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Abstract

The present study focuses on the phenotypic characterisation of rhizobial 
strains isolated from the native legumes of Meghalaya. A total of seventy-fi ve 
strains were isolated from various ecological regions, and sixteen strains from 
them were selected for further characterisation. It was observed that all sixteen 
rhizobial strains could not tolerate an alkaline pH value of 11. The majority of the 
fast-growing and slow-growing rhizobial strains in this investigation were found 
to have the highest temperature tolerance up to 40 ºC. It was also observed 
that all sixteen strains showed tolerance to different NaCl concentrations, and 
in the intrinsic antibiotic resistance test, the antibiotic Ampicillin (A10) was found 
to be highly effective in restricting the growth of the isolates, with only seven out 
of seventeen isolates being susceptible to this antibiotic. A total of eleven RNB 
isolates were found to be alkali-producing. It was observed that the rhizobial 
strain, NEHU-DP23, has the maximum number of fourteen sugars that were being 
utilised. The results revealed considerable phenotypic variability among the 
strains, indicating a broad adaptability to different environmental conditions.

environmental conditions like drought, high temperature, a 
wide range of soil pH, and salinity to select inoculants that 
would be able to endure and contribute to nitrogen ϐixation 
[7]. Temperatures above or below the ideal range of 25 °C - 
30 °C, which is conducive to rhizobia, hurt legume nodulation 
and nitrogen ϐixation [8]. Numerous phenotypic traits 
have been used to recognise and distinguish between 
bacteria capable of nodulating legumes [9]. Based on their 
generation time and pH reaction on YEMA medium containing 
bromothymol blue, rhizobia were subsequently divided 
into two groups: the fast-growing, acid-producing group 
(Rhizobium sp.) and the slow-growing, alkaline-producing 
group, like Bradyrhizobium [10,11]. Therefore, screening of 
rhizobial strains that can withstand high temperature, with a 
wide range of soil pH, would be beneϐicial to use as inoculum, 
especially in regions with acidic soil of Meghalaya. 

Introduction
Nitrogen, which is a component of many biomolecules, 

is considered one of the most widely distributed essential 
elements in nature [1]. Nitrogen, being a vital macronutrient, 
is the most crucial nutrient required for the growth and 
development of plants [2]. Biological nitrogen ϐixation (BNF) 
is a fundamental part of the nitrogen cycle that accounts for a 
massive portion of N available for plant uptake and signiϐicantly 
contributes to ϐixing nitrogen in terrestrial ecosystems [3]. 
During the past few decades, an enormous amount of nitrogen 
fertiliser has been employed to meet the needs of global 
food production [4]. As a result of excessive N application 
leads to several environmental and ecological problems [5], 
such as air pollution, soil pollution, and eutrophication of 
water bodies [6]. Therefore, it would be beneϐicial to study 
legume-rhizobia symbiosis that are suited to withstand 
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The genus Desmodium is distributed mainly in the tropical 
and subtropical regions of the world [12]. An interesting 
fact about this plant is that it can grow in low-fertility soils, 
with drought tolerance, hence making this plant a valuable 
representative in plant genetic resources, adding a signiϐicant 
contribution to forage production, soil protection, and 
improvement in small farming systems [13]. Smithia ciliata 
is an annual and diffuse herb [14] belonging to the family 
Fabaceae. It grows on the sloppy hills during rainy seasons, 
is native to the Himalayas, tropical and subtropical Asia, 
and is commonly known as fringed Smithia. In India, it is 
mainly found in Assam, Meghalaya, and Mizoram. However, 
few studies have been conducted on the identiϐication and 
characterisation of stress-tolerant rhizobia from various 
native legumes found in the state of Meghalaya [15]. 

In the present study, we aimed to isolate rhizobia that 
are symbiotically associated with the native legumes, viz., 
D. polycarpum and S. ciliata of Meghalaya. Rhizobial strains 
were characterised at the phenotypic level to screen strains 
with tolerance to high salt concentration, temperature, pH, as 
well as their metabolic activities. Such a screening test assists 
in identifying beneϐicial and effective rhizobia that promote 
and improve agricultural productivity under stressed 
environments.

Material and methods: Phenotypic characterisation
Isolation of rhizobia

Legume plants, S. ciliata and D. polycarpum, were collected 
from different areas of the state. Details of sampling sites 
are given in Table 1. The plant materials were sent for their 
identiϐication and obtaining of accession number to the 
Botanical Survey of India (BSI), Shillong. Fresh and healthy 
nodules from each plant were surface sterilised with 90% 
(v/v) alcohol and 0.1% (w/v) BavistinR. The sterilised nodules 
were crushed using a sterile scalpel. The root exudates 
obtained were streaked on Congo red-Yeast Extract Mannitol 
Agar medium (CR-YEMA) with pH 7 [10,11]. White, round, 
convex, raised colonies with entire margins were picked from 
the parent plates and puriϐied through the quadrant streaking 
method. Puriϐied rhizobial strains were maintained on YEMA 
petriplates at 28 °C and stored on YEMA slants at 4 °C.

pH, temperature, and salt tolerance

The YEMA agar plates with different pH ranging from 4-11 
by adjusting it using different pH buffers [16] were inoculated 
with 10μl aliquot of activated broth cultures. The plates were 
incubated at 28 ºC for 5-10 days. Their temperature tolerance 
was determined by streaking the strains onto YEMA plates 
and incubating at different temperatures, 30 °C, 35 °C, 40 °C, 
45 °C, and 28 °C as a control in a BOD incubator for 4-8 days 
for bacterial growth. Similarly, their NaCl tolerance was tested 
by streaking on YEMA plates supplemented with different 
concentrations of NaCl ranging from 0.5% to 4% (w/v) of NaCl 
and kept in a BOD incubator at 28 °C for a 3-4 day incubation 
period. 

Acidifi cation and alkalinization

The ability of the Bradyrhizobium strains to produce 
acid or alkali on YEMA broth medium supplemented with 
25 mg/l bromothymol blue (pH indicator) as described by 
Somasegaran and Hoben [17] and Sankhla, et al. [18] was 
carried out using Bromo thymol blue as a pH indicator and 
were incubated for 2-5 days at 28 °C - 30 °C in BOD incubator. 
The plates were observed for a change in colour to yellow 
(acidic reaction) or blue (alkaline reaction). 

Intrinsic antibiotic resistance (IAR) test

The intrinsic antibiotic resistance pattern (IAR) test was 
done to study the antibiotic sensitivity of the selected root 
nodule bacteria isolates using Kirby-Bauer’s disc diffusion 
method [19]. The HiMedia antibiotic discs supplemented with 
different concentrations were aseptically placed on the plates, 
and the zone of inhibition was observed after incubation at 
28 °C for 2-3 days. 

Carbon (sugar) utilisation test

The ability of the Bradyrhizobium strains to utilise various 
sugars as their sole carbon source was tested using HiMedia 
sugar discs. A total of 21 sugars were tested. Andrade’s peptone 
water (HiMedia) was prepared as per the manufacturer’s 
instructions, autoclaved, and allowed to cool. A single disc 
corresponding to a speciϐic sugar was aseptically added to 
each well. The sterile well-plates containing discs and the 
media were aseptically inoculated with an activated broth 

Table 1: Collection sites of leguminous plants along with their GPS coordinates.

Sl. No. Place of Collection
GPS Co-ordinates

Region
Latitude Longitude Altitude(m)

1 Laitlyngkot 25°26’N 91°50’E 1844

East Khasi Hills 
District

2 Lum Rapleng 25°28’N 91°55’E 1864
3 Mawkynrew 25°26’N 91°59’E 1583
4 Mawryngkneng 25°54’N 92°01’E 1434
5 Mylliem 25°49’ N 91°81’E 1818
6 NEHU 25°36’ N 91°54’E 1387
7 Sohiong 25°29’ N 91°45’E 1790
8 Umphrup 25°29’ N 91°53’E 1770
9 Kynshi 25°31’ N 91°33’E 1534

West Khasi Hills 
District

10 Mairang 25°32’ N 91°38’E 1650
11 Markasa 25°31’ N 91°25’E 1526
12 Mawthadraishan 25°33’N 91°24’E 1691
13 Nongstoiñ 25°32’N 91°20’E 1490
14 Ialong 25°46’N 96°26’ E 1365

 Jaiñtia Hills 
District

15 Jowai 25°44’N 92°20’E 1363
16 Khliehriat 25°36’N 92°36’E 1126
17 Ummulong 25°51’N 92°15’E 1334
18 Umbang 25°40’N 91°53’E 948

Ri-Bhoi District

19 Umsning 25°43’N 91°52’E 721
20 Quinine 25°49’N 91°52’E 544
21 Nongpoh 25°50’N 91°57’E 567
22 Marngar 25°53’N 91°55’E 530
23 Umling 25°57’N 91°51’E 283
24 Khanapara 26°11’N 91°82’E 69
25 Umroi 25°42’N 91°58’E 855
26 Khliehumstem 25°45’N 92°50’ E 902



Phenotypic Characterisation of Rhizobial Strains Symbiotically Associated with Smithia ciliata and Desmodium polycarpum of 
Meghalaya

047www.plantsciencejournal.com 047https://doi.org/10.29328/journal.jpsp.1001155

and incubated at 28 °C in the BOD incubator for 2-3 days. 
Observations were made after every 24 hours for a change of 
colour. If the test isolates can metabolise the carbohydrate, 
acids will be produced, thus lowering the pH of the medium, 
and this causes a change in the Andrade indicator from pale 
straw to pink (Figure 1). 

Results
Nodulation was observed in both the leguminous plants 

with a high number of nodules (Figure 2b,e). A total of seventy 
strains were isolated from the root nodules of D. polycarpum 
and S. ciliata, of which sixteen strains were selected for 
phenotypic characterisation. The tolerance of the selected 
isolates to different parameters such as pH, temperature, and 
salt concentrations was tested. The selected isolates were also 
analysed for their acidiϐication and alkalinization properties, 
different sources of carbon utilisation, and their resistance to 
different antibiotic concentrations.

pH tolerance

Different pH values ranging from 4-11, supplemented 
with different buffers, were analysed to test the tolerance of 
the RNB isolates. It was observed that all sixteen rhizobial 
strains could not tolerate an alkaline pH value of 11. Most of 
the rhizobial strains, such as NEHU-DP7, NEHU-DP8, NEHU-
SC6, NEHU-SC12, NEHU-SC13, NEHU-SC15, and NEHU-SC16, 
could tolerate up to a pH value between 4-10. However, it was 
observed that 9 strains, viz., NEHU-DP19, NEHU-DP22, NEHU-
DP23, and NEHU-DP24 isolated from D. polycarpum and 
NEHU-SC8, NEHU-SC20, NEHU-SC21, NEHU-SC23, and NEHU-
SC28, were able to survive at an acidic pH of 4 but could not 
tolerate an alkaline pH of 10 (Table 2).

Temperature tolerance

A total of sixteen rhizobial strains were being tested at 
different incubation temperatures from 28 ºC, 30ºC, 35 ºC, 
40 ºC, and 45 ºC. It was observed that at the range between 
28 ºC – 35 ºC, all sixteen isolates were able to show growth, 
out of which six isolates were isolated from D. polycarpum 

(NEHU-DP7, NEHU-DP8, NEHU-DP15, NEHU-DP19, NEHU-
DP22, NEHU-DP23 and NEHU-DP24) and ten isolates were 
isolated from S. ciliata (NEHU-SC6, NEHU-SC8, NEHU-SC12, 
NEHU-SC13, NEHU-SC15, NEHU-SC16, NEHU-SC20, NEHU-
SC21, NEHU-SC23 and  NEHU-SC28).

a b 

d c 

Figure 2: a. Acidifi cation and alkalinization. b. Carbon utilization pattern. 
c. Intrinsic Antibiotic resistant pattern (Kirby’s method).

Table 2: Phenotypic characterization such as pH, T°C, NaCl tolerance, and acidiϐication and alkalinisation response of selected RNB strains.
Isolates Location pH tolerance Temperature tolerance (ºC) Salt tolerance (%) Bromo Thymol Blue reaction

NEHU-DP 7 Kynshi 4-10 28-40 0.5-2 Neutral
NEHU-DP 8 Mawthadraishan 4-10 28-35 0.5-1 Alkalinisation

NEHU-DP 19 Nongpoh 4-7 28-40 0.5-2 Neutral
NEHU-DP 22 Marngar 4-8 28-35 0.5-2 Alkalinisation
NEHU-DP 23 Umling 4-7 28-40 0.5-2 Acidiϐication
NEHU-DP 24 Khanapara 4-7 28-40 0.5-2 Alkalinisation
NEHU-SC 6 NEHU 4-10 28-35 0.5-2 Neutral
NEHU-SC 8 Sohiong 4-8 28-35 0.5-1 Alkalinisation

NEHU-SC 12 Mawthadraishan 4-10 28-35 0.5-1 Alkalinisation
NEHU-SC 13 Mawthadraishan 4-10 28-40 0.5-2 Alkalinisation
NEHU-SC 15 Nongstoiñ 4-10 28-40 0.5-3 Alkalinisation
NEHU-SC 16 Nongstoiñ 4-10 28-40 0.5 Neutral
NEHU-SC 20 Khliehriat 4-7.5 28-40 0.5-2 Alkalinisation
NEHU-SC 21 Khliehriat 4-7.5 28-40 0.5 Alkalinisation
NEHU-SC 23 Umling 4-7 28-40 0.5-2 Alkalinisation
NEHU-SC 28 Umroi 4-9 28-40 0.5-3 Alkalinisation

c 

f 

b a 

d e 

Figure 1: a. D. polycarpum plant (scale bar: 15 cm) b. Determinate type and 
have lenticels and are of desmodioid type of D. polycarpum (scale bar: 5mm). 
c. S. ciliata plant (scale bar: 15 cm)d. Determinate type, aeschynomenoid, do 
not have lenticels of S. ciliata (scale bar: 5mm)



Phenotypic Characterisation of Rhizobial Strains Symbiotically Associated with Smithia ciliata and Desmodium polycarpum of 
Meghalaya

048www.plantsciencejournal.com 048https://doi.org/10.29328/journal.jpsp.1001155

In the present study, it was found that four rhizobial 
strains were from D. polycarpum, and seven rhizobial strains 
were found to have the highest temperature tolerance up to 
40 ºC. At the range of 40 ºC, it was found that eleven strains, 
out of which four isolates, NEHU-DP7, NEHU-DP19, NEHU-
DP23, and NEHU-DP24, were isolated from D. polycarpum, and 
seven isolates, NEHU-SC13, NEHU-SC15, NEHU-SC16, NEHU-
SC20, NEHU-SC21, NEHU-SC23, and NEHU-SC28, isolated 
from S. ciliata, could tolerate this temperature. And 5 strains, 
i.e., NEHU-DP8 and NEHU-DP22 isolated from D. polycarpum 
and NEHU-SC6, NEHU-SC8, and NEHU-SC12 isolated from 
S. ciliata, could tolerate at a temperature only up to 35 ºC, 
and none were found to survive at a temperature of 45 ºC 
(Table 2).

Salt tolerance

Different concentrations of NaCl ranging from 0.5%, 1%, 
2% and 3% were carried out to test the tolerance of the 
RNB isolates towards NaCl. It was observed that all sixteen 
strains showed tolerance to different NaCl concentrations. 
All sixteen RNB isolates were found to show tolerance at 
the concentration of 0.5%, out of which six rhizobial strains 
NEHU-DP7, NEHU-DP8, NEHU-DP19, NEHU-DP22, NEHU-
DP23, and NEHU-DP24 were isolated from D. polycarpum, 
and eight RNB isolates, NEHU-SC6, NEHU-SC8, NEHU-SC12, 
NEHU-SC13, NEHU-15, NEHU-SC20, NEHU-SC23, and NEHU-
SC28 isolated from S. ciliata.

In the present study, 14 strains were found to show 
tolerance up to 1% while only two isolates, NEHU-SC 16 and 
NEHU-SC21, showed tolerance only up to 0.5%. Further, it was 
also observed that out of these sixteen strains, eleven strains 
were able to tolerate up to a concentration of 2% and only 2 
strains, NEHU-SC 15 and NEHU-SC28, could tolerate high salt 
concentrations of 3% (Table 2).

Acidifi cation and alkalinization

This test was observed in response to a change in 
colour in yeast extract mannitol broth, supplemented with 
bromothymol blue dye (BTB). A total of eleven RNB isolates 
were found to be alkali-producing that including NEHU-DP8, 
NEHU-DP22, NEHU-DP24, NEHU-SC8, NEHU-SC12, NEHU-
SC13, NEHU-SC15, NEHU-SC20, NEHU-SC21, NEHU-SC23, and 
NEHU-SC28. While only one strain, NEHU-DP23, was found 
to be acid-producing and the other four RNB isolates, NEHU-
DP7, NEHU-DP19, NEHU-SC6, and NEHU-SC16, were found to 
be neutral (Table 2 and Figure 2a).

Intrinsic Antibiotic Resistance (IAR)

The pattern of Intrinsic Antibiotic Resistance (IAR) was 
measured in terms of the isolate’s sensitivity to antibiotics 
through the formation of a halo zone around the antibiotic 
discs (Himedia). In the present investigation, a total of 
twenty-three Hi-media antibiotic discs were used to test each 
strain’s resistance to different antibiotics individually. The 

sixteen strains displayed a wide range in their resistance to 
or sensitivity to different antibiotics. In our present study, 
we observed that the highest level of susceptibility for the 
antibiotics such as Gentamicin (Gen10), Ciproϐlaxin (Cf5), and 
Streptomycin (HLS300) was shown by all sixteen strains, and 
we found that the antibiotic Gentamicin (Gen10) showed the 
highest zone of inhibition for most of the strains. On the other 
hand, the highest the antibiotic Ampicillin (A10) was found 
to be highly effective in restricting the growth of the isolates 
with only seven out of seventeen isolates were susceptibility 
to this antibiotic level of resistant was found in Ampicillin 
(A10), Amoxyclav (Amc30), Imipenam (I10) and Nitrofurantoin 
(Nf300) and amongst them, (Table 3 and Figure 2c,d). 

Carbon utilisation pattern

A total of twenty-one sugars or carbon sources were being 
tested for their utilisation by the selected RNB isolates. It 
was observed that the rhizobial strain, NEHU-DP23, has the 
maximum number of fourteen sugars that were being utilised, 
followed by the isolates NEHU-DP22 and NEHU-SC12 that 
utilised eleven sugars and eight sugars, respectively, out of 
twenty-one sugars. However, the isolate NEHU-SC15 could 
utilise only four sugars, NEHU-SC6 could utilise only two 
sugars, and NEHU-DP7, NEHU-DP8, and NEHU-SC16 could 
utilise only one sugar. It was also observed that the isolates, 
NEHU-DP19, NEHU-SC13, NEHU-SC20, NEHU-SC21, NEHU-
SC23, and NEHU-SC28 were not able to utilise all the twenty-
one sugars as their carbon sources (Table 4 and Figure 2b). 

Discussion
The optimum pH for rhizobia growth is considered to be 

between 6.0 and 7.0 [9,20], and few rhizobia can thrive at pH 
values lower than 5.0 [21]. It has been reported that some 
mutants of rhizobium leguminosarum can grow at a pH as low 
as 4.5 [22], and another report was given by Graham, et al. 
1994 [21] when they isolated Rhizobium tropici CIAT899 [21] 
from bean nodules that can grow on YEMA medium with pH 
4.0. In the present study, all the tested bradyrhizobial strains 
were able to grow at the acidic pH 4.0, which suggests that the 
soil of this region is highly acidic. Similarly, Bradyrhizobium 
strains from India are also known to tolerate pH ranging from 
4-10 [15,23]. The rhizobia strain’s ability to withstand acidity 
varies greatly. Rhizobia’s ability to survive in root nodules of 
leguminous plants is affected by soil acidity, rhizosphere, and 
soil persistence, especially in the tropical regions [24]. 

Temperature signiϐicantly affects the persistence and 
viability of rhizobial strains in soils. The majority of the 
fast-growing and slow-growing rhizobial strains in this 
investigation were found to have the highest temperature 
tolerance up to 40 ºC. Bradyrhizobium species capable of 
nodulating Desmodium incanum were isolated, characterised, 
and identiϐied as B. yuanmingense and B. elkani that grow well 
at 40 ºC [12], although the ideal temperature range for the 
growth of rhizobial strains has been claimed to be 25 ºC - 30 
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Table 3: Intrinsic antibiotic resistance (IAR) pattern of selected rhizobial strains (Halozones measured in millimeters).

Sl.no. Antibiotics
(Conc. in μg)

N
EH

U
-D

P 
7

N
EH

U
-D

P 
8

N
EH

U
-D

P1
9

N
EH

U
-D

P2
2

N
EH

U
-D

P2
3

N
EH

U
-D

P2
4

N
EH

U
-S

C 
6

N
EH

U
-S

C 
8

N
EH

U
-S

C1
2

N
EH

U
-S

C1
3

N
EH

U
-S

C1
5

N
EH

U
-S

C1
6

N
EH

U
-S

C2
0

N
EH

U
-S

C2
1

N
EH

U
-S

C2
3

N
EH

U
-S

C2
8

1. Amikacin (Ak30) 12 19 15 14 11 18 20 22 24 22 22 23 28 18 22 26

2. Ampicillin (A10) 0 5 0 6 0 0 0 5  5 6 0 0 0 6 7 0

3. Amoxicillin (Amc30) 0 8 6 8 0 9 6 10 6 9 0 7 8 0 6 8

4. Augmentin (Au30) 7 10 8 8 6 9 8 8 7 7 0 8 0 9 7 8

5. Aztreonam (Ao30) 10 12 14 8 9 13 0 12 10 10 0 14 8 0 14 7

6. Ceftazidine (Ca30) 8 0 8 6 9 8 0 9 13 0 0 8 8 7 8 0

7. Ciproϐlaxin (C5) 35 29 20 21 29 20 20 22 25 20 17 14 22 20 18 30

8. Cefuroxime (Cxm30) 10 8 11 13 10 11 14 12 10 10 14 15 8 12 7 11

9. Co-trimoxazole (Cot25) 10 16 9 9 10 8 10 12 15 10 0 14 12 8 11 12

10. Cephalothin (Ch30) 7 8 0 6 7 8 7 10 8 9 12 0 8 8 6 10

11. Cephoxitin (Cn30) 8 0 11 0 9 8 0 0 9 0 10 8 8 9 7 7

12. Chloramphenicol (C30) 10 12 7 8 10 7 7 9 8 7 10 8 10 10 9 7

13. Gentamicin (Gen10) 38 33 32 34 34 32 33 30 33 32 30 26 35 30 32 35

14. Imipramine (I10) 0 8 0 10 0 7 0 8 7 8 0 0 10 0 7 8

15. Kanamycin (K30) 8 12 17 20 12 18 14 23 21 24 20 25 17 20 36 20

16. Netilin (Nt30) 0 12 19 13 18 9 18 24 22 22 25 27 30 15 18 21

17. Nalixidic acid (Na30) 13 18 10 15 11 11 8 10 9 12 11 10 9 9 10 24

18. Nitrofurantoin (Nf300) 0 9 0 8 0 6 0 9 9 0 0 8 8 10 7 0

19. Oϐloxacin (Of5) 11 0 0 12 10 12 12 15 12 10 15 11 12 13 10 15

20. Piperacillin (Pc100) 10 8 7 0 10 9 0 9 11 10 0 0 10 0 8 7

21. Streptomycin (HLS300) 24 27 24 25 25 28 29 26 27 26 28 23 25 28 35 30

22. Spectinomycin (SPT100) 11 10 8 8 7 10 10 9 7 10 11 8 11 9 9 7

23. Tetracycline (Te30) 15 13 13 11 12 13 12 12 11 13 12 13 0 0 8 0

Table 4: Microbiology Sugar (Carbon) utilization pattern of selected rhizobial strains.

Sugars

N
EH

U
-D

P 
3

N
EH

U
-D

P 
7

N
EH

U
-D

P 
8

N
EH

U
-D

P1
9

N
EH

U
-D

P2
2

N
EH

U
-D

P2
3

N
EH

U
-D

P2
4

N
EH

U
-S

C 
6

N
EH

U
-S

C1
2

N
EH

U
-S

C1
3

N
EH

U
-S

C1
5

N
EH

U
-S

C1
6

N
EH

U
-S

C2
0

N
EH

U
-S

C2
1

N
EH

U
-S

C2
3

N
EH

U
-S

C2
8

Adonitol - - - - - - - - - - - - - - - -

Arabinose - - - - + + - + + - - - - - - -

Cellobiose + - - - + + - - - - - - - - - -

Dextrose + - - - + + - - - - + - - - - -

Dulcitol + - - - - - - - - - - - - - - -

Fructose - - - - + + - - - - - - - - - -

Galactose - - - - - + - - - - - - - - - -

Inositol - - - - + + - - - - +  - - - - -

Inulin - - - - + + - - - - - - - - - -

Lactose + - - - - - - - + - - - - - - -

Maltose + - - - + + + + + - - - - - - -

Mannitol - - - - + + - - + - - - - - - -

Mannose - - - - - + - - - - - - - - - -

Melibiose + - - - - - - - - - - - - - - -

Rafϐinose - - - - - - - - + - + - - - - -

Rhamnose - + - - - - - - - - - - - - - -

Salicin - - + - - + - - + - + + - - - -

Sorbitol + - - - + + - - - - - - - - - -

Sucrose + - - - + + - + - - - - - - - -

Trehalose - - - - + + + - + - - - - - - -

Xylose - - - - - - - - + - - - - - - -
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ºC [25]. High temperature can hinder some types of rhizobia’s 
adhesion to the roots of legumes, the development of root hair, 
and the formation of infection threads. High temperature can 
also reduce the rate of nitrogenase activity, leghemoglobin 
synthesis, and enzyme activity in nodules [20] and also 
causes an increase in water loss through transpiration, which 
ultimately slows down nodulation and reduces rhizobial 
growth [26]. On the other hand, low temperatures can impair 
rhizobia viability by slowing or delaying the nodulation and 
nitrogen ϐixation processes [27].

The initial stages of the Rhizobium-legume symbiosis are 
inhibited by salt stress. Delgado [28] has studied the effects of 
salt stress on nodulation and nitrogen ϐixation of legumes. In 
the present study, the majority of the Bradyrhizobium strains 
could tolerate salt concentration up to 2%, while a few isolates 
could tolerate low concentrations of salt only up to 0.5% and 
some isolates could tolerate up to 3% of salt concentration. 
This ϐinding is being supported by the report of Ojha, et al. 
2017 [15] for the majority of the Bradyrhizobium strains 
isolated from E. chinense and F. vestita from Meghalaya that 
could tolerate up to 2% salt concentration. Some rhizobial 
strains can endure and tolerate more in saline soils than their 
legume host [29]. There are a few examples of salt-tolerant 
rhizobial species, such as Rhizobium fredii [30] and R. meliloti 
[31], while R. leguminosarum [26,32] is salt sensitive.

Antibiotic resistance is a historic and naturally occurring 
phenomenon that affects the ecosystem [33]. Antibiotic 
resistance has been frequently used in distinguishing the 
rhizobial strains and keeping track of their survival and 
occupancy in the root nodules of legume plants [34]. IAR 
(Intrinsic Antibiotic Resistance), which serves as one of the 
signiϐicant phenotypic markers, was also examined for the 
strains in the present investigation. In the present study, 
a large variation was observed in the intrinsic antibiotic 
resistance pattern for a variety of root nodulating bacteria, 
with Gentamicin was shown to have the highest level of 
susceptibility for the majority of the strains, followed by 
Ciproϐlaxin and Streptomycin, and the least susceptibility 
against most of the strains were observed to be resistant are 
Ampicillin and Nitrofurantoin. Therefore, this variation could 
be the main feature for horizontal gene transfer [35] from or 
to members of the same or different genera [36]. According 
to Cole and Elkan [36], R. japonicum (now B. japonicum) has 
additional chromosomal antibiotic resistance genes. The 
transfer of plasmid genes R factor to and between genetically 
marked strains of R. japonicum (now B. japonicum) was 
described by Kuykendall [37]. A similar report that supports 
this ϐinding was also given by Beringer [38] when he found 
that the P group R factor could be transferable from E. coli K12 
to R. leguminosarum and between R. leguminosarum strains.

Fast-growing rhizobia tend to consume a wide range of 
carbohydrates as compared to slow-growing bacteria [39]. 
In the present study, a huge variation was observed in the 

carbon utilisation pattern. Carbon sources such as dextrose, 
maltose, and salicin were being utilised by the highest number 
of strains, both slow and fast growers, followed by arabinose 
and trehalose, and mannose and sucrose. On the other hand, 
carbon sources like adonitol and dulcitol were unutilized by 
the selected strains, which are similar to the ϐindings reported 
from microsymbionts isolated from native legumes of the 
same region [15]. 
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