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Rhizobium as a Biological Agent for Preventing Heavy Metal Stress
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Abstract: In the present study, Rhizobium was used as soil fertilizer to prevent the stress of lead on growing
Pisum sativum. Three concentrations of lead were used (50, 100 and 200 ppm.) for the wrrigation of growing
plants (two times). After sowing, M, seeds were collected, then cytological and biochemical studies were carried
out. The cytological analysis revealed that soil enriched with Rhizobium increased the rate of mitotic division.
A significant increase in mitotic index was detected. The kind of chromosomal abnormalities observed were;
disturbances, stickiness, diagonals, chromosome breakage and c-metaphases. Also, a significant reduction in
the percentage of abnormalities was observed. Biochemical studies included the analysis of M, seed proteins
using SDS-PAGE, isozyme analysis for both esterase and peroxidase and element analysis of Pb and N.
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INTRODUCTION

During the last two decades, increasing accumulation
of heavy metals was observed m the Egyptian cultivated
soils, lakes, River Nile and unfortunately even in air.
These accumulations result from sewage, industrial
wastes and several kinds of human activities. The
mcreased accumulation of such pollutants m soil, water
and air may cause a great annoying eutrophication
problems for all living organisms including man not only
i the polluted locations, but also in the non polluted
areas!'l.

Pollution with heavy metal elements received a great
attention within the last few years. The mteractions
between such heavy metal elements and higher plants,
particularly those of nutritive value for man and some
edible animals is considered to be one of the most
important problems in the field of biological research!’!.

Lead was one of the first metals known to man as 1t
was widely used for domestic industrial and medicinal
purposes'?. Evidence indicates that there is an increase in
the Pb content of water and soil as a consequence of
urbanization and industrialization™*. The target area for
Pb 1s the nervous system resulting mn retardation of brain
growth as lead inhibits certain enzymes in heme
biosynthesis. ITn adults 10% of ingested Pb is absorbed
and this ratio is increased to 40% in children!™.

Leguminous plants establish a symbiotic relationship
with the soil bacterium Rhizobium. The symbiosis is
manifested in the formation of root nodules. Also, in the
mteraction of rhizobia and plants one observes a high

degree of host specificity (http://www.cnrs-gif fr/isv/
AK/introe htm]l).

Several studies dealt with the activities and role of
Rhizobium 1n leguminous plants, nodule formation, the
response of Rhizobium to salts and heavy metals the
metabolic properties and stress tolerance of legume plants
in the presence of Rhizobium!™*!],

The present investigation has been designed to
evaluate soil enriched by Rhizobiuwm and heavy metal
effects on Pisum sativum plants. Three concentrations of
lead acetate (50, 100 and 200 ppm) were used for soil
irrigation (pure soil and soil enriched with Rhizobium).
Cytological and biochemical studies were carried out after
sowing. The cytological investigations were concerned
with the mitotic division of M, seed root tips. The
biochemical studies included the SDS-PAGE analysis of
M, seed storage protein content, electrophoretic isozyme
analysis of both esterase and peroxidase and finally the
analysis of both Pb and N elements.

MATERIALS AND METHODS

The experimental plant used in this investigation was
pea (Pisum sativum 1..). Pure strains of the seeds were
kindly obtained from the Egyptian Agricultural
Orgamzation and Vegetables Research Center, Ministry of
Agriculture, Dokky-Cairo, Egypt. The heavy metal used
was lead in the form of lead acetate Pb (CH,00),.

Treatments: Homogenous ten seeds of Pisum sativim L.
were sowed 1n each pot (30 cm diameter) filled with clay
loamy soil. Pot's soil were divided into two groups; the
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first group were pure clay loamy soil and the second
group were mixed with Rhizobium leguminosarum
(moculated with Rhizobium leguminosarum) (enriched
with Rhizobiun) produced from the Egyptian Agricultural
Organization and Vegetables Research Center (EAQ and
VRC) 10 g F~'. The pots were irrigated with tap water for
weeks and then thirmed to five uniform plants mn each pot.
Three concentrations of lead acetate were used for water
irrigation (530, 100 and 200 ppm). Trrigation was done two
times using these concentrations; the 1sttime was after 25
days and the 2nd tine was after 50 days. Pots of the
control were wrigated only with tap water. After maturity
and fruiting (75 days after planting), samples were
collected for analysis of some elements (Pb and N), but for
1sozymes fresh leaves were used. Seeds of the first
generation (M,) were collected for cytological and protein
analysis.

Cytological studies: Cytological studies were carried out
on root tips of germinated M, seeds. Five root tips were
taken of each treatment m addition to the control, then
fixed in Crayons fixative (1:3 acetic: alcohel) for 24 h and
stored m 70% alcohol under refrigeration. The fixed roots
were hydrolyzed for 6-8 min. in 1 N HCl at 60°C, stained in
Feulgen stain and squashed in a drop of 45% acetic
acid***, Mitotic index was calculated as the average
number of dividing cells from 5 different root tips, for each
treatment about 3000 cells were counted. Total percentage
of abnormalities was calculated and types of abnormalities
were photographed using Carl-Zeiss photomicroscope 1T
at a magnification of x=2000.

Biochemical studies

Seed protein analysis: Seed proteins of Pisum sativum
plants (M) analyzed using continuous
polyacrylamide gel electrophoresis in the presence of
sodium dodecyl sulphate (i.e. CONT-SDS PAGE) based
on the method of Weber and Osbon™®, Laemmli™. For
electrophoretic analysis the seed proteins were extracted
m Trs-HCl pH 8.0 to obtain a good separation of
polypeptide bands and electrophoresis in 12 and 12.6%
polyacrylamide gel, respectively. Gel Pro-Analyzer
software version 2.0 was used to determine the molecular
weights of each protein band.

were

TIsozyme analysis: The activity of some isozymes
(Esterase and Peroxidase) were estimated in fresh leaves
by the method of Harris ef al”™ and Brewer et all™.
Tsozyme extraction from the samples was by
homogenizing 0.5 g fresh leaves samples in 1 ml
extraction buffer using a mortar and pestle. The extract
was then transferred mnto clean eppendorf tubes and
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centrifuged at 10 000 rpm for 5 min. The supernatant was
transferred to new clean eppendorf tubes and kept at
-20°C until use for electrophoretic analysis.

Element analysis: For the analysis of elements (Pb and N)
in dry weight of shoots the method of Gramberg et al.*®
was used.

RESULTS AND DISCUSSION

Cytological analysis: The frequencies of different mitotic
phases of root tips of (M,) of Pisum sativum seedlings are
shown in Table 1. With regard to the effect of lead on
mitotic index, it appears that the mitotic index was
decreased with all treatments of lead compared to that of
the control. A high decrease in the M. I. was observed
when the highest concentration (200 ppm) was used
where it reached 5.769% as compared with the control
value of 8.321%.

On the other hand, the mitotic index of root tips of
(M) of Pisum sativim seedlings observed after addition
of Rhizobium for the soil and with the same treatments of
lead was shown to be lughly significantly mcreased at 200
ppm of lead (8.468%). However, the maxiunum value of
mitotic  index (8.468%) was recorded at 200
ppm+RAizobium, whereas the minimum value of which
(5.769%) was found at 200 ppm compared to the control
value of 8.321%.

The relationship between the frequencies of mitotic
stage indices (M.S.1.) and mitotic indices (M.I.) after
treatment with the different concentrations of lead with
Rhizobium in M, seedlings are expressed in Table 1.

The obtained data presented in Table 4 indicated that
the frequencies of mitotic abnormalities in root tips of
(M) seedlings of Pisum sativum varied according to the
mitotic stage and the treatment applied. The abnormal
prophase was observed with the high concentrations of
lead and its frequency reached 25.000% (8.333+16.667) at
200 ppm of lead. Regarding the frequency of abnormal
metaphase, the results showed that the low percentage of
abnormalities (11.111%) was recorded at 100
ppmtREizobium. Abnormal anattelophase were observed
with high concentrations (100 and 200 ppm) used.

The maximum value of which (16.667%0) was recorded
at 50 ppm of lead and the minimum value (3.448%) was
recorded at 100 ppm of leadtRAizobitm. The maximum
value of abnormalities (85.714%) was recorded at
metaphase stage at the treatment of lead of 200 ppm
(Table 3).

Different types of abnormalities in different mitotic
stages were induced due to various lead treatments
(Table 2 and Fig. 1). Diagonal was the most common type
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Table1:  Number and percentage of mitotic phases, mitotic stages index (M.S.1.) and the mitotic index (M.1.) of root tips of seedlings produced from M,
seeds of Pisum sativum
Prophase Metaphase Ana.tTelo.
Total No. of
Treatment cells Exam.  divid. cells ~ No. % M.S.I No. % M.S.I No. % M.S.I M. L%
Control 3257.00 271.00 143 52.76 4.39 43 15.86 1.32 85 3136 2.61 832
50 ppm. 3410.00%* 253.00%* 121 47.82 3.54%% 66 2608 1.93%# 66 26.08 1.93#% 7.41
100 ppm. 3430.00%* 220.00+* 80 36.36 2.33%% 50 2272 1,450 90 40.90 2.62 6.41*
200 ppm. 3276.00% 189.00%* 84 44.44 2.56%% 49 2592 1.49%# 56 29.62 1.70%* 5.76%+*
50 ppm.+R. 3235.00* 240.00** 80 3333 247 55 22.91 1.70%:* 105 43.75 3.24% 74
100 ppm+R  3384.00%* 268.00 80 29.85 2.36%% 72 2686 2,12%% 116 43.28 3.42%% 7.92
200 ppm.+R. 3212.00%* 272.00 68 25.00 2.11 104 3823 3.23%% 100 36.76 311 8.46
5% 15.50 5.40 - 0.10 - 0.09 - 0.40 1.50
L.8.D. 1% 22.40 7.80 - 0.20 -- 0.10 -- 0.60 2.30

#  =Rignificant

*+ = Highly Significant

Table 2: Number and types of abnormalities in interphase and in mitotic phases in M, of Pisum sativum root tips

Prophase Metaphase Ana.t+Telo.
Treatment Dist. Sticky Diag. Dist. Sticky  C-meta.  Diag. Dist. Interphase Total abnormalities
Control -- - 7 -- - - 7 - -- 14
50 ppm. - - 8 2 1 - 2 9 - 2
100 ppm. 6 4 2 2 4 2 - - - 20
200 ppm. 7 14 14 7 7 14 - 7 - 70
S0ppm.+R. - - 5 10 - - - - - 15
100 ppm.+R 8 4 - 8 - - 4 - - 4
200 ppm.tR 4 - 24 4 - 8 4 - - 44
Table 3: Mitotic index and percentage of the different mitotic phases in M, of Pisum sativim seedlings
Prophase Metaphase Ana.tTelo. Interphase
Treatment Total Mitosis ~ Total Abn.Cells No. % No. % No. % No. % % of Abn. Cell
Control 271.00 14.00 - - 7 16.27 7 823 - - 5.16
50 ppm. 253.00%* 22.00%* - - 11 16.66 11 16.66 - - B.60%*
100 ppm. 220,00 20.00%* 10 12.50 10 20.00 - - - - Q.09+
200 ppm. 189.00%+ 70.00%* 21 25.00 42 8571 5 892 - - 37.03%+
50 ppm.+R. 240,00 15.00 - - 15 27.27 - - - - 6.25%
100 ppm.+R 268.00* 24.00%* 12 15.00 8 11.11 4 3.44 - - 8.95%#
200 ppm.+R 272.00 A4, Oy 4 5.88 36 34.61 4 4.00 - - 16.17%*
5% 5.40 3.30 1.80
L.8.D. 1% 7.80 4.80 - - - - - - - - 2.60
#  =Rignificant #* = Highly Significant
Table 4: Percentage of abnormal mitotic phases and interphase of root tips of the seedlings produced from M, seeds of Pisum sativim
Prophase Metaphase Ana.+Telo.
Treatment Dist. Sticky Diag. Dist. Sticky C-meta. Diag. Dist. Interphase
Control - - 16.27 - - - 8.23 - -
50 ppm. - - 12.12 3.03 1.51 - 3.03 13.63 -
100 ppm. 7.50 5.00 4.00 4.00 8.00 4.00 - - -
200 ppm. 833 16.66 28.57 14.28 14.28 28.57 - 12.50 -
S0ppm.+R. - - 9.09 18.18 - - - - -
100 ppm.+R. 10.00 5.00 - 11.11 - - 3.44 - -
200 ppm.+tR 5.88 - 23.07 3.84 - 7.69 4.00 -- --
of abnormalities observed 1n  metaphase and Disturbance and sticky were the only types of
anattelophase. The highest value of abnormalities abnormalities observed in prophase stages. Within the

(37.037%) was recorded with the treatment of lead of 200
ppm, whereas, the lowest value (6.250%) was recorded
with the treatment of lead (100 ppm HRhizobium.

Generally, adding of Rhizobium for soil treated with
lead reduced the percentage of abnormalities compared
with the recorded percentages of abnormalities in
seedlings of M, produced from treating the soil by
lead only.

metaphase stage, diagonal, disturbances, stickiness and
c-metaphase were the types observed of abnormalities.
Concerning the types of abnormalities of anattelophase
stages, diagonals and distwbance were observed
(Table 2). The statistical analysis of the obtained data
(Table 3) revealed that all treatments applied induced a
highly sigmficant increase in the percentage of abnormal
mitosis except the recorded percent at the root tips
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Table 5: Comparative analysis of relative treatment, mobility rate (R.), molecular weight (M. Wt.) and amount of the protein bands in M, seeds of Pisum

serivim
Amount of protein in each band
No.of band Mean R, M. Wt (KD) Control 50ppm. 100 ppm. 200ppm.  SOppmtR 100 ppm+R 200 ppmtR.
1 0.11 112.36 - - - - - 167.14 -
2 0.11 111.16 - - 174.19 - - - -
3 0.11 109.10 - - - 189.92 - - -
4 0.11 107.85-107.71 149.25 189.83 - - - - -
5 0.11 105.38 - - - - - - 180.23
6 0.11 104.73 - - - - 182.07 - -
7 0.17 90.38 - - - - - 172.00 -
8 0.17 80.17 - - 193.50 - - - -
9 0.17 88.95 - - - 193.59 - - -
10 0.17 87.87 - - - - - - 194.58
11 0.17 86.48-86.10 172.97 - - - 188.21 - -
12 0.17 85.68 - 215.69 - --- - - ---
13 0.19 79.52-79.17 - 195.56 178.65 - - - -
14 0.20 77.55-77.56 167.38 - - - - 151.50 -
15 0.20 76.61 - - - 185.17 - - -
16 0.21 74.96 - - - - - - 170.77
17 0.21 73.06 - - - - 171.29 - -
18 0.25 64.96-64.85 179.94 208.64 199.15 20733.00 179.79 173.14 185.69
19 0.28 58.59-58.24 - - - 231.38 - 194.11 -
20 0.29 57.55-57.16 - 232.25 222.50 - 215.21 - 221.15
21 0.29 56.67 215.13 - - - - - -
22 0.36 45.83-45.47 182.13 213.22 177.23 193.92 176.00 158.68 177.85
23 047 3521 - - - - - 169.04 -
24 0.47 34.95-34.61 197.13 218.94 204.15 213.17 190.93 - 186.85
25 0.50 32.60-32.02 - - - - 138.25 - 128.00
26 0.57 27.92-27.71 129.38 162.78 144.69 160.63 122.54 092.18 141.46
27 0.74 21.70-21.39 133.34 166.67 118.96 134.50 108.39 087.86 101.92
28 0.83 19.66-19.56 120.28 136.81 113.54 121.83 097.64 078.82 090.96
29 0.89 19.01-1876 098.66 111.17 079.38 092,96 062.57 052.25 065.81
Total number of bands / lane 11.00 11.00 11.00 11.00 12.00 11.00 12.00
Table 6: Number and intensity of bands produced in esterase isozyme profile of the different treatments of Pisum sativiim
Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7
Re Control 50 ppm. 100 ppm. 200 ppm. 50 ppm.+ Rhizobium 100 ppm.+ Rhizobium 200 ppm.+ Rhizobium
0.1 - 114.92 048.81 - - 121.46 046.25
0.2 - 160.27 134.31 - - 155.79 139.67
0.3 160.15 145.42 147.04 161.50 119.92 143.67 134.54
0.4 142.38 12831 118.75 125.75 096.54 103.79 099.83
0.5 - - - - - -- 080.96
0.6 - - - - - -- --
0.7 067.44 081.65 - 065.96 - 063.85 091.42
0.8 - - - - - -- --
0.9 - - - - - -- --
Total no. of bands 3.00 5.00 4.00 3.00 2.00 5.00 6.00
Table 7: Number and intensity of bands produced in peroxidase isozyme profile of the different treatments of Pisum sativum
Lane 1 Lane 2 Lane 3 Lane 4 Lane 5 Lane 6 Lane 7
R; Control 50 ppm. 100 ppim. 200 ppm. 50 ppm.+ Rhizobium 100 ppm.+ Rhizobium 200 ppm.+ Rhizobium
0.1 - - - - - -- --
0.2 - - - - - -- --
0.3 - - - - - 078.68 --
0.4 - - - - - -- --
0.5 092.86 100.26 123.08 088.50 11534 135.14 096.20
0.6 - - - - 129.08 -- --
0.7 155.04 231.08 - 103.54 - -- --
0.8 228.58 226.22 206.62 - - 219.48 100.22
0.9 - - - - - -- --
Total no. of bands 3.00 3.00 2.00 2.00 2.00 3.00 2.00
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Fig. 1: Types of abnormal phases observed in M, root tips of Pisum safivim

{a) Disturbed prophase.

{(b) C-metaphase. (c) Disturbed metaphase with laggard chromosome. (d) Sticky

metaphase with chromozsome breakage. (e) Diagonal metaphase. (f) Sticky metaphase. (g) Sticky metaphase with
chromosome breakage. (h) Diagonal anaphase. (I) Disturbed anaphase with chromosome breakage

produced from M; of Fisum sativum seedlings treated
with lead (50 ppm) + Rhizobium, the percentage of
abnormal mitosis is significant only.

Biochemical analysis
Seed protein electrophoresis: SDS-PAGE electrophoresis
was carried out on M, seeds of Fisum safivim after the
different treatment using Tris-HCl (pH=8) as exiraction
buffer. The protein banding patterns are illustrated in
Fig. 2 and the analysis of molecular weights, mobility rate
and the amount of protein bands are recorded in Table 5.
The obtained data revealed that changes in protein
patterns of Fisum sativum M, seeds whose parent were
previously grown in soil treated with different
concentrations of lead or enriched by Rhizobium before
the treatment by lead were limited. The total number of
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bands was 29 bands and the molecular weights of protein
bands recorded ranged from 18.764 to 112.361 KDa. The
highest molecular weight band (112.361 KDa) was
recorded in M, seeds produced from the treaiment with
100 ppm lead in the presence of R#iizobium, whereas the
lowest molecular weight bands (18.764-19.019 KDa) were
observed in all protein profiles of M;seeds.

The highest number of protein bands (12) was scored
in both protein profiles of M, seeds produced from the
treatment of lead (50 and 200 ppm) in the presence of
Rhizobium. On the other hand, the number of bands
recorded in the remaining treatments was found to be
similar (11 bands).

Comparing with the control, the recorded changes
were expressed as variations in the number of separate
bands, disappearance or appearance of certain bands,
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5

6 7

14.200 -

Fig. 2: Protein profile of M, seeds of Pisum safivum
exfracted in Tris-HCT buffer

M= Marker

Lane (1): Control

Lane (2): M, seeds collected from germinated
Pisum sativim in soil treated with 50 ppm. lead

Lane (3): M, seeds collected from  germinated
Pisum sativiem in zoil treated with 100 ppm. lead

Lane (4): M, seeds collected from  germinated

Pisum sativiem in zoil treated with 200 ppm. lead

Lane (5): M, seeds collected from germinated
Pisum sativim in Rikizobium soil treated with
50 ppm. lead

Lane (6): M, seeds collected from  germinated

Fisum sativiim in Rikizobium soil treated with
100 ppm. lead

Lane (7): M, seeds collected from germinated
Pisum sativum in Rihizobium soil treated with
200 ppm. lead.

Tahle & Element content (ug g~ ! fresh weight) at the different treatment of
Pisum sathvien plants

Treatment Pb (ppm) N (ppm)
Contral n.10 1.80
50 ppm. 0 64** 1570k
100 ppm. 0.71%* 1430
200 ppm. 0 82* 1.33%*
50 ppm. + R 0524 1750k
100 ppm. + R 0 334 1.85%*
200 ppm. + R 0,290 140%*
5% 0.04 0.0z
L 5D 1% 0.06 0.03

* = Gignificant ** = Highly Significant
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difference in the amount of one or more protein
polypeptides and in band's relative mobility. Seed protein
profile of the control M, was found to have 11 bands.
Seven bands of them (64, 45,27,21,19 and 18 KDa) were
found to be common in all treatments. On the other hand,
the other five bands disappeared in certain freatments
{Table 5).

M, seeds produced from Pisuii safiviim grown in the
soil treated with lead were found to have seven bands
having the molecular weights; 111.169, 109.105, §9.177,
88.956, 85.685, 79 and 76.613 Kda, whereas M, seeds
produced from Fisum sativiin grown in the soil enriched
by Rhizobium and treated with lead were found to have
nine new bands having the molecular weights; 112.361,
105.382,104.739,90.380, 87.878,74.965, 73.062,35 21 8 and
32 Kda.

Only two bands appeared in the yield produced from
treated soil by lead enriched or not by Rhizobium. The
first have the molecular weight of 58 KDa and presented
in the concentration of 200 ppm lead and 100 ppm lead
with Rhizobium. The second band having the molecular
weight of 57 KDa and presented in all treatments by lead
and Rhizobium except with the concentration by lead of
200 ppm and 100 ppm with Rhizobium.

Isozyme analysis: Esterase and peroxidase activities were
studied electrophoretically in fresh leaves of germinated
Fisum safivum in soil irrigated by lead concentrations
enriched by Rhizobium or not.

Table 6 and Fig. 3 demonstrate the esterase banding
patterns of Pisum sativum fresh leaves. A total of six
bands were identified among the different treatments. The
esteragse banding patterns comprizes two monomorphic
bands as well as four polymorphic ones. Comparing with
the control, there were remarkable wvariations in the
number and intensity of bands. Only one band was
observed in the profile of treated plants by 50 ppm lead in
the presence of Rhizobium. On the other hand, six bands
were recorded in the izozyme profile of treated plants by
200 ppm lead in the presence of Rhizobium in the soil. Tt
iz obvious that esterase izozyme electrophoretic patierns
exhibited more new bands with the increase of lead
concentration in the presence of Rhizobium.

Table 7 and Fig. 4 demonstrate the peroxidase
banding patterns of the different freatments of Fisum
sativum fresh leaves. Considering band 's number and
intensity, it is obvious that there were remarkable
variations between the confrol and soils enriched by
Rhizobium or not. The number of bands is ranging from
2 to 3. The resulted banding patterns comprize only one
monomorphic band as well as four polymorphic ones.
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Fig. 3: Asterase banding pattern of Pisum sativiin sample

Lane (1): Control

Lane (2): Soil treated with 50 ppm. lead

Lane (3): Soil treated with 100 ppm. lead

Lane (4): Soil treated with 200 ppm. lead

Lane (5): Rhizobium enriched soil treated with 50 ppm.
lead

Lane (6): Rhizobium enriched soil treated with 100 ppm.
lead

Lane (7): Rhizobium enriched soil treated with 200 ppm.
lead

Comparing with the control there was an increase in the
intensity of the monomorphic band at all concentrations
of lead in both enriched soil or not excepts in the treated
plants by lead 200 ppm. germinated in z0il not enriched by
Rhizobium (Table 7).

Element analysis: The analysis of elements (Pb and W) in
dry weight of shoots (Table 8) showed that there was a
great reduction in nitrogen content, thiz decrease is
proportional to lead concentration, but the inoculation
with Rhizobium has adverse effect on nifrogen content,
i.e. there wag significantly increazedin it. Dual inoculation
resulted in the greatest effect.

Also, in case of lead uptake from the soil by plants,
it is observed that, inoculation with Rhizobium deceased
this uptake compared with uninoculated plants®.

Routray ef al.™, studied the effect of Rhizobium
inoculation on growth and nodulation of cowpea in iron
mine waste soil in a pot experiment and they found that
shoot and root length, plant dry weight, number of
nodules/plant and nodule dry weight increased with
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Fig. 4:Peroxidase banding pattern of Fisum safivum
samples

Lane (1): Control

Lane (2): Soil treated with 50 ppm. lead

Lane (3): Soil treated with 100 ppm. lead

Lane (4): Soil treated with 200 ppm. lead

Lane (5): Rhizobium enriched zoil treated with 50 ppm.
lead

Lane (6): Rhizobium enriched soil treated with 100 ppm.
lead

Lane (7): Rhizobium enriched soil treated with 200 ppm.
lead

inoculation and were highest with a combination of the
used two strains of Riizobium. They also found that the
sand-amended zo0il gave better resulis than the mine soil
alone. In the present work, soil enriched by Rhizobium
recorded the highest growth as indicated by the values of
mitotic divizion (M. 1.) in germinated M, seeds comparing
with the conirol despite the lead stress.

Routray et 2l studied the response of cowpea
(Vigna unguiculata) to inoculation with coselected
vegdicular arbuscular mycorrhizal fungi and Rhizobium
straing in iron mine waste soil and they found that dual
inoculations of Glomus fasciculatum with CC 50
Rhizobium strain increased growth, nodulation and

rhizogpheric  microbial  population of cowpea
significantly compared with gingle strain
inoculations.

Raizada ¢f 2l studied the growth response of
gingle (Rhizobium sp) and dual inoculation of
(Rhizobium sp. and VAM) on Albizia lebbeck, grown on
eroded iron or mine goils under greenhouse conditions.
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They reported that, dual inoculation recorded significant
improvements in seedling phytomass. They also
concluded that concentration of N, P and K although
higher in dual mculated plants, were not sigmficantly
different from no-inoculation, while seedling biomass and
total N, P and K content {mg g~') were significantly
different. It 15 indicated that dual inoculation could be
potential method for the improved establishment of tree
seedlings under stressed environments of semiarid India.

Houngnandan et al™, studied the response of
Mucuna pruriens to symbiotic nitrogen fixation by
rhizobia following inoculation i farmer's fields in the
derived savamna of Benin and they found that inoculation
increased shoot dry matter by an average of 28% above
the umnoculated treatments, but the increase depended
on the field, location and year.

The obtained data from seed protein analysis,
isozyme analysis and element content analysis in the
present investigation support the previous concluion that
the dual mocolation for soil which contain accumulation
of heavy metals by Rhizobium could be a succsseive
method to prevent this stress and improve the growth of
legume plants.
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