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Tolerance and Physiological Response to Lead-zinc Stress of Rhizobia Isolated from Nodules of Leguminous

Plants in Lead-zinc Mining Tailing of Huize China
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Abstract It is improtant and useful for soil remediation and revegetation in lead—zinc mining tailings to study lead—zinc tolerance of rhizobia.
The soil of Huize lead—zinc mining tailings was seriously contaminated by Pb, Zn. The contents of Pb and Zn were about 110 and 54 times of
the average content of heavy meltals of soil layer A in China respectively. In this paper, ten rhizobia strains were isolated from nodules of
leguminous plants occurring naturally in Huize lead—zinc mining tailings, and their tolerance to single lead salt, single zinc salt and lead—-zinc
salt were studied. The results showed that most of strains exhibited significantly strong capability to tolerate single lead and single zinc salt,
but the tolerance capability to lead and zinc salt was very weak. The results of study on physiological and biochemical characteristics of these
strains showed that there existed metabolic differences among them, and the stronger rhizobia possesses lead—zinc tolerance, the more positive
physiological and biochemical characteristics there appeared to be. This phenomenon suggested seemingly that the rhizobia adjusted their
metabolic pathway to contaminated environment by lead—zinc. Among them, strain HS3, HX6 and HZ8 not only manifested strong lead—zinc
tolerance, but also showed diversified metabolic pathways. Strain HS3 was isolated from nodules of Trifolium repens, strain HX6 from Lath—
yrus odoratus and strain HZ8 from Crotalaria mucronats respectively Which could be applied for soil remediation and revegetation in lead—
zinc mining tailings.
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Table 1 The relative density and frequency of leguminous plants

occurring in Huize lead—zinc mining tailings

Type of 1% 1%

leguminous plant relative density relative frequency total

Trifolium repens L. 33 27 60
Lathyrus odoratus 1. 28 24 52
Crotalaria mucronats Desv. 24 31 55
Vigna vexillata Linn. Rich. 3 8 13
Sformosa Vog.LeIs(};Zﬁili 6 3 9
the olk?er plants 4 7 11
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Table 2 The rhizobia strains isolated from the leguminous plants

naturally grown in Huize lead—zinc mining tailings

Strains

Host plants

HS1.HS2 HS3
HX4 HX5 HX6 . HX7
HZ8 HZ9 HZ10

Trifolium repens L.

Lathyrus odoratus L.

Crotalaria mucronats Desv.

1.2

WEFX-110 2

Pb.Zn 5

GB/T17138—1997 .

GB/T17141—1997

o]

o]

1.3

01 l'IlOl N L_l ZHSO4' 7H20

YMA

5.0.6.0.7.0 mmol - L.!
5.0.6.0.7.0 mmol - L

C 2~10d “4+7

Pb C2H302 '3H20

2.0.3.0.4.0,
2.0.3.0.4.0,
YMA
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Table 3 Different concentrations of double lead and zinc salt for 5 80% 2.0
tolerance of 10 rhizobia strains mmol - L mmol +L~! 90%
Pb.Zn 3.0 mmol - L
heavy meltals concentrations of double lead and zinc salt N
Cl1 c2 C3 C4 C5 HS3 . HX6.HZ8
Pb* 1.0 2.0 3.0 4.0 5.0
Zn* 2.0 3.0 4.0 5.0 6.0 5.0 mmol - 1" HS3.HZ8
6.0 mmol - L™ HX6 5.0
1.4 mmol - L™ N
[13] 5
N N N N o o
M.R. N V.P. 6 222
o 6 90% [1.0 mmol - L.7"  +
) 2.0 mmol-L™" ] 30%
[3.0 mmol-L"  +4.0 mmol-L™" ]
2.1 N
HS3  HZS
4 Zn>Ph [4.0 mmol-L™"  +5.0 mmol -L™" ]
A 54 110 ™ N
4 . mg-kg™
Table 4 The lead and zinc contents in Huize lead—zinc mining tailings mg-kg™
heavy meltals Pb Zn
Average content of heavy meltals in Huize lead—zinc mining tailings 2 861.45+438.52 4 027.26+859.24
A Average content of heavy meltals of soil layer A in China 26.00 74.20
A 110.06 54.28
Multiples comparing the content of heavy meltals in mining tailings with soil layer A in China
5 Pb.Zn 10
Table 5 Growth of 10 rhizobia strains under various single Pb and Zn salt concentrations
/mmol - L /mmol - 1!
o . Growth of 10 rhizobia strains under single Pb concentrations Growth of 10 rhizobia strains under Single Zn concentrations
Strain - CR 2 3 4 5 6 7 2 3 4 5 6 7
HS1 + + + - - N - + + + - - -
HS2 + - - - - - - + + - - - -
HS3 + + + + + - - + + + + + -
HX4 + + - - - - - + + - - - -
HXS5 + + + + - - - + + - - - -
HX6 + + + + + . - + + + + - -
HX7 + + + + - - - + + + - - -
HZ8 + + + + + - - + + + + + -
HZ9 + - - - - - - + - - - - -
HZ10 + + + - - - - + + - - - -
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Table 6 Growth of 10 rhizobia strains under various

6

Pb-Zn salt concentrations

10

Growth of 10

rhizobia strains under Pb—Zn salt concentrations

strain  CK
Cl c2 3 C4 (O8] °
HS1 + + + - - - i,
HS2 + + - - - -
HS3 + + + + + - 3
HX4 + + + - - - .
HXS + + + - - - 3
HX6  + + + + - -
HX7 + + + - - -
HZ8 + + + + + -
HZ9  + - - - - - °
HZ10  + + - - - -
o N
Carrasco ™ 41 .
2.4 mmol - L' Pb* 5 (el o
10.0 mmol - L' Zn* o
Zn> Ph*
o o
23
7
o 6
HS3 . HX6.HZS8 N
3 o -
7
N o
7
Table 7 The physiological and biochemical indexes of ten rhizobia strains
V.p. M.R.
strain fat hydrolysis starch hydrolysis V.P experiment M.R. experiment  gelatin liquefaction indole test
HS1 - - N = - +
HS2 - + - - - -
HS3 - + + + - +
HX4 - + - - - -
HXS5 - + + - - -
HX6 + + - - + +
HX7 + - - - - .
HZ8 + + + - + +
HZ9 - - + - - -
HZ10 - + - - + -
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