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Abstract: The present experiments were carried out during 2004 - 2007 at Dept. of Agrl. Microbiology, Tamil Nadu Agricultural
University, Coimbatore. The UV mutants of five Rhizobium isolates were screened according to high survival percentage calculated after
5 min exposure. Further it was subjected to high temperature (35, 40, 45 and 50°C) exposure and acid pH (5.5 and 6.0) and its
survivability was estimated. The best performing nitrogen fixing Rhizobium strains viz., CO 5, COG 15, TNAU 14, COS 1 and CRR 6
were selected for the development of temperature and acid tolerance study. In order to know the variation, these strains were subjected to
UV irradiation treatment for 5 – 60 minutes which resulted a total of 51 mutants. Among them, five mutants (MB1, MG1, MS1, MC1
and MGn1) were selected and subjected to temperature (35 to 50°C) and pH (5.5 and 6.0) stress and 40 isolates were obtained and its
survivability of CRR 6 Rhizobium strain was found to be increased initially (0.40% for 5 min) and then decreased gradually (0.16% at 60
minutes) which was followed by other strain of Rhizobium. The population (8.21 to 8.36 log 10cfu ml-1) of UV mutant MB1 was
increased to significant level for 24 – 72 h of incubation at 35°C and pH 5.5. When the temperature increased from 35 to 45°C, there
was a gradual decline in the population level (8.21 to 7.72 log 10cfu ml-1) at pH 5.5. At 50°C, the population was increased (7.30 log 10cfu
ml-1 to 7.60 log 10cfu ml-1)upto 48 h of incubation beyond which the multiplication of rhizobia reduced further.
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different environments, where extreme temperatures and pH
limit symbiotic nitrogen fixation [19].

1. Introduction
In scientific and intensive agriculture, Rhizobium spp. play a
vital role because of their ability to fix atmospheric nitrogen
in symbiosis with leguminous plants and this contributes to
the nourishment of the plants during their life period and
after their death, they enrich the soil with combined
formation of nitrogen and promoting the nitrogen fixing
nodules. Today, the need for effective utilization of this
phenomenon is increasingly felt as it substitutes the costly
commercial nitrogenous fertilizers. For the successful
exploitation of this phenomenon, the legume rhizobia
symbiosis must be efficient [17].
Nitrogen fixation depends on the physiological state of the
host plant [25] and on the effectiveness and environmental
fitness of the microsymbiont as well as on the interaction
between the two partners. The nodule formation and
nitrogen fixation of the symbiotic process are affected by
stress conditions which might be considered as limiting
factors. The most important factors are pH stress and
temperature is considered as prime factors because it limits
nodulation and nitrogen fixation and thus limiting rhizobial
survival and persistence in soil. Thereby the exchange of
molecular signals between rhizobia and their host was
affected and reduced the nodulation process [9]. [12]
reported that the high soil temperatures in tropical and
subtropical areas are a major problem for biological nitrogen
fixation of legume crops. High root temperatures strongly
affect bacterial infection and nitrogen fixation in several
legume species, including soybean, guar, peanut, cowpea
and beans. Critical temperatures for nitrogen fixation are
30°C for clover and pea, for soybean, guar, peanut and
cowpea; it ranges between 35 – 40°C.

In the present study, the effect of stress (temperature and
pH) was evaluated on rhizobial strains to identify the
temperature and acid tolerant Rhizobium strains suitable to
Semi-Arid Tropics regions (SAT).

2. Materials and Methods
Rhizobial cultures
The standard rhizobial cultures used in this study were COS
1, CRR 6, COG 15, TNAU 14 and CO 5 were obtained from
the culture collection center of the Department of
Agricultural Microbiology, Tamil Nadu Agricultural
University, Coimbatore.
Maintenance of rhizobial strains
The standard Rhizobium strains were maintained on yeast
extract mannitol agar (Annexure I) slants at 4ºC (Vincent,
1970). Yeast extract mannitol broth was inoculated with the
rhizobial strains and incubated at 28ºC (pH 6.8 –7.0) for 3
days in an orbital shaker and this culture was used for the
study of development of temperature and acid tolerant
strains. The details were given below in Table 1.
Table 1: Details of rhizobial strains
S.
Rhizobial strains
No
1. Bradyrhizobium sp.
2.
Rhizobium sp.
3.
Rhizobium sp.
4.
Rhizobium sp.
5.
Rhizobium sp.

Strain no.

Host species

Source

COS 1
Glycine max
Dept.of
CRR 6 Vignaunguiculata Agricultural
COG 15
Vignaradiata Microbiology,
TNAU,
TNAU 14 Arachis hypogea
Coimbatore.
CO 5
Vigna mungo

Thus invitro evaluation of strains under stress might be a
useful method in finding rhizobial isolates adapted to
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Mutagenesis by UV irradiation
Five standard rhizobial cultures were taken and exposed to
UV radiation in laminar air flow chamber (2600 A) for time
periods varying from 5 min to 60 min. Samples were
collected at 5 min interval. For each culture, control (without
UV radiation exposure) was maintained aside in the dark.

Method of high temperature exposure and acid pH
UV mutants of five Rhizobium isolates were screened
according to high survival percentage calculated after 5 min
exposure. Further it was subjected to high temperature (35,
40, 45 and 50C) exposure and acid pH (5.5 and 6.0) and its
survivability was estimated. The procedure was given
below.
1) Taken five UV mutant Rhizobium isolates inoculated
into test tube containing 10 ml of yeast extract mannitol
broth (YEM) maintained at two different pH 5.5 and 6.0
using 0.1 N HCl.
2) Then it was incubated at high temperature exposure (35,
40, 45 and 50C) maintained in an incubator for a
period of 3 – 4 days compared with the control (culture
maintained at 28C).
3) After the turbidity of the isolates had noticed, taken 0.1
ml of bacterial suspension for every 24h interval upto
96h, then inoculated in petriplates containing YEM
media and kept for incubation at room temperature for
colony formation. Population count was recorded and
expressed as the logarithm of the number of viable cells
g-1 and the data were analyzed statistically.
4) Single colonies were picked up from each plate
incubated
at
high
temperatures
(35 to 50ºC) and subcultured in YEM broth for 4 days.
These isolates were transferred to YEM agar slants and
stored at 4ºC, then used for further studies.

After given UV radiation, they were kept in dark for
stabilization of thymine – thymine (T -T) dimers. A 0.1 ml
of the UV treated bacterial suspension was then inoculated
in 25 ml petri plates containing YEM media. These were
incubated for 48 h at 28C for colony formation and the
colony count was recorded. The survival percentage (%) was
calculated by using the given formula.

3.

MB1

4.

MGn1

5.

MC1

40
45
45
50
50
35
35
40
40
45
45
50
50
35
35
40
40
45
45
50
50
35
35
40
40
45
45
50
50

Total no. of isolates

By adopting the appropriate procedure, 40 isolates were
obtained at particular higher temperature exposure (35 to
50ºC) and pH (5.5 – 6.0) and the isolates were named
accordingly as given in table below.
First alphabet S – soybean, G – green gram, B – blackgram, Gn –
groundnut and C – cowpea
Second alphabet a – 35°C, b – 40°C, c- 45°C and d - 50°C
Third alphabet p1 – pH 5.5 and p2 - pH 6.0
Table 2: Details of isolates obtained
S.
No

UV mutant
strain

1.

MS1

2.

MG1

Temperature

pH

35
35
40
40
45
45
50
50
35
35
40

5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5

No. of
Name
isolates designated
1
Sap1
1
Sap2
1
Sbp1
1
Sbp2
1
Scp1
1
Scp2
1
Sdp1
1
Sdp2
1
Gap1
1
Gap2
1
Gbp1

6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0
5.5
6.0

1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1
1

Gbp2
Gcp1
Gcp2
Gdp1
Gdp2
Bap1
Bap2
Bbp1
Bbp2
Bcp1
Bcp2
Bdp1
Bdp2
Gnap1
Gnap2
Gnbp1
Gnbp2
Gncp1
Gncp2
Gndp1
Gndp2
Cap1
Cap2
Cbp1
Cbp2
Ccp1
Ccp2
Cdp1
Cdp2

40

3. Results and Discussion
Exposure of rhizobial strains to UV irradiation
Mutation studies
The five rhizobial strains (CO 5, COG 15, TNAU 14, COS 1
and CRR 6) were subjected to ultraviolet irradiation (UV)
treatment for 5 – 60 min to obtain clones of rhizobia. The
strains viz., COS 1, CRR 6 and CO 5 could able to adapt to
UV treatment upto maximum of 60 min whereas TNAU 14
and COG 15 could adapt only upto 35 and 40 min,
respectively. There was a gradual decline in survival of
rhizobia when compared to the control which were not
subjected to treatment. One clone was randomly selected
from each UV exposure and was named according to the
host species. As a result, 51 mutants were obtained after UV
treatment.The present data revealed that long exposure of
UV irradiation on five rhizobial strains (COS 1, CO 5, COG
15, TNAU 14 and CRR 6) for 5 to 60 min interval, recorded
a decrease in rhizobial population when compared to the
control (not subjected to UV irrradiation) and corroborated
with the earlier findings of [11], who reported that the
population of cells must be permitted to undergo a limited
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number of cell divisions on agar plates and in the conditions
must be changed so that the mutant clones can continue
growing to form visible colonies.The present results
coincide with the findings of [8] who reported the effect of
exposure of bacterial suspensions to UV radiation. The
sensitivity to UV radiation of several microorganisms of
different habitats (Rhizobium meliloti, Rhodobacter
sphaeroides,
Escherichia
coli,
and
Deinococcus
radiodurans) had been studied by them and the results
revealed that D. radiodurans was an extremely resistant
bacterium, Rhizobium meliloti was more resistant than R.
sphaeroides, and E. coli was the most sensitive bacterium
tested.

Survival percentage
The survival percentage of CRR 6 Rhizobium strain was
found to be increased initially (0.40% for 5 min) and then
decreased gradually (0.16% at 60 minutes) which was
followed by COS 1 and CO 5 (0.43 to 0.11%; 0.43 to
0.07%) whereas the survival percentage of COG 15 and
TNAU 14 was determined as 0.43 and 0.37% for 5 min
treatment (Table 3).
Based on survival percentage, isolates exposed for a period
of 5 min to UV irradiation were selected as mutants (MB 1,
MG 1, MGn 1, MS 1 and MC 1) to carry out further
experiments.

Table 3: Survival percentage of Rhizobium strains after UV exposure
S.No.

Rhizobial
strains

1.
2.
3.
4.
5.

COS 1
CRR 6
TNAU 14
COG 15
CO 5

0
100
100
100
100
100

5
0.43
0.40
0.37
0.43
0.43

10
0.43
0.40
0.37
0.37
0.36

15
0.34
0.35
0.34
0.34
0.36

20
0.29
0.29
0.31
0.28
0.32

Influence of UV mutant Rhizobium strains exposed to
temperature and acidic stress
UV mutant MB 1 was exposed to a range of temperature
viz., 35, 40, 45 and 50°C and pH of 5.5 and 6.0 for 24 – 96 h
of incubation to know their tolerance limit. The results
showed that the population (8.21 to 8.36 log 10cfu ml-1) of
UV mutant MB1 was increased to significant level for 24 –
72 h of incubation at 35°C and pH 5.5. When the
temperature increased from 35 to 45°C, there was a gradual

Survival percentage (%)
Time interval (min)
25
30
35
0.26 0.23
0.20
0.27 0.24
0.24
0.26 0.24
0.24
0.28 0.25
0.22
0.32 0.29
0.29

40
0.20
0.24
0.21
0.25

45
0.17
0.21
0.22

50
0.17
0.21
0.18

55
0.14
0.19
0.09

60
0.11
0.16
0.07

decline in the population level (8.21 to 7.72 log 10cfu ml-1) at
pH 5.5. At 50°C, the population was increased (7.30 log
-1
to 7.60 log 10cfu ml-1) upto 48 h of incubation
10cfu ml
beyond which the multiplication of rhizobia reduced further.
The interaction between the hours of incubation, temperature
and pH had significant effect on the survival of rhizobial
mutants (Fig 1).

Figure 1: Effect of temperature (28 - 50°C) and pH (5.5) on UV mutant MB 1
In the laboratory, the rhizobial strains grown on the low pH
media (5.5) possessed greater acid tolerance than isolates
from the higher pH media. After exposure to temperature
stress (35oC to 50oC), the production of discrete colonies at
low pH indicated the presence of the bacterial population of
cells that could tolerate hydrogen ion stress. The laboratory
procedure developed to identify acid tolerant accessions
produced discernible differences between strains, and did
not appear to be critically reliant on the level of inoculation.
[6] reported that the level of growth at a given pH was

largely a function of the number of viable cells in the
inoculum. [5] considered that once a sufficient number of
cells had been applied to the medium at low pH, selective
substrate utilization in the poorly buffered environment
could raise the pH to a level which permitted the onset of
growth.
In the present study, the use of a strong buffer appears to
have overcome this phenomenon, and enabled strains to be
categorized as either acid tolerant or intolerant without
meticulous attention to either the level of inoculation or the
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final pH of the medium. The present results revealed that
most of the colonies which appeared "dry" colony type grew
particularly well on low pH (5.5) growth media when
compared with high pH media (6.0). The present results
revealed that UV mutant MB 1 and MG 1 adapted well to
acid conditions on acidified media as well as temperature
tolerant (35oC to 50oC). On contrary, [14] reported that,
mung bean rhizobia growth in an acidified medium was
uselessly imprecise indicator of acid tolerance.
The present data revealed that the growth of rhizobial
population was slightly lower at pH 5.5 when compared to
pH 6.0 and the strains able to nodulate the host. These
results confirm with the recent findings of [18] who reported
that the growth rate of Bradyrhizobium SEMIA 6144 was

decreased by 50 per cent when grown in medium
maintaining acid pH 5.5 compared to the neutral pH (6.8 –
7.0) and the strains able to nodulate the peanut roots even
the growth and viability decreased in culture medium at low
pH. [2] reported that Bradyrhizobium isolates had the ability
to survive in yeast extract mannitol broth at low pH 4.0.
When the UV mutant MG 1 was exposed to 45°C, the
population increased (7.65 log 10cfu ml-1 to 8.02 log 10cfu ml-1)
upto 72 h of incubation and then declined gradually. At 50°C, the
rhizobial population increased (7.36 log 10cfu ml-1 to 7.43 log
-1
10cfu ml ) upto 48 h of incubation. In general, the population
of rhizobia increased to significant level upto 48 h of
incubation at 50°C beyond which, it declined gradually
(Table 4).

Table 4: Effect of temperature (28 - 50C) and pH (5.5 – 6.0) on UV mutant MG 1
S.No

Hours of incubation

1.

0

2.

24

3.

48

4.

72

5.

96

28C
pH 5.5 pH 6.0
15.4
16.6
(8.19) (8.22)
18.5
20.2
(8.27) (8.31)
22.2
24.3
(8.35) (8.39)
12.5
18.5
(8.10) (8.27)

Particulars
Hours of incubation
Temperature
pH
Hours of incubation x Temperature
Temperature x pH
Hours of incubation x pH
Hours of incubation x Temperature x pH

SEd
0.279
0.279
0.176
0.623
0.394
0.394
0.881

Population (x 107 cfu ml-1)
35C
40C
45C
pH 5.5 pH 6.0 pH 5.5 pH 6.0 pH 5.5 pH 6.0
14.0
13.5
7.5
9.2
4.5
5.4
(8.15) (8.13) (7.88) (7.96)
(7.65) (7.73)
17.3
15.4
12.2
13.8
10.4
11.2
(8.24) (8.19) (8.09) (8.16)
(8.02) (8.05)
20.5
21.3
16.5
16.5
13.5
13.6
(8.31) (8.33) (8.22) (8.22)
(8.13) (8.13)
15.3
16.2
9.3
9.2
8.5
8.9
(8.18) (8.21) (7.97) (7.96)
(7.93) (7.95)

CD (0.05%)
0.553
0.553
0.350
1.236
0.782
NS
1.748

Log values are represented in Paranthesis
The interaction between the hours of incubation, temperature
and pH had significant effect on the survival of rhizobial
mutants. When the UV mutant MGn 1 was exposed to 45°C
and pH 5.5, the population increased (7.70 log 10cfu ml-1 to
8.15 log 10cfu ml-1) significantly upto 72 h of incubation
compared to the control (28°C). At 50°C, the rhizobial
population decreased. The interaction between the hours of
incubation, temperature and pH did not show any significant

50C
pH 5.5 pH 6.0
2.3
2.7
(7.36) (7.43)
2.7
3.9
(7.43) (7.59)
1.8
1.9
(7.26) (7.28)
1.2
1.4
(7.08) (7.15)

variation on the survival of rhizobial mutants. When the UV
mutant MS 1 was exposed to 45°C, the population increased
(7.61 log10cfu ml-1 to 8.15 log 10cfu ml-1) at pH 5.5 for 24 72 h of incubation compared to the reference culture which
was grown at 28°C. The interaction between the hours of
incubation, temperature and pH showed significant effect on
the survival of rhizobial mutants. When the UV mutant MC1
was exposed to 45°C, the population increased (7.60 log
-1
-1
10cfu ml to 8.09 log 10cfu ml ) at pH 5.5 for 24 - 72 h of
incubation compared to the control maintained at 28°C. The
interaction between the hours of incubation, temperature and
pH showed significant effect on the survival of rhizobial
mutants.
Comparatively at pH 6.0, all the UV mutant MB 1Rhizobium
sp. had shown slight increase in their growth (Fig 2).
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Figure 2: Effect of temperature (28 - 50°C) and pH ( 6.0) on UV mutant MB 1

4. Temperature tolerance of Rhizobium strains
At normal temperature of 28oC, the growth of UV mutant
MB1 rhizobial cells had increased from 8.26 to 9.35 log 10cfu
ml-1 for 24 – 96 h of incubation at pH 5.5. At 35 oC exposure,
in general, the growth was reduced. Further, the population
of rhizobia gradually decreased for a period of four days
incubation at 40, 45 and 50oC. These results were in
accordance with the earlier findings of [21] who reported
that ten inoculant strains of Rhizobium spp. showed a
gradual decline in population during 8 weeks of incubation
at 37oC, while exposure to 46oC was lethal to all strains in
less than 2 weeks. The same findings were reported by [12]
that several heat-tolerant nitrogen fixing bean nodulating
Rhizobium strains which grew at 40oC had better growth.
[10] reported that eight temperature tolerant isolates of
cowpea Rhizobium spp. for blackgram were developed by
invitro screening and by isolating from high temperature
zones and these isolates could be able to perform better at
high temperature of 42oC. There was no variation observed
due to high temperature at plasmid level.
In the present study, all the five UV mutant Rhizobium sp.
(COS 1, CRR 6, COG 15, CO 5 and TNAU 14) were
capable of surviving under high temperature (35 - 50oC) and
pH (5.5 and 6.0) stress. These results confirm the earlier findings
of [7] who reported that some free-living rhizobia
(saprophytic) were capable of surviving under drought stress
or low water potential. Also confirms with the recent
findings of [3] who reported that growth of five isolates
obtained from extreme environments (temperature and pH)
in sand dune legumes of the South West Coast of India and
it could adapt to tolerate 30 - 40oC and pH 5 – 6. [26]
reported that the heat tolerant rhizobia are likely to found in
environments affected by temperature stress and the rhizobia
had maximum growth at temperature of 44.2 oC.
[1] and [21] suggested that the Kenyan isolates grew
normally at 35oC and over 50 per cent could tolerate 40 oC.
Hence 40oC was chosen as the value above which rhizobia
were considered as temperature tolerant. The above findings
are consistent with the present data which revealed that all
the five UV mutant Rhizobium sp. were able to tolerate upto
temperature 35 to 50oC in liquid culture and YEM agar
plates. This result also confirmed the earlier findings of [19],

who reported that total loss in rhizobia viability was
observed in chickpea, lentil and bean inoculants when they
were exposed to ambient temperatures of 44 oC but these R.
phaseoli isolates survived and multiplied on YEM agar
plates at 45 – 47oC. Rhizobium japonicum strain had also
been reported to survive in liquid culture at 48.7 oC [13].
[16]; [15] reported that Mesorhizobium ciceri and M.
mediterraneum adapted to maximum temperature of 40oC.
[20] reported that the mutant strains of Rhizobium trifoli
incapable of nodulating pea seedlings and thereby could not
form nodules on the host. Such variant forms apparently
occur spontaneously in these strains at a low frequency
which could be significantly increased by irradiation with
ultraviolet, x - rays and fast neutrons. Also suggested that
this loss of infectiveness in nodule may be attributed partly
to reduction in infective ability since the average number of
nodules formed per plant of clover or pea is appreciably
lower than for comparable inoculation by strains of
nonmutant R. triofolii or R. leguminosarum respectively.
Cultural characteristics of mutant strains resembled with
those of the non mutant R.trifoli strains. These findings
disagree with the present results reported by [24] that the
mutant strains of Rhizobium exposed to higher temperature
of 35 - 50°C and acid stress conditions were able to nodulate
their specific host such as blackgram, greengram, groundnut,
soybean and cowpea when compared with the parent strain
(wild type) growing in growth pouches for 30 days. [4]
reported that two moderately acidophilic chickpea
mesorhizobia had positive correlation between the symbiotic
effectiveness at low pH and the acid tolerance of rhizobial
isolates. [23] reported that the strains of Bradyrhizobium
japonicum grown in sterile growth pouches were screened
for tolerance to acid stress conditions maintained in culture
medium and found that the strains able to nodulate the host
plant. Rhizobium japonicum mutant strains could be able to
nodulate the host plant (soybean) after 28 days incubation
[22].
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