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Abstract. In Morocco, alfalfa (Medicago sativa L.) is being grown in harsh environments (such as
mountains and oasis) and is frequently subjected to abiotic stresses such as salinity, drought and high
temperature. Both alfalfa and its nitrogen fixing symbiotic bacteria Sinorhizobium meliloti are affected by
these abiotic stresses. Improvements in biological nitrogen fixation could be achieved through selection of
tolerant strains of S. meliloti to these abiotic stresses and inoculating them to the crop and also growing
tolerant cultivars. This study examines phenotypic diversity for tolerance to drought, extremes of
temperature and soil pH, soil salinity and heavy metals and genotypic diversity at Repetitive Extragenic
Pallindromic DNA regions of 157 Sinorhizobium isolates, sampled from marginal soils of arid and semi-arid
regions of Morocco. The results revealed high degree of phenotypic and genotypic diversity in
Sinorhizobium populations. Further more, the isolates which showed tolerance to salinity stress also
showed tolerance to water stress, indicating direct relationships between these two physiological pathways.
High salt and water stress tolerant strains were isolated and tested for their ability to biological nitrogen
fixation. Some of the isolated tolerant strains were also efficient nitrogen fixers, under water and salt stress
conditions. The Analysis of Molecular Variance revealed that largest proportion of significant genetic
variation was distributed within regions than among regions.

Keywords. Sinorhizobium meliloti — Phenotypic diversity — Genotypic diversity — Abiotic stresses.

La variabilité des populations naturelles de Sinorhizobium meliloti  au Maroc

Résumé. Au Maroc, les populations locales de luzerne (Medicago sativa L.) sont cultivées dans des
montagnes et des oasis présahariennes. Dans ces environnements, la luzerne et son microsymbiont
Sinorhizobium meliloti se heurtent a des stress abiotiques tels que la salinité, la sécheresse et les
températures élevées. L'amélioration de la fixation symbiotique pourrait étre atteinte grace a la sélection
des souches de S. meliloti tolérantes a ces stress et son utilisées dans des essais d'inoculation sous
conditions des stress abiotiques. Cette étude examine, d'une part, la diversité phénotypique de 157 isolats
de S. meliloti échantillonnés a partir des sols marginaux des zones arides et semi-arides du Maroc vis-a-vis
de leur tolérance au stress hydrique, aux températures élevées, au pH du sol, a la salinité et aux métaux
lourds ainsi que leur résistance intrinseque aux antibiotiques. Et d'autre part cette étude examine la
diversité génétique de ces isolats en utilisant la Rep-PCR. Les résultats révélent une grande diversité
phénotypique et génotypique entre les isolats étudiés. En plus, les isolats qu'ont montré une tolérance au
stress salin, sont également tolérants au stress hydrique. Les souches sélectionnées tolérantes au stress
salin et hydrique, ont été testé pour leur efficience de fixation de N.

Mots-clés. Sinorhizobium meliloti — Diversité phénotypique — Diversité génotypique — Stress abiotiques.

| — Introduction

The impact of climate change on biota has recently gained prominence, given the significant
concern towards global warming, or local reduction of rainfall in many parts of the world. The
resulting land degradation is a major constraint of crop yield worldwide, with salinization,
drought and desertification as important consequences (Rozelle et al., 1997).
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Leguminous plants are frequently used for cultivation in degraded soil sites of arid and semi arid
regions because they can grow in barren soils that are unsuitable for most crops (Pereira et al.,
2008). Many biotic and abiotic factors affect the growth and survival of rhizobia in soil and also
its leguminous host. In the absence of a legume host, rhizobia manage to survive and hence
must have evolved strategies to adapt to diverse environmental conditions (Rinaudi et al.,
2006).

The abiotic factors such as high salt, water stress, pH, and temperature stresses affect
dinitrogen fixation in root nodules of legumes and hence their productivity. For the good growth
of legumes in arid and semi arid regions where fertilizers are unavailable, it seems deemed
necessary to plants, being nodulated by an effective strain of rhizobia that tolerate these
adverse environmental conditions (Athar and Johnson, 1997).

Alfalfa (Medicago sativa L.) is a deep-rooted, perennial legume capable of producing high yields
of high-quality forage. Its excellent nutritional value makes this crop ideal for hay and silage.
Alfalfa also has the ability to use atmospheric nitrogen (N2) and deposit significant amounts of N
in the soil during growth (Zeng et al., 2007). The gram-negative bacteria Sinorhizobium meliloti
and S. medicae are able to interact with roots of alfalfa to form nitrogen-fixing nodules
(Elboutahiri et al., 2010). Based on their genetic relationships, it was suggested that S. medicae
may originate from an ancestral S. meliloti population (Biondi et al., 2003). Phenotypic and
genotypic diversity of some species of rhizobia are available (Vinuesa et al., 1998; Delorme et
al., 2003; Wei et al., 2006), little is known about such diversity in natural populations of
Sinorhizobium nodulating alfalfa in the marginal soils of arid and semi-arid regions, which are
affected by salinity and frequent droughts. In this study, we have sampled Sinorhizobium
isolates nodulating alfalfa from marginal soils affected by salt and frequent droughts in arid and
semi-arid regions of Morocco where alfalfa is being grown with the aims to characterized
phenotypic diversity of the sampled isolates for tolerance to water and salinity stresses,
extremes of temperature and pH, heavy metals and antibiotics in vitro and to estimate genetic
diversity and genetic structure of the rhizobia populations in marginal soils of arid and semi-arid
regions of Morocco.

[l — Materials and methods

1. Physiological characterization

The 157 rhizobia isolates used in this study were isolated either from nodules sampled in the
field or from root nodules of young alfalfa plants grown in soil samples collected from the
drought and salt affected areas of southern Morocco (isolated by a trapping method). Rhizobia
were isolated using standard procedures (Vincent, 1970) from all the collected nodules. All 157
isolates were Gram-negative, fast-growing rhizobia, formed single colonies with diameters of 2-
3 mm within 2-3 days on Yeast Extract Mannitol agar (YEM) plates.

The physiological tests were carried out on YEM plates, except for water stress (Elboutahiri et
al., 2010). The following treatments (with three replications) were applied: salt tolerance at O-
10% NaCl (at increments of 1%); temperature tolerance at 28, 32, 36, 40 and 44<; pH
tolerance at pH 3.0, 3.5, 4.5, 5.5, 7.0, 9.0 and 9.5; intrinsic antibiotic and heavy metal tolerance
were determined on solid YEM medium containing the following filter-sterilized antibiotics or
heavy metals (all pg/ml): chloramphenicol (25 and 100), spectinomycin (15 and 50),
streptomycin (10 and 25) and tetracycline (10 and 25), CdCl».2H,0 (5 and 20), MnCl, (300),
HgClz (20) and ZnCl; (200). Water stress imposed using PEG 6000 in YEM broth at a level of
-0.25, -0.5, -1 and -1.5 MPa. After 7 days of incubation at 28T, the bacterial growth was
compared to controls.

2. Genotypic characterization
Bacterial DNA was extracted by a simple boiling method. For the rhizobia species assignment,
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the 16S rDNA gene of the isolates was amplified using primers fD1 and rD1 with an annealing
temperature of 58 and restricted with Rsal. PCR targeting repetitive DNA sequences (rep-
PCR) were performed according to de Bruijn (1992) with minor modifications (Elboutahiri et al.,
2009). PCR amplified fragments were electrophoresed in an agarose gel (1.5%) and visualized
using ethidium bromide staining (Elboutahiri et al., 2009).

3. Data analysis

Comparison of all physiological traits was performed on the basis of growth (1) or no growth (0)
for each of the isolate. Comparison of amplified DNA profiles for each of the primers was
performed on the basis of the presence (1) or absence (0) of REP and ERIC fragments. The
binary data was used for estimation of shared allele distance and the shared allele distance was
further used for cluster analysis based on the unweighted paired-group method using arithmetic
averages (UPGMA) using the software program PowerMarker Version 3.25
(http://statgen.ncsu.edu/powermarker/).

[l — Results and discussion

The rhizobial species assignment based on Rsal digestion of PCR amplified 16S rDNA of the
157 sampled isolates, assigned 136 isolates as S. meliloti and 21 isolates as S. medicae. The
phenotypic characterization of the sampled 157 isolates for above characters revealed a large
degree of variation. For salinity tolerance, we observed a wide variability for tolerance at 171-
1711 mM (1-10%) NaCl; even isolates sampled from the same area/region showed variation for
NaCl tolerance. 55.41% of the isolates had good tolerance to NaCl (>513 mM), indicating that
the rhizobia nodulating alfalfa are more tolerant compared to other rhizobia species (Struffi et
al., 1998; Zahran, 1999). Salinity imposes both ionic and osmotic stresses. Indeed, the
imposition of any stress to rhizobia results in adaptive responses, which lead to changes in the
regular metabolic processes that are then reflected in protein profiles With regard to water
stress, 82.16% of the isolates grew at level of -1.5 MPa. The tolerant rhizobia to osmotic stress
accumulate the osmolytes, and changes their morphology and dehydration of cells (Buss and
Bottomley, 1989; Smith and Smith, 1989). For the most rhizobia, optimum temperature range
for growth of culture is 28-31<C, and many cann ot grow even at 37C (Graham, 1992). At 28, 32
and 36<C, respectively, 100, 96.81 and 87.26% of the isolates grew well. However, at 40C,
only 57.96% of the isolates grew and these highly tolerant isolates were sampled from hot and
dry regions of southern Morocco. There was a varied response of the isolates tested to pH. All
the isolates tested grew in alkaline pH (pH 9 and 9.5). At very low pH (pH 3.5), only 3.18% of
isolates grew normally. Our study further confirmed that the alfalfa rhizobia are acid-sensitive.
The sampled isolates showed good tolerance to heavy metals such as Mn, Zn and Cd. The
highest number of isolates grew well in 5 pg/ml Cd (92.99%), followed by 300 pg/ml Mn
(90.44%) and 200 pg/ml Zn (85.35%); and the growth of almost all isolates was inhibited by Hg
(0.69%). Our study showed that S. meliloti and S. medicae were more tolerant to the heavy
metals than the other rhizobia species (Angel et al., 1993). The evaluation of intrinsic resistance
to antibiotics showed that most tested isolates (>85%) had high resistance to streptomycin,
tetracycline, chloramphenicol and spectinomycin. However, the degree of resistance to
antibiotics was higher than in other species of rhizobia (Wei et al., 2003), indicating that S.
meliloti and S. medicae had higher levels of tolerance to these antibiotics.

Isolates with different phenotypes were observed within a sampling location. The cluster
analysis based on phenotypic data further revealed that these isolates represented
phenotypically diverse populations. The 157 isolates formed 11 clusters. Each cluster showed
tolerance to the multiple environmental stresses which are common in marginal soils of arid and
semi-arid regions. This kind of phenotypic diversity observed in the rhizobia populations could
offer selective advantages in survival and adaptation to these harsh environments.

Rep-PCR analysis revealed high intraspecific diversity among the isolates and classified the
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isolates into 148 genotypes. The dendrogram constructed based on the genotype profiles
provided more information on the specific variability of the strains. At 84% level of similarity,
there were 13 definitely separated and delimited clusters of strains. Each cluster was formed by
strains from different areas of collection and with different phenotypic traits.
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