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Abstract: This work aimed to evaluate stress tolerance of nine Rhizobium isolates obtained from Sesbania bispinosa root samples

collected from Navi Mumbai coastal region with reference to heavy metals, fungicide, antibiotics and bile salts. Effects of 100ug —
500ug concentrations of 13 heavy metal salts (Ag2SOa, KI, Co3(PO4)2 MnClz(NH4)2M00Q4, LiCl, ZnSO4, CuSO4, FeSO4, K2Cr207,
CdCly, HgCl,, Pb(CH3COQ),) on the growth of 9 isolates of Rhizobium.The results clearly show different levels of intrinsic tolerance
of Rhizobium strains to the applied concentrations of heavy metals in terms of growth. All the strains displayed the lowest intrinsic
tolerance when growing on 100ug of ZnSO4, CuSOs, K2Cr,07, CdCl; & HgClowhile most strains were found to show the highest
intrinsic tolerance of 500ug of Cos (PO4),, MnCl,,(NH4)2Mo0O4, LiCl, KI and Pb(CH3COO)..The effect of the fungicide on the isolates
of Rhizobium was variable, depending on the concentration of fungicide Bavistine and the isolate. All of the Rhizobium isolates showed
resistance to the 10ug whereas 55% of isolates showed tolerance upto 30 pg/disc fungicide. One isolate could tolerate 40 pg/disc
fungicide. Effect of different concentrations of 32 antibiotics on growth of Sesbania Rhizobium spp was studied. Nearly 90% isolates
showed highest intrinsic resistance to Augmentine, Bacitracin, Cefuroxime, Cephotoxime, Ceptrixime, Erythromycin, Furozolidone,
Gentamycin, Kanamycin, Lincomycin, Neomycin,Optochin, Penicillin G & Trimethoprim and around 55% isolates exhibited intrinsic
resistance to some antibiotics like Chloromphenicol, Ciprofloxacin, Methicillin, Pipericillin, & Ofloxacine. Highest intrinsic tolerance
to surfactant i.e. 10% sodium taurocholate used in this study was shown by 3 isolates. Highest tolerance to anionic detergent (sodium
lauryl sulphate) upto 6% was exhibited by isolate 1S-02. In future these stress tolerant Rhizobium spp. isolates can be successfully
employed for biotechnological applications in terms of bioremediation and biomineralization.
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1. INTRODUCTION

Rhizobia are genetically diverse and physiologically heterogeneous group of Gram negative, motile rod shaped bacteria, which belong
to family Rhizobiacae (Hirsch et al., 2001). It is first identified in root nodules of legumes in 1888 showing symbiotic nitrogen
fixation and forming nodules on the roots or rarely on the stem of legume hosts, within which the bacteria fix atmospheric nitrogen
into ammonia (Quatrini et al., 2002). Effective survival ability of bacteria even under adverse environmental conditions is obligate
requirement for a fully functional symbiosis. Rhizobium has nif genes which encodes for nitrogenase enzyme system provides a
constant source of reduced nitrogen to the plant and this bacterial symbiotic association with leguminous plant reduces the dependence
on nitrogenous chemical fertilizers for the growth of leguminous crops (Dilworth and Parker, 1969).

Seshania is a genus of nearly 60 species of tropical legume out of which 40 have so far been reported to nodulation by Rhizobium spp

(Sprent, 2001). Most of Sesbania species’ natural occurrence or habitat is wet or flooded soils. It serves as a potential green manure

JETIR1904G45 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 931


http://www.jetir.org/

© 2019 JETIR April 2019, Volume 6, Issue 4 www.jetir.org (ISSN-2349-5162)

in wetland rice production as it can fix large quantities of nitrogen due to symbiosis with Rhizobium spp. (James et al., 2001).
Nodulation in Sesbania may be induced by a variety of rhizobia, including Azorhizobium spp.(Dreyfus et al., 1988; Goncalves and
Moreira, 2004; Within the soil, rhizobia frequently encounter various stresses that affect their growth, their initial steps of symbiosis
and the capability of nitrogen fixation (Zahran, 1999). Before understanding field, an application of promising inoculants,
identification of certain markers (e.g., heavy metal, pH, antibiotic resistance) is necessary for ecological competitiveness (Ausiliet al.,
2002; Dourinet al., 1 996; Evans et al., 1980; Zahran, 1999).

Heavy metals toxicity to nitrogen-fixing rhizobia and the nodulation process mediated by them has been the subject of intense
research.Even though reports on effect of heavy metals on rhizobia are contradictory, several studies have validated that some of these
metals are incompatible and can be toxic to both rhizobia (Brooset al., 2005) and legumes (Brooset al., 2004). Different heavy metals
exhibit variable degree of deviations in rhizobial populations, in addition it can also cause multiple effects on legume plants &
symbiosis between them. Heavy metals exhibit toxic effects on the plant metabolism. For instance, a higher concentration of metals
may induce interaction with sulfhydryl groups, leading to the inactivation of plant protein (Assche and Clijsters, 1990). On the other
hand, the growth and plant growth-promoting activities of microorganisms can be altered because of a high concentration of metals
(Brooset al., 2004).

Mostly crop diseases are controlled in legume fields using fungicides has enormous effect on increasing yield and amended quality
(Fox et al., 2007). Fungicides shows dual effect as it interfere with plant and has a detrimental effect on most of soil microflora
(Castro et al., 1997; Malik and Tesfai, 1983; Lennox and Alexander, 1981). Some research has been carried out on the effect of
different fungicides on Rhizobium bacteria growth and nitrogen fixation capacity (Rennie and Dubetz, 1984; Tu, 1982, 1981).
Rhizobium isolates have diverse wide resistance to fungicides (Digrak and Kirbag, 1996; Martyniuket al., 1999a; 1999b) and
antibiotics (Alexander et al., 2006; Hungria et al., 2001).

Inoculation of stress tolerant strains of rhizobia may enhance the nodulation and nitrogen fixation ability of plants under stress
conditions. The ability of legume hosts to grow and survive in saline conditions is improved when they are inoculated with stress
tolerant strains of rhizobia (Zouet al., 1995; Hashemet al 1998; Shamseldin and Werner, 2005). Rhizobial populations vary in their
tolerance to major environmental factors (Ulrich and Zaspel, 2000; Mahobia and Mahna, 2002; Sridhar et al., 2005; Wei et al.,
2008; Biswaset al., 2008).

In mangrove ecosystem or in highly contaminated soils, these soil organisms are likely to bear systems to survive with toxic metals
in their habitats (C anovaset al. 2003).Due to their high stress tolerance capacity these microorganisms are very useful for
biotechnological applications in terms of bioremediation and biominerilization. Therefore, there is a need to study the microorganisms
of these soils. Navi Mumbai coastal region is one of the major mangrove forests in India where diversity has not been studied
thoroughly.

Therefore, in the present study, an attempt has been made to study the stress tolerance of Rhizobial isolates obtained from Sesbania
bispinosa growing in mangrove soils of Navi Mumbai coastal region to appreciate the functionalities of the stress tolerant rhizobia.
Further, these strains were evaluated for their stress tolerance with reference to 13 heavy metal salts, Fungicide carbendazim, 32
antibiotics & Surfactant (sodium taurocholate).

2. MATERIAL AND METHODS

2.1 Bacteria and Media used:

Nine (IS1,1S2,1S3,1S6,1S 7, 1S 10, IS 13, IS 15 & IS 16) rhizobial strains used in this study were selected from a collection of
twenty isolates of Sesbania bispinosa. These strains were selected on the basis of their morphological, cultural, biochemical,
physiological characteristics and nodulation patterns.

These strains formed pink-brown effective nodules on Sesbania spp. under controlled conditions. For routine growth of bacterial
cultures, Yeast Extract Mannitol agar medium was used (Vincent, 1970).The purified cultures were maintained on Yeast Extract
Mannitol agar slants. (Subha Rao, 1988).
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2.2 Screening for heavy metal tolerance:

Rhizobium isolates of Sesbania bispinosa were evaluated for their resistance against thirteen different heavy metals using 5 levels of
concentrations. The resistance of isolates to heavy metals was evaluated on solid YEMA medium. The plates were surface inoculated
with 0.1 ml of culture with cell density of about 108 cells using sterile glass spreader. The stock solutions of following heavy metals
(100 pg/disc —500ug/disc) were prepared using analytical grade heavy metal salts of Silver sulphate (Ag.SO4), Potasium iodide (K1),
Cobalt phosphate(Co3(PO4)2), Ammonium molybdate( (NH.)2Mo0Os), Lithium chloride (LiCl), Zinc sulphate ( ZnSO.), Copper
sulphate (CuSOs), Ferrous sulphate (FeSOg), Potassium dichromate (K:Cr.07), Cadmium chloride (CdCl,.H,0), Mercuric
chloride(HgCly), Lead acetate (Pb(CH3COOQ),.Control was maintained using sterile deionized water. Sterile whatman filter paper discs
dipped in the respective heavy metal salt solution, excess solution removed and then placed over the swabbed YEMA plates and
incubated at 30° C for 48-72 hours. Isolates were considered resistant when growth occurred around disc and sensitive when zone of
inhibition around the discs was detected(Abigarg et al 2013, Cigdem Kucuk et al 2012, Fazal Hadi et al 2010, S.P.Paudyal et al
2007)..

2.3 Fungicide tolerance study:

Sterile YEMA plates were inoculated with 0.1 ml of culture with cell density of 108 cells/ml of Rhizobium using sterile glass spreader.
Stock solutions of Fungicide concentration ranging from 0.1% to 0.4% were prepared using sterile distilled water. Sterile discs were
dipped in the respective fungicide solution and then placed over the inoculated YEMA plate and then the plates were incubated at
room temperature for 72 hours.The inhibition of Rhizobium isolates by fungicides was checked by the zone of inhibition around the
discs (Kale et al, 1989).

2.4 Determination of Intrinsic Antibiotic Resistance:

The intrinsic antibiotic resistance of Rhizobial isolates to 32 standard antibiotics namely Amoxycillin, Ampicillin, Augmentine,
Bacitracin, Cefuroxime, Cephotoxime, Ceptrixime,Chloromphenicol, Ciprofloxacin, Clindamycin, Doxycycline, Erythromycin,
Furozolidone, Gentamycin, Kanamycin, Ketoconazole, Lincomycin, Methicillin, Neomycin, Nitrofurantoine, Ofloxacine, Optochin,
Penicillin G, Pipericillin, Streptomycin, Sulphamethizole, Tobramycin, Trimethoprim & Vancomycin [Hi-Media] with variable
pa/disc concentration were assessed according to the standard method. Antibiotic discs were placed on the surface of agar, YEM agar
medium inoculated with 0.1 ml of liquid culture containing about 108 cells and then the plates incubated at room temperature for 5
days. The experiment was conducted in triplicates for each treatment. Isolates were (was) considered resistant to antibiotic when
growth occurred around disc and sensitive when zone of inhibition around the discs was detected (Mishra et al, 2009).

2.5 Screening for tolerance to surfactant (Sodium taurocholate):

The screening of rhizobium tolerance to sodium taurocholate like surfactant was checked on sterile YEMA medium containing 0.5%
-10% sodium taurocholate concentrations. Loop full liquid culture containing about 108 cells of rhizobia were spot inoculated & plates
incubated at 30°C for 5 days with 3replicates for each treatment.lsolates were considered resistant to sodium taurocholate when
growth occurred on media and sensitive when growth was absent on medium containing sodium taurocholate. Control was maintained
on sterile YEMA without sodium taurocholate. (D.B. Thakare, 1999).

2.6 Screening for tolerance to anionic detergent (Sodium lauryl sulphate):

The screening of rhizobium tolerance to anionic detergent like Sodium lauryl Sulphate (SLS) was checked on sterile YEM broth
medium containing 1% -10% Sodium lauryl Sulphate concentrations. 0.1 ml culture containing about 108 cells of rhizobia were
inoculated & broths incubated at 30°C for 5 days with 3 replicates for each treatment. Isolates were considered resistant to sodium
taurocholate when growth in the form of turbidity occurred in broth media and sensitive when growth and turbidity was absent in
medium containing sodium taurocholate. Control was maintained on sterile YEM broth without Sodium lauryl Sulphate. (D.B.
Thakare, 1999).
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3. RESULTS & DISCUSSION:
3.1 Screening for heavy metal tolerance of Seshania Rhizobium spp.

Seshania Rhizobium spp. exhibited variable tolerance level to 13 different heavy metals under study [details of sensitivity & tolerance
is given in figure. 1.a & 1.b Almost 90% Rhizobia spp. showed tolerance to 500ug/disc Cobalt phosphate, Manganese chloride,
Lithium chloride, Potassium iodide, Lead acetate & Ammonium molybdate. In addition luxuriant growth & excess EPS production
was observed as the concentration of Ammonium molybdate is increased. However 80 % Rhizobia spp. found to be sensitive to 100
pg of Zinc sulphate, Copper sulphate, Potassium dichromate, Cadmium chloride & Mercuric chloride. In case of Silver sulphate &
Ferrous sulphate 45 % strains found to exhibit tolerance upto 500 g concentration & remaining isolates exhibited variable sensitivity
pattern towards it. Negative control did not show inhibition of isolates around discs.

Figure. 1.a. Screening of heavy metal tolerance of Rhizobium
spp. isolated from Sesbania bispinosa
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Figure. 1.b. Screening of heavy metal tolerance of Rhizobium spp.
isolated from Sesbania bispinosa
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3.2 Fungicide tolerance of Seshania Rhizobium spp. towards standard Bavistin (Carbendazim 50%WP)

In this study increasing concentrations of fungicide decreased the growth of isolates. Figure2 shows that all isolates were resistant to
10ug Carbendazim, isolate no. 1S-07 & IS -13 showed sensitivity to 20ug/disc Carbendazim. However 1S-01, 1S-02, 1S-06, IS -10 &
IS- 16 displayed tolerance to 30pg/disc Carbendazim, on the other hand Isolate 1S-10 showed highest tolerance to fungicide upto
40pg/disc Carbendazim. These fungicide tolerant Sesbania Rhizobium isolates can be easily employed in the stressed agricultural

regions where fungicides are used in excess concentration.

Figure. 2 Fungicide tolerance of Sesbania Rhizobium spp.
towards standard Bavistin (Carbendazim 50%WP)
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3.3 Determination of Intrinsic Antibiotic Resistance of Rizhobium spp.

Intrinsic antibiotic resistance of Sesbania rhizobium spp. studies as showm in Table 3.3 showed that all isolates exhibited resistance
to some antibiotics namely Augmentin, Bacitracin (except 1S-06 & 1S-07), Cefuroxime, Cefotoxime, Ceptrixime (except 1S-06),
Erythromycin, Furozolidone, Kanamycin, Lincomycin, Optochin, Penicillin G & Trimethoprim. On the other hand with Amoxycillin,
Doxycyclin, Streptomycin, sulphamethizole, Vancomycin; the isolates were found sensitive (except 1S-02). Sensitivity towards
Ampicillin, Ketoconzole and Tobramycin was shown by 33% of isolates. With Chloramphenicol, Methicillin and Pipericillin
sensitivity was exhibited by almost 45% of isolates. 50% of isolates showed sensitivity towards Ciprofloxacine and Ofloxacine.
Almost 80% isolates were sensitive to Gentamycin and Neomycin antibiotics. 65% isolates were found to be sensitive towards
Nitrofurantoin and Tetracycline antibiotics.

Table 3.3. Intrinsic Antibiotic Resistance of Rizhobium spp

Antibiotibcs used Concentration used | 1S-01 IS - IS - IS - IS- | IS-10 | IS- | IS-15 | IS-

02 03 06 07 13 16

Amoxycillin 30 pg/disc 30 08 36 18 50 30 28 36 31
Ampicillin 10 pg/disc R 18 R 12 R R 24 R
Augmentine 30 pg/disc R R R R R R R R
Bacitracin 8 units/disc R R R 08 08 R R R R
Cefuroxime 30 pg/disc R R R R R R R
Cephotoxime 30 pg/disc R R R R R R R
Ceptrixime 30 pg/disc R R R 14 R R R R R
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Chloromphenicol 10 pg/disc R 17 29 R 28 32
Ciprofloxacin 5 pg/disc 26 25 30 40 42
Clindamycin 2 ug/disc R R 08 30 R R R 36
Doxycycline 30 pg/disc 40 19 40 23 60 52 52 62 44
Erythromycin 15 pg/disc R R R
Furozolidone 50 pg/disc R R R R R R
Gentamycin 10 pg/disc 07 07 12 12 14 R R R 10
Kanamycin 5 pg/disc R R R R R R R
Ketoconazole 50 pg/disc R 08 20 10 R R R
Lincomycin 2 pg/disc R R R R R R
Methicillin 5 pg/disc R 07 08 11 R R R 34 R
Neomycin 30 pg/disc R R 16 10 21 15 12 22 14
Nitrofurantoine 300 pg/disc R 12 14 15 24 18 11 R
Ofloxacine 5 pg/disc 20 20 28 45 44 24
Optochin 10 units/disc R R R
Penicillin G 10 units/disc
Pipericillin 100 pg/disc R 21 08 17 R R 32 R
Streptomycin 25 pg/disc 12 16 36 18 50 13 07 50 15
Sulphamethizole 300 pg/disc 26 25 56 30 52 29 22 25 40
Tetracycline 30 pg/disc 40 22 60 R 46 56 25 44 R
Tobramycin 10 pg/disc R 26 12 44
Trimethoprim 5 ug/disc R R R
Vancomycin 30 pg/disc 20 32 08 40 10 16 32 24
Key : R- Resistant

Zone of inhibition in mm

3.4 Surfactant (sodium taurocholate) tolerance of Rhizobium spp. isolated from Sesbania root nodules.

Highest tolerance to surfactant (sodium taurocholate) was shown by isolate 1S-02, 1S-03 & 1S-06. Highest sensitivity to sodium
taurocholate was observed in 1S-01 & 1S-16. Isolate number 1S-07 & 1S-15 just able to tolerate surfactant only up to 1% sodium
taurocholate. Tolerance up to 2% was exhibited by 1S-10 & 1S-13. Isolates tolerating upto 10% taurocholate can be employed in

sewage contaminated soils where both surfactant & bile salts addition is found to inhibit its microflora.
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Figure.3 Screening of bile salt tolerance of Rhizobium spp.
isolated from Sesbania bispinosa
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3.5 Anionic detergent (sodium lauryl sulphate) tolerance of Rhizobium spp. isolated from Sesbania root nodules.

Figure 3.5 Anionic detergent (sodium lauryl sulphate) tolerance of
Rhizobium isolated from Sesbania root nodules
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As shown in figure 3.5 highest tolerance to anionic detergent (sodium lauryl sulphate) upto 6% was exhibited by isolate 1S-02. Highest
sensitivity to sodium lauryl sulphate was observed at 1% in 1S-01 & 1S-13. Isolate number 1S-06 & 1S-16 were able to tolerate anionic
detergent only up to 3% sodium taurocholate. Tolerance up to 2% was exhibited by 1S-13 & 1S-15. Isolates tolerating anionic detergent
(sodium lauryl sulphate) upto 6% can be employed in sewage contaminated soils where both surfactant and detergents addition is

found to inhibit its microflora.
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4. CONCLUSION:

The results of this investigation clearly indicate different levels of intrinsic tolerance of the Sesbania rhizobia strains in terms
of their growth under stress conditions induced by various heavy metals, fungicide, antibiotics & bile salts concentrations (surfactants).
Few rhizobial strains tested were found to display the lowest intrinsic tolerance whereas most strains showed the highest intrinsic
tolerance to heavy metals, fungicide, antibiotics & bile salts used in this study. Differences in growth at various concentrations of test
compounds were recorded for isolates obtained from Sesbania bispinosia root nodules is indicative of differences in their genetic
structure originating from their indigenous biodiversity. Stress tolerant isolates are potential candidates which can be explored further
in development of biofertilizers showing effectiveness in stressed soils contaminated with the heavy metals, fungicide, antibiotics &
bile salts (surfactants).
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