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ABSTRACT

Two laboratory and greenhouse experiments were conducted to study the
efficiency of six Rhizobium meliloti isolates (2, 4, 11, 12 and 15) and strain ARC-1
isolated from wild alfaifa plants of salt affected soil to symbiotic performance with 5
varieties alfaifa (Medicago sativa) plants (Ismailia 1, Ismailia 2, Nitrogen fixers, Diablo
and El-Wady El-gedid). in two soil types.

The results showed that, all isolates withstand high concentration of NaCl
more than strain ARC-1. Isolate No.15 was the most resistant one to 7.5% NaCl and
different antibiotics concentration.

The data of symbiotic parameters showed that, the highest values of
nodules number, nodules dry weight and Nz-ase activity on plant roots were found
with plants inoculated with strain ARC-1 in two soil types. Also isolate No. 12
recorded the highest shoots dry weight and N-content in two soils. The superior
interactions were found between ARC-1 and Ismailia 1 for nodulation status and
isolate No. 12 and Nitrogen fixers variety for shoot dry weight and N-content.
Keywords: Salinity, Alfalfa (Medicago sativa), Rhizobium meliloti. Symbiotic nitrogen

fixation.

INTRODUCTION

About one-third of land area of the earth is subjected to arid and
semi-arid climates and about 15% - of the arid and semi-arid lands are sait-
affected (Zahran, 1999).

Alfalfa (Medicago sativa) is among the commonly cultivated fodder
legumes, which grown in large areas of arid and semi-arid environments, and
its production magnificence is one of the major targets concerned by
agronomists (Passarakli and Huber, 1991} -

Rhizobia isolated from arid lands are capable to nodulate the legume
host under saline condition {Douka et al, 1978).

Although high salt concentrations inhibit nodulation and N:-fixation in
many legumes, some varieties of legumes, e.g.. Medicago sativa can
successfully fix N; under these conditions (Zahran, 1999). Level of salinity
that affects the symbiosis between R. meliloti and Lucerne (Medicago sativa)
are lower than those that affect the growth and survival of individual Lucerne
genotypes or Rhizobium spp. (Mchammed et al., 1989).

Tolerance of the iegume host to salt is the most important factor in
determining the success of compatible Rhizobia strains to form successful
symbiosis under high soil salinity conditions, therefore, we need to select
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plant genotypes that are tolerant to salt stress and then match them with the
salt-tolerant and effective strain of Rhizobia (Cordovilla et al, 1995).

The aim of the present work was to study the effectiveness of the natively sait
tolerant Rhizobia isolates for future application in salt affected soil.

MATERIALS AND METHODS

1. Rhizobia isolates: ,

: Nine isolates of Rhizobium melifoti were isolated from alfalfa
{(Medicago sativa) root plants from different saline locations in Sewa Qasis.
Isolation and purification of cultures were examined according to the methods
described by Vincent (1970). One strain of R. mefiloti (ARC-1) was provided
by Biofertilizers Production Unit, Soils, Water and Environ. Res. Inst,, Agric.
Res. Center (ARC), Giza, Egypt.

2. NaCl tolerance:

Sodium chloride was used in different concentrations from 0.5% up to
8.0% to identify. the salt tolerance of each Rhizobium isolates and strain. A set
of three plates as replicates for every isclate, each containing a certain
concentration of NaCl. Heavy inocula of each culture sizes (ca. 10° cfu mi’)
were spotted using micropipettes (each drop equals 20 pl). Plates were
incubated at 20-30 °C for 4 days, growth was recorded as positive (visual
growth) or negative (no growth). The concentration of NaCl in the basai
medium was used as a control.

3. Antibiotics : .

‘BDBBL ™sensi-disc ™Mantimicrobial susceptibility test discs were
used to characterize the antibictic resistance among isclates and strain of R.
melifoti. Three replicates of each bacterial culture of 10° ¢fu mi™ were used to
be tested with different antibiotics (Ampicilin, Bactriocin, Erythromycin,
Kanamycin and Streptomycin) according to the method described by Atlas et
al.. (1984).

After incubation period (4 days) of plates, the inhibition zones for each
antibiotic of each culture were measured and the results were compared with
the standard zones to determine the sensitivity, resistance and intermediate
for each isolate and strain.

T

Table(1):Showing zone diameter interpretive standards (Quinn et al,

1994)

b e , Zone diameters, mm

Antibiotic Disc content Resistant intermediate | Susceptible

| Ampicillin 10 ug <13 14-18 >17

i Bactriocin 10 units <8 9.12 >13
Erythromycin 15 pg <15 16-20 > 21
Kanamycin 30 ug <13 14-17 >18
Streptomycin 10 ug <11 12-14 > 156

*The discs are American Produced by Becton, Dickinson and were supplied by Difico Lab.
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Pot experiment:

- A pot experiment was conducted at the greenhouse of Forage Crops
Research Department, Field Crops Res. Inst., Agric. Res. Center (ARC),
Giza, Egypt during spring season of the year 2003. The experiment Was
executed to investigate the effectiveness of these natively salt tolerant
Rhizobia isolates for noduiation under two types of socil. Some physical and
chemical properties of the used soils according to Piper (1950) are presented
in Table (2).

Table (2): Some physical and chemical properties of the studied soils

Values
Property lsmailia ARC (Giza)_
Particle size distribution:
Sand (%) 90.88 25.77
Silt (%) 2,07 35.90
Clay (%) 7.05 38.33
Texture grade Sandy Clayey
Saturation percent {S.P %) 19.30 41.16
pH(1:25 susp ) 7.49 7.76
E.C (dS m” at 25°C) 0.38 1.05
Soluble cations (meq L) :
ca"” 0.80 422
Mg 0.55 288
Na* 0.95 3.00
K 0.60 1.19
Soluble anions (meg L™
cO% 0.00 0.00
HCO 3 1.35 328
cr 0.65 4.33
sO% 1.00 3.68
Organic matter (%) 0.24 ) 0.59
Organic-C (%) 0.14 0.34
Total-N (%) 0.018 0.048
C/N ratio 7.78 7.08
Total soluble-N  {ppm) 16.00 4218
Availaple P {ppm) 7.14 13.60
DTPA-extractable {ppm): :
Fe 1.00 5288
Mn 0.30 3.20
Zn 0.42 1.18
Cu 0.20 0.74

Five varieties of alfalfa (Medicago saliva L.) were selected, Ismailia 1,
Ismailia 2, Nitrogen fixers, Diabio and Ei-Wady El-gedid. Seeds were grown in
plastic pots of 20 ¢m diameter filled with 7 kg of two types of soil. The first
type was sandy soil collected from Ismailia Experim. Res. Station, ARC,
Egypt, while the second one was clayey soil obtained from the field of Agric.
Res. Center, Giza, Egypt. Both types of soil were sterilized by H,O; (3%). The
soils in pots were supplemented with the recommended dose of
superphosphate (15.5% P,0:) at a rate of 1.4 g pot” (200 kg fed ), while
potassnum sulphate (48% K,O) was applied at a rate of 0.7 g pot™ (100 kg
fed"). Ammomum sulphate (20.5% N) was added atarate of 0.14 g pot™? (20
kg N fed™) as an activation dose.
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Five selected bacteria isolates and a strain (ARC-1) were used in the
experiment and uninoculated plants served as a control. AII mocu!ated
bacterial cultures were grown to maximum growth (ca.10° cfu mi™).
Inoculation was singly surface applied to soil as 10 m! culture pot’' once at
planting and another 10 ml inoculated after seedhng stage. After complete
germination, plants were thinned to ten plants pot”. Al pots were arranged in
a complete randomized design with three replicates.

After 60 days of planting, piants were gently uprooted nodules were
counted and weighed. Shoot dry weight 10 plants’ was determined and
analyzed for total nitrogen according to Page et al., (1882). Nitrogenase
activity (Nz-ase) of plant roots was determined using the Acetylene Reduction
‘Assay as described by Hardy et al, (1973), using Dani 1000 Gas
Chromatography. Data were subjected to analysis of variance (ANOVA)
according to the procedure of Snedecor and Cochran (1980),

RESULTS AND DISCUSSION

NaCl tolerance:

Nine isolates and one reference strain were tested for their tolerance
to different NaCl concentrations. Table (3) showed that all isolates did
tolerate high leveis of salinity compared to reference strain (ARC-1) which
tolerated 3.0% NaCl. This result agree with those obtained by Hua et al,
(1982) and Jian ef al,, (1993) who reported that Rhizobia isolated from saline
soils survive in inhibitory levels of salinity better than Rhizobia isolated from
non saline soils. Isolate No. 15 was the most tolerant one, which tolerated
7.5% NaCl, whereas the salt tolerance for the other isolates was in the range
of 4.5 to 6.0% NaCl. The majority of tested Rhizobia isolates (fast-growers)
did withstand a concentration as high as 4.5% NaCl confirming the results of
El-Sheikh and Wood (1990) that fast growing Rhizobia had higher sait
tolerance rate than slow-growing {Bradyrhizobiumn).

Antiblotic resistance :

Results of resistance and sensitivity to different antibiotics among
the examined Rhizobial isolates and (ARC-1) strain are illustrated in Table
{4). Isolate 15 was highiy resistant o all antibiotics examined, while the strain
ARC-1 was sensitive to the most antibiotics, /.e. ampicillin, kanamycin and
streptomycin and intermediate to bactriocin and erythromycin. Strain ARC-1
and isolate 15 exhibited similar behaviors against NaCl concentration test.
These results are in accordance with those obtained by Zahran (1991) who
reported that the response to salt and antibiotics stress in the Rhizobium
meliloti might be genetically controlled.

Isolates 11, 12 and 14 were resistant to ampicillin, bactriocin and
erythromycin, while were intermediate to kanamycin and streptomycin. In this

_concern, Somasegaran and Hoben (1894) and Anne et al, (2004)
investigated the sensitivity to different antibiotics at different ranges of
concentration varied between Rhizobium spp. and it was suggested that
such variation may be a useful taxonomic character. So, antibiotic resistance
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was used as one of the traditional techniques for identification at the species
level and the genus level for bacteria (Nakayama, 1999).

Table (3): Minimum inhibitory concentration (MIC) of NaCl on R. meliloti

isolates
INaCl conc. Isolates Strain
(%) 2 [ 3 4 7 8 [ 11 [ 12 { 14 | 15 | ARC
Control + + + + + + + + + +
0.5 + + + + + + + + + ¥
1.0 + + + + + + + + + +
1.5 + + + + + + + + + +
20 + + + + + + + + + +
25 + + + + + + + + + +
3.0 + + + + + + + + + +
3.5 + + + + + + + + + -
4.0 + + + + + + + + + -
4.5 + + + + + + + + + -
5.0 + - + + + + + + + -
55 + - - -] + + + + + -
6.0 - - - - - + + + + .
6.5 - - - - - - - - + -
7.0 - - - - - - - - + -
7.5 - - - - - - - - + -
8.0 - - - - - - - - - -
Table (4): Resistance and sensitivity of R. meliloti isolates to different
antibiotics
Ampiciliin | Bactriocin | Erythromycin } Kanamycin | Streptomycin
Isolates {(10pg) | (10 pa) {15 pg) (30 pg) {50 ug)
Mean diameter of the clear inhibition zone {(mm}
ARC-1 35 10 16 24 41
isolate 2 30 0.8 0.6 24 42
Isolate 3 15 0.6 06 22 25
isolate 11 10 06 0.8 21 14
Isolate 12 10 06 0.5 16 13
Isolate 14 08 04 0.6 12 14
solate 15 0.4 00 - 0.0 1.0 1.1

Nodulation status and N:-ase activity:

Data presented in Table (5} show the effect of inoculation with five
different Rhizobium meliloti isolates and one reference strain (ARC-1) on
nodulation status of five varieties of aifalfa plants. Results showed that, in
clayey soil, the greatest number of nodules {171.6) and dry weight of nodules
(162.9 mg pot™") were obtained with piants inoculated W|th strain ARC-1 and
isolate 12 which recorded (169.5 and 160.3 mg pot') for number and dry
weight of nodules, respectively. The fewer number and dry weight of nodules
were found with plants inoculated with isolate 14 (127.4 nodules and 112.9
mg pot’ '). On the other hand, the superior interactions were found between
strain ARC-1 and variety Ismaiiia 1 (189.7 nodules and 151.7 mg pot’ ) and
isolate 12 and variety Ismailia 2 (187.7 nodules and 186.0 mg pot’) for
number and dry weight, respectively.
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The same trend was shown in sandy soil as in clayey sonl especially,
the behavior of strain ARC-1 (142.6 nodu!es and 110.6 mg pot™') and isolate
12(112.2 nodules and 107.5 mg pot ') for number and dry welght of nodules,
respectively.

These findings were also observed by Zahran (1999) and Cien and
David (2004) who reported that some legumes such as Medicago sativa
produce indeterminate (meristematic) nodules that were more salt-tolerant
than determinate (non-meristematic) ones formed on roots of other legumes.
Furthermore, Rhizobia isolated from saline soil survive in inhibitory levels of
salinity better than the other collected from soils with no salinity stress. Thus,

-salt tolerant Rhizobia efficiently colonize roots of ieguminous plants grown in

saline environments (Wall and Favelukes, 1891).

Regarding N.-ase activity, data in Table (6) declared that isolate 12
recorded the highest values of Np-ase activity to be 68.85 and 14.90 pmole
C,H, /mg of nodules hr™'. in clayey and sandy soil, respectively. However, the
lowest values of Np-ase activity was found in plants inoculated W|th isolate 2
which recorded 21.10 and 7.24 pmole C;H, /mg of nodules hi. in clayey
and sandy soil, respectively.

Shoot dry weights and N-content:

Shoot dry weights and N-contents were significantly different
depending upon both the R. meliloti isolates and aifalfa cultivars (Table, 7).
In general, alfalfa plants grown in clayey soil produced significantly greater
total dry weight and N-content in all treatments than those in sandy soil.

Among alfalfa varieties, N:trogen fixers was found the most
responsive one recording 5.55 g pot for shoot dry werght and 17.62 mq pot’
" for shoot N-content in clayey soil and 3.18 g pot’ and 9.12 mg pot™ for
shoot dry weight and shoot N-content in sandy soil, respectively. The lowest
dry weight and N-content were obtamed with uninoculated plants (control)
were 3. 74 g pot' and 8.99 mg pot” in clayey soil and 1.90 g pot" and 4.82
mg pot™ in sandy soil, respectively.

On the other hand, isclate 12 supported the highest dry weight and
N- content in aifalfa shoot cultivars to be 5.91 g pot " for dry welght and 20.41
mg pot for N-content in clayey seil, respectively, and 3.13 g pot” and 10. 73
mg pot” in sandy so:l followed by strain ARC-1 wh|ch recorded 4. 78 g pot’
and 21.14 mg pot™ in clayey soil and 3.08 g pot”’ and 9.35 mg pot’ in sandy
soil. These results agree with those obtained by Zahran (1999) and Pieter et
al., (2002) who reported that Rhizobia isolated from wild lequmes of arid or
saline lands might be superior to homologous strains of Rhizobia in
effectively nodulating their legume host.

The superior interaction was found between isolate 12 and vanet¥
Nitrogen fixers which recorded 3.84 g pot for dry weight and 25.41 mg pot
for N-content in clay soil and 3.77 g pot”’ and 16.45 mg pot”' in sandy soil.

Levels of salinity that inhibit legumes-Rhizobia symbiosis differ from
these harmful for growth of the individual symbionts. Legumes are generally
more susceptible to osmotic stress than their specific microsymbionts (Kristin
and Walker, 2001).
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Table (5): Nodules number and dry weights of alfalfa cultivars inoculated with R. meliloti isolates in clayey

and sandy soils
Number of nodules {No, pot') Dry weight of nodules (mg pot ™)
Isolates Vi | V2 vV, A Vs | X Vi Vv, Vi v, Vs | X
Clayey soil )

Isolate 2 169.0 147.7 127.7 157.7 1727 1549 1700 | 1400 117.0 108.7 174.7 1421
Isolate 11 164.0 165.0 136.0 147.0 130.0 148.4 168.0 144.7 124.0 74.0 75.0 1171
Isolate 12 173.0 187.7 166.7 155.0 185.0 169.5 166.0 186.0 138.0 166.0 | 1457 160.3
Isolate 14 100.7 1327 987 142.7 162.0 127 .4 100.0 122.7 106.3 104.7 131.0 112.9
Isolate 15 1840 136.7 165.0 187.7 1377 1622 139.7 104.7 149.0 146.0 154.0 138.7
ARC-1 189.7 184.0 155.0 162.7 166.7 171.6 151.7 173.3 159.0 161.7 168.7 1629
Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0
X 140.0 136.3 121.3 136.1 1334 127.9 1245 113.3 108.7 121.3

V. 11.10 . 13.57
LSDogs Iso. 13.03 16.06

V x Iso. 29.13 35N

Sandy soil

Isolate 2 1147 1177 88.0 108.0 116.7 109.0 83.7 1487 69.7 94.0 95.7 98.6
Isclate 11 112.0 84.0 104.0 1337 94.0 105.5 110.0 108.7 95.7 92.0 100.7 101.4
Isolate 12 107.0 141.0 72.0 97.0 1440 1122 103.0 132.0 65.0 113.7 124.0 107.5
Isolate 14 93.7 96.0 131.0 105.0 124.0 109.9 93.7 93.0 102.7 98.0 109.7 99.4
Isolate 15 103.0 69.0 134.0 64.7 76.0 89.3 92.0 76.7 106.7 59.0 737 816
ARC-1 1536 160.0 147.0 147.7 104.7 1426 129.7 857 120.7 124.0 93.0 1106
Control 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
X 97.9 95.5 96.8 93.7 94.3 87.4 92.3 80.04 82.95 85.24.

V. N.S 8.36 :
L.S.Dgos Iso. 12.27 9.89

V x Iso. 27.44 2212

V! tsmailia 1 V»: Ismailia 2 Vi: Nitrogen fixers V.: Diablo Vs: El-Wadi El-gedid

vr
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Table {6): N

-ase activity of alfalfa varieties inoculated with different R. meliloti isolates
Nz-ase activity ymole CzHz /mg of nodules hr™.
Isolates Clayey soil Sandy soil
Vi Vv, Vi Ve Vs X | Wy Va2 V3 Va Vs X
solate 2 13.33 12.13 23.89 16.15 39.87 21.10 7.80 . 7.00 12.40 2.10 6.90 7.24
solate 11 46 83 10.94 70.61 54.58 3158 4291 6.20 3.75 2.38 11.89 13.90 7.60
olate 12 67.77 67.70 88.10 56.71 63.99 668.85 8.72 11.47 11.€6 2470 17.84 14.90
solate 14 2297 | 4913 | 3810 | 2410 | 7000 | 4086 | 1700 | 966 | 627 | 631 | 432 | 871
solate 15 6472 | 4610 | 5418 | 2327 | 7975 | 5360 | 1191 | 658 | 507 | 761 | 1140 { B35
RC-1 25.53 33.46 25.38 107.2 5265 48.84 11.10 10.76 15.93 14.25 26.70 15.75
ontrol 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00

Awjay] *y jeusly pue ' weyl3 ‘qRelyy-13



Table (7): Shoot biomass and N-content of alfalfa plants inoculated with various R. meliloti isolates in different two

(1344

types of soil
Dry weight of shoot (g pot”) N-content (mg pot )
Isolates V, | Vo, | V, | V4 Vs | X Vi | Vo T vy 1 ve [T vg 1 X
Clayey soil :

Isolate 2 2.67 3.90 5.55 4.40 2.51 3.81 970 | 1579 | 18.00 { 13.10 | 13.10 | 13.94
Isolate 11 3.39 4.29 6.40 2.83 3.39 410 1174311558 11263 | 1356 | 998 | 13.84
isolate 12 4.36 6.39 8.84 6.51 344 [-1591 | 1828 | 21.02 | 2541 | 2510 | 1223 | 20.41
Isolate 14 3.69 2.81 5.36 6.35 345 4.33 436 | 1819 | 1964 | 20.85 | 10.74 | 14.76
Isolate 15 410 4.60 363 595 | 3.37 423 | 1158 | 1451 | 1210 | 1813 | 11.22 | 13.50
ARC-1 5.31 4.52 539 | 456 | 410 | 478 | 1743 | 2337 | 2553 | 1870 | 2066 | 21.14
Control 3.99 3.33 3.71 4.40 3.27 3.74 5.89 698 | 1032 | 13.26 | 8.52 8.99
X 393 | 426 | 555 | 493 | 3.36 12.10 } 16.49 | 17.62 | 17.62 | 12.35

V. 0.147 | - 0.586
L.S.Dgos | IsO. 0.174 | -{ 0.693

V x Is0. 0.389 1.550

' Sandy soil

Isolate 2 2.54 340 | 225 3.53 210 | 276 | 694 (1040 | B16 | 789 | 612 | 7.90
Isclate 11 2,36 347 | 430 | 293 173 | 296 | 913 [ 10861 3.31 7.21 6.85 | 7.47
Isolate 12 3.12 3.36 3.77 3.58 1.79 3.13 902 | 12.87 | 16.45 | 9.72 557 | 10.73
Isolate 14 2.71 272 325 | 314 256 | 288 {1130 ] 7.91 803 | 849 | 785 | 8.7
Isolate 15 2.41 246 | 262 139 | 249 | 229 560 | 6.51 8.34 936 | 472 | 6.9
ARC-1 320 | 321 3.43 354 2.01 3.08 | 8.71 799 | 1220|1083 | 7.04 .| 935
Control 1.71 230 | 262 1.74 1.13 190 | 414 | 571 735 | 374 | 315 | 482
X 258 | 298 | 3.18 | 284 1.97 7. 83 889 | 912 | 818 | 590

V. 0.126 _ 0.562
L8.Doos | Iso. 0.149 0.665

V x Iso, 0.334 1.488

Vi lsmailia 1 V2 Ismailia 2 Va: Nitrogen fixers V,: Diablo . Vs: El-Wadi El-gedid

§00Z “AInr ‘(1) 08 “Aun einosuepy ‘19 by
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