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Naturally occurring soil rhizobia were isolated from the root nodules of cowpea
and sesbania growing in the desert soils of the United Arab Emirates (UAE). Sequencing
of the PCR amplified 16S rDNA identified the rhizobial isolates from cowpea as
Sinorhizobium kostiense and S. terangae, and those from sesbania as S. meliloti, S.
arboris and Sinorhizobium sp. nov. In vitro growth studies under a range of temperatures,
salinities, pH and heavy metals revealed that the UAE strains have greater stress tolerance
than the reference strain, Bradyrhizobium sp. strain TAL 169. A study of the nodulation
ability of the two cowpea strains (S. kostiense and S. terangae) under saline conditions
showed that  both the strains were effective in forming root nodules at high salinity (12
dS m-1). To the authors’ knowledge, S. kostiense, S. terangae and S. arboris are reported
for the first time from the Arabian Peninsula. Similarly, this study is the first to report
symbiotic association of S. kostiense and S. terangae with cowpea and that of S. arboris
with sesbania.  The tolerance to high levels of abiotic stresses makes these rhizobia highly
valuable inoculums to improve the productivity of cowpea and sesbania cultivated in
desert areas.
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Sinorhizobium spp., Stress tolerance, Temperature.

Rhizobia are free living soil bacteria with
the ability to fix atmospheric nitrogen through
symbiotic association with leguminous plants.
Rhizobia establish themselves in the roots of
leguminous plants forming root-nodules, and by
fixing atmospheric nitrogen into ammonia, they
improve the soil fertility and enhance agricultural
productivity. However, a number of factors affect
the rhizobium-legume symbiotic relationship. These
include the host symbiont compatibility and the
physicochemical conditions of the soil, especially
temperature extremes, salinity, pH, insufficient or
excessive soil moisture, nutrient deficiency, and
mineral and heavy metal toxicity1,2,3.

Salinity is known to decrease plant
growth and yield, depending upon the plant
species, salinity levels, and ionic composition of
the salts. Some legumes (e.g. guar, soybean and
cowpea) are known to be more salt tolerant than
others (e.g. pea, common bean and lentil). As with
the higher plants, increasing salt concentrations
can have a detrimental effect on soil microbial
populations as a result of direct toxicity as well as
through osmotic stress. However, rhizobial
populations are also known to vary in their
tolerance to abiotic stresses4,5. While growing
stress-tolerant food and forage legumes is
recognized as an important adaptation strategy to
improve agricultural productivity in marginal
environments, identification and inoculation of free
living soil rhizobia with genetic potential to tolerate
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abiotic stresses is equally important for their
effective nodulation and enhanced productivity6.
The naturally occurring soil rhizobia nodulating
the leguminous plants under harsh environments
are expected to have higher tolerance to the
prevailing abiotic stresses. For instance, local
strains of R. meliloti isolated from arid soils in
Saudi Arabia formed successful symbiosis with
Medicago sativa under saline conditions7. More
recently, salt, drought and heavy metals resistance
patterns found among the indigenous rhizobial
strains were observed to reflect the environmental
stresses predominant in their locations, which
signifies the importance of using indigenous
rhizobial strains for successful and efficient
inoculation of the leguminous crops grown under
harsh climatic conditions8,9,10,11.

There are only limited systematic studies
to date on the rhizobia associated with the
leguminous species in the Arabian Peninsula,
characterized by poor and erratic rainfall and high
daytime summer temperatures, often exceeding
45°C. Recently, we have isolated naturally
occurring soil rhizobia from the root nodules of
several leguminous crops irrigated with low-
moderately saline water at the experimental station
of the International Centre for Biosaline Agriculture
(ICBA) in Dubai, UAE. In the present paper, results
from a study of the rhizobial isolates for tolerance
to abiotic stresses such as high temperatures,
salinity, pH and heavy metals are presented.

MATERIALS AND METHODS

The soil at ICBA experimental station
(25°13’N and 55°17’E) was fine sand, moderately
alkaline (pH 8.22) and strongly calcareous (up to
53% CaCO

3
) with very low organic matter (<0.5%).

The rhizobia used in this study were isolated from
the root nodules of cowpea (Vigna unguiculata
(L.) Walp.) and sesbania (Sesbania sesban (L.)
Merr.) plants irrigated with low to moderately
saline water (2-10 dS m-1). The isolates were
purified and characterized based on colony
morphology12. DNA was extracted using the
standard phenol–chloroform method13 and
polymerase chain reaction (PCR) amplification of
the 16S rDNA gene was carried out using
universal primers (16sF:  5´-AGA GTT TGA TCC
TGG CTC AG-3´ and 16sR:  5´- ACG GCT ACC

TTG TTA CGACTT-3´)14. The PCR products were
sequenced using a Big Dye Terminator
sequencing kit (Applied Biosystems, USA) as per
the manufacturer’s protocol and the sequencing
data were analyzed using BLAST (Basic Local
Alignment Search Tool, maintained by National
Centre of Biological Sciences, USA). The result
obtained as the maximum identity was taken as
the bacterial isolate identification.
Stress tolerance tests

Pure cultures of the rhizobia maintained
on Yeast Extract Manitol Agar (YEMA) slants were
used for the abiotic stress-tolerance tests. Five
isolates, two from cowpea and three from sesbania
were tested in vitro for their tolerance to elevated
temperatures, salinity, pH and heavy metals.
Cultures of the five strains (400 µL) were added to
15 ml of Yeast Extract Mannitol Broth (YEMB)
contained in test tubes held in a shaking incubator
at 150 rpm and growth was recorded every day by
measuring the optical density (OD) using a
spectrophotometer (Lamda 25, PerkinElmer) at a
wavelength of 680 nm over a 5-day period. All tests
were performed in triplicate and incubated at 28°C
(except for temperature tolerance tests). The
relative tolerance of the different strains to any
given stress condition was assessed from the
growth response, based on the OD measurements
on the 5th day of inoculation.  Bradyrhizobium sp.
Strain TAL-169, a slow growing cowpea rhizobium,
was used as the reference strain to evaluate the
performance of the native strains.

The effect of temperature on growth of
the strains was studied by incubating the broth
cultures at 25°, 30°, 40° and 50°C. Salinity tolerance
was tested by supplementing the culture medium
with appropriate amounts of NaCl to obtain
electrical conductivities (EC) of 0, 10, 20, 40, 60, 80
and 100 dS m-1. To study the effect of acidity and
alkalinity, the pH of the broth prior to inoculation
was adjusted to 2, 4, 6, 8, 10 and 12 by adding HCl
or NaOH. Five heavy metals (at concentrations
indicated in the parenthesis) namely, iron sulphate
(100 µg ml-1), zinc sulphate (50 µg ml-1), magnesium
sulphate (50 µg ml-1), lead acetate (200 µg ml-1) and
copper sulphate (100 µg ml-1) were studied for their
effect on growth of the rhizobial strains.
Nodulation study

Cowpea seeds were inoculated with its
own rhizobia by soaking for one hour in 100 ml
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YEMB cultures adjusted to an OD of 0.5 (4.13 x 105

CFU ml-1). The seeds were dried overnight and
sown in 1 lit polyethylene bags containing sterile
sand and organic fertilizer in 1:1 ratio. Each strain
on inoculated seeds was sown in three sets each
of 10 bags (one seed per bag) for establishing the
three salinity treatments with EC of 2 (control), 6,
and 12 dS m-1. For each level of salinity, an
additional set of 10 bags was sown with
uninoculated seeds to serve as the negative
control. Saline ground water (~20 dS m-1) was
blended with fresh water (2 dS m-1) to obtain the
higher salinity treatments (6 and 12 dS m-1). The
bags were kept on a greenhouse bench and irrigated
with fresh water (50 ml per bag) for 17 days,
followed by saline water at 6 and 12 dS m-1,
depending on the treatment. To ensure adequate
levels of infection, 2 weeks old seedlings were re-
inoculated with 50 ml of broth cultures of the
respective strains. In each treatment, 35 days after
sowing, five plants were harvested (which served
as replicates) and scored for the number of root
nodules and plant growth parameters such as shoot
and root lengths, and fresh and dry weights.

The OD data from in vitro growth tests,
measured on the 5th day of inoculation and the root
nodulation data from the greenhouse studies were
analysed statistically using GenStat (ver. 7.22DE).
A two-way ANOVA was performed to assess the
differences in growth of the six rhizobial strains at
different temperature, salinity and pH regimes.
Principal Components Analysis (PCA) was used
to determine the correlations between the rhizobia
and the response variables, namely temperature,
salinity, pH and heavy metals.

RESULTS AND DISCUSSION

Pure cultures of the rhizobia grown on
YEMA medium produced colonies which were
white, raised and opaque with mainly smooth
(cowpea) or wavy (sesbania) margins.  Sequence
homologies of 16S rDNA identified the rhizobial
isolates from cowpea as Sinorhizobium kostiense
and S. terangae. While two of the three isolates
from sesbania were identified as S. meliloti and S.
arboris, the third isolate had a sequence pattern
similar to Sinorhizobium but different than any of
the known species (hence the strain was
provisionally named as Sinorhizobium sp. nov.).

Earlier, S. arboris, S. terangae and S. kostiense
were isolated from root nodules of the leguminous
trees, Acacia senegal and Prosopis chilensis from
Senegal, Sudan and Kenya15,16. However, this is
the first report of their occurrence from the Arabian
Peninsula.

Effective symbioses between woody
rhizobia from Acacia and other trees with crop
legumes such as peanut and cowpea was reported
earlier17.   Among the five Sinorhizobium strains
currently studied, S. meliloti and S. terangae (ssp.
sesbaniae) are already known to nodulate
sesbania18, 19. However, for S. kostiense and S.
terangae, this is the first report of their association
with cowpea. Similarly, it is observed for first time
that S. arboris has the capacity to nodulate
sesbania.
In vitro growth tests

Analysis of variance revealed significant
differences in the growth response of the six strains
under the different temperature, salinity and pH
regimes. The strains also deferred significantly in
their growth response to heavy metals (P<0.05)
(Figs.1-3).
Temperature tolerance

The effect of temperature on growth of
the five Sinorhizobium strains together with the
reference strain (Bradyrhizobium sp. Strain TAL
169) is presented in Fig. 1A.  All the strains,
including the reference strain, exhibited good
growth at 30°C and an increase in temperature led
to a sharp decline in growth, except in S. kostiense
which showed the maximum growth at 40°C. All
the strains had marginal growth at 50°C, with the
OD ranging from 0.005 (S. meliloti) to 0.046 (S.
kostiense). As can be seen from Fig. 1A, S.
kostiense also grew well at 20°C, indicating its
tolerance to a wider range of temperatures
compared to other strains. In general, S. terangae
exhibited low-growth at all temperatures, the mean
maximum OD being 1.2 at 30°C, whereas the
maximum OD values for the other strains were in
the range of 2.0-2.5 (Fig. 1A).

It is well established that growth and
survival of rhizobia in soils are adversely affected
by high soil temperatures.  For most rhizobia, while
the optimum temperature range for growth and
nodulation is reported to be 25-30°C6,20,21, strains
of cowpea rhizobium from the hot and dry
environment of the Sahel Savannah were reported
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to grow well at 40°C22. In the present study, S.
kostiense isolated from cowpea showed similar
tolerance to temperature. Also, in case of sesbania,
strains tolerating up to 44°C temperatures were
identified4,23. However, all the three sesbania strains
reported here were found to be sensitive to high
temperature stress.
Salinity tolerance

The growth response of the six rhizobial
strains to different NaCl concentrations is
presented in Fig.1B. Overall, all the strains showed
good growth between 5 and 20 dS m-1, except the
reference strain (TAL 169). In term of salt-tolerance,
S. meliloti and S. arboris grew well even at 40 dS
m-1, compared to others strains and increase in
salinity beyond 40 dS m-1 led to a drastic reduction
in growth of all strains, including S. meliloti and S.
arboris. At 60 and 80 dS m-1 salinity, S. terangae
and S. kostiense exhibited low growth (OD between
0.2 and 0.5), in contrast to the minimal growth
observed in other strains. Interestingly, all the
strains except TAL 169 showed better growth at 5
dS m-1 salt concentrations than at 0 dS m-1 (0.002
dS m-1 in effect, since YEMB contains 0.1 g l-1 of
NaCl), which shows that some amount of salt
promotes growth of the native rhizobia.

Rhizobial cultures are known to show
marked variation in salt tolerance. In general,
growth of a number of rhizobia was inhibited by
low salt concentrations, although some rhizobia
including S. meliloti, were found to be tolerant to
high salinity6,7,24. Among the cowpea strains,
growth under in vitro conditions was observed to
be heavy at 0-0.005 M NaCl concentrations (ca. 0-
0.4 dS m-1), but lighter at 0.2 M (ca. 16.8 dS m-1)25.
However, some strains were reported to tolerate
up to 5.5% NaCl (ca.78.5 dS m-1)26. More recently,
Rhizobium sp. associated with Vigna marina, a
wild legume growing in sandy seashores was also
found to have tolerance up to 1000 mM of NaCl
(80.6 dS m-1)27. In the present study, among the
two cowpea strains, S. kostiense and S. terangae
exhibited good growth up to a salinity of 20 dS m-

1 and further increase in salinity resulted in sharp
reduction in growth. Nonetheless, unlike other
strains, both these strains survived at higher
salinities (60 and 80 dS m-1) as evident from the OD
measurements.

In case of the rhizobial strains associated
with sesbania, tolerance of up to 600 mM (ca 50.4

dS m-1) was reported under in vitro conditions23.
In our study, S. meliloti and S. arboris from
sesbania tolerated up to 40 dS m-1 salinity, but
further increase in salinity resulted in severe
reduction in growth (Fig.1B).
pH tolerance

All the native strains showed more or less
a similar trend in growing better under alkaline
rather than acidic conditions (Fig. 1C). Thus, the
optimal pH for growth varied between 8 and 10.
The reference strain (TAL 169) however showed
the maximum growth at 6 pH. Averaged over
strains, growth was maximum at a pH of 8 and no
growth was observed at pH 2, 4. In contrast to
other strains, S. terangae and S. kestiense exhibited
low growth at 12 pH, with OD values of 0.72 and
0.36, respectively. Overall, S. terangae had a low
growth rate, the maximum OD being about 1.5 (at
pH 8), compared to the values of 3-3.5 for other
strains.

In general, the optimum pH for rhizobial
growth was reported to be between six and
seven6,25.  However, Rhizobia with a higher
tolerance to acidity and alkalinity have been
identified28,29,30,31. In sesbania, strains of Rhizobium
sp. That survived at pH 11 and 12 and  in cowpea
strains which are tolerant to pH values as low as
4.0 have been isolated4,26. It is also known that
strains of some species vary widely in their pH
tolerance. Thus, while most strains of R. meliloti
were sensitive to acid stress1,32, some strains were
found to perform well at pH 5.0 to 5.524, 33.
Heavy metals tolerance

The effect of heavy metals on growth of
the rhizobia is presented in Fig. 2. In general, all
the strains studied were found to be sensitive to
Cu and Zn, though TAL 169, S. terangae and S.
kostiense were the most affected among others.
Fe, Mg and Pb had variable effects on the growth
of various strains. Thus, at the same concentration
of heavy metal and in comparison with other
strains, the growth of Tal 169, S. terangae and S.
kostiense was relatively less indicating their
sensitivity. Inherent differences in tolerance of S.
meliloti strains to heavy metal concentrations were
also reported8,34. It should be noted that soil pH
besides directly affecting the survival of the
rhizobia, also influences the heavy metal
concentrations and thereby affects the growth and
nodulation ability of the rhizobia. For instance, low
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soil pH can result in increased solubility of certain
metal ions (e.g. Al, Cu and Zn) to the point where
toxic levels are reached. In contrast, alkaline soil
condition can lead to deficiencies as the metals
become increasingly unavailable35.

S. arboris strains from Sudan had a
maximum growth temperature of 41-43°C, and
showed tolerance to 3% (w/v) NaCl (ca. 42.8 dS m-

1) and heavy metals, except Al15. With S. kostiense,
the maximum growth temperature was found to be
38-40°C, the species showed tolerance to only 1%
(w/v) NaCl (ca. 14.3 dS m-1) and sensitivity to heavy
metals except Cu and Pb15.  Thus, in terms of
tolerance to temperature and salinity stresses, the
UAE strains S. kostiense and S. arboris were similar
to the Sudanese strains. However, while S. arboris

Fig. 1. Effect of temperature (A), salinity (B) and pH (C) on growth of five
Sinorhizobium spp. and the reference strain  Bradyrhizobium sp. Strain TAL 169

1(A)

1(B)

1(C)

LSD (0.05)

LSD (0.05)
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from Sudan was more tolerant of the heat stress, S.
kostiense from the UAE was found to have
considerably higher tolerance to salinity than the
Sudanese strain.
Nodulation

The results of seed inoculation are
presented in Table 1. While the uninoculated plants
remained free of nodules, salinity had variable
effect on nodulating ability of the two cowpea
stains. While the reference strain TAL-169 failed
to form any root nodules when water salinity was
above 6 dS m-1, S. kostiense and S. terangae were

effective in nodulating even at 12 dS m-1 salinity.
Between the two strains, S. kostiense was more
efficient as the 5-week old seedlings had an average
of 26.2 nodules per plant compared to 2.0 per plant
with S. terangae. Interestingly, neither the salinity
treatment nor the nodulation did show any effect
on plant growth. Thus, no significant differences
were found in shoot and root length between
treatments. The differences between treatments for
fresh and dry weight were also insignificant (data
not presented).

Table 1.  Nodulation in cowpea inoculated with different
strains of rhizobia and irrigated with saline water

Salinity Strain

(dS m-1) Uninoculated TAL 169 S. terangae S. kostiense Mean

Nodules/plant

2 0.0 1.0 6.4 55.2 15.7
6 0.0 1.2 9.0 41.2 12.9
12 0.0 0.0 2.0 26.2 7.1
Mean 0.0 0.7 5.8 40.9  11.9
LSD (5%)   13.7  

Fig. 2 . Effect of heavy metals on growth of five Sinorhizobium spp.
and the reference strain Bradyrhizobium sp. Strain TAL 169

LSD (0.05)

The depressive effect of NaCl on
nodulation was also observed earlier in several
crops, including cowpea and sesbania. In cowpea,
while the number and size of nodules remained
more or less the same between 0.005-0.050 M of
NaCl (ca. 0.4-4.2 dS m-1) there was simultaneous
reduction of both at higher concentrations (0.100-
0.200 M, i.e. 8.3-16.7 dS m-1)25. In sesbania, salinity

decreased the number of nodules per plant but
increased the size of nodules36. On the other hand,
both the number and size of the nodules per plant
and their fresh and dry weights decreased with an
increase in salinity37. In the present study,
nodulation was found to be more sensitive to
salinity than plant growth, as also observed in
soybean38. In Leucaena leucocephala,  NaCl
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treatment did not show any adverse effects on
plant growth during the first seven weeks of
treatment, but distinct differences began to occur
after 14 weeks of treatment39. It is also possible
that the organic fertilizer used in the planting
medium could have masked beneficial effects of
the rihizobia on plant growth in the present study.
Principal components analysis

The results of the principal components
analysis (PCA) are shown in Fig. 3. It can be seen
that PC

1
 and PC

2
, together contributed to 98% of

the total variation present among the strains taking

into account all four stresses simultaneously. PC
1

accounted for 75% of the variability and was most
influenced by salinity, pH and heavy metals, while
PC

2 
which accounted for 23% of the variability was

most influenced by temperature. S. kostiense
displayed high positive coefficients of both
components, in contrast total 169 and S. terangae,
which have negative coefficients.  The analysis
showed that S. kostiense was most adapted to
temperature and S. meliloti to salinity, while S.
arboris and Sinorhizobium sp. nov. were most
adapted to pH and heavy metals.

Fig. 3. BiPlot of principal component analysis of the variates, temperature
(Temp), salinity, pH and heavy metals (HM) and the six rhizobial strains shown

CONCLUSIONS

The results from this study show that the
rhizobia isolated from the sandy soils at ICBA
experimental station have developed tolerance to
abiotic stresses such as high temperatures, salinity
and alkalinity, which enable them to survive under
the extreme desert conditions. Among the five
native strains studied, while the optimum
temperature for growth was found to be 30°C, S.
kostiense depicted good growth at 40°C. S. meliloti
and S. arboris were the most halotolerant,
exhibiting good growth even at salinities as high

as 40 dS m-1. It is significant to note that the native
rhizobial strains were also tolerant to highly
alkaline conditions as evident from their survival
at a pH of 10.

Since cowpea and sesbania seeds used
for planting were not inoculated with rhizobia and
there is no previous history of cultivation of any
leguminous crops in the same fields, it is obvious
that the rhizobia are naturally occurring native
strains surviving and persisting in harsh desert
environments. The possession of high levels of
stress tolerance might be an evolutionary
significance for the survival of the rhizobia under
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adverse conditions. Alkaline soil, high temperature
and high salinity are major constraints for plant
growth and productivity in arid and hyper-arid
areas. The tolerance to environmental stresses,
especially high salinity and temperature, make these
rhizobia highly valuable inoculums to improve the
productivity of compatible leguminous crops
cultivated in marginal and salt-affected soils.
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