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Resistance and susceptibility pattern of chickpea 
(Cicer arietillum L) endophytic bacteria to antibiotics 
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H. A. Farm Post, Hebbal, Bellary Road, Bangalore 560024, Kamataka, India. 
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ABS TRACT: Five chickpea (eicer arietilllll1l) endophytic bacteria, identiried as Erwillitl 

lIeriJico/a. Elltcro/;{lcter aggioJllerUlls, Bacillus megateriulIl and Bucillus sp. and /lucilllls eirel/lulls 
were tested for intrinsic antibiotic resistance in order to see if endophytes showed variation 
in resistance to antibiotics. The resistance pattern was compared with two rhiz{)spheric bacteria 
l·i~. Psellt/oIllOI1{1S fluorescclls and B. sltbtilis in order to see if the susceptibility of endnphytes 
differed with that of bacteria isolated from rhizosphere. The endophytes seemed to be less 
resistant to antibiotics. B. eirculalls was susceptible to all antibiotics tested except mnoxycillin 
(I0j.tg). However B. megatcriu11I and Bacilllls sp. and E. aggil1l11crlllls showed some resistance. I~ 
fiuorescclIs and B. sllbtilis showed resistance to a wide range of antibiotics illdicaling that they 
could be better competitors in the rhizospherc. Preliminary screening was done to monitor 
B. mcgaterilllJl and Bacilllls sp. by using the observed antibiotic resistance. Out oj' the 25 root! 
stem!leaf tissues tested, 10 tested PQsitive for the presence of B. megtlteriulII and II for Bacillus 
sp. However. they could not be reisolated from the stem tissue. 3 and 2 of the leaf samples 
showed presence of B. megaterilllll and Bacillus sp., respectively. 

KEY 'VORDS: Antibiotics, endophytic bacteria, resistance pattern 

INTRODUCTION 

Endophytic bacteria are those bacteria that 
colonize the plant intcmalty without doing any hann 
to the plant but are involved in improving plant 
health, Endophytic bacteria are ubiquitous and 
colonize a broad spectrum of plant species and can 
move systemically throughout the plant. Most 
endophytic bacteria are probab ly found in the 
intercellular spaces ofthc root cortcx or stem (Sturz 

and Matheson. 1996; Chen et al., 1995; Hallmann, 

2001 ). 

Resistance against antibiotics is one of the 
parameter used to look for effective biological 
control agents (Siddiqui et al., 2005). Studies show 
that intrinsic antibiotic resistance pattern could be 
used to distinguish bacterial strains after 
introduction in the rhizosphere (Chanway and Hall, 
1986). Very few reports are available on the pattern 
of antibiotic resistance by plant endophytic bacteria. 
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However, 1110st of the reports are of those 
endophytes encountered during plant tissue culture 
(Tanprasert and Reed, 1997; Reed et al., 1998). 
Patricia ef al. ( \995) isolated 22 endophytic bacteria 
from mint shoot cultures and showed that the 
minimal inhibitory concentration and minimal 
bactericidal concentration of gcntamycin, 
rifampicin, streptomycin and timentin varied with 
genotype. Limited information is available on the 
comparison of antibiotic resistance pattern of 
endophyles with that of rhizosphere bactel"ia. In 
the present study an attempt was made to develop 
antibiotic resistance pattem for endophytic bacteria 
and compare it with the resistance pattern of two 
rhizosphere isolates. Preliminary investigation was 
also undertaken to see if the resistance to 
antibiotics could be used for identification. 

l\lATERIALSAND METHODS 

Endophytic bacteria isolated from healthy 
chickpea plants were previously identified based 
on Gram's reaction, morphological, physiological 
and biochemical tests (Rangeshwaran ef al., 2008). 
The cndophytcs included Erwinia herbicola 
(MTCC 6720). Ellferobacteragglomeralls (MTCC 
6536). Bacillus megateriul1l (MTCC 6533) and 
Bacillus sp. (MTCC 6534) and Bacillus eireuians 
(MTCC 6535). Two rhizosphere isolates viz., 
Pseudomonas fluorescens (PDBCAB2) and 
Bacillus subtilis (PDBCABN22) which were 
obtained from culture collection of Project 
Directorate of Biological Control (PDBC), Bangalore 
were also used in the study. 

Testing for antibiotic resistance 

Antibiotic sensitivity tests were done for all 
the test bacteria by using the octodisks that were 
procured from Himedia Laboratories, India. The 
following octodisks were selected based on the 
Gram's reaction. 

Octodisks for Gram positive bacteria 

For Gram positives the following octiodisks 
w~re used; I. Combi 1 [cephalothin (30 JLg), 
chndamycin (2 JLg), co-trimaxazole (25 JLg), 
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erythromycin (15 pg), gentamicin ( I 0 pg), ofloxacin 
(I pg), penicillin-g (1 0 units), vancomycin (30 pg)]. 
2. Combi VII (amoxycillin (10 JLg), cloaxcillin (5 p.g), 
erythromycin (15 pg), tetracycline ( 10 jl-g), penicillin 
(2 units), co-trimaxazole (25 pg), penici Ilin-v (10 
units), cephalexin (30 JLg)]. 3. Combi xm [penicillin­
g (2 JLg), tetracycline (10 pg), co-trimaxazole (25 p.g), 
c10axci II in (5 pg), cephradine (30 JLg), erythromycin 
(10 JLg), lincomycin (10 JLg), cefuroxime (30 JLg)]. 4 
Gx Plus [chloramphenicol (25 pg), erythromycin (5 
pg), fusidic acid (10 pg), methicillin (10 JLg), 
novobiocin (5 pg), penicillin-g (I units), 
streptomycin (10 pg), tetracycline (25 pg)]. 5. G-V­
Plus [amoxyci1lin (10 pg), tetracycline (30 jl-g), co­
trimaxazole (25 JLg), ciproflaxacin (5 JLg), gentamicin 
(10 JLg), erythromycin (15 pg), chloramphenicol (30 
pg), cephalexin (30 JLg)]. 6. Combi - 69 [ciproflaxacin 
(5 JLg), ofloxacin (5 pg), sparfloxacin (5 pg), 
gatifloxacin (5 jl-g), aztreonam (30 pg), azithromycin 
(15 pg), vancomyc i n (30 jl-g), doxycyc line 
hydrochloride (30 pg»). 

Octodisks for Gram negatives 

For Gram positives the following octiodisks 
were used; L G-I-minus [ampicillin (10 JLg), 
ciprofloxacin (10 jl-g), colistin (10 pg), co-trimaxazole 
(25 pg), gentamicin (10 pg), nitroflll"antoin (300 JLg), 
streptomycin (10 jl-g), tetracycline (30 pg»). 2. G III 
minus [amikacin (10 jl-g), carbenicillin (100 JLg). 
ciprofoxacin (10 jl-g), co-trimazine (25 pg), 
kanamycin (30 JLg), nitrofurantoin (300 pg), 
streptomycin (10 jl-g), tetracycline (30pg)]. 3. Combi 
60 [amoxyclav (10 jl-g), ceftriaxone (30 JLg), 
ceftizoxime (30 pg), ceftazidime (30 jl-g), cefpodoxime 
(30 pg), gentamicin (10 pg), amikacin (30 JLg), 
cefoperazone/sulbactam (75130 jl-g»). 4. Pseudo 
[amikacin (30 pg), carbenicillin (100 pg), 
chloramphenicol (30 jl-g), ciproflaxacin (10 JLg), 
ccphotaxime (30 jl-g), gentamicin ( 10 JLg), norfloxacin 
(10 pg), tobramycin (10 jl-g)]. 5. Combi 59 [ampicillin! 
sulbactam (10/10 pg), piperacillin/tazobactam (1001 
10 pg), ticarcillin/clavulanic acid (75/ 10 pg), 
carbenicill in (100 JLg), cephalothin (30 pg), 
ccfurox ime (30 /l-g), cephotaxime (30 pg). 
ccfoperazone (75 pg)]. 6. g ii minus [ccphotaxil11c 
(30 JLg), ccphalexin (30 jl-g), co-trimaxazolc (25 p.g). 
chloramphenicol (30 jl-g), nalidixic acid (30 JLg), 



Antibiotic resistance in chickpea endophytic bacteria 

furazol idone (50 /lg). norfloxacin (10 /lg), 
oxytetracycline (30 Jlg)]. 

Fresh cultures (24 to 36h) of the test bacteria 
were used for spread plating on tryptic soya agar 
(TSA) and the selected octodisks were placed on 
the inoculated media. The plates were incubated at 
28° C for 72 h and observations recorded. The 
scores used to develop the resistance pattern were 
as follows~ I. - (not resistant: >3111m inhibition). 2. 
+ (poorly resistant: 2 to 3mm inhibition). 3. ++ 
(moderately resistant: <211101 inhibition). 4. +++ 
(resistant: no inhibition zone seen). 

The endophytes were compared with two 
proven plant growth promoting rhizobacteria 
(PGPR), viz. P. jluorescellS (PDBCAB2) and B. 
subfilis (PDBCABN22) which were obtained from 
culture collection of Project Directorate of Biological 
Control (PDBC), Bangalore. 

Inoculation and identification of introduced 
endophytic bacteria 

A preliminary approach was undertaken to 
use antibiotic resistance pattern as a marker tool to 
identify introduced endophytic bacteria. The seeds 
were treated with the test bacteria by cultures that 
were multiplied in 100mL tryptic soya broth (TSB) 
on a shaker at 150rpm for 48h. The cells were 
harvested by ccntri fuging at 7000rpm for 15 minutes 
and re-suspended in phosphate buffer (lOOml). 
Surface steri Iizcd (0. I % mercuric chloride) seeds 
were washed five times in sterile water, treated with 
0.1 % carboxy methyl cellulose. air dried and then 
dipped in the culture suspension. Foliar spray was 
done seven days after germination (1 1111 of the 
suspension was mixed with 1 L of water containing 
0.1 % Tri ton X, be fore sprayi ng) and repeated at 20 
and 50 days. 

Resistance markers used in the study 

Two endophytic bacteria namely B. 
megateriW/l and Bacilllls sp. were selected for the 
study. The resistance markers used were penicillin 
G (2 /lg) and co-trimaxazole (25I1g) for B. megateriuI/I 
and Penicillin G (2 /lg), co-trimaxazole (25/lg), 
cloaxcillin (5I1g) and cefuroxime (30 JlS) for Bacillus 

sp. (Table 5). The above-mentioned markers were 
used for reisolation of inoculated bacteria from 30-
day-old seed treated chickpea plants. A total of25 
samples from each of root, stem and leaf tissue were 
analyzed for the presence of the introduced 
bacterium under sterile conditions. Isolation was 
done as per the surface disinfestation method 
(Mclnroy and Kloepper, 1995). Stem samples were 
surface sterilized with 20'Yo hydrogen peroxide for 
10 minutes and rinsed four times with 0.02 M 
potassium phosphate buffer (pH 7.0). Root samples 
were surface disinfected with 1.05% sodium 
hypochlorite and washed in four changes ofbuffer. 
Measured quantity of 0.1 ml aliquot from the final 
buffer wash was removed and transferred in 9.91111 
tryptic soya broth to serve as sterility check. 
Samples were discarded; if growth was detected in 
the sterility check within 48 h. Intact samples were 
triturated in 9.9 ml of buffer in a sterile pestle and 
mortar. The triturate was serially diluted in 
potassium phosphate buffer. Dilutions were spread 
plated tryptic soya agar (TSA). Representative 
colonies (based on colony morphology) were 
transferred to fresh TSA plates to establish pure 
cultures. The pure cultures were Gram stained and 
then tested for resistance using the antibiotic marker 
disks. 

RESULTS AND DISCUSSION 

The endophyte B. megaterilllll was resistant 
to co-trimaxazole (25/lg), penicillin-v (10 units), 
amoxycillin (10 f.lg) and penicillin-g (2 /lg) (table 1). 
Bacillus sp. was resisitant to cephalothin (30 Jlg), 
co-trimaxazole (25I1g), penicillin-g (10 units), 
amoxycillin (10 Jlg). c10axcillin (5 I1g), co-trimaxazole 
(25Jlg) and cefuroxime (30 Jlg) (Table 1, Plate 1). B. 
circulaJls was resistant only to anlOX ycilli n ( 10 Jlg) 
(Table 2). The Gram negative endophyte E. 
herbicola was resistant to ampicillin (10 /lg) and 
co-trimaxazole (25 JIg). The other Gram negative E. 
aggiomeral1s was resistant to co-trimaxazole (25 
Jlg). gentam kin (10 JIg), carbenici Hin (100 Jlg), 
cefuroxime (30 Ilg) and cephotaxime (30 J.lg) (Table 
3). 
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The rhizospheric bacterium B. subtilis 
showed resistance to cephalothin (30 /lg), penicillin-
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Table 1. Antibiotic resistance pattern observed with octodisks (HiMedia) for Bacillus megaferiulII. 

Bacterium 

Bacilllls Ce:phalothin 
I/Icgaterillll/ (30 pg) 
(UASE13CH I) -t 

Amoxycil 
lin (10 Ilg) 
+++ 

Penicillin-G 
(2 /lg) 

Chloralllphc 
nicol (25 Ilg) 
-

Allloxycillin 
( I 0 /lg) 
++-t 

Ciproflaxa 
cin (5 Jl.g) 

-

Not Resistant 
Poorly resistant 

++ Moderately resistant 
+++ Resistant 

Clinuamycin Co-Trimilxa 
(2 pg) zoic (25pg) 
-

Cloaxcillin Erythromy 
(5 /lg) cin (15 p.g) 

+ -

Tetracycline Co-trim ax a 
(IO/lg) zole (25/lg) 
- +++ 

Erythromy FlIsidic acid 
rin (5 Ilg) (IOllg) 

- ++ 

Tctracyc Co-trilllaxa 
line (30 /lg) zole (25/lg) 

- H+ 

Otloxacin Sparfloxacin 
(5 p.g) (5 Jl.g) 

-

Combi 1 

Erythromycin Gentamicin Onoxacin 
(15 /lg) (I () Jig) (I /lg) 
- -
Combi VII 

Tetracycline Penicillin C o-Trimaxa 
(10 p.g) (2 units) zoic (25/lg) 

- 1 +++ 

Combi XIII 

Cloaxcillin Ccphradine Erythromycin 
(5 /lg) (30 /lg) (10 /lg) 

- + 

Gx plus 

Methicillin NOI'obiocin Penicillin-G 
(IOllg) (5 Ilg) (I units) 
++ - ++ 

G-V-Plus 

Ciprot1axacill Gentamicin Erythromy 
(5 /lg) (10 ~(g) cin( 15 ~(g) 

- - -
Combi 69 

Gatitloxacill Aztreonam Azithromycin 
(5 Jl.g) (30 p.g) (15 p.g) 

- - -

Penicillin-G 
(10 units) 

Penicillin-V 
(10 units) 

+++ 

Lincomycin 
(IO/lg) 

-

Streplomy 
cin (10 Ilg) 
-

Chloramphe 
nieol (30 /lg) 

Vancomycin 
(30 /lg) 

-

Vancomycin 
(30 Ilg) 

-

Cephabin 
(30 /lg) 

Cefllroximc 
(30 /lg) 
+ 

Tetracycl i ne 
(25 Ilg) 

Cephal ex in 
(30 p.g) 

Doxycycline 
Hydrochloride 
(30 Ilg) 
++ 
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Table 2. Antibiotic resistance pattern observed with octodisks (HiMedia) for Bacillus circllialls. 

Bacterium Combi I 

Bacillus Cephalothin Clindamycin Co·Trimaxa Erythromycin Gentamicin 
megaferium (30 J,lg) (2 JJ.g) zole (25JJ.g) (15 Itg) (10 Itg) 
(UASEBCHI) + . - - -

Combi VII 

Amoxycil Cloaxcillin Erythromy Tetracycline Penicillin 
lin (10 p.g) (5 p.g) cin (15 p.g) (10 p.S) (2 units) 
+++ - - - -

Combl XIII 

Penicillin-G Tetracycline Co-trimaxa Cloaxcillin Cephradine 
(2 p.g) (10 Itg) zole (25Itg) (5 p.g) (30 Itg) 
+ - - - -

Gx plus 

Chloramphe Erythromy Fusidic acid Methicillin Novobiocin 
nicol (25 JLg) cin (S Jlg) (10 Jlg) (10 JJ.g) (5 Itg) 
- - - + + 

G-V-Plus --. 

Amoxycillin Tetracyc Co-trimaxa Ciproflaxacin Gentamicin 
(10 p.g) line (30 p.g) zole (25JLg) (5 JLg) (10 Jlg) 

+++ - - - -
Combi 69 

Cipronaxa Ofloxacin Sparnoxacin . {jatifloxacin Aztreonal11 

cin (5 Itg) (5 p.g) (5 p.g) (S p.g) (30 p.g) 

- - - --

~ = -Not Resistant 
+ = Poorly resistant 
++ = Moderat~ly resistant 

+++ == Resistant 

Onoxacin Penicillin-G 
(I Itg) (10 units) 
- -

Co-Trimaxa Penicillin-V 
zole (2Sp.g) (10 units) 
. + 

Erythromycin Lincomycin 
(10 p.g) (10 p.g) 
- -

Penicillin-G Streptol11Y 
(I units) cin(JOltg) 
- -

Erythromy Chloramphe 
cin( 15 p.g) nicol (30 ILg) 
- -

Azithromycin Vancomycin 
(IS Jlg) (30 Jlg) 

+ -

Vancomycin 
(30 Itg) 

+ 

Cephalexin 
(30 JJ.g) 
-

Cefuroxime 
(30 p.g) 

-

Tetracycline 
(25 Itg) 

-

CephaJexin 
(30 p.g) 
-

Doxycycline 
Hydrochloride 
(30 J1.g) 
+ 
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Table 3. Antibiotic resistance pattern observed with octodisks (HiMedia) for Ellterobacter agglomeralls. 

---. 

Bacterium G I !\linus 

£nterobacter Ampicillin Ciprofloxacin Colistin Co-trimaxa Gentamicin Nitrofurantoin 
agglomcrans ( 10 p.g) (10 p.g) (10 p.g) zoic (25 p.g) (10 p.g) (300 Ilg) 
(UASEBCH5) +++ . - +-r+ +++ -r 

G III ;\linus 

Amikacin Carbenicillin Ciprofoxacin Co-trimazine Kanamycin Nitrofurantoin 
(10 p.g) (100 p.g) (10 p.g) (25 Jlg) (30 Ilg) (300 Ilg) 
+ . - + + + 

. Combi 60 

Amoxyclav Ceftriaxone Ceftizoxime Ceftazidime Cefpodoxime Gentamicin 
(10 Jlg) (30 Jlg) (30Jlg) (30 Jlg) (30 Jlg) (10 Ilg) 

+ + + - ++ +++ .. 
Pseudo 

Amikacin Carbenicillin Chloramphen Ciprofiaxacin C ephotax i me Gentamicin 
(30 p.g) (100 Jlg) ieol (30 Jlg) (10 p.g) (30 Ilg) (10 Jlg) 
+ +++ + - + +++ 

Combi 59 

Ampicillinl Piperacillinl Ticarci Ilinl Carbenicillin Cephalothin Cefuroxime 
Sulbactam Tazobactam clavulanic acid (100 p.g) (30 p.g) (30 p.g) 

(10110 p.g) (100/10 p.g) (75110 p.g) 
+ ++ + +++ + +++ 

-
G II Minus 

Cephotaxime Cephalexin Co-trimaxa Chloramphen Nalidixic acid Furazolidone 
(30 p.g) (30jLg) zole (25 p.g) icol (30 p.g) (30 p.g) (50 p.g) 
+++ + +++ + - + 

= Not Resistant 
+ = Poorly resistant 
++ = Moderately resistant 
+t+ =.; Resistant 

Streptomy 
cin (10 Ilg) 
+ 

Strcptomycin 
( I 0 Ilg) 

+ 

Amikacin 
(30 Jlg) 

+ 

Norfloxacin 
(10 p.g) 
-

Cephotaxime 
(30 p.g) 

+++ 

Norfloxaein 
(10 p.g) 
. 

Tctracyc 
line (30 Ilg) 
-

Tctracycllne 
(30 Ilg) 
-

Cefopcrazone, 
Sulbaetam 
(75/30 Ilg) 
-

Tobramycin 
(10 Ilg) 

+++ 

Cefoperazone 
(75 p.g) 

-

Oxytetracy 
cline (30 Ilg) 
-
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Table 4. Antibiotic resistance pattern observed with octodisks (HiMedia) for PseUdO/1/0Ilasjlllorescells. 

- -_._--_._.-

Bacterium G I Minus 

£1l1erohacter Ampicillin Ciprot1oxacin Colistin Co-trimaxa Gentamicin Nitrofurantoin 
agg/omeralls (l0 f.l.g) (10 f.l.g) (lO Jlg) zoIc (25 Jlg) (10 JlK) (300 Jlg) 
(UASEBCH5) +++ . + +++ . +++ 

G III Minus 

Amikacin Carbenicillin Ciprofoxacin Co-trimazine Kanamycin Nitrofurantoin 
(10 p.g) (100 p.g) (10 J.tg) (25 J.tg) (30 f.l.g) (300 f.l.g) 

- ++ - + + +++ 

Combi 60 

Amoxyclav Ceftriaxone Ceftizoxime Ceftazidime Cefpodoxime Gentamicin 
(10 Jlg) (30 Jlg) (30ILg) (30 J.lg) (30 ILg) (10 p.g) 

. +++ +++ +++ +++ -

Pseudo 

Amikacin Carbenici II in Chloramphen Ciproflaxacin Cephotaxil11e Gentamicin 
(30 /lg) (100 Jlg) icol (30 Ilg) (10 Ilg) (30 Ilg) (10 J.lg) 
. +++ +++ . +++ . 

Combi 59 

Ampicillinl Piperacillinl Ticarcillinl C arben i c i II in Cephalothin Cefuroxime 
Sulbactam Tazobactam c1avulanic acid (IOO /lg) (30 p.g) (30 p.g) 

(10110 f.l.g) (100/1 0 Jlg) (75/10 p.g) 
+++ + . - +++ +++ 

G II Minus 

Cephotaxime Cephalcxin Co-trim ax a Chloramphen Nalidixic acid Furazolidone 

(30 p.g) (30 p.g) zole (25 /l£) icol (30 Jlg) (30 /lg) (50 ILg) 

+++ +++ +++ +++ +++ +++ 

= Not Resistant 
+ Poorly resistant 
+t = Moderately resistant 

+++ Resistant 

Streptomy 
cin (10 Jlg) 
++ 

Streptomycin 
(10 f.l.g) 

+++ 

Amikacin 
(30 p.g) 

-

Norfloxacin 
(10 p.g) 

. 

Cephotaxil11c 
(30 Ilg) 

+++ 

NorOoxacin 
(10 J.lg) 
-

Tetracyc 
line (30 Jlg) 
+ 

Tetracycline 
(30 f.l.g) 

++ 

Cefoperazone, 
Sulbactam 
(75/30 f.l.g) 
. 

Tobramycin 
(10 p.g) 
-

Cefoperazone 
(75 Ilg) 

+++ 

Oxytelracy 
cline (30 /lg) 
+++ 
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Tablc 5. Antibiotic resistance pattern used as sclection marker for selected cndophytes. 

Endophyte Antibiotic Resistance Marker 

Octodisk Combi XIII 

Penicillin G Co-Trimaxazole Cloaxcillin Cefuroxime 

(2 fl,g) (25fLg) (5Jlg) (30 fl,g) 

Baci IllIs 
lI/egaterilll1l +++ +++ - + 

f)acillus sp. +++ +++ +++ +++ 

'nlblc 6. Reisolation oftwo cndophytic bactcria from secd treatcd as well foliar sprayed chickpea 
plants (30 days) undcrsterile conditions by using the antibiotic resistance marker. 

Endophyte Type of samples collected for endophytic isolation 

Root tissue Stem tissue Leaftissue 

No. of No.of No.of No. of No. of No. of 
samples positive samples positive samples positive 
tested reisolation tested rcisolation tested rcisolation 

Bacillus 
/J1cgaferiulIl 25 10 25 0 25 3 

Baci /IllS sp. 25 11 25 0 25 2 

400 



,\ntibiotic resistance in chickpea endophytic baclnia 

Plate I. Antimicrobial susceptibility test of bacteria with octodisks (Himedia) 
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e« ro urlH~). anuv\yciUin ( 10 pg). clo:t,"cillin (S pg) 
'Inti cduto\(imc 00 J&g), I~ Jluon·!fCt·tt!i showed 
n;"I"mncc 10 iunplC I Ifill t 10 pg). C'(}-lrim~l,\(a701c (25 
ItC), nllrofur;lOtOlfl (JOt) JtC). streptomycin ( 10 JtS), 
... lwlf.yd;w (10 PC). ccfrri;l~one (30 pg), 
cdtlJk:falonc/sulbacram (75/30 Itg), carbenicillin 
(IOn Il~). chloramphenicol ()O Itg). ampicillin! 
suU".clnlH (10110 pg), cephnlolhin (JO Itg). 
ccfuru'llUc (.'\0 IIC), cephotllxime (30 Ite). 
I.:dhper;uonc PS,tg), ccpfmlexin (30 pg) nulitlixic 
al.7l\l (JO ItS)' funvohdone (50 PS) ;md ox ytetracydinc 
(.m lIb) (Tuhle .1. Plate I). 

HcsisfllllCC Ltg'linst nntibiolics is one of (he 
parmnclcr u~ell to look for effective biologicnl 
C'olitroiligents (SidditlUi ('/ al .• 20(5). In the present 
sludy. intrinsic anlihiotic resistance pattern was 
~1c\dtlJh:d fur the endophylic bacterin in order to 
sec lin: n:sislallcc pattern und nlso to usc Ihem for 
rClsolati(lll thUll tn,'~lIed chickpea plants unda sterile 
.... onditiulls. The results shuwed Ihal most of the 
clldUI\hyles shuwed \'nrying resistance IHlllerns 
u~aillsl ,""ferellt ilntihinlics. Surprisingly fl. 
nrntl(lIl,~ \\US only n:sistnnllo nmoxycillin (I () Itg). 
The rhil'oh:u:terin showed hclfer resistance to the 
tested mHihiolics. The results show that some of 
the cndophytes showed less resistance to the tested 
nnlihiotics. which could mean that lhey may not be 
cffective competitors in a nalural environment like 
the rhizosphere. Thc cndophyles may need the 
protective environment of the internal plant tissue 
for survival. Patricia ct al. (1995) isolated 22 
endophytic bacteria from mint shoot cultures. TIley 
subjected the bacteria to sensitivity tests with 
antibiotics and found that minimal inhibitory 
conccntr~ltion and minimnl bactericidal 
concentration of gentamycin. rifampicin. 
streptomycin and timcnlin varied with genotype. 
The present scudy also showed that resistance to 
different nntibiotics varied with genotype. 

Studies show that intrinsic antibiotic 
resistance pattern could be used to distinguish 
bacterial strains after introduction in the 
rhizosphere (Chanway and HaH, 1986). In the present 
preliminary study, two endophytic bacteria. namely, 
B. /1lcgarcriul1l and Bacillus sp. were selected for 
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the study. Bascd on the resistance pattern. the 
markers used wcrc penicillin G (2 ILg) and 1..'0-

lrimaxazole (l5pg) for R mega/crilll11 and penicillin 
G (2 Itg). co-trimaxazole (25ILg), cloaxcillin (5pg) and 
cefuroxime (30 pg) for lJt1cillll,\' sp. It was evident 
that both thc bacleria were able 10 colonize both 
the root and leaf tissue of chickpen plants, Out of 
the 25 root tissues tested 10 (ested positive for thl! 
presence of 1J. megalerillm and eleven for 8acUIII.\ 
sp. Ilowcver. they could not be detected in the stem 
tissue. nut in leaf tissue. 3 and 2 samples (Ollt of25 
s'1I11ples tested) showed presence of IJ. megalcrilll1l 
tlnd /ladll" ... sp., respectively (Tables 5 and 6). 

Vidhyastlkeran ('/ al. (1997) developed 
spontaneous resisttlllt strnins of I~ fluoresce1l.' by 
growing the isolates on media containing 190 Jigi 
Illi ofrifampicin for reisolation from field. Song and 
Zhu (1998) isolated endophytic bacteria from 
solanum crops and developed antibiotic rcsistam:e 
pattern for marking the strains. Wu et al. (20() I) 
obtained nn endophytic bacteriulll 73a mutant 
resistant to IOOpg ri fampicin/ml by continllous 
screening on a rifampicin mediulll with a series of 
concentrations nnd used the resistance as a marker. 
In the present study the resistance pattern of erich 
endophyte was compared with each other and .. 
suitable marker that was unique to the isolate was 
identified. The preliminary study to monitor the 
endophyte was done under sterile conditions in 
order to confirm that the identified cndophytes arc 
able to colonize the internal tissues of chickpea. 
The results indicated that the two endophytes 
namely. Bacillus sp. and B. megaterium were able 
to colonize that root and leaf tissue of chickpea. 
Further studies using suitable molecular markers 
or immunological tools are needed to show the 
distribution pattern of the endophytes in different 
tissues of the plant. 

ACKNOWLEDGEMENTS 

The authors are thankful to Dr. R. J. Rabindra, 
Project Director, Project Directorate of Biological 
Control (POBC), Bangalore for facilities and 
encouragement. The authors also thank Mr. T. V. 
Bhaskaran for the technical help rendered. 



Anlibiotic resistance' in chickpea endophylic b;tclena 

REFERENCES 

Chanway, C. P. and Hall, E B. 1986. Suitability of intrinsic 
antibiotic resistance as a method of strain 
identification in Rhi=ohilll1l trifolii. Plal/t al/{I Soil, 
93: 287-293. 

Chen. c., Bauske, E. M .• Musson, G, Rodriguez-Kabana. 
R. and Kloepper, fl. W. 199:'\. Biological control of 
fusarium wilt on cotlon by usc of endophytic 
bacteria. Biological COl/trol. 5: 83-91. 

Hall mann. J. 200 I. PIant interactions with endophytic 
bacteria In: Biotic interactions in plant pathogen 
associations (eds M. 1. Jeger and N. J. Spence). 
CIf BI III/C:n/afimwls, 200 I. 119 pp. 

Mcinroy, J. A. and Kloepper. J. W. 1995. Survey of 
indigenous bacterial endophytes from cotton and 
sweet corn. Plallt alld Soil. 173: 337-342. 

Patricia, M. B., Traci, N. DeWilde. and Barbara. M. R. 
1995. Characterization and identification of bacteria 
isolated from micropropagated mint plants. III Vitro 
Cell aflll Developmental Biolialgy. 31 : 58-64. 

Rangeshwamn, R.. Srceramakumar. P. and Raj. J. 2008. 
Identification of endophytic bacteria in chickpea 
and their effect on plant growth. Journal of 
Biological Ccmtrol. 22: 

Reed. B. M., Mentzer, J., Tanprasert, P. and Yu, X. 
1998. Internal bacterial contamination of 
micropropagated hazelnut: identification and 

anllbiotlc treatment. PI:mt Cell T''''\le and Or gall 
Culture. 52: f>7-70. 

Siddiqui. S .• SiddiqUI, Z. A. and Ahmad. I :!005 
Evaluation of fluorescent pseudomonad .. and 
Bacil/u.\' isolates for the bioconlwl of a \ ... ·11l ol'.ea .. \.' 
complex of pigeon pea. Ubrl.1 Jourllal All( /flb/lJ/o~\' 
(llld BiOll·c/II/O/OK\,. 21 :7:!()" D::!. 

Song. R. II. and Zhu, Z. Y. 1995. bulatllm and selectIon 
of competition rool • (:ololll:lIng and cntiophyu( 
bacteria from Solanum cmp", .!allmal 0/ SIIlIllKli41J 
ARr;mllllrtll ClIllt·J:(·. 16: 127- 13 I ' 

Sturz. A. V. and Matheson. n (I, 11)1)6, PlIpulallnn .. of 
endophytic bacleri:. which inllucncc h"s,·rC:"lst:IIl\:C 
to En\'inia-induced baclerial .. uli rot IU IXllato tuhe,'>, 
Plum (ifill Soil. I H4: 2fJ5-27I. 

TanprJsert. P. and Reed. B. M. 19'17, IktelmmalulIl of 
minimal bactericidal and effective antlhlOtlc 
treatlllent concentraliml'i for hacterial contanllnallt .. 
from microprop.,gat~d .. tmwhcrrics In Vtlm Cellltlar 
& /)"\'('IOI"'U'I/l{JI lIiolog\' - ,.'aut. ]3: 227 -230 

Vidhyasckcran, P. Selhllraman. K.. Rajal,pan. K. unll 
VasuJ1lathi. K. I ()97. I'owdcr formulation Ill' 
P.\·('ut!o/llol1a ... ./lllfw(,Jcc·".f to contrul pigcnnpc;l wIlt. 

mO/ogiclil COl/lrol. 8: 166·171. 

Wu AM., Gu. B. K .• Fu. Z. Q. and }lu. H. D. 20()1. 
Studies on the population fluctuation of endophytic 
bacteria 73a in cotton plant. Acta Phytopathologic-a 
Sinica, 31: 289-294. 

(Received: 04.07.2007; Revised: 22.10.2007; Accepted: 30.11.2007) 

403 


