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Tolerance and physiological response of rhizobia isolated from leguminous
plants to lead-zinc stress in tailing area of Shangzhou District
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(1. College of Life Science, Medical Engineering and Food Science, Shangluo University , Shangluo , Shaanxi 726000, China ;
2. College of Life Sciences, Northwest A&F University, Yangling, Shaanxi 712100, China)

Abstract: With twelve rhizobium strains that were isolated from nodules of leguminous plants growing naturally in
the tailing area of lead-zinc mine in Shangzhou District, Shangluo City, Shaanxi Province as study object, their tolerance
to lead salt stress, zinc salt stress and lead-zinc double salt stress was investigated by using solid tablet inoculation cul-
ture method, and their physiological and biochemical characteristics were determined by using liquid tube oscillation cul-
ture method. The results showed that the rhizobium strains exhibited strong capability to tolerate single lead or zinc salt,
but their tolerance capability to lead-zinc double salt was significantly lower than that to single salt. There were consider-
able differences of physiological and biochemical characteristics among the strains. The stronger the tolerance to lead-zinc
stress a rhizobium strain possessed, the more positive physiological and biochemical characteristics it showed. Three rhi-
zobium strains with high tolerance to lead and zinc stress were preliminarily screened out, i.e., CH3 isolated from nod-
ules of Robinia pseucdoacacia , MX7 isolated from Medicago lupulina and HZ10 isolated from Lespedeza floribunda
Bunge . It can be concluded that the tolerance of rhizobia to lead-zinc stress is seemingly built on the basis of their various
physiological metabolism reactions, that is to say, the rhizobia are likely to adjust their metabolic pathway to be adaptable
to the environment contaminated by lead and zinc. The rhizobium strains with strong tolerance to lead-zinc stress exhibit
a potential application value in soil remediation and revegetation in tailing area of lead-zinc mine.
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Table 1 The relative density and frequency of leguminous plants

growing in the tailing area of lead-zinc mine in Shangzhou

SRMEY RN XTI /% FIXHRRE %
Type of leguminous Relative Relative
plant density frequency
HIBE Robinia pseucdoacacia 29 28
KUEETE Medicago lupulina 24 25
ZACEARL T 18 20
Lespedeza floribunda Bunge
FARME Melibotus albus 1. 17 17
K% Indigofera tincioria L. 3 4
ZMEE Trifolium repens L. 3 1
PG T Vicia sativa L. 2 2
B Albizia julibrissin 3 1
i)l Caragana sinica 1 2

R A SCI] B Al R AERE XN EA T ZHCRE,
RAA NN A RIEE BB Z ) 4 M ERHEY)
CHIBE RS A 7 2 AE W AR RAR) AR, A
F e ECAE A s A8 R A7 AR L (R A 5 mL
AT TR IFES ST o TERENVR I R RER 4R
AR S R L8 1 kg BN BFASAT ], TR A
AR S RIOIE o MR TR A o B FE AR A [ SR
I RPN EAT , T A AR 7 0 B ST AR AR IR K
R B, R M BE, R YMA B SR
WA 2oy s alidl , g @ ok Rl [ T 45 R A
Wl R AE] 12 R (% 2) .
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Table 2 The rhizobium strains isolated from leguminous plants
naturally growing in the tailing area of

lead-zinc mine in Shangzhou

Bk Strain & FAHY) Host plant
CHI1,CH2,CH3 HIBE Robinia pseucdoacacia
MX4,MX5,MX6,MX7  KEHETE Medicago lupulina
HZ8,H79, HZ10 LAWK T Lespedeza floribunda Bunge
CM11, CM12 FARME Melibotus albus 1.
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Table 3 Concentrations of lead and zinc salt for the

test of double salt tolerance

WML Concentration

Heavy metal G G Cs G Cs
Ph?* 1.0 2.0 3.0 4.0 5.0
Znt* 2.0 3.0 4.0 5.0 6.0
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Table 4  Soil lead and zinc contents in the tailing

area of lead-zinc mine in Shangzhou

Wi H Ttems Pb 7n
FNE R X T 3 1 4
TE(A) 2531.37+ 3671.14 +
Average content in the tailing area 438.46 463.18
of lead-zinc mine in Shangzhou
TR TESEE o
(B) 20.5 65.8

Average content in soil of Shaanxi
Province

TN R X o i A Bk
P98 38 S (A ) el 123.48 55.79
Ratio of A to B
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2.2.1 REEMAE LR NFESH
DIE L WS X A SR AE K 1) G R P H o0 8 K
ZREMAT R RS B E A TR, EWREE 2.0
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4.0 mmol - L™ EER R ER B8 T 23 54 6 AR 8
PR B A (5% o S B0 50% 1 67% ) ;3 7E 5.0
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Table 5 Growth of 12 rhizobum strains under various concentrations of single Pb and Zn salt

PAATYR BEBR B/ (mmol - L)

PR BEBR B / (mmol - L)

LS X 18 Concentration gradient of single Pb salt Concentration gradient of single Zn salt
Strain CK
2.0 3.0 4.0 5.0 6.0 7.0 2.0 3.0 4.0 5.0 6.0 7.0

CH1 + + + + - - - + + + - - -
CH2 + + + - - - - + + + - - -
CH3 + + + + + - - + + + + + -
MX4 + + - - - - - + - - - - -
MX5 + - - - - - - + + + - - -
MX6 + + + + - - - + + + + - -
MX7 + + + + + - - + + + + + -
HZ8 + + + + - - - + + - - - -
HZ9 + + + - - - - + + + - - -
HZ10 + + + + + - - + + + + - -
CM11 + - - - - - - - - - - - -
CM12 + + + - - - - + - - - - -

Fo AREFENRRET 2HKRBEMNEK
Table 6 Growth of 12 rhizobium strains under various
Pb-Zn salt concentrations

By — BESLER VR T VR T AR K

Growth of rhizobium strains under

Pb = Zn double salt stress

LS poi
Strain CK

o

C2 C3 C4 C5

CH1
CH2
CH3
MX4
MX5
MX6
MX7
HZ8
HZ9
HZ10
CMI11
CM12

+ 0+ o+ o+ o+ o+ o+ o+

+ 0+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+
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Table 7  Physiological and biochemical characteristics
of rhizobium strains
whr o Wik i MLR. VP
Wtk KA Wtk K% B SE SR

Strain ~ Starch Gelatin Fat M. R. V. P. Indole
hydrolysis liquefaction hydrolysis experiment experiment  test

CHI - + - - - -

CH2 + - - - - -
CH3 + - - + + +
MX4 + - - - - -
MX5 + - - - + -
MX6 + + + - - +
MX7 - - + - - -
HZ8 + + + - + +
HZ9 - - - - + -
HZ10 + + - - - -
CMI11, + - + - + -
CM12 + + + - + +
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