] 3.91
Rhizo+ CNE1 - 1.08] 1.65 1.65 2.98 4.05 1.09 - 3.96| 5.26
Rhizo + CNE215 1.17 1.37] 3.81 3.81 2,96 3.95| 3.43 - 3.89| 5.19
Rhizo+ PRES8 - 0.96] 2.44 2.44 3.220 4.19 2.34 - 3.45| 4.99
Rhizo+ PNE17 - 1.04f 2.86 2.86 2.91) 3.95 2.64 - 3.96| 5.08
Rhizo+ PNE92 - 0.86] 3.79 3.79 293 4.27 | 3.97 - 3.95| 4.97
Rhizo+ LRE3 - 1.12] 3.33 3.33 2.98 4.28 3.78 - 3.70] 5.28
Rhizo+ LRE7 1.12 1.71] 3.86 3.86 3.17] 4.28 | 3.65 - 3.65| 5.19
Rhizo+ WRE4 1.01 1.18 1.66 1.66 2.80] 4.39 1.54 - 3.90| 4.98
Rhizo+ WRE20 - 1.06] 3.43 3.43 2.96] 4.29 3.45 - 3.88| 4.88
Rhizo+ ORE27 1.14 1.29 2.81 2.81 2,96 4.31 | 2.01 - 3.80| 5.27
Rhizo+ORE35 1.09 1.14 2.82 2.82 3.08 4.42 2.89 - 3.96| 4.92
SE(m) 0.03 0.10 | 0.08 0.08 0.19 | 0.16 | 0.08 0.19] 0.07
CD at 5% 0.09 N/A 0.25 0.25 057 | 0.47 | 0.25 0.56] 0.20

Rhizo* = Rhizobium leguminisarum biovar trifoli ain PS-43

Table IV: Root colonization and growth promotion in wheat inoculated with bacterial endophytes in cup

Endophytic 15d 30d 50d
bacterial | Root endophytes Fresh weight | Root endophyteq Fresh weight | Root endophyteq Fresh weight
isolates log CFU g plant* log CFU g plant* log CFU g plant*
(per plant roots) | Roots| Shoots| (Per plant roots) | Roots | Shoots| (Per plant roots) [ Root | Shoot
Uninoculated - 0.11]| 0.14 - 0.19] 0.18 - 0.82] 0.23
CNE1 - 0.38] 0.37 - 0.49| 0.69 - 0.99] 1.69
CNE215 - 0.31| 0.42 - 0.40] 0.62 - 1.08] 1.53
PRES8 - 0.47| 0.47 - 0.57| 0.63 - 0.92] 1.69
PNE17 - 0.38| 0.44 - 0.48| 0.70 - 0.96] 1.70
PNE92 - 0.35| 041 - 0.37] 0.48 - 0.95| 1.05
LRE3 - 0.39| 0.40 - 0.40| 0.48 2.99 1.54 1.97
LRE7 - 0.30| 0.49 - 0.48]| 0.69 2.54 1.39 1.76
WRE4 - 0.51] 0.51 - 0.51| 0.64 - 1.08| 1.70
WRE?20 - 0.39] 0.40 - 0.42| 0.68 2.09 0.99 1.53
ORE27 - 0.57| 0.57 - 0.62| 0.72 3.37 1.88| 1.99
ORE35 - 0.48]| 0.49 - 0.51| 0.69 - 1.09| 1.56
SE(m) 0.17 | 0.22 - 0.19 | 0.20 0.056 0.33] 0.34
CD at 5% 0.44 | 0.60 0.50 | 0.52 0.162 0.90| 0.95
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Table V: Root colonization and growth promotion inoat inoculated with bacterial endophytes in cups

Endophytic 15d 30d 50d
bacterial Root endophytes Fresh weight Root endophytes Fresh weight Root endophytes | Fresh weight
isolates log CFU g plant? log CFU g plant? log CFU g plant?
(per plant roots) [ Roots | Shoots| (per plantroots) | Roots | Shoots| (per plant roots) Root| Shoof
Un inoculated - 0.12 0.13 - 0.1 0.2 - 0.p5 240.
CNE1 - 0.19 0.22 - 0.20] 0.29 - 0.48 0.99
CNE215 - 0.48 0.57 - 0.57 0.74 2.54 1.p4 1.88
PRE8 - 0.46 0.59 - 0.5( 0.69 2.25 142 148
PNE17 - 0.40 0.50 - 0. 53 0.74 - 1.29 1.10
PNE92 - 0.46 0.54 - 0.5 0.74 - 1.90 1.15
LRE3 - 0.42 0.53 - 0.59 0.60] 3.15 1.44 1.81
LRE7 - 0.40 0.58 - 0.59 0.66) 2.98 1.49 1.96
WRE4 - 0.49 0.51 - 0.50 0.69 - 1.18 1.22
WRE?20 - 0.40 0.59 - 0.59 0.6§ 2.95 1.132.01
ORE27 - 0.49 0.50 - 0.5( 0.71 3.98 1.50 1.89
ORE35 - 0.46 0.52 - 0.54 0.69 - 1.11 1.47
SE(m) 0.16 0.17 - 0.19 0.19 0.26 0.25 ] 0.29
CD at 5% 0.40 0.42 0.50 0.50 0.77 0.86]| 0.94
CONCLUSION

It seems that there is no host specificity in th&yeof different endophytic isolates in differémbst and non-host
roots and it was independent of the source fronthvttiese were isolated. Environmental and ecolbgmaditions
are determining the prevalence of different gersard their entry into roots or nodules. Whether éhdophytes
were entering in plant roots or remaining outsider@izospheric are benefiting the plants by enhdmoet and
shoot growth
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