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SUMMARY

This work was conducted in the genetics laboratory -Faculty of Agriculture, Menoufia University. It
was carried out to investigate the interaction between Rhizobium strains isolated from contaminated
agricultural soils with heavy metals and Pisum sativum (Pea) plants. The study's goals were:

1- Isolation and identification of Rhizobium isolates from different polluted sites cultivated with Pisum
sativum.

2- Invitro evaluation of isolates' tolerance to three heavy metals (Cobalt, Nickel, and Lead)

3- Assessment of the impact of the most tolerant isolates on pea plants under greenhouse conditions.

4- Induction of Rhizobium mutants more tolerant to lead (Pb) by EMS and assessment of their effect on
pea plant parameters.

To achieve our goals, twenty-three agricultural sites representing different Governorates (Menoufia,
Gharbia, Kafr El Sheikh, Qalubia, Giza, Ismailia, Daqahlia, Shargia, and Behira) irrigated with
wastewater were selected for sampling. A total of 25 Rhizobium isolates were collected from pea root
nodules and characterized morphologically, biochemically, and molecularly through 16S rDNA
sequencing, confirming their identity as Rhizobium leguminosarum. The data obtained were summarized
as follows:

All morphological tests proved that all tested isolates were Rhizobium. The bacteria were Gram-
negative, motile, and rod-shaped. Moreover, biochemical tests including catalase, antibiotic sensitivity,
pH, and sodium chloride resistance) showed some differences in their response:

1) The isolates were tested for pH tolerance on YEMA plates at pH degrees 4, 5, 8, 9, and 11, with a
control pH of 6.8. None of the isolates grew at pH 4, while isolates RL24 and RL25 showed the
greatest growth at pH 5. The greatest number of colonies was observed at pH 8, especially for isolates
RL4 and RL17, while isolated RL15 showed the least growth. Growth was significantly reduced at pH
levels 9 and 11.

2) The isolates were also tested for tolerance to varying concentrations of NaCl (1, 2, 3, and 4%). Isolate
RL25 showed the best growth across all NaCl concentrations, while isolate RL16 showed the poorest
growth, especially at 1% NaCl.

3) All isolates were generally tolerant of antibiotics, especially isolated RL1, which was tolerant of both
tobramycin and vancomycin, and isolated RL2, which was tolerant of vancomycin.

For molecular identification, the 16SrRNA gene was amplified and sequenced from all Rhizobium
isolates using PCR. All isolates produced a PCR product of 1500 bp. Nucleotide sequences of every
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isolate were compared to known nucleotide sequences in the gene bank using Blast N, and we obtained
accession numbers for all isolates under study in the gene bank. Our results revealed that all isolates are
related to Rhizobium leguominosarum.

The strains were evaluated for their tolerance to different nickel, lead, and cobalt concentrations in the
laboratory.

¢ In the case of nickel treatments, RL15 showed the highest growth at the maximum concentration of 5
mM. RL9 and RL20 could not grow at the maximum concentration of 5 mM.

e Regarding Lead treatments, RL21 and RL16 showed the greatest growth at 5 mM Pb, but RL9 and
RL20 failed to grow at the highest Pb concentrations.

¢ In the case of Cobalt treatments, the isolates exhibited higher sensitivity compared to their tolerance to
Ni and Pb at the highest concentrations.

Greenhouse experiments demonstrated that inoculation with the best LCgq metal-tolerant strains
improved the pea plants' tolerance to heavy metal contamination.

To improve the tolerance of Rhizobium strains against the highest concentrations of Lead, nine
Rhizobium mutants were developed by EMS mutagenesis of the RL16 strain and were tolerant to the
LC95 concentration of 6.3 mM Pb (NOs).. This study showed that RLM6 was the best mutant at
producing a large amount of extracellular proline compared to wild-type RL16. As for IAA, the data
indicated that all isolates, including wild-type and mutants, had excess amounts under Pb stress
conditions compared to non-stress conditions.

Finally, Rhizobium application improves the pea characters (chlorophyll content, root fresh weight,
root dry weight, shoot fresh weight, shoot dry weight, nodule fresh weight, nodule dry weight, nodule
number, and nitrogen percent) in the plants inoculated with Rhizobium mutants as compared to those
inoculated with the wild-type strain. Furthermore, Rhizobium mutants exhibited better recovery because
the mutants were more tolerant to Pb than the wild-type RL16 strain. Also, the result demonstrated that
Rhizobium mutants’ inoculation showed more proline production by pea plants, which agrees with their
ability to recover the negative effect of Pb contamination. PCR amplification of the pbrA gene showed
that the wild-type strain and mutants contained the Pb-resistant gene. All these results state that we
obtained Rhizobium strains tolerant to heavy metals from contaminated soils and super Rhizobium
mutants that improved Pisum sativum growth parameters. These mutants can be employed efficiently in
the bioremediation of contaminated soils.
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