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ABSTRACT  

  
Salinity of agricultural land is one of the stressful environmental conditions that adversely 
affect the agricultural productivity. In spite of the adverse effects of salinity, many 
microorganisms of a potential use in agricultural biotechnology can occur naturally in these 
environments. Salt tolerant rhizobia from such environment can be of use in symbiotic 
nitrogen fixation in saline soils. This may help in increased agricultural productivity and in 
reclamation of saline soils.  

Hence a research project was undertaken to screen and study salt tolerant rhizobia nodulating 
Vigna mungo (L). Four salt tolerant rhizobial strains nodulating Vigna mungo were isolated 
from saline soils in the regions of Krishna river basin in Satara and Sangli districts of 
Maharashtra. The isolates were studied for their tolerance to various salts of sodium and 
potassium such as NaCl, KCl, Na2CO3, NaHCO3 and mixture of NaCl and KCl. The 
tolerance of the isolates ranged from 4 to 9 % to chlorides and 0.1 to 0.4% to carbonates and 
bicarbonates. Presence of KCl influenced the NaCl tolerance of the isolates. Studies of pH 
and temperature of incubation on the NaCl tolerance of the isolates showed that both the 
factors influenced NaCl tolerance of the isolates. Variation in incubation temperature from 
23ºC to 42ºC was found showing variable effect on NaCl tolerance of the isolates.  

All the four rhizobial isolates could nodulate Vigna mungo (L) plant with variable degree of 
nodulation. In terms of plant-dry weight, three salt-tolerant rhizobial isolates were seen 
symbiotically equally effective to that of normal non-tolerant one, while in terms of nitrogen 
content of the plant two of the isolates were symbiotically more effective than that of non-
tolerant rhizobia. Thus the salt tolerant rhizobia can be used in agricultural biotechnology for 
improving productivity of Vigna mungo in saline soils through symbiotic association. 

Key Words : Saline-environments, Salt-tolerance, Rhizobia, Vigna mungo (L),  Symbiotic 
nitrogen fixation.  
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INTRODUCTION 
Increasing salinity of an agricultural land 

is a problem becoming severe day by day 
due to its adverse effect on the fertility of the 
land. The problem is very much severe in 
Maharashtra as about 6 to 6.5 lakh hectares 
of land under cultivation has become infertile 
due to increased salinity and about 17,000 
hectares of land in Krishna river basin has 
become saline and is increasing at the rate of 
10 to 12 % every year. 

The crop rotation method involves 
propagation of legume crop after every non-
leguminous crop in the same filed. This 
system helps the biological nitrogen fixation 
through legume crop in a quantity sufficient 
to reclaim the nitrogen losses by previous 
non-legume crop. 

Saline soil not only affects the legume 
flora but also their symbiotically nitrogen 
fixing partner, rhizobium.1 However some 
rhizobial varieties from the same saline 
environment can have relatively more 
tolerance to salts. If such salt tolerant 
rhizobia are isolated and used along with 
their legume partners then they can be of 
help in fixing atmospheric nitrogen in the 
soil and if the legume variety is salt tolerant, 
then it can add in to benefit.2-4 Tilak et al.5 
has reported some legumes like Vicia faba, 
Phaseolus vulgaris and Glycine max having 
comparatively more salt tolerance than 
others. 

As saline environment can be the best 
source for isolation of salt tolerant Rhizobia, 
so the project was undertaken to isolate salt 
tolerant rhizobia nodulating Vigna mungo 
(L.). and study their salt tolerance property as 
well as relative symbiotic effectiveness.  

Four salt tolerant rhizobial strains viz, 
VmNW1, VmB1, VmNW2.1 and VmNW2.2 
were obtained from saline soils which 
nodulated a cultivated pulse legume black 
gram (Vigna mungo L ). 

This paper reports the results of our 
studies on tolerance of these isolates to NaCl, 
KCl, Na2CO3, NaHCO3 and a mixture of 
NaCl and KCl, as well as effect of different 
pH values of the growth medium on the salt 
tolerance of the isolates. The paper also 
includes the results of studies on their 
symbiotic effectiveness. 

MATERIAL AND METHODS 
Collection of Soil Samples : Soil 

samples were collected from different places 
in Krishna river basin area at Bahe and 
Narayanwadi in northern parts of Sangli 
district, in plastic bags which were then 
transferred to the laboratories for 
preservation in refrigerator at 4° C till further 
use. The samples were analyzed for pH and 
salinity and used for screening of salt tolerant 
rhizobia nodulating Vigna mungo (L.) plants. 
One non-saline soil sample was collected 
from the area of Kriskna river basin at 
Masur, Dist-Satara. 

Collection of nodulated Vigna mungo 
plants from saline soils : The nodulated 
plants of Vigna mungo were collected with 
entire root system by scooping carefully 
along with the soil in the circle of 12 to 15 
cm radius. The plants were then packed 
tightly with the clumps of soil in polythene 
bags and transported to the laboratory where 
they were used for the isolation of rhizobia 
from the nodules at the root. Nodulated plant 
Vigna mungo (L.) was also collected form 
non-soil at Masur. 

Screening of Salt tolerant rhizobia 
nodulating Vigna mungo plants: Screening 
of salt tolerant rhizobia nodulating plants of 
Vigna mungo (L.) was done by the method of 
Vincent.6 Congo red yeast extract mannitol 
agar (CRYMA) containing 3 % of NaCl (a 
saline medium) was used for isolation of salt 
tolerant rhizobia from the healthy intact 
nodules on the roots of the plants collected 
from saline soils. Salt tolerant rhizobia 
nodulating Vigna mungo (L.) were also 
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isolated from the saline soil itself. For this 
the surface sterilized seeds of Vigna mungo 
(L.) were sown in sterile garden soil in 
separate plastic pouches and saline soil was 
used as inoculum. The plants were grown till 
they developed nodules on their roots which 
were then used for the isolation of rhizobia 
on CRYEMA with 3% of NaCl using method 
of Vincent.6 

Isolataion of ‘non-salt tolerant 
rhizobia’ of Vigna mungo (L.) for 
symbiotic studies : ‘Non-salt tolerant 
rhizobial’ strain, tested for inability of 
growing on saline CRYMA, was isolated 
from nodulated plant of Vigna mungo (L.) 
from the fields at Masur on normal CRYMA 
by using  method of Vincent.6 This strain 
was used in symbiotic studies.   

Authentication of isolates as rhizobia : 
Isolates were tested by Koch's postulates test, 
Congo red absorption test, growth on glucose 
peptone agar test6, ketolactose test7 and Nile 
blue reduction test8 for confirming them as 
rhizobia. 

Salt tolerance studies : Salt tolerance of 
all the salt tolerant rhizobial isolates was 
tested for NaCl on CRYEMA as well as in 
yeast extract mannitol broth (YEMB) , and 
for KCl , Na2CO3, NaHCO3 and a mixture of 
variable concentration of NaCl with 3% of 
KCl on CRYMA. Concentrations of NaCl 
and KCl separately used for the study were 
from 1,2,3,4,5,6,7,8,9 and 10 grams /100 ml 
of water. For Na2CO3 and NaHCO3 the 
concentrations used were 0.1, 0.2, 0.3, 0.4, 
0.5, 0.6, 0.7, 0.8, 0.9 and 1.0 grams /100 ml 
of water. For the studies in the mixture of 
NaCl and KCl in CRYMA concentration of 
KCl was 3% in every concentration of NaCl 
viz, 1,2,3,4,5,6,7,8,9 and 10 grams /100 ml 
of water. Each rhizobial isolate of cell 
density 108 per ml was inoculated in 0.01 ml 
aliquot in 5 ml of YEMB as well as streaked 
on CRYEMA and incubated at 28° C for 5 
days. The isolates were also tested in the 
medium without any salt in it as a control i.e. 

0.0% of salt. The results were recorded 
turbidometrically for the broth and as a 
presence or absence of growth on the solid 
culture medium. 

Effect of pH of the growth medium on 
the NaCl tolerance of the rhizobial 
isolates: Effect of pH on NaCl tolerance of 
the rhizobial isolates was tested using YEMB 
with NaCl concentrations of 1,2,3,4,5,6,7,8,9 
and 10 %. YEMB of every NaCl 
concentration was adjusted to pH values viz, 
4, 5, 6, 7, 8 and 9 in which the rhizobial 
isolate of the cell density 108 per ml was 
inoculated in 0.01 ml aliquot in 5 ml of 
YEMB and incubated at 28° C for 5 days. 
The results were recorded turbidometrically. 

Effect of temperature of incubation on 
NaCl tolerance of the rhizobial isolates: 
Effect of incubation temperature on NaCl 
tolerance of the rhizobial isolates was tested 
using YEMB of pH 7.0 with NaCl 
concentrations of 1,2,3,4,5,6,7,8,9 and 10 %, 
in which the rhizobial isolate of the cell 
density 108 per ml was inoculated in 0.01 ml 
aliquot in 5 ml of YEMB and incubated at 
270 C, 320C, 370C, 390C and 420C for 5 days. 
The results were recorded turbidometrically. 

Symbiotic studies: The isolates were 
studied for their ability to fix atmospheric 
nitrogen in association with Vigna mungo 
(L). Surface sterilized seeds of black gram 
after soaking with the broth culture of 
rhizobial isolate were sown in sterile sand in 
plastic bags. After germination the plants 
were watered using sterile nitrogen free 
mineral solution.9 Both culture of the 
respective rhizobial isolate was poured after 
germination and then after a period of one 
week. After three weeks, the plants were 
harvested and observed for nodulation status. 
The plants were then tested for extent of 
growth in terms of height, dry weight as well 
as total nitrogen content. The relative 
symbiotic effectiveness of each isolate was 
determined in comparison with the results 
obtained with that of ‘non-salt tolerant 



 

1157 
 

Journal of Environmental Research And Development Vol. 3 No. 4, April-June 2009 

rhizobial isolate’ namely VmM1 as a 
positive control.  

RESULTS AND DISCUSSION 
It can be seen from the Table 1 and  

Fig. 1 that the soil samples namely NW1, 
NW2 and B1 collected for these studies from 
Krishna river basin at Narayanwadi and Bahe 
in north Sangli district area were ranging in 
their pH from 7.6 for B1 to 8.08 for NW1. 

The pH was 7.78 for NW2. The electrical 
conductivity of the soil sample NW1 was 
9.82 while it was 8.76 and 10.13 dS/m for 
NW2 and B1 respectively. All the soil 
samples were saline soils. The soil at B1 was 
saline alkaline also. Table 1 also shows the 
characters of non-saline soil namely M1 
from Masur. The pH of M1 sample was 7.4 
and the electrical conductivity was 1.2 dS/m. 
Thus, M1 soil was non-saline.  

Table 1 : Soil characteristics along with the codes of the root  
nodule bacterial isolates of Vigna mungo. 

Sampling area Soil sample 
code 

pH 
Electrical 

conductivity 
EC (dS/m) 

Codes of the 
root nodule 

bacterial isolate 

Narayan wadi 

NW1 8.08 9.82 VmNW1* 

NW2 7.78 8.76 
VmNW 2.1, 
VmNW 2.2 

Bahe B1 7.6 10.13 VmB1 

Masur M1 7.4 1.2 VmM1 

* It is the isolate obtained from nodulated Vigna mungo plant from saline soil. 

It can be observed from Table 1 that 
nodulated plant of Vigna mungo was 
obtained from NW1 as well as from M1 soil. 
The plant showed reddish coloured rough, 
globose nodules at the roots. A root nodule 
bacterium namely VmNW1, was isolated 
from these nodules, while the isolates namely 
VmNW2.1, VmNW2.2 and VmB1 capable 

of nodulating plants of Vigna mungo (L) 
were obtained from saline soils. The ‘non-
salt tolerant rhizobial isolate was coded as 
VmM1 which was obtained from nodules. 
All the isolates were capable of nodulating 
plants of Vigna mungo (L.). 

All the root nodule bacterial isolates 
were gram negative cocco-bacillary motile 
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Fig. 1: pH and EC (dS/m) values of the soil samples. 
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rods. All  isolates namely VmNW1, 
VmNW2.1, VmNW2.2 and VmB1 were fast 
growers giving visible colonies of 2 to 5 mm 
in size within two days. Many workers have 
observed that fast growing rhizobia have 
relatively more tolerance to salt than slow 
growing ones.10-13 The colonies of the 
isolates were circular, whitish, opaque and 
mucoid, typical of rhizobial type on saline 
congored yeast extract mannitol agar. VmM1 
could not grow on saline CRYMA as it could 

tolerated NaCl only up to 0.5% 
concentration. 

Table 2 shows that congored absorption 
test, ketolactose test, nile blue reduction test 
and test for growth on glucose peptone agar 
were negative for all the isolates. Koch’s 
postulate test was positive for all the isolates. 
All these results authenticated the obtained 
root nodule bacterial isolates to be the 
members of the group rhizobium. 

Table 2 : Confirmatory tests of rhizobia for the root nodule bacterial isolates 

Rhizobial 
Strain 

Adsorption 
of Congored 

Keotolactose    
test 

Nile blue  
reduction 

Growth on 
Glucose  

Peptone agar 

Nodulation in 
V.mungo 

plant 

VmB1 − − − − + 
VmNW1 − − − − + 
VmNW2.1 − − − − + 
VmNW2.2 − − − − + 
VmM1 − − − − + 

 
As shown in Fig. 2 the NaCl tolerance of 

the isolates ranged from minimum up to 4% 

for VmNW2 to maximum up to 7% for 

VmB1 on agar medium, while in broth it was 

in the range of minimum up to 6% for 

VmNW2 to maximum up to 9% for VmB1. 

The NaCl tolerance of the isolates was 

relatively more in broth than on agar 

medium. Tolerance of the isolates to KCl on 

YEMA was ranging from minimum of 6% 

for the isolate namely VmNW2.1 to 

maximum up to 9% for VmNW1 and VmB1. 

The isolate namely VmM1 showed NaCl 

tolerance up to 1% only. 
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Fig. 2 : Growth of the rhizobial isolates in response to NaCl concentration in the medium 
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It can be observed from Fig. 3 that in 
presence of 3% of KCl the tolerance of the 
isolates to NaCl was decreased very much. 

The tolerance limits were ranging from 
minimum of 1% for the isolate VmNW2.1 to 
maximum up to 4% for VmNW1 and VmB1. 

Concentrations of Na2CO3 tolerated by 
the isolates were ranging from minimum of 
0.1 % by the isolate VmNW1 and VmNW2.1 
to maximum up to 0.3% by VmB1 and 
VmNW2.2. Concentrations of NaHCO3 
tolerated by the isolates were ranging from 
minimum of 0.1 % by the isolate VmNW2.1 
to maximum up to 0.4% by VmB1 and 
VmNW2.2. These results showed that 
carbonates are more toxic to rhizobia than 
other salts. These observations are in 
accordance with that of .14-15  

Fig. 4 shows that pH of the medium 
influenced the NaCl tolerance of the 
rhizobial isolates. For the isolates VmNW2.1 
and VmNW2.2 the tolerance to NaCl was 
maximum at pH 7. The tolerance was seen to 
be lowered as pH changed form 7 to acidic as 
well as alkaline side. The lowering of 
tolerance was relatively more towards acidic 
pH than towards alkaline. 

At pH values of 7,8 and 9 the NaCl 
tolerance of the isolate VmB1 was 
maximum, while it was found affected 
adversely with the decrease in pH from 7 
downwards. For the isolate VmNW1 at pH 
values of 6, 7, 8 and 9 the NaCl tolerance 

was maximum, while it was found affected 
adversely with the decrease in pH from 6 
downwards. At pH 4 the NaCl tolerance of 
both the isolates was lowest. Isolates VmB1 
and VmNW1 showed little influence of the 
pH 7, 8 and 9 on the NaCl tolerance. 

As shown in Fig. 5, temperature of 
incubation has been seen influencing the 
NaCl tolerance of the rhizobial isolates. All 
the isolates showed maximum tolerance to 
NaCl at 27oC. At 27oC the tolerance of the 
isolates to NaCl ranged from minimum up to 
6% for VmNW2.1 to maximum up to 9% for 
VmB1. At the temperatures above 27oC the 
tolerance was observed to be declining with 
increase in the temperature of incubation. 
VmNW1 and VmNW2.1 could grow at 42oC 
but they could not tolerate any amount of 
NaCl in the medium, while the isolates 
namely VmB1 and VmNW2.2 could grow 
only up to 39oC where they tolerated NaCl 
up to 4% and 3% respectively. 

As observed by Elskeikh and Wood16 the 
salt tolerant isolates of Vigna mungo (L.) 
also showed relatively more sensitivity to 
salt stress at alkaline pH values as well as at 
temperatures higher or lower than the 
optimum. 
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Fig. 3 : Salt tolerance of the rhizobial isolates 

g
m

 %
 o

f 
sa

lt
 t

o
le

ra
te

d
 

NaCl (broth) 
NaCl (Agar) 
KCl 
NaCl (+KCl) 
Na2CO3 
NaHCO3 



 

1160 
 

Journal of Environmental Research And Development Vol. 3 No. 4, April-June 2009 

 

All the four rhizobial isolates could 

nodulate the plants of Vigna mungo. As 

indicated in Fig. 6 the percent symbiotic 

effectiveness of the rhizobial isolates namely 

VmB1, VmNW2.2 and VmNW1, in terms of 

dry weight of the plant was more than what 

was found with non-tolerant rhizobial 

isolates of the same. However, isolate 

VmmB1 symbiotic effectiveness was 

superior to all. Compared with the positive 

control, the percent symbiotic effectiveness 

in terms of total nitrogen content of the 

plants was more in case of the isolates 

namely VmNW2.2 and VmB1, while it was 

less in case of VmNW1 and VmNW2.1 in 

comparison with non-tolerant rhizobial 

isolate namely VmN. Thus, VmNW2.2 and 

VmB1 can be of potential use in agricultural 

biotechnology for increasing nitrogen 

content of the saline soil if used along with 

Vigna mungo (L.) plants. 

 

 

Fig. 4 : Growth of the rhizobial isolates showing influence of pH of medium on the NaCl  tolerance 
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Fig. 5 : Growth of the rhizobial isolates showing influence of incubation temperature on the NaCl 

tolerance ( Temperatures in the legends are in degrees Celsius) 
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Fig. 6 : Percent symbiotic effectiveness of the rhizobial isolates    (* =  Pot without rhizobium  i.e. 

negative control; ** = Pot with non-tolerant rhizobial isolate   i.e positive control) 
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CONCLUSION 

Thus, from the research following 

conclusions can be made : 

• Four salt tolerant rhizobia of Vigna 

mungo (L.) namely, VmNW1, 

VmB1, VmNW2.1 and VmNW2.2 

were isolated from saline soils and 

are fast growers. 

• NaCl tolerance of the isolates on 

agar medium was less than that in 

broth.  

• Amongst the salt tolerant isolates, 

the maximum salt tolerance  up to 

9% for  NaCl as well as KCl was 

shown by the isolate namely, VmB1.  

• KCL was found to influence NaCl 

tolerance adversely because, all salt 

tolerant isolates showed decreased 

NaCl tolerance when grown in media 

with mixture of NaCl and KCl. 

• Isolates namely, VmB1 and 

VmNW2.2 tolerated Na2CO3 and 

NaHCO3 maximum up to 0.3 and 0.4 

% respectively. 

• pH of the medium influenced the 

NaCl tolerance of the rhizobial 

isolates, at pH 4 the tolerance was 

lowest for all the rhizobial isolates. 

However, the isolate namely 

VmNW1 showed maximum 

tolerance to NaCl at pH values of 6, 

7, 8 and 9. 

• Temperature of incubation 

influenced the NaCl tolerance of the 

rhizobial isolates, all the isolates 

showed maximum tolerance to NaCl 

at 27oC. However the NaCl tolerance 

of the isolates was decreased with 

increase in the temperature of 

incubation. 

• Isolates namely VmNW2.2 and 

VmB1 may be useful in agricultural 

biotechnology for increasing 

nitrogen content of the saline soil if 

used along with Vigna mungo (L.) 

plants. 
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