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Abstract

The present study was carried out at Department of Microbiology,
CCS HAU, Hisar with the objective to identify intrinsic antibiotic
resistance in rhizobia isolated from root nodules of Clusterbean
(Cyamopsis tetragonoloba (L.) Taub.). A total of fourteen rhizobia
isolated from clusterbean growing in Bhiwani, Hisar and
Mahendergarh districts of Haryana were used to investigate their
intrinsic resistance to different concentrations of eight antibiotics viz.,

None of rhizobial isolates showed growth
on YEMA medium having antibiotics
kanamycin, neomycin and tetracycline
even at concentration of 10 pg mil™
Rhizobial isolate GB-5c showed growth
on the entire antibiotic tested except
kanamycin and neomycin.
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Ampicillin, chloramphenicol, gentamicin, kanamycin, neomycin,
nalidixic acid, tetracycline and streptomycin. The results of this study
revealed that most of rhizobial strains tested on yeast extract mannitol
agar (YEMA) medium having antibiotics had good growth on
ampicillin, chloramphenicol, nalidixic acid and streptomycin upto
concentrations of 100 pg ml™ while using gentamicin showed medium
growth upto concentrations of 20 ug ml™.

Introduction

Use of high attributes rhizobial inoculants on agricultural legumes has share significantly to the N market of
agriculture system due to profit from biological nitrogen fixation (BNF). Significant community of symbiotically
efficient rhizobia ought to be existing in the rhizosphere for symbiotic BNF with host plants. The act of Rhizobium
inoculation in farmland and its effectiveness are decisive because of contest taking place among the introduced
rhizobia and the native rhizobia existing at elevated densities. Contest for nodulation is commonly calculated by
measuring the capability of introduced Rhizobium isolates to form large digit of nodules on the selected host. In spite
of this, the rhizosphere constitutes huge populations of diverse microorganisms. A number of these microorganisms
typically generate antibiotics which are fatal to sensitive rhizobial populations in the soil [1]. Resistance to antibiotics
increases the Rhizobium probability of continued existence in the rhizosphere. Antibiotic resistance has been regularly
applied in differentiating the applied inoculant strain from native rhizobia and observes their continuity and habitation
of legume nodules [2, 3]. Rhizobial strains ought to resistant to concentrations of antibiotics that obstruct the
development of other soil bacteria and they must be adept to keep their affectivity and symbiotic efficacy. The
resistance may be grown up for single or manifold antibiotic groups [4]. Although bulks of rhizobial isolate in the soil
are sensitive to antibiotics, remains have advanced resistance in reaction to commonly produced antibiotics [5, 6, 7].
Hence, intrinsic resistance to antibiotics is an advantageous feature for the rhizobial population. It boosts the rhizobial
probability of development, reproduction and determination in the soil. The logic for making of antibiotics by a few
soil habiting microbes is not yet understandable. Several informations has implied a lot of hypotheses for the
construction of antibiotics. The antibiotics lyse living cells of sensitive bacterial group, thus given that food for the
organism [8]. Different group of antibiotics show diverse modes of response on the bacteria like interference with cell
wall synthesis, inhibition of protein, nucleic acid and metabolic pathway synthesis, disruption of bacterial membrane
structure. Benefits of this process of detection enclosed its loyalty in that resistance to low levels of antibiotics came
to be a durable assets of the Rhizobium strains investigated, as outcome were reproducible over lengthy stage of
period. In inclusion, this process needed no cellular variations, which may occur through mutant selection or
mutagenesis and may interfere with strain performance. The resistance of rhizobial strains to antibiotics is being
broadly applied in study of the stability in soil or other environment and their competitiveness as a marker for
nodulation of the host plant and success of nitrogen fixation [9, 10, 11, 12, 13].

Clusterbean is an important kharif legume of arid and semi-arid regions of India. It is primarily grown for
seed, green fodder, vegetable and green manuring. Like other legumes, clusterbean is nodulated by Rhizobium or
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Bradyrhizobium strains belonging to cowpea miscellany group. The productivity of clusterbean is low [14] and the
inoculation through effective rhizobial isolates does not essentially result in crop development. Cause for inoculation
failing is the little symbiotic specificity among clusterbean and rhizobia in adverse conditions such as drought, high
temperature and also competition with the indigenous soil bacteria. This examination shows the necessity for advance
information of biological criterion, for example the dynamics of native rhizobial populations, continuity and
competitiveness. For identification of strains high concentration of antibiotic resistance markers have been used [15].
It has advantage of ease of isolation and recognition of inoculum strains from nodules and also from the soil.
Antibiotic resistance pattern has traditionally been used as a marker in competition studies because this method is
simple and requires no specialized equipment [16]. Therefore, aim of this study was to characterize 14 strains of
rhizobia isolated from root nodules of clusterbean plant based on their intrinsic resistance to different concentrations
of eight antibiotics.

Materials and Methods
Isolation of root nodule bacteria (Rhizobia)

Evaluation of root nodule bacteria (rhizobia) for intrinsic antibiotic resistance

Intrinsic antibiotic resistance of different rhizobia was evaluated according to Eaglesham’s technique on YEMA
medium plates supplemented with different concentrations of antibiotics [18]. Stocks of different antibiotics (ampicillin,
chloramphenicol, gentamicin, kanamycin, neomycin, nalidixic acid, tetracycline and streptomycin) were prepared by
dissolving them in appropriate sterilized water or acid/alkaline solution. These stocks were diluted as per the
requirement of different concentration of each antibiotic and were further filter sterilized. Filter sterilized aliquots of
each antibiotic were added aseptically to YEMA medium having the temperature 45-50°C. Five pl of log phase grown
cells of different rhizobia was spotted on YEMA medium plates supplemented with different antibiotics. YEMA plates
without antibiotic (control) and with antibiotics were incubated at 28+2°C for 7 days and growth of each rhizobial
isolates on different antibiotic supplemented plates was compared with growth on plates without antibiotic. The
maximum concentration where colonies diameter was equivalent to growth on control plate was recorded as resistance
level of different rhizobia.

Results and Discussion

A total of fourteen rhizobia were isolated from root nodules of clusterbean (Cyamopsis tetragonoloba (L.) Taub.)
(Table 1). Among the 14 rhizobial strains, nine rhizobia from Bhiwani, one from Hisar and four rhizobial strains from
Mahendergarh district. These regions have a usual temperature vary from 10°C (in winters) to 47°C (in summers). All
the rhizobia were Gram negative, rod shaped and motile. Similarly Singh et al. [19] also isolated forty-nine isolates
from root nodules of Pigeon pea [Cajanus cajan (L.) Millspaugh] growing in Haryana.

Table 1 Nomenclature of rhizobial isolates and description of samples collection sites

S. No. Rhizobiaisolates Village  Districts

1 GB-1la Bhagi Bhiwani

2 GB-1b Bhagi Bhiwani

3 GB-3a Neemali  Bhiwani

4 GB-5¢c Sanspur  Bhiwani

5 GB-7a Achina  Bhiwani

6 GB-10b Achina  Bhiwani

7 GB-10c Achina  Bhiwani

8 GB-14a Morwala Bhiwani

9 GB-16a Bilawal  Bhiwani

10 GH-6d Kirtan Hisar

11 GM-10a Sighara  Mahendergarh
12 GM-11b Paldi Mahendergarh
13 GM-11c Paldi Mahendergarh
14 GM-13a Basai Mahendergarh
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In present study, the development of rhizobial strains tested to various antibiotic concentrations was visibly decided
depend on improvement on colony diameter. The outcome of our study (Table 2) revealed that majority of the
rhizobial strains had fine expansion on YEMA medium augmented by ampicillin, chloramphenicol, nalidixic acid and
streptomycin upto concentrations of 100 ug ml™. Especially elevated intrinsic resistance was found in strains GB-1a,
GB-5¢, GB-10c, GB-14a, GM-11b and GM-13a. The moderate level of intrinsic resistance of largely strains certfied
was to the gentamycin in concentrations up to 20 pg ml™. Only one rhizobial strain GB-5¢ showed growth on
tetracycline up to concentration 50 ug ml™ but growth was poor. None of the rhizobial isolates showed growth on
YEMA medium supplemented with antibiotics viz., kanamycin and neomycin even at concentration of 10 pg ml™*
(Fig.1 and Table 2). The results of this study were in conformity with the results of earlier researchers [20] because
they found a different antibiotic resistance pattern in Rhizobium, Bradyrhizobium and Rhizobium radiobacter. Raza et
al. [21] observed that rhizobial strains were inherently susceptible to clindamycin (2 pg ml™) and alienated into four
sets on the foundation of their intrinsic resistance pattern. Set A, counting ARC 400 and ARC 402, exhibit resistance
to all eleven antibiotics whereas set C, constitute two blue lupin (ARC 413 and ARC 414) strains and one Egyptian
white lupin (ARC 404) strains were inherently susceptible to entirely antibiotics studied. Young and Chao [22]
described that both the quickly and leisurely developing isolates of rhizobia display extensive fluctuation in resistance
to antibiotics. Intrinsic antibiotic resistance property have been applied to recognize isolates of Rhizobium
leguminosarum bv. viceae [23].

Table 2 Characterization of rhizobia for intrinsic antibiotic resistance pattern

Sr.  Rhizobial Ampicillin Chloramphenicol Gentamycin  Kanamycin
No. isolates 20 50 100 20 50 100 20 50 10 20
1 GB-1a +++  +++ ++ +++  +++  + ++ + - -

2 GB-1b +++ A - - -

3 GB-3a +++  +++ + +++  +++ 4+ +++ - - -

4 GB-5¢ +++ A +++ - -

5 GB-7a +++  +++ A+ + - - -

6 GB-10b +++  4+++ S+ ++ + - -

4 GB-10c +++  +++ A ++ - -

8 GB-14a +++  +++ A + - -

9 GB-16a +++  +++ +++ - - -
10 GH-6d TR e T S T T T B +++ - - -
11 GM-10a +++  +++ A+ - - -
12 GM-11b +++  +++ + - -
13 GM-1ic T ke dAFRE dRPR AP - - -
14 GM-13a +++ +++ A+ +++ - - -
Sr.  Rhizobial Neomycin Nalidixic acid Tetracycline  Streptomycin

No. isolates 10 50 20 50 100 10 50 20 50 100
1 GB-1la - - +++ -+ - - +++
2 GB-1b - - +H+ - - +++  +++
3 GB-3a - - +++  +++ -+ - - +++  + +

4 GB-5¢ - - +++ + +++  ++ +

5 GB-7a - - +++  +++ 1+ - - +++  ++ =

6 GB-10b - - +++  +++ -+ - - +++  ++ +

7 GB-10c - - +++ -+ A+ - - +++  ++ ++
8 GB-14a - - +++  H++ - - +++ +++
9 GB-16a - - +++  +++ 4+ - +++ ++ +
10 GH-6d - - +++ - - +++  +++ 4
11  GM-10a - - +++  ++H+ - - +++ A+
12 GM-11b - - +++  ++H+ - - +++
13 GM-1lc - - +++ A+ + - - +++ 4+ ++
14 GM-13a - - +++  ++H+ - - +++

(+++= good growth, ++= moderate growth, += poor growth and -= no growth)
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Figure 1 Intrinsic antibiotic resistance pattern of Clusterbean rhizobial strains

Similar type of antibiotic resistance pattern was also observed by Berrada et al. [24]. Hartman and Amarger [25] and
Tas et al. [26] point out the intrinsic resistance to antibiotics of distinct rhizobial isolates associated with the similar
group as a important phenotypic traits. Kaur and Sharma [27] tested ten rhizobacteria of Pseudomonas spp. isolated
from rhizosphere of chickpea for their reactivity to antibiotics along with reference strain LK884. All the isolates
showed resistance against ampicillin, whereas LK884 was sensitive to this antibiotic. Ansari et al. [28] reported that
out of 20 leisurely developing bradyrhizobia, 15 were resistant to trimethoprim, 16 to nalidixic acid, 13 to polymyxin
B, 14 to vancomycin and 9 to novobiocin. While out of 15 quick developing rhizobia, 10 were resistant to
trimethoprim, 9 to nalidixic acid and 8 to novobiocin. This outcome point out that the leisurely developing were extra
resistant to different antibiotics than quick growers. Different Rhizobium strains of fababean and soybean were found
to be resistant to different antibiotics viz., amoxicillin, ampicillin and cloxacilline while very few strains were found
to be resistant to ampicillin and cloxacilline only [29].

Conclusion

It was observed that most rhizobial strains tested showed good growth on ampicillin, chloramphenicol, nalidixic acid
and streptomycin at concentrations upto 100 pg ml™. An elevated amount of intrinsic resistance was found in strain
GB-5c¢ to most of the antibiotics studied except kanamycin and neomycin. It was concluded that different rhizobial
strains have different antibiotic resistance pattern.
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