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ABSTRACT

The effect of salt stress on the growth and survival of four introduced
Sinorhizobium meliloti strains in the rhizosphere of alfalfa Medicago saliva L. was
studied. Response to inoculation with these strains and the compelition among them
and against native rhizobia were investigated in two salt affected soils with different
salt concentrations of 10 and 36 dS m™. Resuits showed that none of the introduced
rhizobial strains was affected by the soil salinity up 1o 36 dS m™' as they were able to
grow and survive in the rhizosphere of alfalfa plants. However, noduie formation by
both native and introduced rhizobial sfrains was negalively affected by sall
concentration. This indicates that the first step in nodule formation is extremely
sensitive to salinity, likely due 1o the effect of salinity on the root infection sites but not
on the survival of rhizobia. Acetylene reduction of nodulated roots and nitrogen
accumulation were adversely affected by salt concentration in the scil. This may show
the negative effect of salt stress on plant growth and subsequently nodule function.
Patterns of rhizosphere colonization by the introduced rhizobial strains declined
markedly with increased salt concentration of the soil. Data showed thal the -
infroduced rhizobial strains could grow, survive and fix nilragen at sait concentrations
inhibitory to the growth of alfalfa. Therefore, we recommend that the fulure studies on .
the effect of salinity on symbiotic N fixation should focus more on aspects related to
the symbiosis rather than the study of each separale partner.

Keywords:  Alfalfa,  Nz-fixation, nodulation, saline soils, competition,
survival of rhizabia.

\NTRODUCTION

Salinity is  a sericus threa! to agriculture in arid and semiarid regions
{Rao ard Sharma, 1995). Nearly 40 % of the world's land surface can be
categorized as having potential salinity problems (Cordovilla et al., 1894).
Most of ihese areas are confined to the tropics and Mediterranean regions.
Increases in the salinity of soils or water supplies used for irrigation resuit in
decrease the productivity of most crop plants and lead to marked changes in
the growth pattern of plants (Cordovilla ef al, 1994). increasing salt
concentrations may have a detrimental effect on soil microbial populations as
a result of direct toxicity as wett as through osmolic stress (Tate, 1995). Soil
infertility in arid zones is often due to the presence of large quantities of salt,
and the introduction of plants capable of surviving under these conditions
(salt-tolerant plants) is worth investigating (Delgado et al., 1994).There is
currentlty a need to develop highly sait-tolerant crops to recycle agricultural
drainage waters, which are literally rivers of contaminated water that are
generated in arid zone irrigation districts (Glenn et af, 1999). Salt tolerance in
plants s a complex phenomencn that involves morphological and
developmental changes as well as physiological and biochemical processes.
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Salinity decreases plant growth and yield, depending upon the plant species,
salinity levels, and ionic composition of the salts (Delgado et af., 1984).

The legume-Rhizobium symbiosis and nodule formation on legumes
are more sensitive_to sait or osmatic stress than are the rhizobia {Zahran,
1991). Salt stress inhibits the initial steps of Rhizobium-legume symbiosis.
The effect of salt stress on nodulation and nitrogen fixation of legumes have
been examined in several studies {Abdel-Wahab et al., 1991; Delgado et af.,
1994 and lkeda et al., 1992). The reduction of N;- fixing activity by salt stress
is usually attributed to a reduction in respiration of the nodules (Waish, 1995)
and a reduction in cytosoiic protein production, specificaily leghemaglobin, by
nodules (Delgado et al. 1894) The depressive effect of salt stress on N:
fixation by legumes is direclly re:ated to the sait-induced deciine in dry weight
and N conlent in the shoot (Correa and Barneix 1997% 7The salt-inguced
distortions in nodule struciure could aiso he reasons for decline in the N;
fixation rate by legumes subject to sait stress (Zahran and Abu-Gharbia,
1985). Reduction in photosynthetic activity might also affect N, fixation by
lequmes under salt stress (Georglev and Atkias, 1993).

Although the root nodule-colonizing bacteria of the genera Rhizabium
and Bradyrhizobium are more salt tolerant than their legume hosts, they show
marked variafion in salt tolerance. Growth of a number of rhizobia was
inhibited by 100 mM NaCl (Yelton et al., 1983), while some rhizobia, e.g.,
Sinorhizobium meliloti were tolerant to 300 ~ 700 mM NacCl (Embalomatis et
al., 1894). Salt- tolerant strains of Rhizobium ¢an nodulate legumes and form
effective N,-fixing symbiosis in soils with moderate salinity. Therefore,
inoculation of varicus legumes with salt-tolerant strains will improve N,
fixation in saline environments {(Zou et al., 1995). However, tolerance of the
legume hast to salt is the most impaortant factor in determining the success of
compatible Rhizobium strains to form successful symbiosis under conditions
of high soil salinity (Criag el al., 1991).Evidence presented in the literature
suggesis a need to seiect plant genotypes that are tolerant to salt stress and
then match them with the salt tolerant and effective strain of rhizobia
{Cordovilla et af, 1995). In fact, the best results for symbiotic N; fixation
under salt stress are obtained if both symbiotic partners and ail the different
steps in their interaction (nodule formation, activity, capacity of nitrogen
fixation, et¢.) resist such stress {Georgiev and Atkias, 1993, & Zahran ot a/,,
1994).

In Saudi Arabia, salt affected soils occupy vast areas especially in
the eastern part. In addition, spots of deteriorated soils are now scattered
along the north and middle area (Bashour ef al, 1983). Such saline
conditions may limit the symbiosis through: (1) affecting survival and
profiferation of rhizobia in the soil and rhizosphere, (2) inhibiting the infection
process, {3) directly affecting root nodule function, (4) reducing plant growth,
photosynthesis, and demand for nitrogen (Criage et a/., 1991).

The aim of the present study is to investigate the effect of salt stress
on the growth and survival of four Sinorhizobium meliloli strains in the
rhizosphere of alfalfa Medicago sativa L. The establishment of inoculant
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strains in alfalfa nodules and their efficiency in relation to indigenous rhizobia
was also evaluated.

MATERIALS AND METHODS .

The experiments were conducted in the greenhouse of Agriculture
College, King Saud Univ., Saudi Arabia. Two salt affected soils from AL-
Qassiem were included in the study. Soil samples were collected from two
sites. Site | is 48 Km north Buraydah, 3 Km east Buraydah Hail road, while
site I is 48 Km north Buraydah, 3 Km west Buraydah Hail road. The values of
Faste extract electrical conductivity (EC) in these sites were 10 and 36 dS m’
, respectively. The physical and chemical analyses of the soils are presented
in Table 1. Each soil was put in plastic pots of 30 cm in diameter. Every pot
was filled with 10 Kg of the previously mentioned soils. Four strains of
Sinorhizobium meliloti were used either singly or in combination. Alfalfa
seeds Medicago sativa L. were surface sterilized. Peat based inoculums was
used to inoculate seeds before planting. Each pot was planted with 250 mg
(60 kg hectare ") of alfalfa seeds. Four replicates were used for each
treatment. Water was added to be stable at 60 % of soil water holding
capacity (17.5%).

Rhizobial strains:

Four strains of Sinomizobium meliloti were used in the present
study. Two strains were local and isolated from host Lucerne grown on Saudi
Arabian soils. These strains were isolated, purified, and stored according to
the protocol of Allen (1971). The other two strains were foreign strains TAL
1372 and TAL 1373. These strains were kindly supplied from Niftal project,
Hawaii, USA.

Table 1: physical and chemical properties of the soils.

Determinations Site | Site Il
Sand % 65 63
Silt % 24 19
Clay % 11 18
Textural class Sandy loam Sandy foam
pH* 82 75
EC™(dSm™) 10.00 36.00
CaCO3 % 20.0 17.0
Organic matter (%) 0.39 0.26
Total nitrogen (ppm) 312.00 265.00
* In soil paste.

** In soil paste extract.

The treatments were as follows:

1. Uninoculated control.

2. Inoculated with strain No. 1 {local isolate).
3. Inoculated with strain No. 2 (local isolate).
4. Inoculated with strain TAL 1372.

5. Inoculated with strain TAL 1373.

6. inoculated with a mixture of four strains.
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Shoot was harvested in three cuts after 75, 110 and 145 days from
planting. Nitrogen content of shoot was determined according to Jackson
{1973). At each cut, 10 alfalfa plants were taken out to determing nodule
fresh weight and nitrogenase activity in nodules according to the method
descrived by Hardy et a/. (1973). Statistical analyses were carried out for the
studied parameters according to Snedecor and Cochran (1978).

Rhizosphere samples were taken periodically 7, 15, 30 and 45 days
after planting to determine the population densities of the four infroduced
rhizobial strains. The procedure of Kingsley and Bohlool (1981) was used to
separate the rhizobiat strains form the rhizosphere soils using gelatin-
ammonium phosphate. Soil-buffer mixtures were treated with 5 drops of
tween 80 and shaken for 30 min. after being shaken, inner rhizosphere soil
suspensions were sub sampled for dry weight determination, and samples of
all suspensions were sedimented by centrifugation at 3000 rom for 15 min.
Appropriate volumes (1-3 ml) of each supernatant were passed through
polycarbonate membrane filters pretreated with irgalan black to reduce auto
fluorescence. Material retained on the membrane filter was ireated with
gelatin-rohdamine conjugate (Bohlool and Schmidt, 1968), before the
application of fiuorescence antibodies (FAs) to avoid non-specific absorption
and to improve the background contrast of the membrane filter. Procedure of
FA staining and microscopic enumeration of fluorescing rhizobial cells were
carried out as described by Schmidt (1974).

Nodule serotyping:

Strain specific fluorescent antibodies (FAs) were used for nodule
serotyping. Gelatin-Rhoda mine conjugate (Bechlool and Schmidt, 1968) was
used to cantrol non-specific staining and auto fluorescence. Fifty nodules
from each treatment were carefully washed and crushed in sterilized water.
The slides were air dried and heat fixed. With a Pasteur pipette, a drop of
geiatin-Rhoda mine conjugate was placed on the smears. Before the Rhoda
mine gel was dried, one drop of FA stain was added. Stained nodule smears
were examined with a Zeiss universal microscope equipped for
epifluorescence and phase confrast. A strang positive reaction was indicated
by cCrilliant yellow green fiuorescence of the smear on a dark purple
background. No cells would be visible if the specific strain was not present on
the smear. The presence of more than one serogroup per nodule was
detected by using the dual lighting system of reflected fluorescent and
transmitted phase-contrast light. The switching from phase-contrast to
fluorescent light, clearly shows the presence of one or more than one strain in
the same nodule. The dominance of one strain over the other within the same
nodule was based on the ratio between the stained and non stained cells with
each FA. Nodule smears with 5% or more of non fluorescing cells in the
presence of FA-pasitive cells were considered evidence of a mixed infection.
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RESULTS AND DISCUSSION

Dry matter yield:

Yield responses cf zlfalfa to inoculation with four strains in twa sait
affected soils are presented in Fig. 1. Results clearly show that the alfalfa dry
matter yield decreased with increasing soil salinity. These results are in
harmony with those of Delgado et a/., (1994) and Cordovilla et al., (1995) who
stated that saits induced deciine in dry weight of four grain legumes.

Data in Fig. 1 also show that, inoculation of alfalfa with Sinorhizobium
meliloti strains induced a significant increase in dry matter yield as compared
with uninoculated treatments. These results are in accordance with the
finding of Young et al (1986) and E-Mokadem et af., (1991) and contradict
with results of Gaur and Lowther (1982) and Sheath et af. {1984}

Significant differences in alfalfa dry matter production were cbserved
with the different inoculated treatments (Fig. 1). In all inoculated treatments,
focal strain No. 2 was superior to other tested strains in the three cuts.
Muitistrain inoculant gave the lowest dry matter yield as compared with the
single strain inoculants. However, multistrain still gives significantly higher
yields than the uninoculated treatments. This may be due to the interactions
between the four strains within the host roots and the cornpetition between
them for the energy required for their nodule maintenance. It is also clear -
from Fig. 1, that the dry matter yield increased with inoculation even at the .
highest salt concentratron hawever, the yield obtained at higher salt
concentration (36 dS m’') was much lower than the less sait affected soil (10
dS m'). This indicates that alfalfa growth was more affected by the salinity &
than the inoculant rhizobia. These results are in agreement with those of-*
Cordovilla et al., (1995) who indicated that many strains of rhizobia can grow™
and survive at salt concentrations which are inhibitory to their legume hosts.

Nodule fresh weight:

Results presented in Fig. 2, clearly show that the uningcculated plants
recorded the lowest nodule fresh weight. However, inoculation with rhizobia
exerted significant increase in nodule fresh weight. This was correlated with
the data of dry matter yield, with local strain No. 2 being the highest nodule
forming strain throughout the growth of alfalfa followed by strains TAL 1373,
local strain No. 1, TAL 1372 and multistrain inocula in respective order.

Regarding the effect of sait stress on nodulation, a significant
decrease in nodulation was observed with increased salt stress. This
indicates that the nodule formaticn by both native and introduced rhizobial
strains was affected by salt stress. This may be due to the effect of high salt
content on the proliferation of rhizobia in the rhizosphere and/or to the
inhibition of the infection process. These results are in line with those of
Bajpai and Gupta (1979), and Singleton and Bohiool (1984) who found that
nodule numbers and weight were reduced by increasing salt concentration.
They atiributed this to the salt sensitivity of roct infection sites. In this respect,
Zahran and Sprent (1986) stated that salinity stress showed little curling or
deformation of root hairs. These results are also in accordance with
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Fig.{1): Dry matter yield of inoculated alfalfa
grown in two salt affected soils.
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Fig.(3): Nitrogenase activity of nodule from
inoculated alfaifa grown In two sait
affected soils.
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Fig.(2): Nodule fresh weight of inoculated
alfaifa grown In two sait affected soils.

Wcutt Teut2z Ocutd |

{mg ! pot)

Treatments
Fig.{4): Nitrogen content of inoculated alfalfa
grown in two salt affected soils.

LSD at 0.05 level for:
Factor Dry weight| Nodule | Nitrogenase N-Content
Strains (5t) 1.98 1.862 0.79 58.13
*Salinity level{Sl) 2.81 1.023 117 49.12
StXSi 3.89 2.974 2.09 137.25

* Salinity tevels of site 1 and 1l were

10 and 36 dS/m. respectively.
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Mashhady et af., (1998) who found that growing Lucerne (aifalfa) in sandy
soil of high salt concentration {250 mM NaCl) completely prevented the
formation of nodules.

Nitrogenase activity:

Data presented in Fig. 3 indicate that, although a considerable
number of nodules were formed on the roots on uninoculated plants, they
exhibited lower values of nitrogenase activity as compared with the nodules
of inoculated treatments in both tested soils. This may be due to the
dominance of less effective strains among the native population of
Sinorhizobium medliioti in Saudi Arabian salt affected soils. These results are
in accordance with the finding of Matercn {1989), who stated that, the native
Rhizobium in many localities were not fully effective in nitrogen fixation.

Nitrogenase activity of nodules from inoculated plants decreased with
increasing salt concentration. The reduction of N fixing activity (nitrogenase
activity) by salt stress is usually attributed to a reduction in respiration of the
nodules (Walsh, 1995), and a reduction in cytosolic protein production,
specifically ieg hemoglobin, by nodules (Delgado et al, 1994). The
depressive effect of salt stress on N;- fixing capacity is also related to the
negative effect of sall stress on the plant growth and subsequently on the
transferred carbohydrates to root nodules. The nodules formed on the alfalfa
plants inoculated with different strains, differed in their nitrogenase activity
with local strain No. 2 being the highest in this respect. The highest nodule
function was observed in the second cut followed by third cut at which
nodules still functioning at high rate N; fixation as indicated by nitrogenase
activity.

N-content;

Results in Fig. 4 show that inoculation of alfalfa with selected
rhizobial strains enhanced nitrogen fixation since N-contents of inoculated
plants were higher than those in unincculated ones. The values of nitrogen
content in the different inoculated treatments were found to be parallel to
those values of the dry matter yield, nodules fresh weight and nitrogenase
activity (Fig. 1, 2, & 3). Results in Fig. 4 indicate that the intreduced rhizobial
strains can grow, survive and fix nitrogen at high salt concentrations in soils.
It is not surprising that the maximum nitrogen content was found in plant
samples at the second and third cuts since; the maximum yield was aiso
recorded at these cuts (Fig. 1).

In the light of the obtained results it could be concluded that strains of
rhizobia not only can survive but may even grow at salt concentrations in
excess of those tolerated by alfalfa host This in part shows the
environmental adaptation of the microsymbiont to its habitat. Whereas the
host legume produces seed and enters dormancy at the onset of the dry
season, its microsymbiont, Sinorhizebium meliloli in order to survive, must be
able to encounter much higher levels of salts in the soil particuiarly as the
soils dnes.
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Survival and growth of rhizokia in alfalfa rhizosphere:

The fiuorescent antibody technique which allows for the identification
and enumeration of specific strains of Rhizobium directly ir the environment
provided a unique teo! for the study of population changes of Rhizobium in
the rhizosphere. Moawad e! al. (1984} using this technique was able to follow
the numerical changes in the rhizosphere populations of soybean rhizobia
and its relation to competitive ability in soils of US upper Midwest. They came
to conclusion that the competitive ability of a certain strain is not cotrelated
with its specific stimulation.

The population dynamics of four introduced Sinorhizobium melitoti

sirains were studied in the rhizosphere of alfalfa and the changes in densities
of each strain are presented in Table 2. Local strains No.1 and 2 found in the
rhizosphere of uninoculated treatments. This could be explained by the fact
that, both strains are local isolates and likely to be dominant in many Saudi
Arabian soils. The population densities of the local strains No. 1 and 2 in the
uninoculated soils remained relativeiy constant not exceeding 107 cell g" dry
soil. However, in the inoculated treatments either with single or multistrains
inocufa, the population densities of the four introduced rhizobial strains
reached 10° cell g dry soil. There were no clear differences in the population
densities of the four introduced strains in the inoculated treatments.
As shown in Table 2, the patterns of rhizosphere colonization by the
introduced strains were more or less similar. The population densities aof the
introduced strains increased during the period of active nodulation (0-15 days
after seeding) due to root secretion, then decreased slightly till 45 days but
still higher than the 7 days count.

The presence of inoculant rhizabial strains in the rhizosphere of
alfalfa at higher salt concentration in the soi strengthen the suggestion that
the salinity stress even at high levels up to 36 dS m™ does not suppresses the
growth and sufvival of the strains in the rhizosphere. Many species of
bacteria adapt to saline conditions by the intraceliular accumulation of low-
molecular-weight organic solutes called osmolytes (Csonka and Hanson,
1991). The accumulation of osmolytes is thought to counteract the
dehydration of low water activity in the medium but not to interfere with
macromolecular structure or function {Smith ef al., 1994). Rhizobia utilize the
mechanism of osmotic adaptation (Zahran, 1997). In the presence of high
levels of salt, the leveis of intracellular free glutamate and /or K were greatly
increased (sometimes up to six fold in a few minutes) in ceils of
Sinorhizobium mefiloti (Jian et al., 1993). Potassium ions strictly control Mgz"
flux during osmotic shock. The accumulation of the osmolytes is dependent
on the level of osmotic stress, the growth phase of the culture, the carbon
source, and the presence of osmolytes in the growth medium. However, it
seems that the first step in nodule formation is extremely sensitive to salinity
and this is mainly due to the effect of salinity on the rootinfection sites
{Zahran, 1991).
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Table(2): Population densities of four introduced Sinorhizobium
meliloti strains in the rhizosphere of alfalfa grown in two
salt affected soils.

Days after Uninoculated soils x 10°  inoculated with inoculated with

Seeding Single strains x 10°__ Multi strains x 10°
12 1372 1373 1 2 1372 1373 1 2 1372 1373
Site | (E.C=10dSm™)

7 1330 00 00 4137 36 486 22 14 11 21
15 3272 00 00 7883 56 79 57 64 47 43
30 28 45 0.0 00 7269 35 62 46 54 28 32
45 2949 00 00 7073 42 70 40 47 22 386
Site Il (E.C=36 dSm)
7 12 32 0.0 00 2515 52 32 12 18 21 24
15 2079 00 00 5434 95 73 34 33 68 42
30 1.8 54 0.0 00 3628 72 6.1 16 16 56 338
45 16 5.8 0.0 0.0 3419 55 64 18 17 42 38

Competition between inoculants and native rhizobia:

An important objective in legume inoculation research is to select
highly effective strains of rhizobia for a particular host plant. These strains
must also be able to establish themselves in the rhizosphere and compete
successfully for nodule sites against the indigenous soil rhizobia which often
include ineffective strains.

Results given in Table 3 show the serological typing of nodule from
alfalfa inoculated with four inoculants strains. In the uninoculated soils, the
percentage of nodules occupancy with local strains No. 1 and 2were4 &8
and 2 & 3 for site | (E.C=10dS m") and site Il (E.C=36 dS m"), respectively.
Strains TAL 1372 and TAL 1373 were not found within nodules formed in the
uninoculated soils.

Table(3): Serotyping of nodules from alfalfa inoculated with single or
multistrains inoculants of Sinorhizobium meliloti in two salit
affected soils.

% Nodule occupancy ]

Local No. 1 { Local No. 2| TAL 1372 TAL 1373 |Native rhizobia
Site | |Site | Site || Site 1 | Site Il | Site | | Site 11| Site | | Site | | Site Il
Uninoc. 4 2 8 3 0 Q 0 0 88 95
Local No. 1| 74 56 0 0 0 0 0 0 26 44
Local No. 2 0 )] 82 68 0 0 0 0 18 32
TAL 1372 0 0 0 0 60 48 0 0 40 52
TAL 1373 0 0 0 0 0 0 79 62 21 38
Mixture 20 | 18 [ 30 | 30 | 17 | 16 [ 27 [ 23 | 6 [ 14|

inocula
strains

Data of the nodule serotyping (Table 3) show variable degrees of
competitive ability in the two salt affected soils. The use of the strains as
single inoculant shows that these strains were capable of competing with the
native rhizobia. In site | (EC=10dSm’ ") local strains No. 2 and TAL 1373
occupied 82% and 79% of the nodules. Insite 1 (EC=36dS m’ ) the same
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strains occupied 88%, and 62% respectively. These resuits indicate that local
strain No. 2 and TAL 1373 were strong competitors against native alfalfa
rhizobia. These results are in line with those of Robinson (1969), who found
that some introduced rhizobial strains were able to outcompete the native
rhizobia. Gibson et al. {1978) also stated that the single strain inoculant of
R..trfolii was present at higher frequency in the sampled nodules from the
inoculated piots.

Results from Table 3 also show that nodule occupancy by native
rhizobia markedly decreased in case of the multistrain inoculant as compared
with the single ones. Similar results were also reported by Hamdi et al.
(1984). In the present study, local strain No. 2 was superior in competition
with the other introduced strains in the mixture of the four strains.

It should be stated that although, the population densities of the
introduced Sirorhizobium meliloti strains were not affected by soil salinity
(Table 2), the proportion of nodules formed by these strains declined
markedly in the most saline soil as compared with the less saline one. This
may be aftributed to the ability of native rhizobia to compete with the
introduced strains under these saline conditions.

The successful formation of one nodule by competing rhizobia is
usually achieved by one strain but, on occasion two (or more) ¢an be found in
the same nodule. The occurrence of dual eccupancy was once considered a
rare event, but evidence has accumulated which demonstrates its more
frequent occurrence. Fluorescent antibody technique is particularly useful in
the detection of mixed infections in nodules. Data in the present study, (Table
4) show that, double strain occupancy in nodules in case of multistrain
incculant ranged from 8-14, and 10-16% of the total nodules at site | and I,
respectively. These results are in line with those of Marques Pinto ef al.
(1974) and Labandera & Vincent (1975). Local strains No. 2 and TAL 1373
were found at high frequencies in doubly infected nodules. These results are
in accordance with those of May and Bohlool (1983) who suggested a close
relationship between the competitiveness of a strain and its involvement in
the formation of doubly infected nodules.

From the aforementioned results it can be concluded that some
strains of Rhizobium can nodulate legumes and form effective Nj-fixing
symbiosis in sait affected soils. This work proved that the relative success of
the strains In producing nodules appeared to be independent of their rate of
multiplication in the rhizosphere of the host plant. It is worthy to mention that
tolerance of the legume host to salt is the most important factor in
determining the success of compatible Rhizobium strains to form successful
symbiosis under conditions of high soil salinity. So, inoculation of various
legumes with salt-tolerant strains will improve N; fixation in saline
environments. Therefore, this work recommends that the future studies on
the effect of salinity on symbiotic N, fixation should focus more oh aspects
related to the symbicsis rather than the study of each partner apart.
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Table{4): Percent of nodule occupancy in alfalfa nodules by multistrain
inoculant in two saits affected soils.

I T % Nodule occupanc ::,
nocula W No. 1] Local No. 2 | TAL1372 | TAL 1373 Total
strains ocal No. oca) No. - - - 9 -
1 Site )| Site 1) | Site 1 | Site | [ Site || Site | | Site Il | Site | | Site | [ Site H‘
iLocalNo. 1| 0O 0 8 | 7 0 0 4 5 10 12
LocalNo. 2] 6 | 7 0 | © 8 9 [ ¢ 0 | 14 | 18
TAL1372 | O 0 8 [ 9 0 Q 4 5 12 1 14
ITAL 1373 | 8 5 0 j o 4 5 i 0 p T 8 T 1g
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